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ABSTRACT

Farmers (N=133) were electronically surveyed at the Conservation Tillage Conference, Ada, Ohio (March 2013) about phosphorus (P) management practices,
knowledge, and attitudes. As farm size increases (Chi Square, p<0.0273), farmers use more intensive soil sampling including grid soil sampling (50%, N=65)
on 2.5 acre parcels and zone sampling by soil type (21.5%, N=28). The majority of farmers (72.6%, N=93) agreed that P runoff is an issue in Ohio. Farmer
attitudes had 17.8% (N=22) agreeing that Tri-State Fertilizer recommendations limit crop yields. Farmer P knowledge for Bray P1 was fairly low with only
12.3% (N=14) knowing when to stop applying P fertilizer. Farmers reported applying P mostly in the spring (47.2%, N=59) or fall (41.6%, N=52). Farmers
(32.0%, N=41) reported broadcasting P with no incorporation.

INTRODUCTION

Hazardous Algae Blooms (HAB), caused by a form of a bacteria; cyanobacteria have the ability to produce toxins that can be quite harmful to people, fish and
animals. These toxins can be neurotoxins, heptatoxins, endocrine toxins or tumor promoters. HAB outbreaks have been associated with phosphorus loading
of water (Ohio Phosphorus Task Force, 2010). Many studies have been conducted that link agricultural field phosphorus losses to the increase in phosphorus
(P) loading of Ohio water resources (Sharpley, 2001; Clevenger and Allred, 2011; Hoorman, 2008). The Ohio regulatory agencies, Ohio Department of
Agriculture (ODA), Ohio Environmental Protection Agency (OEPA) and Ohio Department of Natural Resources (ODNR) have put forth a plan that focuses on
mitigating agricultural field/tile losses of phosphorus (LaBarge, 2011).

The majority of agricultural land (60 to 80 percent) in the Upper Mississippi River watershed needs more conservation and nutrient management to decrease
agricultural P field losses (U.S. Department of Agriculture's Conservation Effects Assessment Project, July 2012). Phosphorus runoff has become a major
issue in Ohio in Lake Erie and Grand Lake St. Marys, leading to eutrophication and toxic algae blooms (Ohio Lake Erie Task Force Final Report, 2013). This is
similar to issues faced in the Chesapeake Bay (Chesapeake Bay Program website). This article will focus on farmer knowledge, attitude and management
practices associated with P fertilizer and management.

Audience response technology uses electronic transmitters to record information from survey questions posed by presenters (Gustafson and Crane, 2005;
Massey et al. 2005). These devices increase participation and poll clientele in the program (Gustafson and Crane, 2005). The electronic transmitters allow
numeric responses to survey questions and are generally easy for meeting participants to utilize. Each transmitter has an individual code and response(s) are
recorded to a computer. Data from these responses then can be downloaded into various formats and analyzed (Gustafson and Crane, 2005).

PURPOSE AND OBJECTIVES

The purpose of this project was to describe farmer attitudes, knowledge, and field management practices related to P issues and concerns. The results of this
study will be useful to Extension educators on focusing educational resources to better serve farmers about reducing P runoff to surface water.

The survey objectives were as follows:

1. Perform an assessment of farmer methods of P soil testing.

2. Perform an assessment of farmers’ level of knowledge on when to apply P fertilizer based on critical phosphorus Bray P1 soil test values as established in
the Tri-State Fertility Recommendations (Ohio State, Purdue and Michigan State).

3. Collect information on time of year when farmers apply P fertilizer and on the application method by which farmers apply P fertilizer.

4. Measure the attitude of farmers on the significance of P runoff in Ohio surface water.

5. Measure the attitude of farmers about the Tri-State Fertility recommendations for P.

METHODS
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A valid electronic survey was utilized to gather data from farm clientele attending the 2013 Conservation Tillage Conference (CTC). Ohio State University
Institutional Review Board approval was obtained for this work. The Conservation Tillage Conference is a two day conference for farmers, consultants, and
agency personnel to learn about new farming methods to increase crop yields and to protect the environment (Hoorman et al., 2010). The target population of
this study consisted of Tri-State farmers (Indiana, Michigan, and Ohio) who primarily grow corn, soybeans, and wheat. Farmers who attend this conference
tend to be full-time farmers, repeat attendees, committed to gaining knowledge about conservation practices and new technology, and committed to soil
conservation. Agribusiness, agency personnel, and consultant responses were tabulated and reported separately.

Audience response technology was used to conduct an electronic survey on March 5, 2013 at the Conservation Tillage Conference at Ohio Northern
University, Ada, Ohio. The electronic survey was used to measure P attitude, knowledge, and fertilizer management practices of farmers. The 4 Rs nutrient
stewardship program (right source, rate, time, placement) served as the basis for this farmer survey (4 Rs nutrient stewardship website).

Approximately 500 audience response technology electronic recorders were randomly placed in three rooms with an expected population of 900 to 1,000
participants. Participation was completely voluntary and anonymous. There was no feasible way of identifying any individual's responses. Participants could
stop taking the electronic survey at any time. A total of twelve questions were asked with seven questions analyzed for this article. The survey took fifteen
minutes to complete. All responses were grouped and summarized. A Likert scale was used and it is a technique that is used to determine the level of
agreement or attitude towards a statement (Ary,D., Jacobs, L.C., & Razavieh, A. 1990).

The results of farmer P knowledge, attitude and management practices are summarized in this article. SAS 9.3 statistical software was used to analyze the
data using Chi-Square analysis (p=0.05) (SAS 9.3, 2011).

RESEARCH RESULTS

A total of 425 surveys were recorded from 500 electronic clickers with 133 usable surveys for participants who identified themselves as farmers. Not all farmers
answered all questions. Reported farm sizes ranged in size from less than 250 acres to greater than 2,500 acres (<250 acres (N=18, 13.5%), 251 to 500 acres
(N=20, 15.0%), 501 to 1,000 acres (N=31, 23.3%), 1,001-2,500 acres (N=42, 31.6%), and more than 2,500 acres (N=22, 16.5%)) with a total of 133 (100.0%)

farms surveyed.

Farmers were asked to describe the soil testing method that best described the method used on their farm (N=128). The farmers reported the following: 2
farmers (1.5%) used no soil testing or their soil tests were greater than five years old, 7 farmers (5.4%) used more than 25 acres per soil sample test, 21
farmers (16.2%) used less than 25 acres per soil sample test, 65 farmers (50%) used grid soil sampling using 2.5 acre grids, 28 farmers (21.5%) used zone
soil testing by soil type, and 7 farmers (5.4%) used zone soil testing by yield.

Soil testing method by farm size is presented in Table 1. A Chi-Square test was conducted and a relationship was found between soil testing method and farm
size X2 (20, N=130) = 33.83 p = 0.0273. There were 17 (13.1%) farmers operating less than 250 acres, 20 farmers (15.4%) who farmed 251-500 acres, 29
farmers (22.3%) farmers operating 501-1,000 acres, 42 (32.3%) farmers operating 1,001-2,500 acres, and 22 (16.9%) farmers operating greater than

2,500 acres.

The individual farmer data (Table 1) showed farmers that ran small farm operations with less than 250 acres used primarily grid soil sampling (N=6, 35.3%)
although at a lower rate than larger farms, took soil samples representing less than 25 acres (N=5, 29.4%) and used zone soil sampling by soil type (N=3,
17.7%). However, the 2 (11.8%) farms that did not soil sample were small farm operations with less than 250 acres. Farmers in the 251-500 acre category
used primarily grid soil sampling (N=7, 35.0%), and zone soil sampling by soil type (N=6, 30.0%) and took soil samples representing less than 25 acres (N=5,
25.0%). Farmers in the 501-1,000 acre category primarily used grid soil sampling (N=20, 69.0%) with some having used zone soil sampling by soil type (N=4,
13.8%) and soil samples representing less than 25 acres (N=3, 10.3%). The largest farm group were the 42 (32.2%) farmers with 1,001-2,500 acres utilized
grid soil sampling (N=19, 45.2%), zone soil sampling by soil type (N=12, 28.6%), zone sampling by yield (N=5, 11.9%), and soil samples representing less than
25 acres (N=5, 11.9%). The largest farm operation category, greater than 2,500 acres, used grid soil sampling (N=13, 59.1%), one soil sampling by soil type
(N=3, 13.6%), and soil samples representing less than 25 acres (N=3, 13.6%). As farm size increased, farmers used more intensive soil sampling methods
including grid soil sampling and zone sampling by soil type or by yield.
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Table 1. Number of Farmers that Utilized each Soil Sampling Method by Farm Size.'

Farm Size (Acres)

Sampling Total #
Method <250 251-500 501-1,000 | 1,000-2,500 >2,500 Farmers
N (%)

No Soil
Samples or 2 (100)? 0 (0) 0(0) 0(0) 0(0) 2(1.5)
> 5 years old
More than 25
acres/sample 0 (0) 2(28.6) 2 (28.6) 1(14.3) 2(28.6) 7(5.4)

Less than 25
acres/sample 5(23.8) 5(23.8) 3(14.3) 5(23.8) 3(14.3) 21(16.2)

Grid soil
samples (2.5 6(9.2) 7(10.8) 20 (30.8) 19 (29.2) 13 (20) 65 (50)
acres/samples)
Zone
sampling by 3(10.7) 6(21.4) 4(14.3) 12 (42.9) 3(107) | 28(21.5)
soil type
Zone
sampling by 1(14.3) 0 (0) 0(0) 5(71.4) 1(14.3) 7(5.4)
“yield monitor
Total # Farms
of Each Size 17 (13.1) 20 (15.4) 29 (22.3) 42(32.3) 22(16.9)| 130 (100)
N (%)
"X (20, N=130) = 33.83 p = 0.0273
? Percentages in parentheses following each number across a row represents the percentage of farmers in that row that practice
that type of soil sampling.

3 Percentages in parentheses following each number down the Total # of Farmers column represents the percentage of total
farmers with each soil sampling method.

When soil testing methods were compared by size of farms, small farm operations with less than 250 acres (N=2) are the only farms that did not soil sample in
this survey, representing 1.5% of all farms. Only 7 farms (5.4%) sample fields greater than 25 acres per sample and 21 farms (16.2%) sample fields with less
than 25 acres. On grid soil testing, the mid-sized and larger farm operations used this technique more intensively with 501 to 1,000 acre farms (30.8%), 1,001
to 2,500 acre farms (29.2%), and farms greater than 2,500 acres (20.0%) used this technique the most often. Zone soil testing by soil type was used
extensively by 1,000 to 2,500 acre farms (42.9%) and by 251-500 acre farms (21.4%). Zone sampling by yield was used mainly by the larger farms with 1,001
to 2,500 acres (71.4%).

Farmers were asked, “At what Bray P1 phosphorus (P) soil test level would they (farmers) stop applying additional commercial fertilizer?” One potential issue
with this question has been that some soil test laboratories (almost 50%) were using Mehlich-3 phosphorus soil testing methods and farmers may not have
known the difference between the two testing methods. A Chi-Square analysis showed no relationship between farm size and the answers to Bray P1 levels
X2 (16, N=114) = 12.95 p = 0.678.

Farmers were asked, “What time of year did they apply P fertilizer?” No relationship was found between farm size and timing of P fertilizer application, X2 (12,
N=125) = 16.26 p = 0.1798.

Farmers where asked how P fertilizer was applied on their farm fields. A Chi-Square analysis showed no relationship when this question was analyzed by farm
size X2 (16, N=128) = 12.78 p = 0.4003.

Application method by the time of year farmers applied P fertilizer is presented in Table 2. A Chi-Square analysis showed a relationship between application
method and time of the year P fertilizer was applied X2 (3, N=124) = 14.39 p = 0.0024. Farmers who broadcast fertilizer with no incorporation (N=41, 33.1%)
applied P fertilizer differently than farmers who incorporated P fertilizer, banded, or applied P to a standing crop (N=83, 66.9%). The farmers that broadcast P
fertilizer with no incorporation applied less fertilizer in the spring (March-May) (N=12, 20%) and summer (June-August) (N=1, 25%) than farmers who used
other application methods (spring (N=48, 80%) and summer (N=3, 75%).
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Table 2. Number of Farmers that Used Different Application Methods for Applying Phosphorus
(P) Fertilizer and the Time of Year Applications Were Made.'

Time of Year P Was | Broadcast P/ Incorporation/Banding/ Total # of Farmers
Applied No Incorporation’ Applied to Live Crop3 N (%)

Fall (September-

November 21 (41.2)* 30 (58.8) 51(41.1)
Winter (December-

February) 7(77.8) 2(22.2) 9(7.3)
Spring

(March-May) 12 (20) . 48 (80) 60 (48.4)
Summer

(June-July) 1(25) 3(75) 4(3.3)
Total # of Farmers

N (%) 41 (33.1) 83 (66.9) 124 (100.0)

'X° (3, N=124) = 14.39 p = 0.0024.

% The answers for broadcast application and no incorporation of phosphorus were combined and considered an incorrect or poor
farming practice.

* The answers for incorporation, banding, or applying phosphorus fertilizer to a live crop were combined and considered good or
acceptable best management practices.

* Percentages in parentheses following each number across a row represents the percentage of farmers in that row that practice
that type of P application at each time of year.

* Percentages in parentheses following each number down the Total # of Farmers column represents the percentage of total
farmers with P application at each time of year.

A Likert-type scale (Strongly Agree, Agree, Neutral, Disagree, and Strongly Disagree), was used to assess farmer attitudes about whether “Farm Phosphorus
loss is a significant problem in Ohio’s waters?” (Table 3). Overall, 21.9% farmers (N=28) strongly agreed with this statement, 50.8% agreed (N=65), and 19.5%

were neutral (N=25). However, 7.8% disagreed or strongly disagreed (N=10) that P runoff was an issue in surface water in Ohio. A Chi-Square analysis
showed a relationship between farm size and attitude about farm P loss is a significant problem in Ohio’s waters X2 (16, N=128) = 27.04 p = 0.0411.

Table 3. Attitude Responses of Farmers by Farm Size to the Question, "Is Farm Phosphorus Loss
a Significant Problem in Ohio’s Waters?" '

Farm Size (Acres)
Total # of
12";"?““ <250 251-500 501-1,000 1,001-2,500 >2,500 Farmers
oices
N (%)
i“‘r’:eg]y 4(14.3y 7(25) 8 (28.6) 4(143) 5(17.9) 28 (21.9)
g (22.2)° (36.8) (27.6) (9.8) (23.8)
Agree 11 (16.9) 6(9.2) 16 (24.6) 22(33.9)  10(15.4) 65 (50.8)
(61.1) (31.6) (55.2) (53.7) (47.6)
Neutral 14) 3(12) 5(20) 14 (56) 2(8) 25 (19.5)
(5.6) (15.8) (17.2) (34.2) (9.5)
Disagree 1(12.5) 3(37.5) 0(0) 1(12.5) 3(37.5) 8(6.3)
(5.6) (15.8) (0) (2.4) (14.3)
Strongly 1
! (50) 0(0) 0(0) 0(0) 1(50) 2(1.6)
Disagree (5.6) ©) ©) ©) (4.8)
Total # Farms
of Each Size 18(14.1)  19(14.8) 29 (22.7) 41(32)  21(164) 128 (100)
N (%)

"X (16, N=128)=27.04 p = 0.0411

? Percentages in parentheses following each number across a row represents the percentage of farmers in that row that selected
that choice.

* Percentages in parentheses underneath each number down a column represents the percentage of farmers in that column that
selected that choice.

* Percentages in parentheses following each number down the Total # of Farmers column represents the percentage of total
farmers with their level of agreement to the question.

The smallest farm operations with less than 250 acres reported that 83% (N=15) agreed or strongly agreed that P runoff in surface water is an issue in Ohio.
However, about 16.6% (N=3) either were neutral, disagree, or strongly disagree with that statement. Farm operations in the 251 to 500 acre range, had more
farmers who strongly agreed (36.8%, N=7) with 31.6% agreed (N=6) and 15.8% neutral (N=3). Only a few farmers (N=3, 15.8%) disagreed. Middle size farms,
501 to 1,000 acres appeared to be the most supportive of the statement with no farmers either strongly disagreed or disagreed. The largest number of middle
size farms simply agreed (55.25, N=16) with 27.6% strongly agreed (N=8) and 17.2% neutral (N=5).

The largest group of farmers (N=41) is the 1,001 to 2,500 acre group who appeared to mirror the previous group except they have a few less farmers who
strongly agreed and more neutral farmers. The largest farm operations with more than 2,500 acres appeared to be the most diverse group with 71.4% either
agreed or strongly agreed (N=15), however, 28.6% (N=6) were neutral, disagreed, or strongly disagreed. Overall, the smallest and largest farmers appeared to
be the most diverse in their attitudes toward P runoff in surface water and appeared to be more likely to have disagreed that P runoff in surface water is an
issue in Ohio.
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Those who strongly agreed with the statement that P runoff is an issue in surface runoff in Ohio, the 501 to 1,000 (28.6%, N=8), and 251 to 500 acre farms
(25.0%, N=7) were the most supportive of this statement. The 1,000 to 2,500 acre farms (33.9%, N=22) and the 501 to 1,000 (24.6%, N=16) acre farms were
the most likely to simply agreed with the statement or remained neutral (34.2%, N=14), (17.2%, N=5) respectively. The largest farms with greater than 2,500
acres and the 251 to 500 acre farms (37.5%, N=3 each group) were the most likely to have disagreed and the largest and smallest farms were also the most
like to have strongly disagreed (5.6%, N=1).

The same Likert scale was used to ask farmers if Tri-State Fertility Recommendations on P fertilizer limit maximum crop yields. There was no relationship
between farm size and the response to this question X2 (16, N=124) = 11.98 p = 0.7453.

MAJOR CONCLUSIONS AND IMPLICATIONS

The 4 Rs nutrient stewardship program (4Rs nutrient stewardship website) is being promoted in Ohio with specific emphasis on rate, time, and placement as
ways to reduce agricultural P losses. Farmers (N=133) responded to seven questions about their P management practices, knowledge, and attitudes.

Soil testing method (N=130) and attitude on whether P runoff is an issue in Ohio were significantly different based on farm size. Farmers soil test regularly
(98.5%) and as farm size increases, farmers use more intensive forms of soil testing including grid soil testing and zone soil testing by soil type. The majority of
farmers (72.6%) strongly agreed or agreed that P runoff is an issue in Ohio. Farmer attitudes towards the Tri-State Fertility recommendations were mostly
positive with only 17.8% of farmers feeling that Tri-State Fertilizer recommendations limit crop yields.

Farmer P knowledge on when to stop applying P fertilizer was low with only 12.3% knowing the critical soil test level to stop applying P fertilizer for corn and
soybeans. While this knowledge level is low, the survey population (farmers) may be responding on memory alone and farmers may not develop fertilizer
applications without the Tri-State Fertility Recommendations Bulletin in hand. Extension professionals may use this low knowledge level on when farmers
should stop applying P fertilizer as reason to prioritize teaching P fertilizer rate management. Farmers with improved knowledge of when to stop applying P
fertilizer may help avoid unnecessary P fertilizer applications when communicating with local agribusiness. Statewide, P application in Ohio is being applied at
crop replacement levels when mass balance calculation is done (crops grown and fertilizer sold in Ohio/year) indicating that farmers are not over applying P
fertilizer (Bast et al 2009).

Farmers reported applying phosphorus mostly in the spring (March to May, 47.2%) or fall (September to November, 41.6%). Dr. Thomas Bruulsema as
Director for the International Plant Nutrition Institute has stated that “Right placement may have largest impact in mitigating P runoff.” Aimost one third (32.0%)
of farmers reported broadcasting P with no incorporation.
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