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ABSTRACT

The application of liquid swine finishing manure to farm fields represents a significant expense for livestock producers despite the nitrogen, phosphorus and
potash contained in the manure. In addition, the nitrogen in fall-applied livestock manure is subject to being lost to the environment before a crop is planted the
following season. In this study liquid swine finishing manure was incorporated into corn at the V1 to V3 stage using a drag hose applicator over four crop
seasons. The manure application rate was 6,500 gallons per acre to provide the corn side-dress nitrogen needed for the crop. A six-inch diameter soft drag
hose was used with a 12-row rolling coulter design manure application toolbar. In each field, three treatments of commercial 28 percent urea ammonia nitrogen
were applied at 70 gallons per acre to match the available nitrogen in the swine manure. The replicated plots were approximately 1,150 feet in length and 12
rows (30 feet) wide in corn fields approximately 40 acres in size. The fields were planted at an angle to accommodate the drag hose used for the manure
application. Yield results over four seasons showed a 14.8 bushels per acre yield advantage for the swine finishing manure over the commercial fertilizer.
Using swine finishing manure as an incorporated side-dress nitrogen source to emerged corn can reduce the need for purchased nitrogen fertilizer and pay for
the cost of the manure application and protect water quality.

INTRODUCTION

The process of applying liquid swine finishing manure to farm fields represents a significant expense for livestock producers despite the value of the nitrogen,
phosphorus and potash contained in the manure. The ammonium nitrogen in fall-applied manure is subject to loss before a crop is planted the following
season. In the Western Lake Erie Basin of Ohio, an area over three million acres in size, surveys have shown approximate half the livestock manure generated
annually is applied in the fall after crops are harvested (Zhang et al., 2015). This allows much of the manure nitrogen to be lost to leaching before the following
crop season.

The ammonium nitrogen in fall applied swine finishing manure can be captured by growing cover crops. A fall cover crop study (Sundermeier, 2010) indicated
that an actively growing radish crop reduced soil nitrate nitrogen levels from 21.3 ppm to 6.5 ppm. This prevented the nitrogen from being lost from the field,
but only a portion of the organic matter created would mineralize the following crop season to provide nitrogen for a growing crop.

The incorporation of swine finishing manure directly into a growing corn crop with a manure tanker has proven to provide corn yields similar to commercial
fertilizer (Arnold et al., 2017). However, Arnold et al. noted soil compaction was a concern with the heavy manure tanker. Using a drag hose to incorporate the
manure into emerged corn should overcome the soil compaction concern and allow the corn crop to utilize the available nitrogen in the swine finishing manure.
The money saved by not needing to purchase commercial nitrogen to side-dress the corn crop could exceed the cost of the manure application.

METHODS

This study was designed to determine whether the ammonium nitrogen in liquid swine finishing manure could produce corn yields similar to commercial 28
percent urea ammonium nitrate (UAN) when the manure was incorporated at side-dress into emerged corn using an injection toolbar and soft drag hose
(Figure 1). In each of the four years of this complete block design study, started in 2014, manure was incorporated at a rate of 6,500 gallons per acre to provide
approximately 210 pounds per acre of nitrogen. The 28 percent UAN treatment was applied at approximately 70 gallons per acre to provide 210 pounds of
nitrogen per acre. All treatments also received 10 gallons of 28 percent UAN as a row starter fertilizer at planting time to provide approximately 30 pounds of
nitrogen. The two treatments (manure and commercial fertilizer) were replicated three times each season.
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Figure 1. Side-dressing V2 corn with liquid manure.

To fit the needs of the commercial manure drag hose operator, each year the corn fields were planted at a 45 degree angle with a 12-row planter using auto-
steer. This allowed the commercial manure applicator to stretch the empty manure hose diagonally across the field from one corner to the other at the start of
the manure application process (Figure 2). This divided the square field into two triangles and the applicator could apply manure to the entire field without the
need of a second tractor to assist in moving the full manure hose. The field had 36 rows (90 feet) of end rows completely around each field allowing the drag
hose operator sufficient room to make turns and keep the manure within the boundaries of the field.

Figure 2. Manure drag hose across V3 corn.

The manure came from a 2,450 head swine finishing building with an eight foot deep pit under the animals. This finishing building design is common in Ohio.
The manure was pumped through an eight inch diameter hose to the edge of the corn field. A six inch diameter drag hose was pulled across the field during
the manure application process. The corn flattened by the hose typically recovered, i.e. was standing upright, by the following day (Figure 3). The pressure in
the hose at the building was more than 200 pounds per square inch. The hose pressure at the toolbar in the field was approximately 30 pounds per square
inch. The flow rate was typically between 1,400 and 2,000 gallons per minute depending on the type of pumping equipment used, the diameter of the hoses
used, and the distance from the manure storage site to the field during each of the four years.
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Figure 3. Drag hose damage caused the corn to lean for about a day.

Manure samples were collected and analyzed during the application process each season. The nitrogen, phosphorus and potassium content of the manure
was similar each year so application rates were kept the same each season. The analysis indicated the manure contained 32.1 pounds of available nitrogen,
18.0 pounds of P,05 and 24.9 of K,0 per 1,000 gallons (Table 1).

Table 1. Average nutrient analysis of swine finishing manure applied.

Nutrient Pounds per 1,000 gallons
Total Nitrogen 34.3
Ammonium Nitrogen (NH4) 31.0
Organic Nitrogen 2.2
Available Nitrogen 32.1
Phosphorus (P,O5) 18.0
Potash (K;0) 24.9

The liquid manure application toolbar had rolling coulter manure application units with a wavy coulter tilling up a strip of soil approximately six inches deep and
three inches wide. The manure boot applied manure over the tilled strip and the manure was covered by a pair of notched soil closing wheels. Treatments were
approximately 1,200 feet long and 30 feet (12 rows) wide. The auto-steer unit used for planting the crop was transferred from the planting tractor to the 275
horsepower tillage tractor, attached to the toolbar and drag hose, for the manure application. The center unit on the toolbar was removed to prevent tillage and
manure application to the center row. This enabled the drag hose to ride higher on the soil surface and lessen the scouring of the field. The manure for the
center row was diverted to each side so each side received 150 percent of the normal manure application rate.

In each year of the study manure was not applied to three strips, 12 rows wide, in each field. These strips were fertilized with 28 percent UAN the same day
with the same rate of nitrogen contained in the swine finishing manure. These commercial fertilizer strips did, however, have the drag hose pulled across them
as the commercial manure applicator applied manure to all other parts of the fields. Commercial 28 percent UAN was applied to the ends of the corn fields and
edges of the corn fields where the swine manure could not be incorporated.

The fields were no-till or minimum-till and the previous crop each year was soybeans. Plant population counts were conducted each year of the study. The
predominant soil type in the fields were Blount Silt loam, end moraine 0 to 2 or 2 to 4 percent slopes

Soil samples of each of the four fields in this study showed P,05 and K0 levels to be in the maintenance range. The Mehlich Ill P,05 levels ranged from 59 to

81 ppm and the K,0 levels ranged from 149 ppm to 184 ppm (Table 2).

Table 2. Annual soil nutrient test results (Mehlich Il1).

Year
2014 2015 2016 2017
pH 6.7 7.0 7.0 6.8
Organic Matter (%) 2.9 25 2.6 2.8
P05 (ppm) 66 76 81 59
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At harvest time each year, yields and moisture data were collected using the combine’s monitor. The monitor was calibrated each season before the manure
side-dress plots were harvested. All yields were adjusted for moisture. Yield data were analyzed by ANOVA at the 0.10 probability level.

Over the four years of this study the incorporated swine finishing manure treatments out yielded the incorporated 28 percent UAN treatments by an average of
14.8 bushels per acre (Table 3). This varied from no yield increase the 1st year (2014) to 33 bushel per acre yield increase in unusually wet growing season of

2015.

Table 3. Corn yield for treatments comparing nitrogen applied as UAN at planting to side-dressed hog manure. Subscript letters a and b indicate yields that

RESULTS

year were statistically different using ANOVA at 0.10 probability level.

Yield in Bushels per Acre
Treatments 2014 2015 2016 2017 4-year ave.
Incorporated 28 percent UAN 204 121, 216, 145, 171.5
Incorporated swine manure 204 154y, 222, 165, 186.3
Least Significant Difference (0.10) 17.65 15.57 2.37 0.19
Coefficient of Variability 2.45 4.74 0.62 0.39

The normal accumulated precipitation for the growing season (April 1 through September 30) in this area of Ohio is 23.3 inches. The 2015 season was much

wetter than normal, and the 2016 season was drier than normal (Table 4).

Table 4. Annual planting dates and normal and observed temperature and precipitation data from April 1 through September 30.

Year

2014 2015 2016 2017
Corn planting date April 25 May 15 April 20 June 1
Normal precipitation (inches) 23.3 23.3 23.3 23.3
Actual precipitation (inches) 21.0 32.6 16.5 23.6
Historical average temp (°F) 65.7 65.7 65.7 65.7
Actual average temp (°F) 65.3 66.2 67.2 65.9
Average high temp (°F) 76.8 77.6 78.8 77.4
Average low temp (°F) 54.8 55.8 56.7 55.4
Total growing degree days 2,876 3,006 3,272 2,960

The application of 6,500 gallons of swine finishing manure supplied approximately 210 pounds per acre of side-dress nitrogen for the corn crop while also
supplying sufficient phosphorus and potash for the corn crop and the soybean crop the following year without applying excessive phosphorus (Table 5).

Table 5. Nutrient balance of swine finishing manure side-dress of corn. Nutrient removal rates are from Vitosh et al., 2003.

Nutrient removal in pounds per bushel:

Available nitrogen
(ammonium nitrogen
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Crop 200 bushel per acre corn crop followed by a 60 bushel + half the organic
per acre soybean crop nitrogen)
P,05 K50 P,05 K,0 N
Corn 0.37 0.27 74 48
Soybeans 0.80 1.40 54 84
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Total nutrients removed 122 138

Nutrient content of
6,500 gallons of swine

N 117 162 210
finishing manure

applied

Net nutrients -5 +24

DISCUSSION

In the first year of this study (2014) the field conditions for manure application were less than ideal. The field was wet and the drag hose scoured more than an
inch of soil from the field resulting in some of the V1 corn plants being buried and others being pulled out. This reduced the final plant population of the corn
rows next to the drag hose by approximately three thousand plants per acre. In each of the following seasons, when V3 plants were side-dressed, the field
conditions were firmer and stand loss from the drag hose was not an issue. This stand reduction may have been the reason why 2014 was the only season in
which manure did not yield statistically better than the commercial fertilizer.

The hose dragged across emerged plants caused an obvious lean immediately after the application process. By the following day all the plants were upright
again. Stand counts indicated approximately 32,000 plants per acre across both treatments in the 2015, 2016, and 2017 seasons.

The 2015 crop season had the largest difference in crop yields between the treatments. Rainfall that season was more than nine inches above normal (Table
4). Most of this extra rainfall fell during the 35 days following the side-dress treatments. We theorize that the lower yields with the UAN treatment was a result
of a greater portion of the commercial fertilizer nitrogen being lost to either denitrification or leaching than the manure nitrogen during that time period.

In the 2017 season the corn was originally planted on April 25. Emergence was so poor as to justify replanting, but field conditions were not firm enough to
replant until June. The side-dress applications took place two weeks after planting as the corn grew rapidly with the warm temperatures.

The swine finishing manure application rate of 6,500 gallons per acre provided more than an adequate amount of nitrogen for the corn crop while being just
short of balancing phosphorus for the two year needs of a corn-soybean rotation. The amount of potash applied with the manure was 24 pounds more than
needed for the crop rotation.

The cost of purchasing 28 percent UAN fertilizer to side-dress corn averaged approximately 40 cents per pound during the four years of this study. At an
application rate of 210 pounds per acre the commercial fertilizer side-dress cost was $84.00 per acre (210 pounds * $0.40 per pound). The landowner’s custom
cost for applying liquid swine finishing manure was $8.00 per 1,000 gallons or $52.00 per acre (6,500 gallons at $8.00 per 1,000 gallons). The cooperating
farmers in this study valued his corn at $3.40 and the 14.8 bushel advantage for the manure treated plots were valued at $50.32 per acre. He also did not need
to purchase side-dress nitrogen for the acres where manure was applied, and this saved an additional $84.00 per acre.

CONCLUSION

In this study the application of liquid swine finishing manure at side-dress produced higher corn yields, compared to commercial fertilizer, in three of the four
study years. Incorporating liquid swine finishing manure as a side-dress nitrogen source to emerged corn can boost yields, reduce nutrient losses, and give
livestock producers another window of time to apply manure to farm fields in-season. The money saved on purchasing commercial side-dress nitrogen can pay
for the cost of the manure application to an emerged corn crop.

Ohio farmers usually deal with too much rainfall in April and May as they seek to plant corn fields. A 2,450 head swine finishing building, typical in Ohio, has a
capacity to hold approximately 800,000 gallons of manure. The best fit for pork producers interested in using swine finishing manure to side-dress corn would
be to have sufficient manure pit capacity to reach wheat harvest in July if corn fields are not suitable for side-dressing. Planting one or two corn fields, for the
purpose of side-dressing with manure, could provide an opportunity better capture the nutrients, especially the nitrogen.
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