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ABSTRACT
Purpose

What Did We Do? 

Field Site Layout and Monitoring

ISCO samplers are installed to monitor both surface and subsurface 
water leaving the site. Pictured a) subsurface sampler and b) surface 
sampler is the typical equipment used by USDA-ARS, Soil Drainage Unit 
for edge of field monitoring. The blue dots indicate installation sites for 
each field. The north field was used for the fall manure/UAN treatment. 
The south field was the in-crop manure treatment.

AGRONOMIC RESULTS
Corn Yield 

Treatment Yield 
Bu/A

In-Crop Manure 136 a

Fall Manure/28% UAN 119 b

LSD (0.1) 17
C.V. (%) 11

Ear Leaf Nitrogen and Phosphorus 
Nutrient from Tissue Test taken at R1 
(Silking). 

Partial budget for nutrients and nutrient applications in the 
Fall Manure/28% UAN versus In-Crop Manure Application. 
Nutrient prices used N at $0.42 and P2O5 at $0.34 per unit. The 
corn price used was $3.90 per bushel.

WATER QUALITY RESULTS
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Nutrient and Water Quality Outcomes from In-Crop Manure Application to Corn

Sidedressing corn with liquid manure is a better application timing to 
utilize manure supplied nitrogen efficiently. In-crop manure application 
has the advantage that any ammonium N applied can offset the total N 
requirement of the corn crop. When manure is fall-applied, a portion of 
the ammonium N is converted to nitrate-N. The amount converted 
depends upon days to incorporation and soil temperatures after 
application. Any nitrate formed without a growing crop present has the 
potential to be lost to the environment through leaching or 
denitrification. When using a fall manure application, the sidedress 
corn nitrogen application rate is reduced by a N credit or measure of 
soil nitrate through a pre-sidedress nitrogen test, but often additional 
commercial fertilizer will be applied. The combined fall manure and 
fertilizer N applied results in increased total nitrogen applied, 
increasing environmental N loss potential. 

The experimental objectives were to determine the economic, 
agronomic, and environmental outcomes of in-crop manure application 
versus a traditional fall manure application.

A trial comparing fall to in-crop manure application to corn was 
established in fall 2019 at a USDA-ARS paired Edge-of-Field monitoring 
site in the Western Lake Erie Watershed. Field one was fall-applied 
manure, then UAN applied at corn sidedress time. Field two had only 
swine manure applied at corn sidedress timing. The manure rate used 
was 6,000 gallons of liquid swine manure. Data collected included corn 
yield, soil test, tissue test, imagery, and nutrient loss through tile and 
surface runoff. The trial used a before/after impact experimental 
design to determine water quality impacts.

The 2020 growing season started with near-average rainfall for 
April/May but turned dry, ending with a 10-inch deficit compared to 
historical norms. As a result, compared to the 10-year county  average 
of 164 bushels per acre, corn yields were reduced by 30-45 bushels. The 
in-crop manure application had corn yields 17 bushels higher than the 
fall manure/UAN comparison. The yield difference is comparable to 
trials conducted by OSU Extension, where the six-year average of in-
crop manure to UAN at side-dress is 24 bushels per acre. 

The total N applied in the fall manure/UAN treatment was 516 pounds 
per acre, while the in-crop application resulted in 341 pounds per acre.

Soil samples were taken after application (June 2020), after harvest 
(November 2020), and spring of the following year (March and May 
2021). Samples were collected at six points within each treatment area. 
Sample core depths were 0-12 deep. The primary goal was to track soil 
nitrogen values. In addition, a standard soil test analysis for organic 
matter, pH, and phosphorous content. 

Nitrate and phosphorous levels were higher for all sampling periods 
prior to the May 2021 sampling for the in-crop application. By May 
2021, soil test levels were equal for both nutrients. Both nitrate and 
phosphorous levels were in ranges expected for row crop production in 
Ohio.

The fall and in-crop manure application had the same value for the 
manure nutrients applied at $228 per acre. The fall manure/UAN had 
an additional $73 per acre in 28% UAN applied at sidedress. The cost of 
equipment and labor for the fall manure/UAN was $58 per acre 
compared to $109 for the in-crop application. Receipts were $66 per 
acre higher for the in-crop application due to the higher corn yield. The 
net return above partial cost from the in-crop manure application was 
$96 per acre.

Farmers utilizing manure in nutrient plans often observe increased 
plant greenest during the growing season. Aerial imagery and plant 
tissue analysis evaluated plant health and nutrient uptake. Visual 
observation and the table summarize index values from the NDRE 
imagery indicates greater health with the in-crop application. In 
addition, R1 tissue test observations showed an advantage to the fall 
manure UAN treatment.

Pre-treatment monitoring to develop the hydrologic relationship 
between the two paired fields provides the ability to estimate water 
quality impacts from treatments imposed. Comparing the fall 
manure/28% UAN to the in-crop manure shows a reduction in nitrate 
but a general increase in Dissolved Reactive Phosphorus (DRP) and 
Total P on a percentage basis. The greatest DRP and Total P increases 
occurred with the surface losses.

Soil Samples for Nitrate and Phosphorus

AGRONOMIC RESULTS
Plant Health and Tissue Test 

Treatment NDRE 
Index

In-Crop Manure 0.63
Fall Manure/28% UAN 0.60

Treatment % N % P
In-Crop Manure 2.6 0.2
Fall Manure 
/28% UAN 

3.1 0.3

Desired Range 2.9-3.5 0.3-0.5

Summary of Normalized Differential Red 
Edge (NDRE) imagery taken at R1 (Silking). 

ECONOMIC RESULTS

Category
Fall Manure 
/28% UAN

($/A)

In-Crop 
Manure

($/A)
Cost
Nutrients

Manure N & P supplied 228 288
28% UAN 73 0

Manure Application 
Tanker 39 0

Dragline 0 60
Trucking 0 38

Labor for Application
Manure 18 3

28% UAN 1 0

Cost SubTotal $359 $329
Receipts

Corn Receipts 464 530
Net Return above Partial 
Budget Cost $105 $201

Corn yield at harvest adjusted to 15% 
moisture. 

Nitrate and phosphorus soil test levels were taken for four sample dates 
after nitrogen sidedress on June 1, 2020. Samples were from 0-12 inch
cores mixed and then subsampled.

Factor Tile 
Value

Tile % 
Change

Surface 
Value

Surface % 
Change

Discharge -0.16 in -4 -1.2 in -27
DRP Load -0.004 lb/a -5 0.19 lb/a 148
Total P Load 0.04 lb/a 7 0.24 lb/a 43
Nitrate Load -4.2 lb/a -35 -5.2 lb/a -73

Estimated treatment effects to tile and surface water from in-crop 
manure compared to fall manure application for the monitored period 
8/1/2019 to 10/31/2021.

• The in-crop manure application had a 17-bushel yield advantage 
despite a dry growing season that lowered yields from county 
averages. Better plant health is shown based on NDRE imagery. 
However, R1 tissue showed N and P values outside the desirable 
range. The dry soil condition may have impacted tissue test 
results. 

• Soil samples taken 23, 154, and 273 days after application 
showed higher soil nitrate and Mehlich 3- P soil test values from 
the 0-12 sample depth for the in-crop compared to fall 
manure/UAN until the final sampling 347 days after application. 
The values were in ranges commonly seen in row crop production 
fields.

• The in-crop manure vs. fall manure with UAN had an economic 
advantage of $96 per acre. The benefit was a combination of N 
utilization, the opportunity cost of lost N, and increased corn 
yield even though the application cost for the dragline method 
were higher.

• Comparing water quality parameters between the fall 
manure/28% UAN did show a general increase in DRP and Total P 
on a percentage basis, but the measured losses are arguably 
small. The greatest DRP and Total P increases occurred through 
surface water. The in-crop manure showed a reduction in nitrate 
losses of 9.4 pounds per acre.

Aerial imagery utilized Normalized Differential Red Edge (NDRE) imagery to 
quantify plant health. NDRE index range is 0-1, with 1 indicating the best 
health. The index range shown is 0.26 (red colors) to 0.8 (green colors).

CONCLUSIONS
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