
Manure Application Timing: In-Crop vs Fall

PRACTICE FACT SHEET

Objective
To determine the economic, agronomic, and environmental outcomes of in-crop swine 
manure versus fall swine manure with supplemental N applied at sidedress.

Overview & Outcome Highlights
Nitrogen is required to maximize returns in corn production and 
represents one of the greatest input costs to a farmer. Additionally, 
nitrogen and phosphorus nutrient losses from agricultural fields are 
a water quality concern. Efficient utilization of all available nutrient 
sources on a farm can reduce the overall amount of applied nitrogen 
and phosphorus. Previous work has shown manure is a viable N 
source in corn and wheat production, but the resulting water quality 
(i.e., losses of nitrogen and phosphorus) has not been thoroughly 
evaluated.

Ohio State University Extension established a 2019-2021 field trial 
in partnership with the Blanchard River Demonstration Farms 
Network to evaluate an in-crop manure application vs. a fall 
manure application with supplemental N applied at sidedress (Fall 
Manure/UAN Application). The site is part of the USDA-ARS Soil 
Drainage Unit’s paired field experiments that quantify the water 
quality outcomes from alternative practices. This report highlights 
agronomic, environmental, and economic results.
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Manure is applied using a drag hose 
applicator to a recently planted corn field.

Report Content:
This report discusses results from a 24-month (2019-2021) study evaluating the project objective on a northwest 
Ohio crop and livestock farm. The results represent a single producer and a single pair of NW Ohio fields. Weather 
conditions for this study period were dryer than average, which impacted yield and calculated nutrient balances. 
While the findings are generally positive, the project partners caution against using a single study to represent 
expectations across the basin. The project partners anticipate repeating this project in future years and at additional 
sites to increase understanding and utility of the outcomes presented.

Agronomic Outcomes 
A lower total nitrogen application rate and 
higher yields occurred with the in-crop 
manure application compared to the Fall 
Manure/UAN Application, resulting in more 
efficient nitrogen use.

Economic Outcomes 
Economic returns with the in-crop manure 
application were $95 per acre higher than 
the Fall Manure/UAN Application due to not 
purchasing fertilizer N and greater yields.

Environmental Outcomes 
Reducing the amount of applied nitrogen with in-
crop manure reduced nitrate lost through surface 
runoff and tile drainage. For phosphorus, surface 
runoff Total P and Dissolved Reactive P losses 
increased with the in-crop manure application 
compared to the Fall Manure/UAN treatment. 
This observed increase was partially related to soil 
disturbance from the manure applicator. Total 
phosphorus losses measured in tile drainage 
tended to be higher with the in-crop application, 
while Dissolved Reactive P losses were reduced. 
The soil test phosphorus measured was similar for 
the two treatment areas and did not spike with 
manure application. 

Photo: 

Manure is applied using a drag hose applicator 
to a recently planted corn field.
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Agronomic Outcomes

Table 1. Crop Yield 2020

Corn
Treatment Yield (bu/A)*

In-crop manure (South field) 136a

Fall manure/UAN (North field) 119a

LSD (0.1) 17

C.V.% 11

* Numbers followed by the same letters are not statistically different.

Crop Yield 
The 2020 growing season started with near-average 
rainfall from April through May, then turned dry. 
Compared to the 30-year historical average from a 
nearby weather station, the growing season had a 10-inch 
precipitation deficit. As a result, corn yields were reduced 
by 50-60 bushels from typical yields. 

Corn yields for the in-crop manure were compared to Fall 
Manure/UAN Application at the six 6 points soil samples 
points in each field (Table 1). Corn yield was summarized 
by extracting yield map data in a 90-foot diameter circle 
around each point (Figure 2). 

SUMMARY
Corn yield from the in-crop manure application 
was 17 bushels per acre greater than the yield 
from the Fall Manure/UAN Application. In addition, 
the in-crop manure application improved crop 
health (e.g., Normalized Differential Red Edge 
(NDRE) imagery). However, nutrient tissue test 
values, which indicate plant uptake of nutrients, 
were not different between the in-crop versus Fall 
Manure/UAN Application.

Soil Nutrients and Plant Health
This project’s primary soil sampling goal was to track soil 
nitrogen levels and other factors that may impact soil 
N cycling, such as organic matter and pH. In addition, 
soil test phosphorus values were also tracked. Samples 
were collected on four dates from June 2020 to May 
2021 (Figure 1). For each sample date, soil samples 
were collected at the same six points (Figure 2) using 
a 0-12 inch core depth with 11 cores to make a sample. 
In addition, tissue tests at the R1 growth stage were 
collected at the same sample points. 

Nitrate and P soil test levels were higher in the in-crop 
application compared to the Fall Manure/UAN Application 
during each sample period until the May 2021 sample, 
when both nutrients equalized. The highest soil test 
values were measured on the June 2020 sample date and 
are within ranges typically seen in crop production fields. 
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Figure 1. Soil Test Results for In-Crop Versus Fall Manure/
UAN Application 

Field Treatment Details
Manure composition and rate determination: The 
nutrient composition of the liquid swine manure was 45 
lbs. N/1000 gallons and 20 lbs. P2O5/1000 gallons. The 
6,000-gallon targeted rate for both manure application 
timings was based on P removal of a two-crop, corn, and 
soybean rotation. 

Fall manure/UAN: The fall manure application occurred 
on August 5, 2019, into wheat stubble. The manure was 
hauled via a 6,000-gallon Kuhn tanker from the swine 
facility to the field using a vertical till Injector toolbar. The 
toolbar places the manure one inch below soil surface into 
soil distrubed by a 9 inch coulter. A mixed species cover 
crop of oats, cereal rye, cowpeas, oil seed radish, and rape 
was planted on September 9, 2019. UAN at a rate of 175 
pounds N per acre was injected into growing corn on June 
4, 2020. 

In crop manure: No nutrients were applied to the field in 
the fall of 2019. A mixed species cover crop of oats, cereal 
rye, cowpeas, oil seed radish, and rape was planted on 
September 9, 2019. Manure was applied to a growing 
corn crop at the V3 growth stage using a dragline hose 
at the rate of 6,000 gallons per acre on June 1, 2020. The 
applicator toolbar places the manure one inch below soil 
surface into soil distrubed by a 9 inch coulter. Manure was 
trucked via semi-tankers from the swine facility to the 
field edge and emptied into a specialized frac tank that 
supplied the applicator. 

The 17-bushel/acre yield difference between the In-
crop manure and Fall Manure/UAN in this project is not 
statistically different. However, the numeric difference 
is similar to a 24-bushel per acre average increase seen 
when comparing an in-crop manure application to a 28% 
UAN application in a six-year study conducted by OSU 
Extension. Figure 2 shows the yield map with the north 
field, the Fall Manure/UAN Application, and the south 
field, the in-crop manure application.
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Table 2. Tissue Test at R1 Beginning reproduction stage. 
Average of six samples per treatment.

Nutrient In-Crop 
Manure 

Fall 
Manure/

UAN

Desired 
Range

Nitrogen (%) 2.59 3.08 2.9-3.5

Phosphorous (%) 0.23 0.28 0.3-0.5

Potassium (%) 2.11 2.07 1.9-2.5

Sulfur (%) 0.18 0.22 0.16-0.5

Agronomic Outcomes

Plant Health  
Plant tissue samples and aerial imagery were collected 
during the growing season to evaluate nutrient uptake 
and plant health. 

Based on an average of six samples per treatment (Figure 
2), the tissue tests for in-crop manure and Fall Manure/
UAN Application were similar and generally on the lower 
side of the desired range for corn at the R1 stage (Table 2). 
The lower than desired results were likely related to the 
dry growing season.

Figure 3. Aerial Plant Health Imagery of 2020 Growing Season

Aerial imagery (Figure 3) of both In-crop manure and Fall 
Manure/UAN Application utilized Normalized Differential 
Red Edge (NDRE) imagery to quantify plant heath. 
NDRE is an index from 0-1, with 1 being the most healthy 
(green). Visual observation of Figure 3 indicates greater 
plant health from the in-crop manure application. In-
crop manure application resulted in a 0.63 NDRE index 
average, and Fall Manure/UAN Application resulted in a 
0.60 NDRE index average.

Figure 2. Corn Yield Map and Soil Sample Points (2020)
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SUMMARY
Calculating a mass balance of nitrogen applied versus nitrogen removed reveals the Fall Manure/UAN 
Application with 437 pounds of nitrogen not removed in harvested grain. In comparison, the in-crop 
application had 250 pounds of nitrogen not removed in harvested grain. The phosphorus applied was 
equal to the two-year crop removal need for a corn/soybean rotation. A mixed species cover crop was 
planted on both fields after the 2019 fall manure application, and the 2020 corn crop reduced N loss 
potential. 

The USDA-ARS Soil Drainage Research Unit continuously monitored the surface and subsurface water 
leaving the sites during the study period. The in-crop manure application reduced Dissolved Reactive P 
(DRP) and nitrate in tile discharge and reduced surface nitrate losses. However, tile and surface Total P 
along with surface DRP increased though the increases are arguably small. The surface loss increase is 
likely due to soil disturbance with In-season manure application.

A mass balance of nitrogen applied versus nitrogen removed was calculated for the study period (Table 3). Fall Manure/
UAN Application not removed with was 437 pounds of residual nitrogen not removed in harvested grain. The in-crop 
applications had 250 pounds of nitrogen not removed. Lower than anticipated yields due to drought partially accounts 
for the lower N removal rates. Calculating the amount of N in crop removal versus application is a place for farmers to 
start evaluating their N program. 

Nitrogen available in the soil profile has the potential to be lost when no growing crop is present. Ammonium nitrogen 
in manure and fertilizer is converted to nitrate form. The conversion rate is affected by soil temperatures, soil moisture, 
and nitrogen stabilizer additives used. Nitrate forms are readily leached in the soil profile with each rainfall event and 
eventually reach the tile system. 

Fall manure application results in a soil pool of nitrogen that can be lost over winter. Cover crops planted after fall 
manure applications can reduce nitrate losses to the environment. A mixed-species cover crop was planted on both 
fields after the 2019 fall manure application, and the 2020 corn crop reduced the amount of the residual  N loss through 
the tile would have been reduced. 

Environmental Outcomes

Table 3. Nitrogen Balance of the In-Crop Manure versus Fall Manure/UAN Application

Nitrogen In-Crop Manure 
(lbs/ac)

Fall Manure/UAN 
(lbs/ac)

Estimated Organic N Released 28 28

Manure Applied Ammonium-N 275 275

Starter N 39 39

UAN @ SideDress 0 175

Total Nitrogen Applied 341 516

Removed Nutrient   

Grain Removal of Corn from Yield Reported 91 80

Balance not removed with Corn Grain (Residual N) 250 437

Photo:
A drag line applicator injects 
liquid manure in between 
growing corn rows. 
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Table 4. Preliminary Annualized Water Quality Results from Monitoring of Surface and Subsurface Draining Water at the Edge-
of-Field for Period August 2019 through September 2021

Subsurface (Tile) Surface

Factor

Annual 
Loss Fall 
Manure/

UAN

Annual 
Difference from 
In-Crop Manure 

Application

 % 
Change R2

Annual 
Loss Fall 
Manure/

UAN

Annual 
Difference from 
In-Crop Manure 

Application

% 
Change R2

Discharge (in) 3.98 -0.16 -4 0.8 3.12 -1.2 -27 0.8

Dissolved 
Reactive P (lbs/Ac) 0.07 -0.004 -5 0.8 0.32 0.19 148 0.7

Total P (lbs/Ac) 0.57 0.04 7 0.8 0.79 0.24 43 0.8

Nitrate (lbs/Ac) 7.67 -4.2 -35 0.9 1.92 -5.2 -73 0.7

Negative numbers indicate where the in-crop application reduced the factor compared to the fall manure/UAN application treatment. 
Conversely, positive numbers show increases in the factor with the in-crop application.

Comparing water quality parameters between the Fall Manure/UAN Application showed a general increase in Dissolved 
Reactive P (DRP) and Total P on a percentage basis, but the measured losses are arguably small. The measured 
difference in Total P losses (which include DRP) from both the subsurface and surface sources is 0.28 lb/A or 0.005% of 
the 55 lbs of P applied. The greatest DRP and Total P increases occurred through surface water. The in-crop manure 
reduced nitrate losses by 9.4 pounds per acre.

Environmental Outcomes

Figure 4. Typical Edge-of-Field Monitoring with the Surface and Subsurface contributing area identified along with the 
monitoring equipment used.

For this project, losses of phosphorous and nitrogen were measured in both subsurface and surface (tile) water leaving 
the treatment sites starting after the fall manure application (August 1, 2019) through the soybean crop (September 30, 
2021). Preliminary water quality results are shown in Table 4. 

SUBSURFACE 
CONTRIBUTING 

AREA

USDA-ARS Soil Drainage Unit uses a paired field experimental design to monitor water quality impacts of agricultural 
practices. Figure 4 shows a Typical Edge-of-Field Monitoring with the surface and subsurface contributing area 
identified along with the monitoring equipment used. The site goes through a pre-treatment monitoring period to 
develop the hydrologic relationship between the two paired fields making it possible to estimate water quality impacts 
from treatments used. Sites are monitored 365 days a year.

SURFACE 
CONTRIBUTING 

AREA

Credit:
Ohio State University Extension 
and USDA-ARS Soil  
Drainage Unit
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SUMMARY
The in-crop manure application system had greater equipment and labor costs than the Fall Manure/
UAN Application system. However, these greater costs were offset by reduced nutrient costs and an 
increased yield resulting in a $95 per acre greater net return with in-crop manure application. 

Table 5 shows a partial budget for nutrients, application equipment and labor for the two treatments. The same amount 
of manure nitrogen was applied to both the in-crop and fall manure applications with a nutrient value of $228 per acre. 
The total cost of equipment and labor combined was $57 per acre for Fall Manure/UAN Application, compared to $101 
per acre for the in-crop manure application. Corn crop production receipts were $66 per acre higher in the in-crop 
manure application than in the Fall Manure/UAN Application. The net return on in-crop manure application is $95 
higher than the Fall Manure/UAN Application.

Table 5. Cost Comparison Between In-Crop Manure and Fall Manure/UAN Application Systems

In-Crop Manure Fall Manure/UAN 

Cost Category $ per Acre $ per Acre

Nutrients   

Manure Nitrogen (6,000 gal/ac)  $228  $228

Starter Applied At Planting  $36  $36 

28% UAN  $ –    $73  

Manure Application Equipment   

Tanker $ –  $38 

Dragline  $60  $ –  

Trucking  $38  $ –  

Labor for Nutrient Application   

Manure Application  $3  $18 

Commercial Fertilizer   $ –   $1  

Cost Subtotal (per acre)  $365  $394 

Crop Production Receipts   

Corn  $530  $464

Net Return Above Cost ($ per acre)  $165  $ 70 

Visit blancharddemofarms.org to learn more. 

Economic Outcomes

Future Work
Additional analysis of data collected for this project will be 
completed in two specific areas.

• A more comprehensive nitrogen mass balance that 
includes soil nitrates, ammonia, and organic matter, 
plus N amounts measured in water samples to 
understand N pathways through soil and water.

• Quantify total N losses from surface and subsurface 
water flows.

Photo: 

Manure is transferred from a semi tanker to the 
frac tank to be pumped to the drag line applicator. 
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the Blanchard River Demonstration Farms and its part-
ners and the Ohio Department of Agriculture.
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 and upcoming events, please visit 

 blancharddemofarms.org
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