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Optimizing 
Agricultural 
Practices: 
Balancing 
Manure Use and 
Minimizing 
Compaction

Ekrem Ozlu, PhD
Soil Management Extension 
Specialist and Assistant Professor
NC State University, Plymouth NC

Manure 
Management in 
Agriculture

• Manure type
• Manure handling and application
• Interaction with tillage practices

Dairy 
Manure

Beef
Manure 

UnitsAnalysis

15.925.4lb/tonTotal N
14.723.1lb/tonOrganic-N
1.22.26lb/tonAmmonium-N
7.413.6lb/tonTotal Available-N
7.820.4lb/tonP2O5
10.531.9lb/tonK2O
4835.5%Moisture
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Improper manure 
handling/spreading 
or excessive 
application can lead 
to soil compaction

• Heavy Machinery Traffic during 
application

• Soil Condition
• High Application Rates
• Improper Timing
• Repeated Applications without 

Tillage 2
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Adequate manure management: 
can enhance soil resilience to 
compaction 
• Increase organic matter
• Promotes soil aggregates 

formation
• Reduced Mechanical Stress

• Reduces bulk density
• Promotes porosity
• Root growth promotion
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Strategies to Minimize Soil Compaction 
When Applying Manure

Choose 
appropriate 

equipment and tire 
inflation pressures

Choose 
appropriate 

equipment and tire 
inflation pressures

Monitor soil 
moisture: avoiding 
application during 

wet conditions

Monitor soil 
moisture: avoiding 
application during 

wet conditions

Timing when soil 
condition is 

optimal

Timing when soil 
condition is 

optimal

Use controlled 
traffic

Use controlled 
traffic

Incorporate 
manure properly

Incorporate 
manure properly

Use controlled 
traffic: Confine 
wheel traffic to 

designated lanes 
or tracks, 

minimizing 
compaction in the 

rest of the field.

Use controlled 
traffic: Confine 
wheel traffic to 

designated lanes 
or tracks, 

minimizing 
compaction in the 

rest of the field.

Rotate application 
areas to distribute 

the load

Rotate application 
areas to distribute 

the load

Incorporate 
through tillage or 

injection

Incorporate 
through tillage or 

injection

Avoiding manure 
application to 

frozen soil 

Avoiding manure 
application to 

frozen soil 
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How does manure help to optimize soil health 
and crop yield together?

4.6 x 20 m

2003Egan

Beef Manure
 Corn (Zea mays L.)-Soybean (Glycine max L.) rotation. 

2008Vienna

6 x 18 m
Dairy Manure

Treatments

Inorganic FertilizerControl Manure

NF: Soybean: no 
App.  Corn: Only N 

CK: No application 
of manure or 

inorganic fertilizer

PM: Soybean: 10 Mg 
ha-1, Corn: 9 Mg 

ha-1 

HF: Soybean: no 
App, Corn: N, P2O5, 

K2O, Zn, S

NM: Soybean: 30 
Mg ha-1, Corn: 17 

Mg ha-1

HM: Soybean: 61 
Mg ha-1, Corn: 45 

Mg ha-1 

Urea, Map, Potash, 
Zinc Sulfate, 

Ammonium Sulfate

5

3

4

5



Livestock and Poultry Environmental Learning Community Webinar Series April 19, 2024

The archived presentation will be available at: https://lpelc.org/archived-webinars/ 3

Bulk Density (gr cm-3)

0-4 inches 4-8 inches

6

Wet Aggregate Stability (%) 

4-8 inches0-4 inches Treatments
90.1291.90P - Manure
92.2893.51N - Manure
92.4098.59H - Manure
89.1189.22N - Fertilizer

84.5587.39H - Fertilizer
90.4190.11CK - Control
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Water Infiltration (mm hr-1)

8

6

7

8



Livestock and Poultry Environmental Learning Community Webinar Series April 19, 2024

The archived presentation will be available at: https://lpelc.org/archived-webinars/ 4

Soil Organic Matter
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What about other nutrients?

Ozlu et al. (2015) ASA

S, K, P, Zinc
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Soil Electrical Conductivity (ds m-1)

1
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Does manure impact microbials?

Ozlu et al. (2019) Scientific Reports

Manure Inorganic 
Fertilizer

Control

Fungi
AM Fungi
Urease

β-Glucosidase
Bacteria

Actinomycetes
Eukaryote

Bacteria
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What is the recommendation?

Control

Soil Health Score

C
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d

Medium 
Fertilizer

High 
Fertilizer

Low 
Manure

Medium 
Manure

High 
Manure
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2015 - 2018

Experiment:
• 12 plots
• 4 replications
• 4 treatments
• ContinuousCorn (Zea

mays L.)

Treatments:
• CTNM,chisel tillageno manure
• CTSM,chisel tillagewith manure
• NTNM, no-till with no manure
• NTSM,no-till with manure

SamplingTimes:
• Spr, Before Planting
• Ats, After Planting
• Sum, Mid - Summer
• Bha, Before Harvesting
• Aha, After Harvesting

Soil Aggregate Re-formation Study in Wisconsin

1
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Bulk Density at 0-2 inches depth (gr cm-3)

Ozlu and Arriaga (2023)
1
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Moving Averages of Aggregate Size Fractions
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2 - 4 mm 1 - 2 mm 0.5 – 1 mm 0.25 - 0.5 mm 0.053 - 0.25 mm <0.053 mm

1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
Sampling Time

%
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Ozlu and Arriaga (2023)
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Soil Macropores at 0 – 2 inches depth (m3 m-3)

Ozlu and Arriaga (2023)
1
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Soil Micropores at 0 – 2 inches depth (m3 m-3)

Ozlu and Arriaga (2023)
1
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Soil Water Release

Ozlu and Arriaga (2023)
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Carbon Content (g kg-1)

21
Ozlu and Arriaga (2023)

0-6 inches 6-12 inches
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More of Cold-Water Extractable Carbon in aggregates bigger than 2mm
More of Acid Extractable Carbon in aggregates smaller than 2 mm

Conclusions

Si
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Ti

Ozlu, data not published
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Manure Impacts on 
Soil Compaction

Ekrem Ozlu (eozlu@ncsu.edu)

Assistant Professor and 
Soil Management Extension Specialist
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