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Managing soil compaction at planting and harvest 

 Soil compaction is the increase in soil density 

due to pressure being applied to moist or wet soils, typi-

cally from heavy vehicles. Compaction can happen any 

time of the year, but the risk during raining planting and 

harvest months is often greater. There are some simple 

guidelines you can use to minimize soil compaction, fig-

ure out where exactly it has occurred, and determine how 

to fix it. 

Effects of soil compaction 
 Soil compaction reduces field productivity in 

many ways 

 Stunted roots – Plant roots are unable to grow 

through compacted soils, resulting in root systems 

unable to support healthy crops. Wisconsin research 

has shown compaction can cause up to a 50% de-

crease in crop yields. 

 Decreased internal drainage – Water  (either  rain-

fall or irrigation) will not internally drain through 

compacted soils, resulting in longer time periods 

when the ground is too wet for field operations. 

 Greater fertilizer needs – Prolonged wet condi-

tions lead to soil nitrogen losses due to increased 

denitrification. 

 Increased susceptibility to drought – Lower soil 

porosity leads to reduced water holding capacity. 

 Increased fuel consumption – Tractors require more 

fuel to till compacted soils. 

 Lower biological activity – Compacted soils contain 

fewer pore spaces, reducing soil aeration and biologi-

cal functions like residue decomposition. 

 More soil erosion – When soils are compacted, soil 

aggregates are destroyed and runoff and erosion in-

crease. Reduced internal drainage leads to greater 

runoff and lower soil moisture. 

I had to plant/harvest while my fields were wet. Are 

they compacted now? 
 If you worked your fields while they were wet, 

there is a good chance your soils are compacted to some 

degree. However, the exact soil conditions when you 

worked your fields have a dramatic impact on the likeli-

hood and type of soil compactions. Use the flowchart in 

figure 1 to help figure out if your soils are compacted and 

how they might be repaired. Most important in determin-

ing if compaction occurred is whether the field soil was 

saturated or at field capacity when worked (see box be-

low). 

 

 

 

 

Detecting soil compaction 
 There are several ways to determine if your soils 

are compacted. These including looking closely at the 

side of a small soil pit dug in your field, using a hand 

probe, or using a cone penetrometer. A detailed explana-

tion of how to measure should compaction can be found 

in UW-Extension publication Soil Compaction: Causes, 

Concerns and Cures (A3367). The penetrometer method 

will provide the most accurate results. UW-Extension has 

a YouTube video showing how to use a cone penetrome-

ter (see Additional information). These instruments may 

be available for loan through your county Extension of-

fice. 

 The following are easily identified signs of soil 

compaction. It is probably worthwhile to conduct an in-

depth investigation in the areas where these signs are 

seen. 

On the soil surface 

 Dense surface clods that don’t break down after rain-

fall or tillage 

 Water ponding in tracks and headlands 

 Wheel tracks with a smeared or glazed appearance 

 Poor plant growth (e.g., reduced plant height) and 

stands 

 Uneven plant growth or yields 

 Plant leaf yellowing 

Under the soil surface 

 A hard zone of soil immediately below the depth of 

cultivation 

 Hard clods that don’t break when squeezed by hand 

 No structure to the soil 

 Misshapen or shallow crop roots (“J-rooting” or pan-

cake roots) 

How to prevent compaction 

Wait for drier conditions 

 The single most effective way to prevent com-

paction is to stay off wet fields for as long as possible. 

Soils are most susceptible to compaction 24 to 72 hours 

following a soaking rain, depending on soil type. 

Manage farm traffic 

 Repeating travel patterns between transport 

equipment and the harvester (i.e., driving in the same 

wheel track) can reduce the damage of operation on wet 

soils and will confine damage to specific and well-known 

locations in the field (figure 2). Global Positioning Sys-

tem (GPS) guidance is helpful, but regular traffic patterns 

can also be achieved with some awareness and discipline 

on the part of the operator. 

Optimize vehicle parameters 

 Maintain tires at the tire manufacturer’s recommend-

ed pressure to spread the machine’s weight over a 

greater surface area. 

 Attach dual wheels wherever possible. 

 Use machines equipped with tracks to spread the ma-

chine’s weight over a greater surface area. Using 

machines with uniform wheel track spacing reduces 

the risk of soil compaction (figure 2). 

 Consider carrying half or reduced loads out of the 

field. 

 Use tractor-based transport equipment such as grain 

or dump carts within the field and load transport 

trucks (which have high-pressure tires) at the edge of 

the field. 

How to restore compacted surface soils 
Light tillage 

 If ruts are present, surface tillage is necessary to 

improve the seedbed for planting. Tillage can be localized 

only to rutted areas. The presence of ruts does not mean 

you definitively have compacted soil below the surface. 

Cover crops 

 If shallow compaction (less than 6” deep) is de-

tected, planting a cover crop will help break apart the 

compacted soil and restore soil aggregation through natu-

ral root action. Fibrous-rooted cover crops (e.g., cereal 

rye) are more effective than tap-rooted cover crops (e.g., 

clover).  

Freeze/thaw 

 Winter freeze and thaw conditions may alleviate 

shallow compaction depending on soil type and other 

conditions. Compaction should be measured with a pene-

trometer in the fall and spring to determine effectiveness. 

How to restore compacted subsurface soils 
Deep tillage 

 If subsoil compaction (deeper than 6”) is detect-

ed, subsoiling or deep strip-tilling can be helpful. Deep 

tilling involves breaking up a hardpan using long shanks 

usually to a depth of 12” to 15”. This should only be done 

when the soil is at a moisture that allows the soil to crum-

ble at the depth you are tilling. Till only to just below the 

compacted zone (2” to 3” below) as deeper tilling risks 

even deeper compaction and uses much more fuel. Deep 

tilling has shown yield benefits in sandy to clay loams but 

in finer textured soils the benefits may only be short-term 

due to re-compaction. 

Vary tillage depths 

 If a subsurface hardpan of soil has developed, 

tillage depth may be altered to break this up. 

Tillage is not a permanent solution to address soil com-

paction. Identify practices that caused the compaction and 

modify as needed. 

Restoration for no-till/low-till fields 
 If ruts must be repaired for seedbed planting, 

tillage in only the affected area is recommended. Soils in 

long-term no-till fields have a greater ability to recover 

from compaction than soils managed with conventional 

tillage. The higher organic matter content and aggregation 

normally found in no-till soils makes them more resistant 

to soil compaction and resilient in recover. Research from 

Kentucky shows that surface compaction in a no-till field 

disappeared completely after two years of normal opera-

tions (Murdoch and James, 2008).  

 

 

 

Addition information 
View the YouTube video “Using a penetrometer to detect 

soil compaction” at https://youtu.be?Zq_785JqRq8 . 

View UW-Extension publication Soil Compaction: Caus-

es, Concerns, and Cures (A3367) at https://

learningstore.uwex.edu/Assets/pdfs/A3367.pdf.  
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Soil water content effects on compaction potential 

 Field capacity is defined as the soil water  

content after the soil has been saturated and allowed to 

drain freely for about 24 to 48 hours. Soils are most sus-

ceptible to compaction when their water content is at or 

near field capacity because the proportion of soil pores 

filled with air and water is just right for compaction to 

occur. Soil well below its field capacity naturally con-

tains tiny air pockets that work as shock absorbers and 

support heavy weight without the soil particles smashing 

together. Also, soil aggregates help dissipate loads when 

the soil is drier. 

 It seems counterintuitive, but soils that are fully 

saturated (i.e., their pores are completely filled with wa-

ter) are less susceptible to soil compaction than those at 

field capacity. Since water cannot be compressed, a sat-

urated soil can bear heavy equipment without compact-

ing. However, soils at or near saturation are very prone 

to rutting and smearing near the surface.  

Key Facts 

 Whenever possible, wait for drier soil conditions 

before entering fields. 

 Reduce axles loads and lower equipment tire pres-

sures. 

 Keep axle widths similar when purchasing equip-

ment.  

 Manage equipment traffic patterns to minimize tire 

tracks. 

 Rutting may not indicate that deep tillage or sub-

soiling is needed. 

 Surface tillage alone may be sufficient to remove 

ruts and clay smearing. 

 Cover crops can help remediate soil compaction. 

 Compaction repair can take multiple growing sea-

sons. 

https://youtu.be?Zq_785JqRq8
https://learningstore.uwex.edu/Assets/pdfs/A3367.pdf
https://learningstore.uwex.edu/Assets/pdfs/A3367.pdf
https://www2.ca.uky.edu/agcomm/pubs/agr/agr197/agr197.pdf
https://www2.ca.uky.edu/agcomm/pubs/agr/agr197/agr197.pdf
https://learningstore.uwex.edu/Soil-Compaction-Causes-Concerns-and-Cures-P1419.aspx
https://learningstore.uwex.edu/Soil-Compaction-Causes-Concerns-and-Cures-P1419.aspx
https://learningstore.uwex.edu/Soil-Compaction-Causes-Concerns-and-Cures-P1419.aspx
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Emergency Forage Options 
 The optimum crop to plant for emergency 

forage should be determined by 1) when and how it 

will be utilized, 2) the forage quality needed, and    

3) seed availability and cost. 

 In 2003 and 2004, emergency forage trials 

were conducted at 5 locations across Wisconsin, 

Michigan and Minnesota. Trials were seeded at each 

of three planting dates: early May, early June, and 

~July 1. Seeding rates were: 32,000 seeds/acre for 

corn, 10 lb/ac for forage sorghum, 25 lb/ac for      

sudangrass, sorghum-sudangrass, pearl millet,      

Japanese millet, and foxtail millets; 80 lb/ac for    

barley, 100 lb/ac for soybean, 125 lb/ac for small 

grain/pea, and 15 lb/ac for alfalfa. 

 Soil potash and phosphorus levels were high 

at all locations. Barley and foxtail millets received 

100 lb N/ac at planting. Corn and forage sorghum 

received 150 lb N/ac at planting. The multi-cut 

warm-season annual grasses (sudangrass, sorghum-

sudangrass, Japanese millet, and pearl millet)       

received 50 lb N/ac at planting, and 50 lb/ac after 

each additional cutting (up to a maximum of 150 lb 

N/ac/yr). 

 In general, harvest timing was scheduled to 

optimize yield and quality. Barley and foxtail millets 

were harvested at the boot stage, small/grain pea at 

milk stage, and soybean at R6-7. Corn was           

harvested at 1⁄2 milkline or 65% moisture,        

whichever came first. Forage sorghum was           

harvested at soft dough or 65% moisture. Alfalfa 

was harvested at 60 days   after emergence, and 30 

day intervals thereafter. Sudangrass, sorghum-

sudangrass, pearl millet, and Japanese millet were 

harvested at a 6” cutting height whenever the crop 

reached a height of 36”. These harvest strategies 

resulted in one to three harvests per entry depending 

upon planting date. 

 The results were generally as follows: 

 Corn for silage was usually among the highest 

yielding options for all planting dates and       

environments. 

 One-cut BMR forage sorghum at times          

produced the highest DM yields (especially in 

southern Wisconsin, but was inconsistent and 

often failed to reach the target harvest maturity 

and moisture at other locations. 

 Sorghum-sudangrass, sudangrass, and pearl   

millet produced good total season yields from 3 

harvests for early May planting, and from 1 to 2 

harvests for July 1 planting; their total season 

DM yields occasionally matched those for corn. 

 Small grains with or without pea produced low 

yields when planted July 1. 

 Foxtail millets harvested once at late boot to 

early heading produced consistently good stands 

and yields within ~60 days after planting. 

 Soybean produced forage yields similar to     

foxtail millets, but required more days. 

 Soybean produced the highest quality forage of 

all annual crops based on CP, NDF, and RFQ 

values. 

 Among grasses, corn for silage had the least 

NDF, but also the least CP content. 

 Despite high NDF content, foxtail millet forage 

had moderate RFQ and good CP content. 

 Among grasses (corn excluded), BMR forage 

sorghum was among the highest in RFQ. 

 Small grain-pea forage had higher NDF and 

lower RFQ values than expected; harvesting 

prior to milk stage may have improved quality. 

 Multi-cut, warm-season annuals produced good 

quality forage of moderately high CP content 

and RFQ. 

 Barley had the greatest CP content,          

especially as planting date was delayed, possibly 

due to high N fertilization levels and relatively low 

DM yields. 

Recommendations 

 The best crop to plant to reduce the forage 

loss from winterkilled alfalfa depends on the time of 

need and intended use. Generally, the following is 

recommended for the most common situations: 

1.  Where tonnage is needed quickly to        

 replace lost first cutting: 

 A small grain is the best option to replace the 

loss of first cutting alfalfa. The crop will be able 

to be harvested at the middle to end of June. 

Oats is likely the best choice, triticale a second 

choice and barley a third choice (due to lower 

yield). 

 Planting small grain with peas (60 lb/a of 50/50 

mix) will increase crude protein and palatability 

of the mix but not yield. Doubling the oats or 

triticale will increase yield about 15% but will 

be harder on the alfalfa. 

 Spring planting winter wheat is not a good idea 

due to low yield. 

2.  For high season, long yield 

 For silage, corn is the best high tonnage      

option. 

 For haylage best choices are seeding Italian 

ryegrass at 2 to 4 lbs/a with alfalfa (12 lb/a) or 

solo seeding alfalfa (12 lb/a). 

 For hay, best choices are seeding Italian 

ryegrass at 2 to 4 lbs/a with alfalfa or solo    

seeding alfalfa. Sorghum-sudangrass will       

produce the most tonnage for those want grass 

hay (2 to 3 cuttings at 36 to 40-inch height). 

Teff grass is a new possible alternative.       

However, Teff grass has not been widely tested 

in the Midwest. 
 

Summary by Dan Undersander from Research by 

Doug Holen, Paul Peterson, Dan Undersander, 

Marcia Endres, Rich Leep, Phil Holman, Mike Ber-

tram, Vince Crary, and Craig Sheaffer; Universities 

of Minnesota, Wisconsin, and Michigan State.  

Online database raises awareness of agricultural injuries 
Published research on child injuries shows value of 

AgInjuryNews.org 
  An online tool is helping researchers see trends 

in agriculture-related injuries and offer safety solutions 

for farm families. 

  AgInjuryNews.org data indicate that children 

ages 6 and younger suffer a disproportionately high num-

ber of fatal injuries in farm-related incidents. The results 

are consistent with previous studies: little children can get 

into trouble and get injured very easily. 

 Largest public database of ag injury and fatality re-

ports 
  AgInjuryNews.org is an interactive web-based 

system that anyone can use to search the largest database 

of publicly available agricultural injury and fatality re-

ports. The reports include incidents involving adults as 

well as children. 

  Data are mined primarily from news media re-

ports. AgInjuryNews.org uses web-crawling software to 

search for articles. Staff members sift through the results 

to find those related to agriculture, commercial fishing, 

and forestry injuries, then code and load the cases into the 

database. It offers a near real-time snapshot of the nature 

of incidents, across the U.S. and Canada. 

  “Media reports … have a unique way of moving 

people, much more than charts and numbers,” said project 

leader Bryan Weichelt, Ph.D., an associate research scien-

tist with the National Farm Medicine Center, and National 

Children’s Center for Rural and Agricultural Health and 

Safety, Marshfield Clinic Research Institute. When trau-

ma happens, families are forever changed. 

  The information contained in the database can 

uncover trends and point to potential solutions. 

 Report reveals young children at risk on farms 

  Weichelt led a team of researchers from across 

the nation, which used two years’ worth of data (2015-

2017) to look at 255 incidents involving 348 youth inju-

ries. They published their results in a research article 

(https://doi.org/10.1080/1059924X.2019.1605955) in the 

peer-reviewed Journal of Agromedicine. 

 They found a disproportionate number of children 

ages 6 and younger died from farm injuries than victims 

in other age groups. 

 The team also found that occupational and non-

occupational injuries resulted in similar injury severities. 

 The data also revealed that unsupervised chil-

dren, especially youth ages 0 to 6 years, who were play-

ing near vehicles, machinery, animals or farm structures 

faced an increased risk of injury. 

 In agriculture, the workplace often overlaps with 

the home, said Scott Heiberger, communications manager 

for the National Farm Medicine Center and current Presi-

dent of the International Society for Agricultural Safety 

and Health (ISASH). In fact, of children 10 and younger 

who are injured on farms, more than half are not working 

at the time of the injury.  

 “… (A)ttention should be given, and significant 

investment made, to keep young children out of the 

worksite,” the Journal of Agromedicine article reported. 

The data “have shown an increased vulnerability for 

young children in agricultural work environments. Yet, 

parents continue to place children in hazardous situa-

tions.” 

 Safety solutions designed for parents 

  A child dies in an agriculture-related incident 

about once every three days on a U.S. farm. To help em-

power parents in assigning appropriate work tasks to chil-

dren, the National Children’s Center has created safety 

and educational materials including: 

 The Ag Youth Work Guidelines help farm parents 

decide when their kids are ready for certain jobs. This 

website includes more than 50 common jobs a child 

could do in an agricultural setting. Posters for each 

job help parents decide if a child is ready based on 

development, not age. 

 Prevention Briefs cover a variety of topics, including 

“Don’t mix worksite and child care.” 

  

It’s a tool for many purposes 
 Ag producers and farmers use it as examples and 

talking points in safety meetings with employees. News 

reporters gather data, real-life incidents and contacts for 

their articles. 

  Insurance companies, county extension agents, 

FFA teachers and other educators can use it in their inter-

actions with the farming community. Local fire depart-

ments and FFA chapters have used AgInjuryNews.org in 

their safety messages and training. 

Raising awareness despite limitations 
 There are limitations to gleaning injury data 

from news reports. Not all agricultural fatalities are re-

ported in the media, and non-fatal injuries are particularly 

underreported. Reports aren’t always complete. Despite 

limitations, from a prevention standpoint, AgInjuryN-

ews.org is showing its value. 

  

How to register 
  Anyone can set up a free account on AgInjuryN-

ews.org and search thousands of unique incidents. To 

create an account, visit www.AgInjuryNews.org and click 

“Register.” 

  

-- By Mystique Macomber 

https://www.aginjurynews.org/
https://doi.org/10.1080/1059924X.2019.1605955
https://cultivatesafety.org/work/
https://cultivatesafety.org/prevention-briefs/
http://www.aginjurynews.org/

