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Factors Affecting Bunker Silo Densities 
Introduction 

 Attaining a high density in a silo 

is important for two primary reasons. 

Firstly and most importantly, density 

and dry matter content determine the 

porosity of the silage. Porosity, in 

turn, sets the rate at which air moves 

into the silo and subsequently the 

amount of spoilage which occurs    

during storage and feedout. Ruppel 

(1992) measured dry matter loss for 

alfalfa silage and developed an equa-

tion to relate the loss to density. Table 

1 summarizes those results. Secondly, 

the higher the density, the greater the 

capacity of the silo. Thus, higher 

densities generally reduce the annual 

cost of storage per ton of crop by both 

increasing the amount of crop entering 

the silo and reducing crop losses    

during storage. The factors affecting 

density in bunker and pile silos are not 

well understood. General recommen-

dations have been to spread the crop 

in 6-inch layers and pack continuously 

with heavy, singlewheeled tractors. In 

a survey of alfalfa silage in 25 bunker 

silos, Ruppel et al. (1995) found 

tractor weight and packing time (min/

T As Fed or min/ft2) were the most 

important factors affecting density. 

However, both factors only explained 

a small fraction of the variation 

observed, and layer thickness was not 

measured. The objectives in our study 

were to measure density in a wider 

range of bunker silos and correlate 

those densities with filling practices. 

Methods 

 Twenty collaborating county ex-

tension agents in Wisconsin measured 

densities in over 160 bunker silos con-

taining either corn or haycrop (largely 

alfalfa) silage. Density was measured 

with a 2-inch diameter corer (Holmes, 

1996), taking cores at approximately 

chest height at four locations across 

the silage face. Core depth, distance 

from the top and distance from the 

floor were recorded. Cores and a grab 

sample were mailed to the US Dairy 

Forage Research Center to determine 

weight, dry matter content, and parti-

cle size distribution. A survey was 

completed for each silo sampled. In-

formation requested from farmers 

included: number of packing tractors, 

tractor weight, number of tires per 

tractor, tire pressure, tire condition, 

number of drive wheels, silage deliv-

ery rate, packing time per day, harvest 

time per day, filling time, filling tech-

nique, initial layer thickness, silo    

dimensions, maximum silage height, 

crop, crop maturity, and theoretical 

length of cut. These factors were then 

correlated with measured dry matter 

densities. 

Results 

 The range of densities and dry 

matter contents observed in haycrop 

and corn silages are shown in Table 2. 

Ranges of dry matter densities were 

similar for both haycrop and corn  

silages. Densities on the low end    

suggested little packing, whereas the 

highest densities were in the range 

observed in tower silos. Average dry 

matter densities were slightly higher 

than a recommended minimum       

density of 14 lbs DM/ft3. 

 

 Densities were positively corre-

lated with the height of silage above 

the core, indicating the effect of self-

compaction in bunkers. To put densi-

ties on a common basis, all densities 

were adjusted to the median depth 

below the surface (7.1 ft) using Eq.15 

of Pitt (1983) and assuming a        

compressibility of 2.2 ´ 10-9/psi.    

Adjusted dry matter density was    

positively correlated with average 

packing tractor weight, packing time, 

and dry matter content. Density was 

inversely correlated with the initial 

depth of the crop layer when spread in 

the silo. The linear regression which 

explains 18% of the variation (Fig. 1) 

of estimated dry matter 

density (DMD) is expressed as: 

Est. DMD (lbs DM/ft3) = (8.5 + PF ´ 

0.0155) ´ (0.818 + 0.0136 ´ D) 

where average depth (D) and packing 

factor (PF) are calculated as: 

W = Proportioned average tractor 

weight (lbs) for all tractors packing 

silage. 

Example: Two tractors pack 100% of 

the filling time; tractor #1 weighs 

25,000 lbs and tractor #2 weighs 

15,000 lbs. Then the proportioned 

average tractor weight is 20,000 lbs = 

(25,000 + 15,000) ¸ 2. If tractor #1 

packs 90% of filling time and tractor 

#2 is used 50% of the time, the pro-

portioned average tractor weight be-

comes: 19,286 lbs = (25,000 ´ 0.9 + 

15,000 ´ 0.5) ´ [90  ̧(90 + 50)]. 

L = Layer thickness (inches) of the 

spread but unpacked crop in the silo 

prior to driving over it during the first 

packing pass. 

N = Number of tractor-packing equiv-

alents, where N = 1 when one tractor 

is packing continuously during the 

filling process. This value can be frac-

tional, reflecting one or more tractors 

packing intermittently. For example, if 

one tractor packs continuously during 

the silo-filling process and another 

packs 50% of the filling time, N = 1 + 

0.5 = 1.5. If there is only one packing 

tractor and it packs for 11 hr/day and 

the silo is filled 10 hr/day, then N = 

11/10 = 1.1. 

DM = Dry matter content (decimal). 

For example, 35% dry matter forage is 

used as 0.35 in the equation. 

C = Crop delivery rate (T AF/hr) to 

the silo. 

 Use of rear duals or all duals on 

packing tractors as shown in Fig. 1 

had little effect on density. Other    

factors such as tire pressure, crop, and 

average particle size were not          

significantly correlated with density. 

Thus the low r2 of the regression of 

dry matter density vs. the 5-parameter 

packing factor probably reflects      

variability in accurately estimating 

parameters such as initial depth of the 

crop and packing time per ton rather 

than missing factors important to    

determining density. 

 One practical issue raised in the 

study was packing time relative to 

crop delivery rate to the silo. 

Packing time per ton was 

highest (1 to 4 min/T As 

Fed) under low delivery 

rates (<30 T As Fed/h) and 

generally declined with    

increasing delivery rate. 

Packing times were consist-

ently less than 1 min/T As Fed at de-

livery rates above 60 T/h in our sur-

vey. These results suggest that farmers 

using   contractors to harvest their 

silage crops probably will need to pay       

particular attention to spreading the 

crop in a thin layer and would benefit 

from using several packing tractors 

simultaneously. 

 Let's consider the example of 

filling a bunker silo which is 40 feet 

wide, has 10-foot sidewalls, and is 

packed to a maximum depth of 14 feet 

at the center. The 35% dry matter   

content silage is delivered to the silo 

at the rate of 100 T AF per hour. One 

packing tractor (25,000 lbs) distributes 

silage with a blade to a depth of 12 

inches per layer and packs continuous-

ly when not pushing up silage. A    

second tractor (15,000 lbs) packs   

continuously. Assuming a triangular-

shaped cross section above the 10-foot 

walls, the average silage depth is: 

D = (10 ft + 14 ft) ¸ 2 = 12 ft. 

The average packing tractor weight is: 

W = (25,000 lbs + 15,000 lbs) ¸ 2 = 

20,000 lbs. 

The packing layer thickness is:  

L = 12 inches. 

The crop delivery rate is: 

C = 100 T AF/hr. 

The dry matter content of the silage is: 

DM = 0.35. 

Using these values, the packing factor 

can be calculated as: 

Using Equation 1, the expected dry 

matter density is: 

DMD = (8.5 + 0.0155 ´ 140) ´ (0.818 

+ 0.0136 ´ 12) = 10.5 lbs DM/ft3. 

Being less than 14 lbs DM/ft3, a 

change in packing procedure would be 

beneficial. 

 The following options for        

improving compaction are suggested. 

They are in order of increasing cost or 

difficulty of implementation. Decrease 

packing layer thickness from 12 inch-

es to 6 inches.  

PF = (20,000 lbs ¸ 6 inches) ´ 0.084 = 

280. 

 Using Equation 1, the expected 

dry matter density becomes:  

DMD = (8.5 + 0.0155 ´ 280) ´ (0.818 

+ 0.0136 ´ 12) = 12.6 lbs DM/ft3. 

Since this dry matter density is less 

than 14 lbs DM/ft3, consider adding 

weight to the tractors. This can be 

done by adding fluid to the tires,    

adding front end weights, adding steel 

wheel weights, adding a concrete 

block on the 3-point hitch, or adding 

dual wheels with fluid and/or wheel 

weights. Let's assume 6,000 lbs can be 

added to each tractor. The average 

tractor weight then becomes: 

W = (31,000 lbs + 21,000)  ̧2 = 

26,000 lbs. 

 Assuming the same 6-inch pack-

ing layer thickness, the packing factor 

then increases to: 

PF = 26,000 ¸ 6 ´ 0.084 = 364. 

With these conditions, the expected 

dry matter density is: 

DMD = (8.5 + 0.0155 ´ 364) ´ (0.818 

+ 0.0136 ´ 12) = 13.9 lbs DM/ft3 

which is close to the minimum 14 lbs 

DM/ft3. Other methods for increasing 

the packing factor and thus the dry 

matter density are: 

a. Reduce delivery rate of silage to the 

bunker thus increasing the packing 

time per ton. 

b. Increase dry matter content by    

allowing longer crop field drying 

time. 

c. Increase depth of silage in the     

bunker silo. 

d. Increase average tractor weight by 

adding more weight to each tractor, or 

replace existing tractors with heavier 

tractors. 

e. Add more packing tractors. Use 

heavier rather than lighter tractors so 

the average weight is not reduced 

when adding a tractor. 

f. Reduce packing layer thickness   

further. 

g. Pack for additional time. 

 Items a. to c. are somewhat diffi-

cult to accomplish if the harvest rate 

and bunker silo are currently being 

pushed to the limit. Few will be     

willing to slow the harvest rate so 

packing can be accomplished.        

Fermentation occurs best in the range 

of 30-40% dry matter. Increasing dry 

matter content beyond 40% to        

improve density is counterproductive 

for good fermentation. If the bunker is 

full, adding silage depth above the full 

mark can be dangerous. 

 Items d. to g. are more often   

within the control of the producer. 

Producers achieving high packing 

density have adopted the use of very 

heavy tractors and are using a shallow 

(< 6-inch) packing layer thickness. 

When the delivery rate to the silo is 

quite high (as with self-propelled 

harvesters operating in corn silage), 

one or more additional packing     

tractors are added. In a well-packed 

silo, tractor tires will pass over the 

entire packing layer surface at least 

once. 

 An Excel spreadsheet has been 

developed to make the calculation 

procedure easier. Download the 

spreadsheet from the Team Forage 

website located at: 

http://www.uwex.edu/ces/crops/

uwforage/h&s-fp.htm 

 A procedure for estimating the 

density of silage in a bunker silo based 

on silage packing has been described. 

Silage of high density experiences less 

dry matter loss than does that of lower 

density. Table 1 can be used to       

estimate the savings in dry matter by 

increasing the silage density. For    

example, increasing the density from 

14 lbs DM/ft3 to 16 lbs DM/ft3, the 

expected dry matter savings is approx-

imately 1.7% (16.8%-15.1%). If silage 

is worth $85 TDM, the 1.7% reduced 

loss represents $1.45/TDM. Producers 

can use the procedure for estimating 

silage density to determine how much 

additional effort (cost) is needed to 

achieve an improved density. If the 

savings are more than the cost of 

achieving the savings, then it is 

economically viable to implement     

the changes needed to achieve the 

savings. 
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 9:15 am Registration, milk, coffee, juice, and rolls 

 

 9:45 am “Milk Marketing / Dairy Policy Outlook and Update” 

  - Mark Stephenson, Extension Dairy Market Specialist, Center for 

   Dairy Profitability, UW-Madison 

 

 10:30 am “Understanding and Negotiating Milk Marketing Contracts” 

- Troy Schneider,  Agricultural Attorney, Twohig, Rietbrock, 

Schneider and Halbach, S.C. 

 

 11:15 am “UW-Extension Update” 

-  Local Extension Educators 

 

 11:45 am Lunch   

 

 12:45 pm “HR Best Practices” 

- Simon Jette-Nantel, Extension Farm  Business Management 

Specialist, UW-River Falls, Stephanie Plaster, Ozaukee & 

Washington County Extension Agriculture Educator,  

 & Jennifer Blazek, Dane County Extension Dairy and Livestock 

Educator 

 

 1:30 pm “Recruiting, Hiring & Managing Dairy Farm Employees” 

- Frankie Rodriguez, Co-Founder and Placement Specialist, 

AgriStaff USA, Kiel, WI   

 

 2:10 pm “AgFA Financial Dairy Analysis: Past, Present, Future” 

- Jenny Vanderlin, Extension Farm Business Management 

Specialist, Center for Dairy Profitability, UW-Madison 

   

 2:30 pm “Speaker Q & A / Open Forum” 

- Moderated by Scott Gunderson, Manitowoc County Extension 

Dairy and Livestock 

Educator  

 
 3:00 pm Adjourn 

800 Eisenhower Drive 

Kimberly, Wisconsin 

(920) 731-0164 

An EEO/AA employer, University of Wisconsin-Extension provides equal opportunities in 
employment and programming, including Title VI, Title IX, and the Americans with Disabilities 

Act (ADA) requirements. Requests for reasonable accommodations for disabilities or limitations 
should be made prior to the date of the program or activity for which it is needed. Please do 

so as early as possible prior to the program or activity so that proper arrangements can be 
made. Requests are kept confidential. 

For more information, contact  

UW-Extension Ag Agent 

Darrell McCauley 

920-232-1970 

darrell.mccauley@uwex.edu 

Kewaunee & Door Counties 

Annual Corn Dry Down 
Kewaunee and Door County UW-Extension will 

offer an opportunity to have standing corn intended for 

corn silage tested for whole plant moisture. 

 

Thursday, September 14    
Rio Creek Feed Mill—LUXEMBURG  

715 Frontier Road, Luxemburg  
  

Thursday, September 21 

Door County Co-op 

6460 Hwy 42/57, Sturgeon Bay   
 

Dairyland Laboratories will be on hand to test corn moisture on                  

September 14. Drop your samples off and wait for results, or you                         

can opt to receive your results via email or phone call.                                                        

Sept. 21 date will be sample drop off only.  

 

 To participate in the testing, please bring 4-5 stalks of corn with you, 

bundled and tagged. Please include variety, relative maturity and planting 

date. The sample should be a representative sample of your entire field. The 

samples will be delivered to the Dairyland Laboratories, Inc. for analysis. 

Samples delivered the day before will not be tested. There is no charge for the 

first two samples from a producer, but additional samples will be charged at 

$12 per sample. Nitrate analysis is available for a charge of $9. Payment for 

additional samples over 2 and nitrate testing is required to be submitted with 

corn sample. 

 For more information contact Aerica Bjurstrom, Kewaunee 

County Agriculture Agent at 388-7138,  or Annie Deutsch, Door County 

Agriculture Agent at 746-2263. 

Is your feed cost per cwt <$10? 
 Is your feed cost for all ani-

mals on your farm less than $10 

per 100 pounds of milk  pro-

duced? This includes calves, heif-

ers and dry cows in addition to 

your milking cows. In the Mid-

west, it probably is. In other parts 

of the country, it may not be; but 

knowing that cost is extremely 

important in making good deci-

sions about the Milk Margin Pro-

tection program. As shown in 

Figure 1, the margin between 

milk price and feed cost can be-

come very tight. 

 Consider some quick calcula-

tions: For every 100 cows, you 

have 80 milking and 20 dry cows 

as well as 100 calves and heifers. 

Your feed costs are $.10 per 

pound of dry   matter for the 

milking cows and they eat 50 

pounds of dry matter per day and 

produce 80 pounds of milk per 

cow per day. That equates to 

$5.50 per cow per day feed cost 

or  $5.50 / .8 cwt. = $6.88 per cwt 

of milk in feed cost. But that is 

just for the milking cows. If we 

add $3.00 per head of average 

heifer feed cost per day and $3.00 

per head for the dry cows, we 

have an additional $360.00 per 

day in feed costs. That adds an 

additional $5.63 per cwt in feed 

costs. We now have an actual 

feed cost per cwt of milk pro-

duced of $12.51. 

       As was discussed in a previ-

ous article by Jim Salfer, our feed 

costs in the Midwest can be low-

er than the national average due 

to the fact that we grow a large 

percentage of our own feed. It is 

valuable for your business to 

know what your actual cost is. It 

may not be simple to arrive at 

some values of home produced 

forages.  Knowing cost per year, 

actual yields, and  allocated costs 

in addition to land cost can be 

challenging. One of the difficult 

factors in   calculating feed costs 

is coming up with an accurate 

cost or value of your home grown 

forages. Your cost to produce 

your forage may have little to do 

with current market price of hay 

or corn. You may be able to grow 

corn for silage or alfalfa and 

grass for forage at a lower cost 

than you would have to pay in 

today's market. This is one ad-

vantage to upper  Midwest dair-

ies. You are choosing to make 

your crops a cost center, not a 

profit center, thereby putting the 

profit potential in your dairy op-

eration or in the net farm profit if 

the dairy is your main enterprise. 

Being in the dairy business does 

not allow us a lot of flexibility of 

enterprises or rotations. 

  

- Jim Paulson, University of  

Minnesota Extension 

 

Figure 1. Historical margins between the price of milk and the cost of 

feed. Source: dairymarkets.org 


