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Industry Summary 
The impact of manure management on water quality is an important topic for Midwestern livestock 
producers and the sustainability of agriculture. Manure serves as a fertilizer source at most of these 
operations, but making cost effective decisions and understanding the fertility value it provides is critical 
so that producers trust it as a fertilizer source, capture the value it offers, and make appropriate 
application decisions. We evaluated how different manure application equipment impacted ammonia 
loss at the time of application under different soil and weather conditions and provide a series of fact 
sheet related to manure application decisions related to equipment selection and application timing. 
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Scientific Abstract 
When applying manure, the importance of the mode in which the manure makes it to the soil, both 
through the vehicle facilitating application and injector type, soil type and timing of application is 
important for ammonia and odor emission, as well as nutrient utilization within the cropping system. 
Research has been done with regards to the compaction effect of vehicles on the soil, how injection 
implements interact with the soil, and how soil is affected with water. However, the amalgamation of 
that research to examine the system as a whole is not conclusive. Most work on ammonia volatilization 
has occurred at the plot-scale, with university equipment under ideal conditions. The impact of scaling 
this to the field-level where end row, turn around, and practices that expedite efficiency at the field 
scale occur can change expected performance level. The selection of each piece of a manure application 
is not made on a piece by piece basis, but instead as a whole to best meet an applicator needs. The 
purpose of this research is to synthesize research to start down the path of being able to provide 
recommendations to producers and applicators to best benefit their crops, while reducing the negative 
impacts of nitrogen and phosphorus on the environment, but studying both ammonia volatilization and 
by providing an analysis of different application strategies. 
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Introduction 

 
As agriculture is tasked with supplying food, fuel, and fiber to an expanding world population that has 
come to anticipate every higher standards of living, our agricultural systems need to be examined 
carefully for opportunities to determine opportunities to for efficiency gains. Historically animals have 
played a key role in ensuring agricultural efficiencies as they were often fed waste products (i.e., the 
tradition of slopping hogs), crop residues, and forages raised on marginal land where growing crops 
directly for human consumption was difficult or environmental risky. However, throughout much of the 
20th century as animal production systems became more industrialized livestock were fed increasing 
amounts of cereal grains, and while this did reduce land use it may have had unintended consequences 
in agricultural calorific conversion efficiencies. However, as bio-energy, including grain to ethanol, has 
come to greater prominence in agricultural production systems, there has again been a transition 
towards feeding livestock bi-products. 

Thus, the goal of this work will be to explore the calorific and protein conversion efficiencies of different 
agricultural production strategies where crops are picked to be directly for human consumption, for 
human consumption after processing in livestock, and a third approach where we include production for 
bio-energy and as a result have bi-products available for animal feed. To compliment this analysis, we 
will take a look at how system level thinking impacts our understanding of nitrogen and phosphorus use 
efficiencies in livestock production systems, and the important role nitrogen-to-phosphorus ratios play 
in the efficiently of these nutrient cycling when practical application decisions are made. Our ultimate 
goal will be to demonstrate the role livestock play in our nutrient cycles (C, N, & P) and show how 
focusing on these can provide insight into how to alter our production schemes to promote 
sustainability. 

Objectives 

1. Development of a Manure Management Practices Assessment Tool. This will be an online tool that 
provides a description of manure management practices and how they impact manure value, 
nutrient content, and transportability. Within the tool there will be three sub-categories, manure 
storages, manure treatment, and manure land application under. For each of these sub-category a 
series of practices will be listed that impact manure value (or our ability to capture that value). For 
each practice an extension factsheet describing the practice, the impact it has on manure quality and 
manure value, and the pros and cons of implementing the practice will be discussed. 

2. Research different manure injection/incorporation methods and evaluate the impact it has on 
residue/surface cover, soil disturbance, and ammonia/odor emissions. This data will be used to 
develop an extensive extension publication on selecting different injection/incorporation methods for 
different manure application rates, soil conditions, and conservation needs (odor reduction, minimal 
soil disturbance, ammonia retention, etc.) 

 

Materials and Methods 

Assessment of ammonia loss at application was undertaken using a both wind tunnels and lasers (figures 
1 and 2). The wind tunnels provided a measurement of ammonia and odor loss from small areas 
selected throughout the field. This was undertaken with the objective of demonstrating how application 
quality throughout the field can show up at smaller scales. The lasers provided ammonia concentrations 
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integrated across the field along, which along with flux measurements provides an estimate of field level 
volatilization. 

Within the field we saw several odors of magnitude with end rows consistently having higher emission 
rates than areas within the field, presumably some of this was due to lift up and the resulting surface 
application, but it also occurred with injection systems that are designed to stay in the ground during 
when turning around. This appears to be mostly due to higher compaction in these areas that increased 
resistance to penetration from the injection units. 

In general, injection losses averages 2-5% of the applied ammonia amounts, which is similar or slightly 
higher than what is predicted based on current ISU publications. Field to field variability was high and 
we are working on methods to better understand both in-field variability in ammonia loss as well as 
understanding the driving causes of when it occurs. 

 

Figure 1. Dragline manure application. 
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Figure 2. Wind tunnel measurement of ammonia and VOCs. 

Results and Discussion: 
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Maximizing Manure Value - Timing and Application 
Logistics for Value 
“There is more than one way to skin a cat,” is a famous phrase telling us other options exist. It’s also a 
phrase murmured by this husband to Mrs. Manure when the initial plan for the day’s home renovation 
project hits an unexpected snag. However, the same idea applies when we think about capturing manure 
value, there is more than one way to achieve it. 
In particular, I’d like to take a quick look at two approaches today, the bigger, faster, approach designed 
to reduce the cost of application per gallon and then side-dressing manure. The truth is, both have 
advantages and challenges to capturing manure value. Understanding the challenges of each is 
important to determine what may work best for you and your farm. While there are many considerations, 
today I’m going to focus on some of the economics behind value. To get started, I’ll be working on some 
of the concepts I first discussed in Manure Application Logistics – Rate and Cost, where I looked at how 
the application rate we are using impacts the cost of manure application rate. 
 
To make this comparison, I’m going to consider a 4,800-head swine farm, which will generate about 1.75 
million gallons of manure a year, or enough to cover about 695 acres (approximately 60 lb N/1,000 
gallons and applying 150 lb N/acre). At this farm, we’d have an application rate of about 2,500 gallons per 
acre. 
 
For illustrative purposes, I’m going to ballpark $500,000 in equipment costs (pumps, hose, drags, and a 
toolbar), but that is dependent on what you are using. In the case of swine manure, let’s assume we have 
a 30-foot bar and can drive through the field at 7 mph. This means they can cover an 0.42 acres per 
minute and to get 2,500 gallons per acre the flow rate would be about 1,060 gpm. This means to get all 
1.75 million gallons applied would take 27.5 hours and assuming the crew was about 50% efficient, it 
would take about 55 hours overall. Just for fun, let’s assume run time costs about $500 an hour (tractors, 
fuel, wear and tear, etc.). If we figure a 5-year equipment life and 1.75 million gallons is about 10% of the 
total gallons they apply every year, then our cost for manure would be about $37,500 or about $0.021 a 
gallon of manure applied or about $0.36 per pound of N applied. 
 

 
Figure 1. Manure application in the fall using drag line equipment and thinking about travel speed to lower 

application cost. 
 
Now we need to do the same thing for a side-dressing type scenario. I’m going to keep the equipment 
cost the same and assume setup time remains the same at 27.5 hours (since I’ll have the same number 

http://themanurescoop.blogspot.com/2017/10/manure-application-logistics-rate-and.html
http://themanurescoop.blogspot.com/2017/10/manure-application-logistics-rate-and.html
https://3.bp.blogspot.com/-6CEIAKeXN0k/W8oHZUGXi8I/AAAAAAAAAuM/iJ7Q2SLn2XktuEbWEp4Wh3In_-Qj5IsMwCLcBGAs/s1600/KIMG1684.jpg
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of sets), but since we are side-dressing we are going to have to drive slower, here I’m going to assume a 
travel speed of 3 mph. At this speed, we will cover 0.18 acres a minute, or manure application will take 
64.3 hours or 92 hours overall. Making the same assumptions as above for cost, that is $500 per hour in 
variable expenses and $0.006 in fixed expenses, per gallon for a cost of around $55,925 or $0.032 per 
gallon. This amounts to about $0.54 per pound of nitrogen. 
When you look at these numbers it may be easy to say that the first case is maximizing manure value as 
the price per unit of nitrogen delivered to the field is cheaper, but there is a timing impact on how 
efficiently this nitrogen can be used by the plant. While I don’t have data on side-dressing manure and the 
impact it has on value, we do have data from the last two years on how three different application timings 
(early fall, late fall [50 degree soils and cooling], and spring manure application) impacted corn yield. 
While not a perfect comparison, they give us some idea of what the potential yield increase may be. In 
that study, we saw late fall versus early fall worth 45 bushels an acre on average, while moving to spring 
manure application versus late fall application was worth 33 bushels per acre. Given the weather and 
soils at that site, these are probably a bit higher than we’d see in much of Iowa, but provide a starting 
point to the conversation. 
 

 
Figure 2. Side dressing manure, slows our gallon per minute rate, but what does it do to value? 

 
The 33 bushels an acre we saw in that study, at $3 a bushel corn, would be worth $99 an acre. This 
improved timing added approximately $0.66 of value from the nitrogen applied. Thinking of this in a 
slightly different way, by changing timing we estimated a change in the cost of nitrogen delivery in these 
systems of $0.18 a pound increase, meaning the return on investment using the data we have, was about 
3.6-to-1. 
 
However, there are some concerns with this data – is that a good representation of the yield increase 
we could expect from switching from fall to spring, or because of the site and weather conditions, is this 
estimate a bit high? In coming up with the economics, I wrote off the cost of my equipment over the 
same amount of manure, but we saw firsthand in this example it took 1.7 times longer to apply the 
same amount of manure and if we have the same number of working days, this means we’ll apply less 
manure increasing our cost a bit more. Finally, we need to ask, given the time constraints of spring and 
side-dress manure season, what percent of manure could be applied this way given the number of 
working days available? 
  

https://3.bp.blogspot.com/-kevc34mlH3o/W8oHZdONk3I/AAAAAAAAAuI/f176ar82n4MNiWwV2sf2ualYq0yieIK7wCEwYBhgL/s1600/KIMG1599.jpg
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The science behind 50-degree soil and nitrogen application 
Every year we hear a chorus of reminders to wait until soil temperatures at the 4-inch depth are 50°F and 
trending cooler before applying anhydrous ammonia, and those of us in the manure world tend to echo 
these comments. That is if you are applying an ammonia rich manure, liquid/slurry hog manure wait until 
soils start to cool before applying. So, what is the science behind this recommendation, especially for 
manures? 
 
This recommendation is based on the potential for nitrogen loss. Remember, there are a few forms of 
nitrogen that can be applied or are found in soils these include ammonia/ammonium, nitrate, and organic 
nitrogen. Of these forms, all forms can be lost, but ammonia and nitrate tend to be the most mobile. 
 
Ammonia is lost as a gas, so if we are using an ammonia/ammonium fertilizer (like swine manure) it’s 
important to get the fertilizer into the soil quickly where the ammonia will react with the soil particles and 
be held, rather than letting it sit on the surface where some of it can be lost to the air. This is why injection 
or immediate incorporation can be a great technique for getting the most from your manure, it makes sure 
that we aren’t immediately losing some portion of the nitrogen we are applying. 
 
Nitrate on the other hand is lost with water, especially water moving through the soil to groundwater or tile 
drains. Nitrate is super soluble, so if water is moving and we have nitrate in our soil, it is probably moving 
with the water. We tend to have larger rains in the spring coupled with wetter soils from snow melt, this 
means that if the nitrogen we applied is in the nitrate form there is a high opportunity for it to be lost in the 
spring. 
 
When it comes to manures, it’s pretty much nitrate free when we apply it, but microbes in the soil will 
process it and turn it to nitrate. The activity level of these microbes is controlled by how much ammonia is 
present, the amount of water and oxygen in the soil, and the soil temperature. Although all these 
variables are important, for now I’m going to focus just on temperature. A good rule of thumb is that 
microbial activity will double for every 18°F increase in temperature (so if our soil is at 68°F those 
microbes will be turning the ammonia in the manure into nitrate at about 2x the rate they would if our soil 
was at 50°F). Often times this means that not only will the microbes have more time to cause the 
conversion to nitrate, but they might be doing it much faster than if fertilizer application had waited. 
 
So what’s this look like? I did a little exercise where I calculated a term like a degree-day, I’m going to call 
it activity-days. It is an index that takes into account how many days the microbes in the soil had access 
to the nitrogen fertilizer and how active they would have been on those days (based on the temperature 
of the soil). I then took the ratio of how much more nitrification you might expect if you applied at a certain 
day compared to the amount that you might expect if you applied when the soil reached 50°F. I did this 
for 12 sites (with a few of these sites having data from a couple of years) and plotted out the relative risk 
of nitrification compared to application date. What you can see pretty clearly is we start out with a steep 
slope (relative risk of nitrification decreasing quickly) until we high a relatively risk of around 1 (that would 
be the soil at a temperature of 50°F). Once with hit this point, generally around the first week of 
November the relative risk of nitrification decreases much more slowly. 
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Does nitrogen becoming nitrate mean we are going to lose it? No, it takes rainfall or snowmelt in the 
spring that will cause a leaching event, but it does increase the risk of loss. Certainly there is a balance 
between making sure we get our manure applied before the soil freezes  and applying two early, but 
hopefully the graph above illustrates a bit behind the science of the 50°F and cooling recommendation. 
 
 
As a reminder, Iowa State University Extension and Outreach maintains a statewide real-time soil 
temperature data map on their website that ag retailers and farmers can use to determine when fall 
applications are appropriate. The website can be found 
at http://mesonet.agron.iastate.edu/data/soilt_day1.png.  
  

http://mesonet.agron.iastate.edu/data/soilt_day1.png
http://mesonet.agron.iastate.edu/data/soilt_day1.png
http://4.bp.blogspot.com/-w_60x8ya2Y8/VfHJ7eKlJ6I/AAAAAAAAAZU/h4nejB8cIdg/s1600/Graph.jpg
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Yield Goal and MRTN – A look at what these 
recommendations mean 
 
As you may be aware, Iowa State University has recommended MRTN for determining nitrogen needs for 
corn for a while now. This methodology uses data from numerous field trials to understand how corn 
responds to nitrogen in both continuous corn and corn-soybean rotations, as well as the price of both corn 
and nitrogen to determine what nitrogen application rate will, on average, provide the maximum profit per 
acre. This is the amount of nitrogen that results in just enough yield benefit to pay for itself in the extra 
yield it produces. 
To get an idea of how this recommendation would have fluctuated with time, I looked retrospectively back 
at the average annual corn price for every year since 2005, along with the average price of anhydrous 
ammonia to ascertain nitrogen price. This was done for both corn and soybean rotations. The results did 
show some fluctuation, but in general, for continuous corn rotations, the recommendation was 190 lb 
N/acre with 140 lb N/acre recommended in a corn-soybean rotation, with a variation of about 5% in this 
recommendation based on specific crop and fertilizer prices. Another thing to note, there was roughly a 
50 lb N/acre difference between the optimum N application in the continuous corn and corn-soybean 
rotation. While you might think of this due to a soybean credit, we generally call it a rotation effect. 
The yield goal method, which is in the in the Iowa Manure Management Plan forms, uses a mass balance 
approach to estimate how much nitrogen is needed. In the yield goal method, we use the average of the 
previous five-year’s corn yields plus 10%. This is then multiplied by a factor, 1.2 lb N/bu corn for most of 
Iowa, to determine nitrogen need. If in a corn-soybean rotation, a soybean credit is also required which is 
suggested to be 1 lb N/acre per bu soybean/acre up to 50 lb N/acre. If we look at the N-recommendations 
over the same time frame, we see something interesting. The yield goal method suggested approximately 
144 lb N/acre in a corn-soybean rotation and 188 lb N/acre in a continuous corn rotation, but the variation 
in the recommendation was higher at 20%. More importantly, while the MRTN methodology has remained 
relatively consistent, with perhaps slightly lower levels starting in 2000 as nitrogen prices increased, the 
yield goal method has shown the opposite trend, increasing consistently by about 2.5 lb N/acre-yr over 
this data set. This doesn’t come as a big surprise, yields have consistently shown an increase over this 
time phase, but what it is slightly more concerning, is that most data today shows optimum N application 
rate isn’t actually related to yield as suggested in the yield goal method. 

 
Figure 1. N recommendations for Iowa as a function of time for the yield goal and MRTN method in 

continuous corn and corn-soybean rotations. 
 
However, let’s look at and explore this another way. You may or may not be aware, but the amount of 
nitrogen in a bushel of corn has dropped substantially since the yield goal was first developed. In the late 
80’s and early 90’s, it was generally accepted that corn had about 0.8 lb N/bushel (based on the USDA 
crop nutrient removal tool database) while now it has a bit under 0.6 lb N/bushel, at least based on the 
best data I seem to be able to find. You may wonder how this could happen – and it really comes down to 

http://themanurescoop.blogspot.com/2019/03/yield-goal-and-mrtn-look-at-what-these.html
http://themanurescoop.blogspot.com/2019/03/yield-goal-and-mrtn-look-at-what-these.html
http://themanurescoop.blogspot.com/2019/03/yield-goal-and-mrtn-look-at-what-these.html
http://themanurescoop.blogspot.com/2019/03/yield-goal-and-mrtn-look-at-what-these.html
https://4.bp.blogspot.com/-VT070TRhoyg/XJOYALbDQhI/AAAAAAAAAwo/nKKQWlV3-LQZIS_XEqwO6OV-lbOxcXdJgCLcBGAs/s1600/mrtn.png
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what we use corn for and what we breed it to do. We want it for the starch or energy, both in animal diets 
and in making ethanol, so one of the things we’ve seen is larger kernels but with the same size germ, so 
more starch for the same amount of nitrogen. But the more important part is what does this mean to our 
nitrogen budgets when using the yield goal method? 
Let’s take an example of 200-bushel corn (average of last three years in Iowa), 58-bushel soybean and 
compare our N budgets for when corn removed 0.8 lb N/bu (old removal estimate) and 0.6 lb N/bu (newer 
removal estimate) using both the yield goal and the MRTN methods. There are a few things to note; most 
notable, the yield goal method under high and low N content corn suggests N losses ranging from 30 to 
70 pounds, which are in the range typically seen for Iowa soils. The MRTN numbers are substantially 
tighter budgets with allowable losses of -10 to 30 lb N/acre. This may slightly underestimate nitrogen 
leaching to put us in the approximate range. This suggests the expected nitrogen efficiency in production 
with the yield goal method was around 84% which is very similar to where the MRTN prediction of 80% 
now resides. 
Table 1. Partial nitrogen budgets for high and low N content corn using both the yield goal and MRTN 
methods in corn-soybean rotations. 

 Yield Goal MRTN 

 
0.8 lb 
N/bu 

0.6 lb 
N/bu 

0.8 lb 
N/bu 

0.6 lb 
N/bu 

N applied (lb N/acre) 190 190 150 150 
Estimated N removed with 

grain (lb N/acre) 160 120 160 120 
     

 
I bring this up because as we try to put a value on our manure, it is important to place it in the context of 
our best recommendations for fertilization. It is important to consider both past methodologies for 
estimating need, and why they may or may not continue to be appropriate. For more discussion on this 
topic, I encourage you to take a look at “A historical perspective on nitrogen fertilizer rate 
recommendations for corn in Indiana”, which looks at a few more methods than this, but ultimately shows 
as we learn, we continue to see wisdom in how things were once done, but also in how we need to evolve 
to stay relevant. 
 

Manure Application Timing 
 

I’ve previously talked about nitrogen rate selection, using either the yield goal method or maximum return 
to nitrogen, and what that may mean from both a production and nutrient use standpoint. This time we are 
going to do something similar, but will look at a different aspect of it, the impact of when the nitrogen gets 
applied and how that may impact where it ends up. 

The nitrogen cycle is complex; there is a lot going on and it is highly weather dependent – temperature, 
soil moisture, rainfall, and biology of plants and microbes. So at best, this is an incomplete nitrogen 
budget as not all sources of nitrogen are going to be accounted for as no measurement of soil nitrogen 
mineralization was made. Similarly, all the places nitrogen could end up aren’t measured, such as the 
amount of ammonia lost to volatilization, or nitrogen that ends up as N2O or N2, or the amount 
accumulated in soil organic matter. At best, this is a partial budget that looks at the amount of nitrogen 
ending up in tile water and in the crop. 

 

So we are going to take a look at four treatments:  1) Spring UAN (corn-soybean rotation, chisel plow and 
field cultivate, N rate at 150 lb/acre to corn phase), 2) Early Fall Manure (corn-soybean rotation, no till, N 
rate at 150 lb/acre to corn phase as liquid swine manure in early to Mid-October), 3) Early Fall Manure 

https://extension.purdue.edu/extmedia/ay/ay-335-w.pdf
https://extension.purdue.edu/extmedia/ay/ay-335-w.pdf
https://extension.purdue.edu/extmedia/ay/ay-335-w.pdf
https://extension.purdue.edu/extmedia/ay/ay-335-w.pdf
http://themanurescoop.blogspot.com/2019/09/manure-application-timing.html
http://themanurescoop.blogspot.com/2019/09/manure-application-timing.html
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with Cover Crop (corn-soybean rotation, no till, N rate at 150 lb/acre to corn phase as liquid swine manure 
in early to Mid-October), and 4) Late Fall Manure (corn-soybean rotation, no till, N rate at 150 lb/acre to 
corn phase as liquid swine manure in early to Mid-November). 

As a first step, let’s take a look at average corn yield for these treatments between 2016 through 2018. 
On this figure, the first thing that stands out is the nitrogen application timing played a big role in the 
actually yield, with spring applied UAN out yielding late fall applied manure by around 35 bushels per acre 
and late fall manure out yielding early fall applied manure by around 40 bushels per acre on average. No 
difference in yield was seen between the early applied manure with and without cover crop (the cover 
crop in this case was cereal rye). 

 

 

Figure 1. Average yield data for 2016 through 2018 crop years for corn in corn-soybean rotation 
with differing fertilization treatments (EFM – Early to mid-October manure application, EFM+CC- 

Early to mid-October manure application and a cereal rye cover crop, LMF- Early to mid-November 
manure application, UAN – spring UAN fertilizer application). All plots received 150 lb N/acre. 

 

A second way to think of this data as what percent of the maximum yield was obtained and what this 
means for nitrogen utilization efficiency of the fertilizer source. One way to think about and visualize this 
data is as a function of where we fall on a typical yield response curve. While this curve looks different 
from year to year, I’m going to use the state average data yield response curve to look at and interpret 
what this means. The blue diamond shows the spring UAN application and suggests that it would have 
achieved 99% (or a little better than) of maximum yield. The late fall manure achieved about 84% of 
maximum yield and would have been equivalent to about 70 pounds of spring applied nitrogen fertilizer, 
while the early fall manures achieved about 67% of maximum yield and was similar in value to 
approximately 10 lb N/acre fertilizer application. I’ve marked these two points on the curve in Figure 2 
with red dots. 

https://1.bp.blogspot.com/-ZLnJvfBVuIg/XXlpuwS_b4I/AAAAAAAAA10/H5wtqy211s8ajiuHEOLitM5nUeOW9pYAgCLcBGAsYHQ/s1600/Figure+1.png
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Figure 2. Looking at a typical yield response curve to understand the effectiveness of manure 
fertilizer in this study. The blue diamond represents spring UAN, the red circles represent Late 

Fall Manure and Early Fall Manure applications respectively. 

Looking at the next part, what did this mean for nitrate concentrations in the tile drainage water? In many 
ways, the results tended to mirror what we saw from the yield numbers, with one notable exception. 
Places where yield was higher tended to have lower nitrate concentration. The exception to this was the 
cover crop plots, where despite having lower yield, nitrate concentrations in the tile drainage remained 
low. The other thing of note was, in general, early fall and late fall manure showed more variability from 
year to year, indicating it doesn’t always increase loss, as much as it increases the chance of loss. 

 

 

Figure 3. Average nitrate-nitrogen concentrations in tile drainage water for 2016 through 2018 
crop years for corn in corn-soybean rotation with differing fertilization treatments (EFM – Early to 
mid-October manure application, EFM+CC – Early to mid-October manure application and a cereal 
rye cover crop, LMF – Early to mid-November manure application, UAN – spring UAN fertilizer 
application). All plots received 150 lb N/acre. 

Manure Sidedressing 
 

As the warm summer heat pushes the corn taller, it seemed a good time to discuss sidedressing manure. 
Today, I want to look at three potential reasons people may want to sidedress manure:  storage 
management, nitrogen management, and equipment availability. 

https://1.bp.blogspot.com/-xrzJzF7t_WI/XXlpu0LR8XI/AAAAAAAAA14/yeMkXkMcrlwuXGUJiNPeQGBInbKMesV7QCEwYBhgL/s1600/Figure+2.png
https://1.bp.blogspot.com/-SSjaRzZA73g/XXlpug5vsOI/AAAAAAAAA1w/lIHKceGQ_LknTiNpPfCUq39mzr24iYDAgCEwYBhgL/s1600/Figure3.png
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So, what is sidedressing manure? 

Sidedressing is the application of fertilizer to an already established and growing crop. In the case of 
sidedressing manure, it simply refers to the fertilizer source being a manure. This can be done using 
either tanks or dragline application methods, though equipment must clear the emerged corn and move 
mostly between rows, giving only a short window. 

Storage Management 

Sidedressing opens up an additional spring window for manure application and thus potentially a chance 
to reduce storage pressure by having more room available going into fall. However, there are a few things 
to consider. Sidedressing with manure has a relatively short window. It probably isn’t a good idea to rely 
on it as your only land application window, as the weather during this short window can be unpredictable. 
From a nutrient management perspective, if we miss this window we can still get nitrogen applied using 
other sources and other equipment to provide it fertility, but that doesn’t provide an opportunity to use the 
manure. 

Nitrogen Management 

Sidedressing nitrogen allows it to be placed just before corn uptake is maximized and in so doing the risk 
of losses from earlier spring rains or long warm falls is reduced. There is some risk the weather during the 
sidedress window will not be suitable for manure application, but as other forms of nitrogen can be 
applied at larger growth stages, there is still options available to successfully manage the crop. 

In terms of manure, though we often think of it as an organic nutrient source, much of the nitrogen, 
approximately 70% in the case of liquid swine manures, is available as ammonium. This fraction is 
immediately available for crop uptake and means this type of liquid manure is a good choice for sidedress 
fertilizers. 

Equipment Considerations 

While both tanks and dragline application methods can be used, the equipment needs to be set up so it 
will fit between the rows. For tanks, this means having tire widths that can move between the rows and 
injectors. For dragline application, it means making sure application is finished during or prior to the V4 
stages so the corn plants are still springy enough they can bend over when the hose crosses over them. 

If you’d like to try sidedressing manure with a dragline, consider planting corn at a 45-degree angle to the 
field, so it follows the natural pattern applicators would use with draglining. 

Finally, if you are sidedressing manure, be sure to let us know, we’d be glad to come watch, collect some 
pictures, and even some crop performance and water quality data if you are willing. Let me know 
at dsa@iastate.edu or 515-294-4210. 

 

 

 

mailto:dsa@iastate.edu
mailto:dsa@iastate.edu
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Figure 1. Manure sidedressing using a dragline application method. 

Impacts of Manure Application on Soil Organic Matter 
Research has indicated that organic matter content in the prairie regions of the United 
States have declined by 50-90 percent since the land was first cultivated; for soils in 
Iowa this was approximately a decline from 10% to around 5% organic matter. As soil 
organic matter can serve as a significant source of fertility, this has led to increased 
interest in understanding the mechanisms that stabilize organic carbon within soils and 
management practices that promote building soil carbon levels. 
Researcher have hypothesized that soils could be used to sequester additional carbon 
and prompted researchers to investigate soil carbon storage efficiencies and to evaluate 
if there is an upper limit to a soil’s carbon stabilization capacity. This has typically been 
done by applying differing C-inputs to field plots and then measuring C-stocks in the 
soil. The results in many cases have shown a linear increase in soil carbon with 
increasing carbon inputs (Huggins et al., 1998b; Kong et al., 2005; Paustian et al., 
1997); however, in some long-term agroecosystem experiments little to no change in 
soil carbon stocks has been detected with changing carbon input levels (Reicosky et al., 
2002; Huggins et al., 1998a; Huggins and Fuchs, 1997; Huggins et al., 1998). These 
investigations have lead researchers to propose soil carbon saturation theory (Six et al., 
2002; Stewart et al., 2008; Gulde et al., 2008). 
As proposed by Stewart et al. (2007), soil carbon saturation is a soil’s unique limit to 
stabilize carbon, in other words the maximum amount of organic carbon the soil can 
accumulate. This concept implies that even with increasing levels of organic matter 
inputs, the amount of organic matter within the soil would not accumulate. In addition to 
studying soil organic C stocks under various carbon loading rates researchers have also 
intensively investigated the dynamics of specific pools in relation to saturation theory 
(Six et al., 2002; Stewart et al., 2008; Gulde et al., 2008). Three main mechanisms, 
chemical stabilization, physical protection, and biochemical stabilization (Christensen, 
1996; Stevenson, 1994, Six et al., 2002; Sollins et al., 1996; Baldock and Skjemstad, 
2000), of carbon stabilization have been proposed. Chemical stabilization refers to 
intermolecular interactions between organic and inorganic substances (Guggenberger 
and Kaiser, 2003), physical protection to the accumulation of organic matter due to 
physical barriers or exclusion of microbes and their enzymes from the organic matter 

https://2.bp.blogspot.com/-kfbD4xN9IJI/Ww_hIkeRAWI/AAAAAAAAArg/5b_Q3kutvB0bA-8EUwvYuqLp2ZlOTAT9gCEwYBhgL/s1600/KIMG1598.jpg
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(Jastrow et al., 1996; Six et al., 2004),  and biological recalcitrance to preservation of 
the organic matter due to structures inherently stable against biological attack (Krull et 
al., 2003; Poirier et al., 2003). This theory is especially significant for interpreting the 
results of experiments regarding soil organic matter accumulation as a result of manure 
application. 
When compared to commercial synthetic fertilizers manure nutrient content is relatively 
dilute. Thus, to achieve a desired nutrient mass application a greater amount of mass of 
manure than mineral fertilizer needs to be applied. As an example, in Iowa 
approximately 112-168 kg N/ha (100 to 150 lbs. N/acre) is recommended for corn after 
soybeans. If our fertilizer source is anhydrous ammonia this translates to an application 
rate of 136-204 kg anhydrous ammonia per hectare. If manure from a swine facility 
using concrete storage structures is used to meet nitrogen requirements then an 
application rate of 16,000-24,000 kg manure per hectare are required (based on 
average nitrogen content of 58.1 lb N/1000 gallons from Lorimor and Kohl, 1997). At 
these application rates approximately 1100 and 1650 kg/ha of solids will be applied, of 
which between half to three quarters (550 – 825 kg/ha) would be organic in nature. 
In terms of soil formation and developmen, the application of this organic matter with the 
manure is most closely associated with the vegetation component. By applying manure, 
we are adding to the amount of organic residue the soil receives and also adjusting the 
array and quantity of specific organic compounds that are processed by the soil 
microorganisms. In general, the amount of land applied organic residue is small in 
comparison to the amount of residue returned to the soil with a typical corn crop 
(roughly 18,000 kg/ha of above ground biomass) when applied at an agronomic rate, 
and yet reports of manures impacts on soil tilth and organic matter levels persist 
(Nowak et al., 2002). It is possible for small increases in carbon inputs to cause large 
increases in soil organic carbon levels (see figure 2 diagramming Stewart et al.’s model 
of soil carbon dynamics); however, this generally requires that the mineral associated 
pool, i.e., the physio-chemically protected pool to not be saturated. Although work in this 
area is far from comprehensive, it generally appears that this pool is saturated in most 
agricultural systems (see Hassink., 1997; Six et al., 2002). 
 

 
Figure 2. Conceptual model the relationship between annual carbon inputs and soil 

organic carbon content (based on Stewart et al., 2007) 
 
 

https://3.bp.blogspot.com/-5FGnTwc3PAI/Wjp6q0Ww7QI/AAAAAAAAAow/mrXRUySEy-w0Up9Q60O7IGh-x7joWf_tQCLcBGAs/s1600/soil+carbon.png
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Despite the relatively low levels of organic matter addition, manures may have the 
ability to improve soil aggregation, aggregate stability and tilth. The work of Celik et al. 
(2004) showed that the mean weighted diameter of water –stable aggregates was 65% 
greater for manure and compost amended soils than in soils that received no organic 
amendment. Similarly, Wortmann and Shapiro (2008) found that large aggregates were 
increased by 200% or more by both manure and compost application within 15 days 
after application, with the effect persisting for seven months.  In their study Wortmann 
and Shapiro (2008) used Bray extractable phosphorus levels to track the new inputs of 
compost and manure. Using this technique, they noted that the manure and compost 
generally served to consolidate smaller aggregates into macro-aggregates and that this 
occurred to a greater extent in the compost amended soil than in the manure amended 
soil. This indicates that the hierarchical storage structure proposed by Six et al. (2002), 
who suggested that organic matter would first accumulate in the physiochemical pools 
and then in aggregate protected fraction, is correct. 
This hierarchical storage also supports the theory the layering model for the growth of 
organic matter in soil of Sollins et al. (2009). In their conceptual model Sollins et al. 
(2009) suggest that the innermost layer is protein rich as proteins can for exceptionally 
strong bonds with mineral surfaces (Kleber et al., 2007). Organic molecules can then 
interact with these surface coatings to bind the particles together as aggregates. One 
argument working in favor of this hypothesis is that the application of manure or 
compost is known to increase microbial activity (Spiehs et al., 2010). These microbes 
produce binding agents that anchor the cells and often coat them with enzymes. The 
remaining organic matter from the manure or compost can then interact with these 
enzymes and cement the soil particles together. Using this theory, aggregates can be 
formed quickly if the surfaces of particles are conditions to bind to the organic matter, 
would be relatively water stable as it is held together by organic matter, but effects 
would break down as the organic materials mineralize. 
Extending this theory, we’d hypothesize that this would imply that compost application 
should have greater and longer lasting impacts than fresh manure at an equal carbon 
loading as the compost would be more stabilized against microbial brake-down than the 
fresh manure. This additional stability of aggregates in compost amended soils was 
noted by Wortmann and Shapiro (2008) and provides support for short term 
improvements in soil tilth and structure from manure application argument. Additionally, 
we’d expect that tillage would reduce or eliminate these impacts as it allows oxidation of 
the applied organic matter and that including a cover crop in the rotation would further 
enhance aggregate stabilization. Both of these practices interaction with manure 
application were tested by Spiehs et al. (2010), although their survey of hydraulic 
properties was limited, they did suggest that the benefits of manure application were 
enhanced in no-till and cover cropping systems. 
 
Overall, these results paint a picture that manure, when managed correctly, can be a 
beneficial fertilizer that not only supplies nutrients needed to support crop production, 
but also can be part of a system to improve soil tilth, health, and hydraulic properties. 

Soil Health – Impacts on Hydraulic Properties 
Of late, there has been greater interest in soil health, agricultural sustainability, and improving the 
robustness of our soils to occurrences of drought or heavy rainfall. These concepts often have one thing 
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in common, a focus on increasing soil organic matter as a way to improve soil tilth and structure. This is 
the case because research has shown that soil organic matter is related to many important soil hydraulic 
properties, including porosity, hydraulic conductivity, and soil water retention. 
 
Manure application is often credited with improving soil physical properties and associated benefits such 
as reduced runoff and erosion (Gilley and Risse, 2000; Wortmann and Wlaters, 2006). In most literature 
the phrase “improved tilth” is cited in manure application studies. Celik et al. (2004) found that five years 
of manure or compost application increased hydraulic conductivity, porosity, and that available water 
holding capacity increased by 85 and 56% for the compost and manure application treatments 
respectively as compared to the control. Many other studies have reported similar increases in soil water 
retention (Hafez, 1974; Unger and Stewart, 1974; Salter and Williams, 1969; Mbagwu, 1989; Schjonning 
et al., 1994; Benbi et al., 1998) from the application of feedlot or barnyard manure. Martens and 
Frankenberger (1992) measured seasonal changes in gravimetric soil water content and found that 
application of hog manure increased soil water content 3% during the growing season when compared to 
the soils that didn’t receive the amendment. These improvements in soil water holding capacity and 
storage have been attributed to several factors including soil aggregation and structure improvements, an 
increase in total porosity, the direct effect of the addition of high specific surface area material, and even 
changes in soil texture (Khaleel et al., 1981; Sweeten and Mathers, 1985; Boyle et al., 1989; Haynes and 
Naidu, 1998). 
 
A comprehensive study by Miller et al. (2002) evaluated the impact of long-term cattle manure application 
on the hydrologic properties of a clay loam soil. They found that manure significantly increased soil water 
retention, increased ponded infiltration rates by more than 200%, and saturated hydraulic conductivity 
increased, but found that manure had little to no effect on the unsaturated hydraulic conductivity of the 
soil. Similarly, Bhattacharyya et al. (2006) found that manure application increased infiltration rates. They 
attributed the changes to a better pore size distribution, which appeared to infer an increase in larger 
pores, but which isn’t clearly articulated within the manuscript. Based on this sampling of literature, it 
appears there is a general consensus that manure application has neutral to beneficial impacts on soil 
hydraulic properties, but questions as to the cause of these modifications remain. 
 
 
In general, these changes are similar to those that would be suggested with increased soil organic matter 
content, as these studies suggested that manure leads to improved tilth, greater porosity, hydraulic 
conductivity, and increased soil water holding capacity. In the next Manure Scoop we’ll take a look at the 
evidence to support that manure is building soil organic matter and then do some back of the envelope 
math to evaluate what this may mean for Iowa soils. 
 

 

Manure Application Logistics - Rate and Cost 
 

https://4.bp.blogspot.com/-hkzpdkZlyWo/WhSVlH6PhLI/AAAAAAAAAoQ/dqYvD-l6WXggC6_IU-omnabEsNcNzvwLgCLcBGAs/s1600/pic.jpg
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As we get to the heart of land application season my thoughts always drift to the same concepts. 
How can we do better at moving manure from farmstead to field, quickly, safely, and 
environmentally consciously? Manure has long been considered a valuable input to the soil for 
crop production and in its broadest sense manure management is the science of figuring out the 
most appropriate use of animal manure and how to get the most benefit for the least expense 
while protecting air, soil, and water quality. When it comes to manure utilization it seems like 
every year is a discussion of how we can get 10-billion gallons or so of liquid manure applied 
quickly, safety, accurately, and as cost effectively as possible. There are several ways to do this: 
bigger equipment, more people in the manure business, extending application seasons either by 
planting crops with different harvest windows or developing technologies that allow application 
during the season. 
 
Today I’m going to focus on just one little aspect though – nutrient delivery rates with drag line 
systems for dairies and pig finishing manure. My costs are all approximate as lots of factors can 
influence cost, but right now we are going to take a look at why application rate may be 
important. 
 
Say we have two farms, one a dairy and the other a finishing swine farm, who each generate the 
same amount of available nitrogen for land application every year. Let’s say this is a 4800-head 
swine farm so it will generate about 1.75 million gallons of manure a year or about enough 
manure from 695 acres (approximately 60 lb N/1000 gallons). At this farm we’d have an 
application rate of about 2500 gallons per acre. At a dairy the manure would have closer to 10 
pounds of N per 1000 gallons so we’d apply right around 15,000 gallons per acre and would be 
dealing with closer to 10 million gallons of manure. 
 
For illustrative purposes, I’m going to ballpark $500,000 in equipment costs (pumps, hose, drags, 
and a toolbar) but that is all dependent on what you are using. In the case of swine manure let’s 
assume we have a 30-foot bar and can drive through the field at 7 mph, this means they can 
cover an 0.42 acres per minute and to get 2500 gallons per acre the flow rate would be about 
1060 gpm. This means to get all 1.75 million gallons applied would take 27.5 hours and 
assuming the crew was about 50% efficient it would take about 55 hours overall. Just for fun in 
estimating, let’s assume run time costs about $500 an hour (tractors, fuel, wear and tear, etc.). If 
we figure a 5-year equipment life and that 1.75 million gallons is about 10% of the total gallons 
they apply every year, then or cost for manure here would be about $37,500 or about $0.02 a 
gallon of manure applied or about $0.36 per pound of N applied. 
 
Now let’s take a look at the case of the dairy. Here we are covering the same number of acres 
and would have the same number of sets so let’s assume that setup time was again 27.5 hours, 
however we have lots more gallons to apply so the application will take a bit longer. In this case 
we can probably pump around 3000 a minute if everything is set up well so we’d take about 57 
hours of application time so with setup time we’d have about 84 hours in application time. As we 
are applying more gallons this might represent 50% of the annual gallons this crew would apply. 
If you work this about we have about $42,000 in variable rate cost related to application time and 
about $50,000 in equipment depreciation for a total of $92,000. This would work about to about 
a $0.01 per gallon application cost or about $0.88 per pound of nitrogen applied. 
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So when you think about what your manure application, remember there is a lot that goes into 
that per gallon price and application rates can play a big role in that, but it’s important to also 
think in terms of fertilizer benefit you are providing.  

 

 
 

Dragline manure application getting set for its next field. 

Dealing with Uncertainty in Manure – Insurance Nitrogen 
(Just a little bit extra?) 
There is uncertainty in every decision we make; all we can do is try to make the best decision we can 
based on what we know. When it comes to using manure as a fertilizer there are five main sources of 
uncertainty, these are: 

 

• Nitrogen need of the crop (due to every growing season being different) 
• Nutrient content of the manure 
• Availability of the manure nutrients to the crop  
• Nitrogen volatilization during application 
• Application variability and rate uncertainty 
How do we deal with this uncertainty? What we really want to do is try to minimize each of these 
sources, in some cases this may be practical, in others it might be impossible. For example, manure 
sampling gives us a good indication of the nutrient content of the manure, but as we all know manure 
isn’t always consistent, so it isn’t a perfect indicator. One way we often hear people handling this is by 
adding a little extra nitrogen, some insurance nitrogen, but is that really the best approach? 
I was wondering about this a little while back, and started to do some calculations to find out how this 
uncertainty impacted our manure decision making and this lead me down a trail called the ‘value of 
information.’ Essentially, it asks if you can now make a better decision because of something you 
learned from it, how much extra value does that add. So I did that for manure sampling 
(http://themanurescoop.blogspot.com/2014/10/economic-value-of-manure-sampling-and.html) and was 
pretty happy, but then someone said, even if I sample I may be more confident about what’s in the 

http://themanurescoop.blogspot.com/2014/10/economic-value-of-manure-sampling-and.html
http://themanurescoop.blogspot.com/2014/10/economic-value-of-manure-sampling-and.html
https://4.bp.blogspot.com/-edgqgwzDKVI/WfjecPdHYDI/AAAAAAAAAns/BSXN9aIZd1c6VVRrnwh96LW06E012UyHwCLcBGAs/s1600/dragline.jpg
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manure, but there is still some error in that so maybe I should still be putting on a little insurance 
nitrogen. So I took some time to think on this. 

Some background, this is based off higher nitrogen and corn prices than we currently sit at, something 
like 2013 corn prices but luckily I scaled then so actual profit isn’t shown and as long as the nitrogen to 
corn price ratio didn’t change the results should be relatively similar. 

 

What I did was use the Maximum Return to Nitrogen calculator (http://cnrc.agron.iastate.edu/) to 
estimate what my profit would be per acre after field activities and subtracting the value of the nitrogen 
applied to the crop above the MRTN rate (because that was nitrogen you could have used elsewhere). 
What I found is that uncertainly in how much nitrogen always lowered our profit as compared to if we 
had perfect knowledge. Probably because there was always a chance of putting on too much nitrogen or 
too little nitrogen, where if we really knew the perfect amount we could hit the nail on the head. 
However, the interesting thing I saw was that if we did have uncertainty, the ideal nitrogen rate was just 
a little lower than when we had perfect knowledge. There were a few other things I saw though, the 
chance the manure might have higher nitrogen content worked to our advantage at low application 
rates, because there was potential that in the area where corn yield was really sensitive to nitrogen 
application rate that we actually put a bit more on than we were trying to. However, once we got 
towards that maximum profit zone we didn’t peak quite as high, because the uncertainty meant we 
were never quite hitting that nail on the head as we always might be a little short or wasting a little. 

 

 

 

Figure 1. How does uncertainty change how we should think about nitrogen application? Comparison 
between perfect and uncertain nitrogen concentration in manure in a corn-soybean rotation (as a note 

23% uncertain is what I say using the industry average for your manure is) 

 

http://cnrc.agron.iastate.edu/
http://cnrc.agron.iastate.edu/
https://2.bp.blogspot.com/-KdJ-lxnAgRM/WWfzx-qVfII/AAAAAAAAAlY/3IjZEHxVQxg1KanalO_aLC36PGvcfVJlgCEwYBhgL/s1600/CS.png
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Figure 2. How does uncertainty change how we should think about nitrogen application? Comparison 
between perfect and uncertain nitrogen concentration in manure in a continuous corn rotation. 

 

 

So what’s the takeaway from all this? The more we know the more accurate we can be in hitting the nail 
on the head and maximizing our profit – but you already knew that (I mean we say hindsight is 20/20 for 
a reason), so no surprise there. 

 

 

The more interesting part was looking at how putting on that insurance N (just a little extra) impacted 
our maximum profit. Essentially what I saw was that a little extra just doesn’t help us handle that 
uncertainty. Extra N actually hurts us as we are at a spot on the yield response curve that is relatively flat 
and the risk of wasting extra nitrogen hurts our profit more than the risk supplying that extra N.  

Manure Application Uniformity 

 

 

 

Maybe you have seen some tweets and pictures about manure application uniformity testing over the 
past years, or hopefully seen some information about upcoming field days where uniformity is going to be 
a key topic. You might be wondering why we are making a big deal about this, but when it comes to using 
manure as a fertilizer effectively, understanding how uncertainty impacts your decisions is critical for 
making the best management decision. 

http://www.aep.iastate.edu/manure/
http://www.aep.iastate.edu/manure/
http://www.aep.iastate.edu/manure/
http://www.aep.iastate.edu/manure/
https://3.bp.blogspot.com/-6J3w7saRlcU/WWfzxwL6s4I/AAAAAAAAAlc/Z8jJd0NExVYQ6L8INhOx5wmpYCJ7YlL2gCEwYBhgL/s1600/CC.png
https://2.bp.blogspot.com/-6I2fYxrCAOE/WRyaClJDWVI/AAAAAAAAAjs/eMj5yGLD5mwtWkiOQ1USHTpXQfU5OiBWgCLcB/s1600/Manning.jpg
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So why should we worry about manure application uniformity? Nitrogen for crop growth can come from 
multiple sources, the soil organic matter can mineralize and in doing so release mineral nitrogen for the 
plant. The remaining nitrogen needed to support crop growth comes from applied fertilizer. Years of 
research have gone into characterizing how crops would respond.  If you take a look at the Nitrogen Rate 
Calculator it will give you an idea of how a corn crop (in this case corn following soybeans) responds to 
the addition of nitrogen. What this graph (figure 1) shows is how the addition of nitrogen causes corn to 
respond. What the figure demonstrates is that we want to apply somewhere around 150 lb N/acre, if we 
are less than this the yield goes down, if we apply more than this we see minimal yield improvement. 

 

 

 

Figure 1. Corn response to added nitrogen for Iowa conditions for a corn crop following soybean. 

 

So what does this all have to do with manure application uniformity? When we are trying to hit 150 lb 
N/acre does that mean we just need to average that for the field? Probably not, it’s about getting a 
condition where it’s uniform over the whole field (yes, there might be some soil variations and every field 
has a bit different response to nitrogen, and weather conditions matter so some year’s crop response to 
nitrogen is much more drastic than others, but for the sake of argument, let’s work with this curve to see 
what it means). 

 

For fun as we think about the math behind this problem, let’s assume we have corn planted on 30-inch 
spacing, our manure toolbar also has 30-inch spacing, and that corn roots only get their nitrogen from the 
manure application band that was placed next to that corn row. Then let’s figure we applied 150 lb N/acre 
from liquid swine manure that tested 50 lb available N/1000 gallons, so we were applying 3000 gallons an 
acre. 

Now think about two pieces of equipment, one has a knife-to-knife coefficient of variation of 35% at this 
application rate, the other has a coefficient of variation of 10%. In both cases let’s figure an 8-knife setup. 
To give you an idea what this looks like in terms of nitrogen application rates achieved by the different 
knives and the impact different levels of uniformity have on crop yield let’s run through an example. Both 
of the tools in this example hit the right application rate on average, but how they do it, in terms of 

http://cnrc.agron.iastate.edu/
http://cnrc.agron.iastate.edu/
http://cnrc.agron.iastate.edu/
http://cnrc.agron.iastate.edu/
https://2.bp.blogspot.com/-okZpy2XHJBU/WRyaCvZXDeI/AAAAAAAAAjo/mZm4qJQr1VgPRLAKPv_Ke8589oVqX7LKwCEw/s1600/corn+response.jpg
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evenness across the toolbar is very different. What I want you to start thinking about is what would this 
mean for your crop yield from row-to-row and nitrogen leaching. 

 

Table 1. Nitrogen and manure application rates for two pieces of application equipment that that achieve 
different levels of manure application uniformity. 

Knife # 

N 
Application 
(lb N/acre) 

N 
Application 
(lb N/acre) 

Application 
Rate 

(gallons/acre) 

Application 
Rate 

(gallons/acre) 

% of 
Desired 

Rate 

% of 
Desired 

Rate 

1 100 150 2000 3000 67 100 

2 135 160 2700 3200 90 107 

3 165 170 3300 3400 110 113 

4 210 160 4200 3200 140 107 

5 220 150 4400 3000 147 100 

6 180 140 3600 2800 120 93 

7 120 120 2400 2400 80 80 

8 70 150 1400 3000 47 100 

Average 150 150 3000 3000 100 100 

St. Dev. 53 15 1060 302 35 10 

COV 35 10 35 10 35 10 

 

 

So let’s do a nitrogen example, using figure 1 (the nitrogen response curve) you can make an estimate of 
the corn yield that would be achieved from each of the knives (and if you assume a maximum yield of 
around 200 bushels an acre) can figure out what the field level yields would be.  So if you work through 
this math, you can find a few interesting results (table 2). Even though we were putting on the same 
amount of nitrogen on in both cases, because of variation from knife-to-knife we get different average 
yields per acre. In the case of corn following soybean, yields increased by 2 extra bushels per acre yield 
from the improved distribution and in the case of continuous corn about 4 extra bushels per acre. But 
there are other things to notice, the coefficient of variation in corn yield is always much lower than that in 
the nitrogen application rate. The soil supplies some of the nitrogen and this dampens out the response 
making everything a bit more uniform, but one thing to keep in mind is that early in the growing season 
the response might be more visually drastic than what final yields end up showing. Overall I think this 
asks an interesting question -how good is uniform enough, how does application uniformity uncertainty 
compare with other uncertainties in crop production, and how does this information help us make better 
manure decisions? 
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Table 2. Impact of nitrogen application uniformity on crop yield in corn-soybean (CS) and continuous corn 
(CC) rotations for machines with coefficients of variation in their application of 35% (left) and 10% (right) 

Knife # 

Corn Yield 
(CS) 

(bu/acre) 

Corn Yield 
(CS) 

(bu/acre) 
 

Corn Yield 
(CC) 

(bu/acre) 

Corn Yield 
(CC) 

(bu/acre) 

1 187 194 
 

162 179 

2 193 195 
 

175 182 

3 196 196 
 

183 184 

4 198 195 
 

190 182 

5 198 194 
 

191 179 

6 197 193 
 

186 177 

7 191 191 
 

170 170 

8 178 194 
 

146 179 

Average 192 194 
 

175 179 

St. Dev. 7 2 
 

16 4 

COV 4 1 
 

9 2 

 

 

To learn more about this topic and how you can get the most benefit from your manure make sure you 
register for one of our four field days, get a free lunch, get your manure questions answered, and learn 
how to set yourself up to maximize the benefit of manure on your farm this fall. 

Manure Application Injectors - What do we need? 
When it comes to selecting the right manure injection tool for the job there are many variables; the 
application rate, the amount of power to pull it, the soil type and conditions, the desired amount of residue 
cover left, or even the speed we can pull it through the field. All these constraints are important to 
consider, but the one we are going to discuss today is how much space do we need to create in the soil 
to have room to get the manure in. 
It is intuitive that injection tools that create a larger cavity below the ground for the manure are capable of 
achieving good injection at higher application rates if the soil conditions are right, but they also require 
more power to pull, so trade-offs are required. One newer example injector is shown below. This one 
uses a fluted coulter to open an injection cavity. 
 

http://www.aep.iastate.edu/manure/
http://www.aep.iastate.edu/manure/
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Figure 1. A fluted disc manure injector followed by two concave discs. The fluted coulter opens the 

injection trench while the discs close and cover the injection furrow. 
 

When it comes to injection, we want no overflow of manure out of the injection cavity. Two things are to 
achieve this, the first is that we must not have overflow manure. Overflow manure is when our injection 
furrow isn’t big enough to hold all the manure and as a result, it bubbles back to the surface. To avoid this 
the tool capacity has to be greater than the application rate (we’ll discuss in more detail below). The 
second thing we have to avoid is in-furrow manure; this manure stays in the injection furrow like we want, 
but we fail to cover up the furrow after putting the manure in it. Avoiding these two conditions limits the 
manure from air exposure, keeping odor and ammonia volatilization low. The example injector shown in 
figure 1 demonstrates both of these operations. In this case, the fluted coulter cuts the injection cavity. To 
be successful this cavity must be big enough to hold the manure we are putting down. The two concave 
trailing discs then cover the applied manure so we can’t see the furrow. To be successful both parts must 
be set correctly for the soil conditions and manure application rate we are trying to achieve. Below (in 
figure 2) you can see two examples of manure injection, the one on the left where the manure is covered, 
and the one on the right where we coverage of the injection furrow wasn’t achieved. 

 

 
 

Figure 2. Good injections as compared to in-furrow manure injection. 
 

So how can we determine how much injection capacity is needed for our manure? Well, 
it’s based primarily on two factors, the application rate you are trying to achieve and 
your tool spacing. Higher application rates require more capacity, while narrower 
spacing reduces required capacity (because each knife has to put down less manure 
per acre). Next, we will take a look at the requirement for two reasonable manure 
application rates, a swine finishing manure applied at 3,000 gallons an acre and a dairy 
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manure applied at 12,000 gallons an acre. In both cases, we will assume the manure 
injector are on 30-inch centers. 
 
The first thing we need to do is calculate the amount of manure each injector will 
receive. In the 3,000 gallon per acre case this is calculated by multiplying the 
application rate (3000 gallons per acre) by the tool spacing (2.5 feet), dividing by 43,560 
to convert from acres to feet, multiplying by 0.134 to convert from gallons to cubic feet, 
and then multiplying by 144 to get the injection cavity cross-sectional area in feet. For 
the swine manure, we need about 3.3 square inches, as the dairy manure application 
rate was 4 times as much, four times this much area, almost 13.25 square inches, is 
needed. 
 
What does this mean in practice? Let’s assume we are using the fluted disc (or similar to that shown in 
figure 1). Based on our soil conditions (current soil moisture, soil structure, residue cover, and the down 
pressure on our toolbar) it is cutting a cavity 4 inches deep by 2.5 inches wide, is our tool capacity 
sufficient for these application rates? The tool capacity is equal to the cross sectional area we are cutting 
so in this case it would be 4 inches times 2.5 inches, or approximately 10 square inches, which is enough 
for the deep pit swine manure example (3.3 square inches required), but not enough for the dairy manure 
example (13.25 square inches required). 
 
So what options are there to increase capacity? A few things could be done: (1) We could reduce the 
manure application rate to be in line with what the equipment can handle (to achieve the desired 
application rate we would need to apply twice), (2) we could reduce the tool spacing as this reduces the 
amount of manure each tool needs to inject, (3) we could try running the tool deeper to get a larger cavity, 
or (4) we could use a tool with a larger area, potentially a knife or sweep. 

Can we put economic value to having a manure storage? 
I love to talk about the economics of manure. Not only is it a fascinating topic, but it’s one that has major 
influence over decision making. Typically, when I focus on manure economics it’s discussions about 
application costs or related to application decisions about how to get the most value from the manure. 
However, this discussion is going to be a bit different, it’s going to focus on how a manure storage can 
add value to a farm. 
 
Normally we think of manure storage as the cost of doing business; if you are going to raise livestock, 
regulations will often require you build a manure storage. However, manure storages can offer value, in 
that they allow manure application timing to be adjusted to better match with crop nutrient need timing, so 
the nitrogen in the manure can be better utilized. This alone has value, but in addition, manure storages 
allow you to adjust your schedule. No longer does manure application have to be a daily activity, but it 
can be focused on the activity most critical to making your farm money (maybe planting in the spring, 
harvest in the fall, or if you are on a small dairy farm performing heat detection on your herd). I know what 
you are thinking, can you put a dollar value on those things? Not really, but I’m going to try anyway. 
 
Let’s start by focusing on manure application timing and the value that offers to a farm. I’m not going to 
debate about spring versus fall application or even the exact date you start applying in the fall, but instead 
focus on the big picture. Almost every small dairy that doesn’t have manure storage has that sacrificial 
field, you know the one – hurry up and get the first cutting of hay and then start applying manure on it, 
effectively making it a sacrificial area for the year. So let’s try to put some numbers on this so we can 
estimate a value. 
 
The first place to start is with nutrient value. Application timing is important for nitrogen management. In 
cases where the manure is applied to a sacrificial hayfield, very little if any of the nitrogen would be left to 
support the next growing crop. Thus one fair assumption would be to assume the nitrogen value of the 
manure is provided by the manure storage. At a swine finishing site, this is approximately 20 lbs. of 
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nitrogen per pig space per year, or a value of around $6.50. Storing this manure would require around 
365 gallons of storage. Currently, I estimate manure storage costs to be around $0.0183 per gallon of 
storage, or around $7.  Overall, that doesn’t sound like a bad value to me as if the storage allows you to 
go from getting almost no value from the nitrogen in the manure to significant value, the storage would 
pay for itself in just a couple years. 
 
How would this look at a dairy farm? There a cow will make about 6500 gallons of manure a year; 
constructing that storage would require about $120. The nitrogen value saved by having a storage would 
about to about $25 per cow per year. Not quite as favorable as the swine finishing case, but still an 
investment that should pay for itself within a decade. 
 

 
 

Figure 1. Concrete manure storage on a dairy farm in Northwest Iowa. 
 
What about the marginal value of time, i.e., the value you get by saving that hour of manure application 
during your busy times? I’m only going to give one example on this, but let’s say it’s gotten to be May 
1st and you don’t have your corn in. Rather than applying manure for an hour that day because you don’t 
have a manure storage, you are out with a corn planter getting the corn in. What is that worth? Based on 
some work from Emerson Nafzinger from the University of Illinois (figure shown below) the yield on this 
planting date would be about 98% of maximum yield, with yield the next day at about 97% of maximum. 
In an area of 200-bushel corn yields, that would work out to about a 2 bushel per acre difference and at a 
corn price of around $3.50 a bushel, about 7 dollars per acre planted in that hour, compared to having to 
wait until the next day. 
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Figure 2. Corn planting date response to 35 Illinois site-years, with the yields expressed as a percentage 
of the yield produced by the highest-yielding date at the site (from Emerson Nafzinger, University of 
Illinois) 
 
 
So next time you look at your manure storage and all the work it brings, hopefully you can also see that it 
does have the potential to help make sure the manure is a resource by moving application to times when 
the nitrogen is more valuable, that it can help reduce time demands for you during periods of the year 
when other things are more critical, and that by doing these things, it does provide value to your farming 
operation. 
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