
Landscape variability  

Understanding and controlling hillslope hydrology to assess water quality 
within sustainable dairy manure management 
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Nitrogen in water and soils Integrated Farm System Model 

Where is the water going? 

•  Increase the scale of analysis 
•  Investigate environmental losses on an 

annual bases averaged over 25 years of 
weather 

•  Can consider whole farm economics 
 

•  How do we explain the variability observed 
between plots? 

•  Gathered ground penetrating radar (GPR) 
data of the subsurface and bedrock 

•  Modeling surface and subsurface water 
flow paths using GIS and TWI modeling 

 

2012 individual field lysimeter water budget 

Observed color variation in corn July 
2012- related to soil depth. 

•  Where is the NO3 
moving 
throughout the 
seasons? 

•  Higher NO3 
concentrations in 
2012 

•  Fewer 
precipitation 
events in spring/
summer of 2012 

•  How can NO3 
loads and 
concentration 
data support soil 
concentrations? 

•  Greater 
concentrations in 
soil NO3 after 
corn silage 
harvest 

GPR depth to bedrock map 

2013 individual field lysimeter water budget  

Emily W. Duncan1, Peter J.A. Kleinman2, Douglas B. Beegle1, Curtis J. Dell2, Al Rotz2, Gordon Folmar2, Louis S. Saporito2, Amy Collick2, Lauren Vitko1 
1The Pennsylvania State University, 2USDA Agricultural Research Service 

Not included above: soil storage component 
•  Estimate using total soil volume numbers 

for each plot, calculated using GPR, 
DEMs 

•  Using this value estimate how much 
water is being retained in the soil system 

•  Recorded 19 runoff events, no 
events occurred in March, April, 
July and August 

•  2012 was punctuated by 
Hurricane Sandy at the end of 
October (10-28-12) 

•  Recorded 30 runoff producing 
events, unlike 2012, events 
occurred in all months of the 
year 

•  Majority of plots for both years 
produced more subsurface flow 
than overland flow 

Flow 
direction 
calculated 
in ARCGIS 
using the 
bedrock 
topography 
and DEM of 
the site 

Topographic 
wetness 
index 
calculated in 
ARCGIS 
using the 
same GPR 
and DEM 
layers  
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Broadcast application 

Shallow disk Injection 
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Figure 1. Major nitrogen flows in animal production within the farm and between the farm and its environment.

tion (NRC, 2003). Microbial processes of nitrification
and denitrification also emit nitrous oxide into the at-
mosphere (NRC, 2003). Nitrous oxide is a potent green-
house gas that is contributing to the concern over global
warming. Minor amounts of nitric oxide and nitrogen
dioxide may also be emitted, which are often limiting
precursors in tropospheric ozone production (NRC,
2003). Surface runoff of N, primarily as nitrate, is a
lesser concern, but it also contributes to the eutrophica-
tion of surface waters along with soil drainage loss and
acid rain.

Reducing N loss from the farm must begin with
proper animal feeding and management to reduce N
excretion. Even with good management though, large
quantities of N are in the manure. A major portion of
this excreted N can quickly transform into ammonia,
which may readily volatilize and move into the atmos-
phere. Volatile loss begins soon after excretion, and it
continues through all manure handling processes until
the manure nutrients are incorporated into soil. If steps
are taken to maintain the N until it is incorporated,
leaching and denitrification losses of soil N will increase
if that N is not applied at the appropriate amount and
time for crop uptake. Only by properly managing all
farm components can we truly increase N use efficiency
in animal production and reduce N escape into our envi-
ronment (Figure 1; Rotz et al., 1999b).

Management processes are available or under devel-
opment that reduce N loss, but implementation often

remains a challenge due to various constraints. The
major constraint is usually economic. New manage-
ment practices often require large investments or
greater operating costs that are difficult to justify. Cur-
rent profit margins are low in most animal operations,
and the direct economic return for saved nutrients is
small considering their fertilizer replacement value.
Labor can also be a constraint. Available labor is often
heavily used in animal production, so changes that re-
quire more time, particularly for the farm manager,
will not be readily accepted. Environmental issues
themselves may also be a constraint. For example, re-
ducing ammonia emissions may lead to greater emis-
sion of nitrous oxide. Due to the potential long-term
impact of this greenhouse gas, the net benefit to society
may not be positive, and implementation of the ammo-
nia-conserving technology will be constrained.

The goal of this review is to quantify N losses for
various animal production strategies and to discuss the
major management options available for reducing these
losses. Although the material presented generally ap-
plies to all animal species, the emphasis will be placed
upon dairy, beef, swine, and poultry production.

Strategies for Reducing Nitrogen Excretion

Conservation of N in animal production must begin
by improving the N use efficiency of the animals. On
dairy farms today, 20 to 30% of the N consumed by the
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Broadcast Inject 

Cost parameter $/cow 
Equipment 541 541 
Facilities 754 754 
Labor 439 439 
Custom operation cost 31 32 
Net purchased feed and bedding cost 595 588 

   Milk and animal sale income 4041 4041 
Net return to management 647 653 
Standard deviation in net returns 161 165 

!

IFSM simulated results: 

Measured data: April 2012- Sept 2012: 
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Measured data: Oct 2012- Oct 2013: 

Economics: similar cost for both strategies 

•  Simulated results 
provide total 
denitrification losses 

•  Measured data: 
N2O-N losses 

•  Volatilization trends 
similar 

 

•  Options to 
investigate other 
farm management 
practices: manure 
storage and manure 
application timing 
and frequency 

•  Increased soil sampling 
in 2013 

•  Seasonal trends and 
fluctuations in soil NO3 
and NH4 reflect corn 
growing season 
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Rotz et al., 2004 


