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Precision Conservation was originally defined 
as a set of spatial technologies and procedures 
linked to mapped variables, which is used to 
implement conservation management practices 
that take into account spatial and temporal 
variability across natural and agricultural 
systems (Berry et al., 2003). 
 
Precision Conservation connects farm fields, 
grasslands, and range areas with the natural 
surrounding areas such as buffers, riparian 
zones, forest, and water bodies. 



Nutrient Management Plans 
 
 Cox (2005) simplified the Berry et al. 
(2003) precision conservation 
concept as applying the right 
conservation practice, at the right place, 
at the right time, and at the right scale 
(the 4 Rs for conservation). 



Nutrient Management Plans 
  
The 4 Rs for nutrient 
management (Roberts, 2007); 
the right product, at the right 
rate, at the right time, and at the 
right place. 



Nutrient Management Plans 
  
This presentation covers the Delgado 
(2015) publication that proposes that the 
4 Rs (right product, at the right rate, at 
the right time, and at the right place) are 
not enough to reduce environmental 
impacts. 
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Nutrient Management Plans 
 7 Rs for nutrient management and conservation.  
 
If we are to increase conservation effectiveness and 
nutrient use efficiency and minimize the losses of 
sediment and nutrients to the environment, we need 
to apply the right product (fertilizer), at the right 
fertilizer rate, with the right method of fertilizer 
application, with the right conservation practice, and 
with conservation practice at the right place, and at 
the right scale of conservation practice, with both the 
fertilizer and the conservation practice applied at the 
right time (right product, right rate, right method, right 
practice, right place, right scale, and right time: the 7 
Rs of nutrient management and conservation). 



The Roberts (2007) definition of right place also 
mentions that conservation tillage, buffer strips, 
cover crops, and irrigation management are other 
practices that can help keep the nutrients at the 
right place. However, the right conservation 
practices, at the right time, right place and right 
scale as defined by Cox (2005) have not been in a 
prominent position in the 4 Rs of nutrient 
management. For example, when Murell et al. 
(2009) reviewed in detail the right place as defined 
by Roberts (2007), conservation practices were not 
discussed in the document, and the right place was 
defined as applying the fertilizer and incorporating it 
within the soil close to the root zone. 



This presentation covers the Delgado (2015) publication that 
proposes that the 4 Rs (right product, at the right rate, at the 
right time, and at the right place) are not enough to reduce 
environmental impacts. 
  The paper proposes that a nutrient management plan 
needs to include how management at a given site will maintain 
sustainability and soil productivity. 
  For example, incorporating the 4 Rs for nutrient 
management alone without thinking about soil and water 
conservation does not address: 

• how to maintain or increase soil quality 
• how to maintain or increase soil carbon sequestration 
• how to reduce soil erosion to maintain sustainability 

and productivity at the site 
Again, there is a need to bring crop advisors and nutrient 
managers together with soil and water conservation 
practitioners to increase application of precision conservation.  
  



Location where the 4 Rs alone will not reduce the off-site 
transport of nutrients (see Section 4.6.2 regarding the 
development of ephemeral gullies). Precision conservation needs 
to be merged with precision farming. Nutrient management and 
conservation need to incorporate 7 Rs to increase nutrient use 
efficiency and reduce off-site transport of nutrients. (From NRCS, 
Development of Ephemeral Gullies.) Potential precision 
conservation practices that can be applied at this site are grass 
waterways, buffers, crop residue management, no-till, and others. 

4 Rs alone 
(limitations) 
 



This site demonstrates the need for the 7 Rs in nutrient 
management and conservation to increase nutrient use efficiency 
and reduce off-site transport of nutrients and environmental impacts. 
(From NRCS, Development of Ephemeral Gullies.) 

4 Rs alone 
(limitations). 
 



Effect of residue cover on soil erosion expressed as a 
percent of erosion occurring on a bare, residue-free surface. 
(From Cruse, R. M., and C. G. Herndl, J. Soil Water 
Conserv. 64:286–291, 2009.) 



4 Rs alone will not 
improve soil 
quality/soil 
productivity. 
 

It is important that we consider site-specific factors 
and precision conservation when we manage 
soils and nutrients in order to maintain soil quality 
and minimize erosion and off-site transport of 
nutrients (Berry et al. 2003) 



Nutrient Management Plans 
 It is not all about losses of nutrients due to 
erosion. Other flow pathways are important, and 
precision conservation can contribute to reduced 
nutrient losses to the environment. 
  
For example, leaching can contribute to losses of 
nitrogen. We can put conservation practices in the 
landscape using precision conservation to reduce 
the losses and transport of nitrate to the 
environment. We can use conservation practices 
such as buffers, riparian buffers, denitrification 
traps, phosphorus traps, and wetlands to reduce 
transport of nutrients to the environment.   



Groundwater-Quality Trends NO3-N report by Lindsey and Rupert, 
2012; there is NO3 problems even in the humid zones. 



The Des Moines Water Works lawsuit against three northwest 
Iowa counties over water quality is scheduled to be heard by a 
federal trial judge, beginning Aug. 8, 2016, unless a continuance is 
sought, a court document indicates. 
The Des Moines utility is suing Buena Vista, Calhoun and Sac 
counties, claiming drainage districts there act as conduits for 
nitrates to move from farm fields into the Raccoon River, one of two 
sources of drinking water for 500,000 residents in the Des Moines 
metro area. 



Nutrient Management Plans 
 As an example, suppose nitrogen fertilizer is applied to a field 
and we increase yields. Does the nitrogen stop at the field or 
does it move? We know that it moves. So as far as the 
fertilizer that was applied by the nutrient manager using the 4 
Rs concept, should the nutrient manager look outside of the 
field to manage that applied nitrogen? Would applying a buffer 
to reduce surface transport, applying a denitrification trap to 
denitrify that NO3, or managing drainage to increase 
denitrification be options considering spatial and temporal 
variability and be part of a 7 Rs approach? 
  
 
 

NO3-N 



Example -Wood Chips -Denitrification bioreactors  
Precision conservation Delgado and Berry 2008 

There is also potential to use denitrification traps to remove NO3-N 
from underground flows or water flows (Hey et al., 2005; Hunter, 
2001). We suggest that Precision Conservation techniques could be 
used to analyze map and data information to strategically locate 
these nutrient traps at positions that can maximize the effectiveness 
in removing phosphorus and nitrates via denitrification. 



Nutrient Management Plans 
 4 Rs is not enough, we need 7R s to apply precision conservation to reduce 
nutrient transport 
  
 
 

Example – 
Precision 
Conservation 
Wood Chips -
Denitrification 
bioreactors  
Delgado and 
Berry 2008 



NRCS 2010 National Resources Inventory 





Additionally, climate change can increase the potential 
for higher erosion rates, which is also of concern 
because erosion has been reported to lower 
agricultural productivity by 10% to 20% (Quine and 
Zhang 2002; Cruse and Herndel 2009).  

Source: 

Iowa 

NRCS 

 



Potential erosion N loss from soil organic 
matter 

SOM 
% 1 2 3 4 

tons/acre 
 

------------ lbs N /acre ------
----- 

2 3 6 9 12 

4 6 12 17 23 

6 9 17 26 35 

8 12 23 35 46 



Potential erosion N loss from manure (55% water) 
%Total 
N 
 2 3 4 5 

tons/manure 
acre 

 
------------ lbs N /acre ----------- 

 

0.25 5 7 9 11 

0.75 14 20 27 34 

1.5 27 41 54 68 

3 54 81 108 135 





Aerial photograph of 
field A identifying 
probability of erosion 
model output (values 
>0.5 are 
shown in red), existing 
grassed waterways 
(GWWs), and locations 
of photographed eroded 
areas (1 m contour 
lines are shown in gray). 
(From Luck, J. D. et al., 
J. Soil Water Conserv. 
65:280–288, 2010.) 



Distribution of potential riparian buffer functions in Lime Creek 
and inset showing runoff pathways, shallow water table areas, 
and riparian segments used for classification. (From Tomer, M. 
D. et al., J. Soil Water Conserv. 68:113A–120A, 2013.) 



One possible 
conservation planning 
scenario for Lime 
Creek. (From From 
Tomer, M. D. et al., 
J. Soil Water Conserv. 
68:113A–120A, 2013.) 
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Nutrient Management Plans 
  
It’s my understanding that these 
predictions and assessments of sheet 
and rill erosion are not considering gully 
erosion rates. There is a need to use 
precision conservation to identify areas 
where conservation practices can be 
implemented to apply, for example, 
grass waterways to reduce the 
formation of these gullies and reduce 
loss of nutrients. 



Nutrient Management Plans 
  
Conservation practices have helped significantly reduce 
erosion losses in the USA during the last 30 years (by 43%). 
Since erosion contributes to transport of soil organic matter 
and nutrients such as nitrogen, phosphorus, and other macro 
and micro nutrients off site, reducing erosion losses reduces 
losses of nutrients. However, during the last few years (2007-
2010) erosion losses have not been reduced significantly. 
Additionally, projected changes in climate and projected 
increases in precipitation for some areas of the USA, as well 
as projected increases in precipitation intensities, are 
projected to contribute  to increases in erosion rates in the 
future due to higher precipitation.  
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Outline 
  

• Major Global Challenges 
 
 
 
 
  



Bakker et al. (2004) concluded that the best methodology 
to represent the effects of erosion was the plot methodology 
and that an average of 4% loss in productivity per every 10 
cm of soil loss should be considered realistic as far as the 
negative impacts to yield production from erosion.  
 
More important was the report from Bakker et al. (2004) 
showing that the relationship of yield losses to soil depth lost 
will be convex, so any further losses in soil depth after the 
first 10 cm of soil lost will become increasingly severe and 
damaging to soil quality, reducing yield by a greater amount. 
  



Journal of Soil and Water 
Conservation 

2007 

Volume 6: November-
December 

Page 136 A 



Source: 

Department of 
Environmental 
Protection  

Maine 
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• Major New Challenges  
A Changing Climate 
 
 
 
  



 
•  Extreme weather events are creating environmental 
problems, accelerating the rate of erosion and 
threatening agricultural production needed for food 
security.  

Major World Challenges Related to Soil and 
Water Conservation 

Photo EPA Photo ARS Photo NRCS 





Pruski and Nearing (2002) reported that the predicted 
erosion rate will increase by 1.7% for every 1% increase 
in total rainfall due to climate change. 
 



It's not only about changes in total precipitation. 
Several publications have reported that, over the last 
few decades, rainfall intensities have also increased 
in many parts of the world, including in the United 
States  (Karl and Knight, 1998; Soil and Water 
Conservation Society, 2003; Groisman et al. 2005). 
These reports show that the number of large events 
is on the rise and that the increases have been the 
greatest for the most extreme of events. These 
reports are in agreement with the IPCC 4th 
Assessment Report (Meehl et al., 2007) that 
predicted that for many parts of the globe, general 
increases in the intensity of precipitation could be 
expected.  
 



   
  
Drier areas (e.g., the southwestern United States is 
projected to be drier in the future) could also increase the 
potential for wind erosion, so it is important that we 
implement precision conservation to account for this 
temporal and spatial variability in weather patterns. 
  
Also keep in mind that erosion can contribute to the 
transport of nutrients from inorganic fertilizer and from 
organic manure sources, so it is important for nutrient 
management and the 4 Rs that precision conservation 
be considered as part of nutrient management plans. 
  



Bakker et al. (2004) conducted a detailed analysis of 
24 studies that were published during the 1970s to 
early 2000s examining erosion’s effects on 
productivity and that measured the quantity of lost 
productivity per amount of eroded soil.  
 
They found that the average yield lost across the 
different methodologies was 4.3%, 10.9%, and 29.6% 
loss in soil productivity per every 10-cm loss of soil 
measured with comparative plots, transect methods, 
and desurfacing experiments, respectively. 





Delgado et al. 2011 Journal of Soil and Water Conservation 
  



The scientific literature suggests 
that with use of good policies, 
conservation programs, and 
practices we could have a better 
opportunity to achieve food security 
(good air, soil and water quality), 
while with bad policies and/or a lack 
of policies/conservation practices for 
climate change mitigation and 
adaptation, we will have lower air 
quality, soil quality and water quality, 
and there will be less potential to 
achieve food security. 



Nutrient Management Plans 
  
Nutrient management needs to be aware of the challenges ahead 
if climate change has the potential to increase erosion rates. 
There is the need to use conservation practices for climate 
change adaptation and improvement of soil quality and soil 
productivity. Delgado et al. (2011) reported that conservation 
practices are key for climate change adaptation and mitigation. 
Precision conservation could be a key tool for climate change 
adaptation. 



Precision Conservation 

New Recent 
Advances in 

Precision 
Conservation: 

Assessment of 
Watershed Hot 

Spots and Flows 



Precision Conservation 

New Recent 
Advances in 

Precision 
Conservation: 

Assessment of 
Field Spatial 
Erosion and 

Spatial Buffer 
Practices 



Take Home Message 
New Advances in Precision Conservation 
Assessment of Watershed Hot Spots and Flows can: 
 
•assess variable hydrology and erosion across the 
watershed 
 

• help develop site specific conservation practices 
such as sight specific ponds, grass waterways, 
buffers, denitrification farms, and may be able to 
manage these flows  
 



 
Nutrient Management Plans 
  
There are several peer-review papers presenting these concepts about how precision conservation 
can be used to assess the potential use of conservation practices. There are several papers 
showing that precision conservation can work. 
  
A Few Examples: See Delgado and Berry 2008 
  



Schematic of 
contour furrow 
application to a 
winter wheat 
field. (From 
Williams, J. D. 
et al., J. Soil 
Water Conserv. 
66:355–361, 
2011.) 



Photographs of 
eroded areas in field 
A taken in April 2009 
(locations and 
viewpoint identified 
in Figure 4.6). (From 
Luck, J. D. et al., J. 
Soil Water Conserv. 
65:280–288, 2010.) 



Dosskey et al. 2005, JSWC 



Diagrams of crop-field runoff 
patterns, topographic contours, 
and alternative buffer designs: 
(a) uniform runoff flow to a 
uniform-width buffer, (b) 
nonuniform runoff flow to a 
uniform-width buffer, 
(c) nonuniform runoff areas and 
the corresponding uniform-width 
buffer locations to which they flow, 
and (d) nonuniform runoff areas 
and the corresponding variable-
width buffer areas to which they 
flow. Both (a) 
and (d) yield an approximately 
constant level of pollutant filtering 
along the entire length of the 
buffer. (From 
Dosskey, M. G. et al., J. Soil 
Water Conserv. 62:349–354, 
2005.) 





From Qui et al. 2007, JSWC 



Figure 5. Spatial distribution of sand content in the 
top 1.5 m of soil for Study One across the different 
productivity zones during the 2000 growing 
season. 
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Figure 8. Spatial distribution of predicted NO3-N leaching from the 
root zone of corn (1.5 m depth) in Study One across the different 
productivity zones during the 2000 growing season. 
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From Delgado and Bausch, 2005, 
JSWC 



 



     
 

   
 

  

Tillage-Water Erosion    

    
  

             
         

     

 
      

  

Schumacher et al. JSWC 2005 
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Erosion patterns developed 
from (a) tillage, (b) water, (c) 
tillage-water, and (d) total 
erosion 
(cesium-137 [137Cs]) 
modeling of the research field 
are displayed. Cesium-137 
sampling sites are also 
displayed 
on a contour map of slope 
percent for the field. (From 
Schumacher, J. A. et al., J. 
Soil Water Conserv. 
62:355–362, 2005.) 



Take Home Message 
New Advances in Precision Conservation 
Assessment of Field Spatial Erosion and buffer 
practices can: 
 
 
• assess the effects of management practices on 
spatial field erosion. 
 

• identify spatial flows in and out of field 
 
•potentially be use to develop spatial buffer 
practices 
 

• determine the best vegetation to manage temporal 
variability of soil and surface hydrology 
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• 4 Rs  
(limitations) 
 
 
 
  



Effects of organic carbon on nutrient cycling and productivity. (From Delgado, J. A., and 
R. F. Follett, J. Soil Water Conserv. 57:455–464, 2002.) 
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• Precision Conservation 
 (Definitions) 
 
 
 
  



Nutrient Management Plans 
  
We could join these two concepts—the 4 
Rs for nutrient management (Roberts, 
2007; The right product, at the right rate, at 
the right time, and at the right place) and 
the Berry et al. (2003) precision 
conservation concept. We need to add the 
4 Rs for conservation (Cox, 2005) to 
establish 7 Rs for nutrient management 
and conservation.  



 
Nutrient Management Plans 
  
At a minimum, to bring conservation, 
specifically precision conservation, to the 
forefront of nutrient management, we 
should add one R to the 4 Rs. 
  
At a minimum we should have the right 
product (fertilizer), at the right fertilizer rate, 
at the right time, with the right method of 
fertilizer application, with the right 
conservation practice. 
   
  
 
 



 
 
Nutrient Management Plans 
 Without getting into any legal debate, the fact is that there are 
some lawsuits related to nitrogen. As an example, there is the 
case of Des Moines Water Works, which is claiming that NO3 
that moves via drainage and gets into the rivers is impacting 
water quality. Will that point to who owns that NO3 that moves 
from the field to the drainage? 
  
Can precision conservation and managing nutrients while they 
are in the farm contribute to reduced movement of nitrogen 
and other chemicals? There are several papers proposing that 
we can manage the landscape using precision conservation 
practices to reduce the transport of nutrients. 
  
Could precision conservation help reduce these loads of 
nutrients by managing nutrients not only in the field, but also 
throughout the farm wherever possible, and in the landscape? 
See the following example.  



Nutrient Management Plans 
  
We are at a crossroads where we have the technology to start 
applying not only precision information to increase nutrient use 
efficiency to reduce nutrient losses to the environment, but also 
conservation practices to increase conservation effectiveness, 
which can also contribute to reduced nutrient losses to the 
environment. We need to expand the concept of 4 Rs to add the 4 
Rs of conservation. We need the right conservation practice, at 
the right place, at the right time, and at the right scale (the 4 Rs 
for conservation).). 
  



Nutrient Management Plans 
   
Can precision conservation and managing nutrients 
while they are in the farm contribute to reduced 
movement of nitrogen and other chemicals? There 
are several papers proposing that we can manage 
the landscape using precision conservation practices 
to reduce the transport of nutrients. 
  
Could precision conservation help reduce these loads 
of nutrients by managing nutrients not only in the 
field, but also throughout the farm wherever possible, 
and in the landscape? See the following example.  



 
Nutrient Management Plans 
  
We need to start considering incorporating precision 
conservation and using buffers, riparian buffers, 
denitrification traps, phosphorus traps, controlled 
drainage, and wetlands to reduce transport of 
nutrients to the environment. The 4 Rs should be 
expanded to the 7 Rs, or at least to the 5 Rs concept. 
Precision conservation states that in a farm, we 
cannot look only at the field where we put the fertilizer 
and manure (organic fertilizer); we need to take the 
opportunity to manage nutrients in the whole farm, 
before they leave the farm, to increase nutrient use 
efficiencies while reducing potential nutrient losses to 
the environment.  
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