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A 
chieving food security and sus-
tainability in the 21st century is 
expected to become increasingly 

challenging due to greater soil degra-
dation resulting from climate change, 
population growth, and depletion of water 
resources (Delgado et al. 2011). New sci-
entific research is critical for developing 
innovative soil and water conservation 
practices and programs that will maintain 
or even increase agricultural productivity. 
This special issue about recent advances in 
landscape-targeting precision conservation 
presents studies that investigate the impacts 
of precision conservation management on 
agricultural systems and the environment.

Technological advances in computer 
hardware and software, engineering, 
communications, and other fields have 
allowed crop and soil management to be 
integrated with geographic information 
systems (GIS), global positioning systems 
(GPS), computer modeling, and remote 
sensing, allowing better management. 
The last decade has seen the integration 
of these tools into precision conservation 
systems (Berry et al. 2003, 2005; Delgado 
and Berry 2008; Tomer 2010; Walter et 
al. 2007). Precision conservation (also 
called target conservation) has the poten-
tial not only to increase the sustainability 
of agricultural systems, but also to aid 
in mitigating and adapting to climate 
change and optimizing biofuel systems 
to minimize their environmental impacts  
(Delgado et al. 2011).  

SPECIAL ISSUE PAPERS
While high-tech precision conservation 
may be prohibitively expensive in some 
developing areas, low-tech approaches can 
be used very effectively (Berry et al. 2003, 
2005). This is important because con-

servation agriculture (e.g., conservation 
tillage, residue management to maintain 
soil cover, use of diverse cropping systems, 
and/or cover crops) is known to be criti-
cal to food security, particularly in Africa 
(FAO 2009; Silici 2010; Thiombiano 
and Meshack 2009). In this special issue, 
Jenrich (2011) described how precision 
conservation techniques could be used 
by farmers using low-tech approaches in 
Sub-Saharan Africa to improve yields and 
incomes without further degradation of 
their lands. 

In a Canadian study, Lobb (2011) 
examined how management contributes 
to variable soil erosion and reduces yield. 
Specifically, the study examined areas 
where soil was moved from higher to lower 
landscape positions after a few decades of 
cultivation. Lobb (2011) reported that 
there is potential for precision conserva-
tion to restore soil productivity in these 
situations. In fact, soils can be managed 
to mechanically transport the eroded soil 
back to the areas that were severely eroded, 
thus reclaiming the crop productivity that 
was lost (see figure 1 in Lobb 2011). 

In the Pacific Northeast, Williams et al. 
(2011) reported that precision technolo-
gies for contour planting could improve 
the efficiency of water capture and reduce 
runoff in a hilly landscape. They used digi-
tal elevation data and terrain analysis to 
develop precise contour planting maps for 
managing winter wheat. Digital elevation 
data enabled the development of precisely 
aligned deep furrows located along the 
contour and at strategically located posi-
tions of the fields to help capture runoff 
and minimize erosion. The elevation data 
were also used to help track the movement 
of the agricultural equipment.

Modeling advances are also helping us 
understand variable hydrology across hill 
slopes, improve the accuracy of model 
evaluations of the effects of landscape 
variability, and minimize environmen-
tal impacts from nonpoint sources (Sen 
et al. 2011). Sen et al. (2011) improved 
evaluation of pasture management under 
a hill slope in northern Alabama using a 
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Hortonian Infiltration and Runoff model. 
Sen et al. (2011) reported that although 
hydrological models such as SWAT, 
PRMS, and SWIM can be used to evaluate 
water quality, they do not account for the 
complex spatial variability of hydrological 
processes, and they can be improved by 
adding routines that can evaluate the man-
agement effects of this hydrological spatial 
variability across the hill slopes. 

Remote sensing tools such as digital 
aerial imagery and Light Detection and 
Ranging (LIDAR) can enhance precision 
conservation efforts by allowing better 
assessment, management, and targeting 
of precision agricultural practices across 
watersheds. For example, Kyveryga et al. 
(2011) demonstrated that aerial imag-
ery could be used to assess the effects of 
nitrogen management practices across 
large corn fields in Iowa to help farmers 
implement adaptive management. Earlier, 
Bausch and Delgado (2003) and Delgado 
and Bausch (2005) demonstrated that 
with remote sensing and using precision 
conservation techniques nitrogen applica-
tions can be cut back by close to 50% in 
sprinkler-irrigated systems of northeastern 
Colorado, increasing nitrogen use effi-
ciency and significantly reducing nitrate 
leaching losses without reducing yields. 
By integrating remote sensing with pre-
cision conservation tools, the effectiveness 
of conservation practices can be improved 
and the impact of agriculture on the envi-
ronment can be reduced. Management 
zones can also be integrated when apply-
ing precision conservation techniques to 
increase nitrogen use efficiency and reduce 
nitrate leaching losses without decreas-
ing yields, as shown by earlier work from 
Khosla et al. (2002, 2008), Delgado et al. 
(2005), and Inman et al. (2007, 2008).

Galzki et al. (2011) found that LIDAR 
provides very precise terrain attributes that 
can be used to identify environmentally 
sensitive areas for targeted conservation 
practices (e.g., grassed waterways, buffer 
strips, and/or the retirement of land from 
cultivation or application of conservation 
tillage). This could effectively increase 
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conservation effectiveness across an entire 
watershed and reduce the erosion losses 
from sensitive areas (Galzki et al. 2011). 
Previous work shows that we can also use 
logistic regression models incorporating 
precise elevation data to identify the best 
location across the landscape to apply con-
servation practices such as grass waterways 
and thus increase conservation effective-
ness (Mueller et al. 2005; Pike et al. 2009; 
Luck et al. 2010). 

Advances in modeling allow site-spe-
cific conservation practices to be tracked 
in order to evaluate off-site nutrient trans-
port (Saleh et al. 2011). Delgado et al. 
(2008, 2010) proposed a Nitrogen Trading 
Tool for assessing the effects of manage-
ment practices on reducing nitrogen losses 
to the environment, which can help pro-
vide an opportunity to farmers to sell 
these savings in nitrogen losses as ecosys-
tem services. Saleh et al. (2011) expanded 
the Nitrogen Trading Tool concept to also 
evaluate how management practices can 
reduce erosion and phosphorus losses. 
Their Nutrient Tracking Tool follows the 
losses of nutrients and aids assessment 
of how precision conservation practices 
can be applied to reduce these losses 
and potentially sell the savings as ecosys-
tem services (e.g., water and air quality  
trading markets).

McConnell and Burger (2011) reported 
on a geospatial decision support system 
that can be a valuable precision conser-
vation tool for identifying environmental 
and economic benefits from management 
and targeted conservation practices. 
The tool can help determine economic 
benefits from strategically targeted conser-
vation practices (e.g., use of conservation 
buffers, conversion of sensitive agricultural 
lands to natural vegetation) and assess the 
agricultural and environmental tradeoffs. 
McConnell and Burger (2011) reported 
that we can use precision conservation 
to implement better spatial management, 
contributing to the maximization of eco-
nomic and environmental returns. Dosskey 
et al. (2011) also reported on advances in 
computer modeling that can contribute to 
better assessment of hydrological variabil-
ity (infiltration–excess runoff), which can 
help us improve the targeting of sensitive 
locations within a watershed with buffers. 

Delgado et al. (2011) reported that 
effective application of conservation prac-
tices and/or programs will increase the 
chances of achieving and/or maintaining 
food security. They reported that with-
out efforts in soil and water conservation 
programs to mitigate and adapt to climate 
change, food security will be harder to 
achieve. They listed a series of conserva-
tion principles that need to be applied, 
including the following principles related 
to surface crop residue: surface residue 
protects, soil function improves with soil 
carbon, and surface needs to be covered. 
These three principles are directly related 
to the management of surface crop resi-
due and its relationship with erosion and 
soil organic matter, which are both related 
to soil quality and productivity. Johnson 
et al. (2007, 2010) reported that, in order 
to ensure that soil quality is maintained, 
crop residue should not be removed from 
agricultural systems for bioenergy unless 
soil protection goals are achieved. Delgado 
and Berry (2008) and Cruse and Herndl 
(2009) proposed precision harvesting to 
reduce erosion potential and maintain 
soil quality. If residue is not removed from 
areas that are sensitive to erosion and/
or negative impacts on soil organic mat-
ter, and is only removed from those areas 
where there will not be a significant effect 
on erosion and soil quality, conservation 
effectiveness could be increased.

This special issue presents advances 
in how to use tools for site-specific 
crop residue management. Thomas et al. 
(2011) conducted precision conserva-
tion studies that evaluated the effects of 
corn residue removal at different rates 
(38%, 52.5%, and 70%) on different soils 
and tillage management on erosion rates. 
They used the GLEAMS-NAPRA model 
to conduct their assessment across corn 
fields of Indiana. They found that even 
with no-till practices, removing crop 
residue will increase erosion rates com-
pared to no residue removal. Thomas et 
al. (2011) reported that it is important to 
continuously assess the effects of residue 
management across different soil types, 
slopes, and management to help promote 
sustainability. They concluded that future 
studies are necessary to assess the effects 
of biofuel production systems on water 

quality (e.g., erosion, surface transport,  
nitrate leaching). 

Meki et al. (2011) also conducted sim-
ulation studies to evaluate the effects of 
corn residue removal on environmental 
impacts. They used the APEX model to 
assess the effects of corn residue removal 
across 3,703 farm fields from the Upper 
Mississippi River Basin.  Similar to find-
ings by Thomas et al. (2011), they found 
that the effects of corn stover removal 
are site specific and vary with soils and 
management practices. Their simulation 
evaluation showed that the sandier soils 
are the most susceptible to crop residue 
removal, contributing to lower soil pro-
ductivity and lower yields. They also found 
that for some soils and site-specific factors, 
removal of crop residue will significantly 
lower soil organic matter and that residues 
should not be harvested from those areas. 

Their analysis, however, predicted that 
using “acceptable planning criteria,” there 
is potential to harvest residue while tak-
ing site-specific information into account 
to minimize impacts. They concluded that 
by using computer models, management 
practices, land type, and other site-specific 
factors of the landscape can be evaluated 
in such a way that there is potential to 
identify sites where the harvesting of crop 
residue will have minimal environmental 
impacts. Work from Meki et al. (2011) sug-
gests that site-specific evaluations could be 
used to implement precision conservation 
practices by identifying areas where the 
harvesting of crop residue will have mini-
mal impacts on erosion and soil organic 
matter content. Whatever management 
decisions are made, recent research sug-
gests that leaving crop residue in place 
yields many benefits for conservation of 
our biosphere and/or for climate change 
mitigation and adaptation (Delgado 2010; 
Delgado et al. 2011; Lal et al. 2011). If resi-
due is going to be harvested, the results 
of these new precision conservation evalu-
ations suggest that models could be used 
to conduct independent evaluations that 
could help in planning criteria for identify-
ing those areas where harvesting of residue, 
together with site-specific management 
(e.g., no-till), will have minimal impacts 
on the environment (Thomas et al. 2011;  
Meki et al. 2011).
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CONCLUSION
Research conducted during the last five to 
ten years is helping us better understand 
some of the processes that are contribut-
ing to spatial and temporal variability of 
erosion and soil productivity and how to 
use field and off-site practices for precision 
conservation of agricultural and natural 
areas. These advances are accelerating the 
development of new tools that integrate 
concepts from engineering, chemistry, 
physics, and remote sensing. These new 
tools are becoming more user friendly and 
are using GIS and GPS platforms to help 
us make better management decisions that 
target management practices at the most 
sensitive areas of a watershed and/or at a 
given site-specific field. These new tools 
are helping us connect and integrate man-
agement of agricultural and natural areas 
(e.g., fields, buffers, native grasses, trees, 
wetlands). These new tools are facilitating 
a more precise identification of the land-
scape locations where grass waterways, 
buffers, filter strips, and water collection 
furrows, for example, should be applied. 
The significance is that we can now use 
models that integrate more complex layers 
of information, such as variable hydrology, 
variable soil properties, and more accurate 
topographies, to help us identify, calibrate, 
and validate flows and surface terrain, thus 
increasing the efficiency conservation 
practices by identifying better locations to 
apply them. 

This special issue shows that we can 
now more precisely apply planting fur-
rows at contour to minimize erosion. We 
can now develop precise digital elevation 
maps that, together with modern GPS 
techniques and agricultural machines, 
could find the locations where the con-
servation practices were implemented 
year after year. Precision conservation and 
computer models are helping us inte-
grate multiple layers of information across 
this variability to assess how site-specific 
conservation practices could potentially 
reduce the off-site transport of nutrients 
to water treatment plants. The cost of 
removing nitrate from sources of drink-
ing water in the United States is estimated 
to be US$4.8 billion per year, and it is 
estimated that it costs US$1.7 billion to 
remove the nitrate coming from agricul-

ture alone (Ribaudo et al. 2011). There are 
now tools capable of assessing the benefits 
of precision conservation practices across 
watersheds. For example, these tools can 
provide information for ecosystem trading 
markets about how the implementation 
of site-specific conservation practices can 
reduce the losses of nitrogen from agricul-
tural systems. There is potential for farmers 
to implement conservation practices and 
sell the savings in nitrogen losses as eco-
system services in water and air quality 
trading markets. 

This special issue has several papers that 
report on the advancement of model-
ing to assess variable hydrology and even 
assess how to potentially manage crop 
residue removal to minimize environmen-
tal impacts. There have also been advances 
in applying precision conservation agri-
culture across the Sub-Saharan region 
of Africa using low-tech approaches, 
increasing conservation and even produc-
tivity. Additionally, precision conservation 
research from Canada shows that if we 
understand the factors that contribute to 
spatial variability of erosion and how it 
reduces yields, we can use precision con-
servation practices to reclaim some of the 
soil productivity lost due to erosion. These 
papers clearly show that we can target 
conservation across watersheds to increase 
efficiency in managing natural and agri-
cultural areas. Precision conservation will 
be a key tool in helping us achieve food 
security in the 21st century.
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