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Abbreviations and notes: N = nitrogen; BMPs = best management prac-
tices.

Three underlying factors that encompass many of the major 
issues humankind will be facing for the next several decades 
are human nutrition, carbon (C), and land (Figure 1). Two of 
these factors, C and land, were recently discussed in an inspir-
ing paper presented by Dr. Henry Janzen at the International 
Symposium on Soil Organic Matter Dynamics (Janzen, 2009). 
Carbon issues include climate change, cheap energy, and bio-
energy. Land issues include land use, soil quality, water use 
and quality, and waste disposal. Dr. Janzen astutely pointed 
out that soil organic matter is the common ground between 
these two factors. The addition of human nutrition as a third 
factor brings into the picture the issues of food quantity, food 
quality, and food cost. Of critical importance in the discussion 
of nutrient management is that a significant component of the 
common ground of all three of these huge factors is soil fertility 
and how the management of plant nutrients affects our food 
supply, our land, and the C cycle.

Agricultural Productivity and 
Nutrient Use Efficiency (NUE) as One 

Sustainable development is widely recognized as consisting 
of economic, social, and environmental elements. Sustain-
able nutrient management must support cropping systems 
that contribute to all three of these elements. Considering the 
increasing societal demand for food, fiber, and fuel, intense 
global financial stress, and growing concerns over impacts 
on water and air quality, simultaneous improvement of pro-
ductivity and NUE is an essential goal for global agriculture. 
Striving to improve NUE without also improving productivity 
simply increases pressure to produce more on other lands 
that may be less suited to efficient production. Likewise, the 
squandering of resources to maximize productivity resulting in 
increased adverse environmental impact puts more pressure 
on other lands to reduce environmental impact while meeting 
productivity needs.

Simultaneous pursuit of higher productivity and NUE re-
quires caution in how NUE is being measured. Methods of NUE 
determination and their interpretation were recently reviewed 
by Dobermann (2007). He also summarized the current status 
of NUE for major crops around the world, pointing out that 
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Concepts for Facilitating the Improvement of 
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The Critical Role of Soil Fertility 
in Food and the Environment

Soil fertility greatly impacts the productivity of our land and the carbon 
cycle.
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Figure 1.	 Underlying factors for the challenges of the coming 
decades. 
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single-year average recovery efficiency for N in farmer fields 
is often less than 40%, but that the best managers operated at 
much higher efficiencies. Dobermann used a 6-year study in 
Nebraska on irrigated continuous maize managed at recom-
mended and intensive levels of plant density and fertilization 
to illustrate how NUE expressions can be easily misinterpreted. 
In this study, comparing a higher yielding, intensively man-
aged system to the recommended system for the region, the 
partial factor productivity (PFP or grain produced per unit 
of N applied) index indicated that the intensive system was 
considerably less N efficient than the recommended system. 
Because fertilizer N contributed to the buildup of soil organic 
matter in the intensive system, when the change in soil N was 
taken into account, the two systems had nearly the same system 
level N efficiency. Dobermann pointed out that over time, this 
increased soil N supply should eventually reduce the need for 
fertilizer N, resulting in an increase in PFP. Such effects are 
particularly noteworthy when striving to increase productivity 
with more intensive methods where new practices are being 
implemented that differ from the history for the research plot 
area or farm field. If cultural practice changes are such that 
soil organic matter is no longer in steady state, temporary net 
nutrient immobilization or mineralization can impact appar-
ent NUE. 

Some have estimated that the world will need twice as much 
food within 30 years (Glenn et al., 2008). That is equivalent 
to maintaining a proportional annual rate of increase of over 
2.4% over that 30-year period. Others predict a 50% increase 

in food demand by 2030 which translates into a 1.8% annual 
increase (Evans, 2009). Sustainably meeting such demand is a 
huge challenge and will require close cooperation and under-
standing among disciplines, across geographies, and between 
public and private sectors. The magnitude of the challenge is 
appreciated when such a proportional rate of increase is com-
pared to historical cereal yield trends which have been linear 
for nearly half a century with slopes equal to only 1.2 to 1.3% 
of 2007 yields (Figure 2 and Figure 3). Three concepts are 
offered here that may facilitate cooperation among the groups 
needed to accomplish the required productivity and efficiency 
improvements.

The 4R Nutrient Stewardship Framework 
For plant nutrition science to work well across disciplines, 

between public and private sectors, and across geographies, a 
common framework for viewing goals, practices, and perfor-
mance is likely helpful. The seeds for such a framework were 
planted more than 20 years ago by Thorup and Stewart (1988) 
when they wrote: “This means using the right kind of fertil-
izer, in the right amount, in the right place, at the right time.” 
Figure 4 is a schematic representation of the 4R nutrient 
stewardship framework based on the concepts described by 
Thorup and Stewart (Bruulsema et al., 2008).  At its core are 
the 4Rs – application of the right nutrient source at the right 
rate, right time, and right place. Best management practices 
are the in-field manifestation of these 4Rs. 

The 4Rs are shown within a cropping system circle because 
they integrate with agronomic BMPs selected to achieve crop 
management objectives. Those farm-level crop management 
objectives contribute toward the larger economic, social and 
environmental goals of sustainable development. Furthermore, 
the 4Rs cannot truly be realized if problems exist with other 
aspects of the cropping system. Darst and Murphy (1994) wrote 
about the lessons of the Dust Bowl in the USA in the 1930s 
coupled with a multitude of research studies showing the merits 
of proper fertilization and other new production technology, 
catalyzing the fusing of conservation and agronomic BMPs. 
Science and experience clearly show that the impact of a fertil-
izer BMP on crop yield, crop quality, profitability and nutrient 
loss to water or air is greatly influenced by other agronomic 
(plant population, cultivar, tillage, pest management, etc.) 
and conservation practices (terracing, strip cropping, residue 

Figure 2.	 Global cereal yield trends.

Figure 3.	 Future demand projections applied to maize yields.

Figure 4.	 The 4R nutrient stewardship framework (after Bruulsema 
et. al., 2008).
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management, riparian buffers, shelter belts, etc.). Practices 
defined with sufficient specificity to be useful in making on-
farm fertilizer use decisions, often are “best” practices only 
when in the appropriate context of other agronomic and con-
servation BMPs. A fertilizer BMP can be totally ineffective if 
the cropping system in which it is employed has other serious 
inadequacies. 

Around the outer circle of the 4R framework are examples 
of performance indicators. A balanced complement of these 
indicators can reflect the influence of nutrient BMPs on ac-
complishment of the goals of sustainable development. The 
framework shows clearly that system sustainability involves 
more than yield and NUE, though these are critical indicators. 
Stakeholder input into performance indicators is an essential 
part of the process. 

Mainstreaming of Simulation Models 
Defining the gap between current and potential yields is 

a useful step towards maximizing productivity and efficiency. 
FAO recently published a set of such estimates for six maize-
producing countries (FAO, 2008). Their evaluation showed a 
yield gap varying from 4 or 5 t/ha in Mexico or India to zero for 
the USA. However, such existing general estimates should not 
be taken too literally relative to specific locations. For example, 
if one compares the Nebraska irrigated maize yields for the 
intensively managed treatments discussed earlier to the county 
average farmer yields for the same time-period, a difference of 
4 to 5 t/ha is observed (Table 1), suggesting that a yield gap 
exists in at least some areas of the USA as well. 

Crop simulation models can be useful tools for site-specific 
estimation of yield gaps. Significant progress has been made 
in user-friendly crop simulation models with the potential to 
assist with gap analysis and crop and nutrient management. 
One example is Hybrid Maize, developed by the University of 
Nebraska (Yang et al., 2006). Nutrient management function-
ality for the model is under development. Crop and nutrient 
management is complex in part because critical processes 
in plants and in soils are highly dependent on weather. In 
practice, managers have two options, either base decisions 
on climatic probabilities or on in-season, near real time 
information. Simulation models can assist with either ap-
proach. Climate change adds another dimension to the utility 
of weather/climate driven models. A recent report by the Na-
tional Research Council (2009) stated that the end of climate 
stationarity requires organized, data-based decision support for 
climate-sensitive decisions. It would seem that crop and soil 
management would fall into that category of climate-sensitive 
decisions. Implications of climate change on plant nutrition 

were recently reviewed by Brouder and Volenec (2008). A 
thorough review of crop yield gaps with a focus on wheat, rice, 
and maize, including use of simulation models, was recently 
published by Lobell et al.(2009). 

Global Data Networks 
In its recent synthesis report, the International Assess-

ment of Agricultural Knowledge, Science and Technology for 
Development stated that the main challenge for agricultural 
knowledge, science and technology (AKST) is to increase the 
productivity of agriculture in a sustainable manner (IAASTD, 
2009). It proposed that one of six high priority natural resource 
management (NRM) options for action is to “Develop networks 
of AKST practitioners (farmer organizations, NGOs, govern-
ment, private sector) to facilitate long-term NRM to enhance 
benefits from natural resources for the collective good. A 
second option was to “connect globalization and localization 
pathways that link locally generated NRM knowledge and in-
novations to public and private AKST.” 

In her plenary lecture at the 2008 annual meeting of the 
American Association for the Advancement of Science, Dr. 
Nina Fedoroff, Administrator of USAID, said that the only 
alternative to higher food prices and progressive deforestation 
is to use contemporary science, including molecular modifica-
tion, to increase the productivity of the land we already farm 
and decrease its water demands (Fedoroff, 2008). She went 
on to say that our research universities and institutes, work-
ing together with the business sector and using contemporary 
electronic resources, have a unique opportunity to accelerate 
global collaboration.  

Can current communication and data management tech-
nologies be put to better use in pursuing our productivity and 
NUE goals? The National Academy of Sciences (2009) now 
tells beginning scientists that researchers have a responsibility 
to devise ways to share their data in the best ways possible, 
mentioning repositories of astronomical images, protein se-
quences, archaeological data, cell lines, reagents, and trans-
genic animals as examples. 

To address unmet communication needs of collaborating 
scientists, Purdue University researchers developed the Net-
work for Computational Nanotechnology (NCN). An outcome 
of this network was nanoHUB (http://www.nanohub.org). This 

Hybrid-Maize is an example of a crop simulation model for site-specific 
estimation of the gap between current and potential corn yield.

Table 1. A comparison of long-term average maize yields in an intensive 	
           management study to local average farmer yields (experimen-	    	
           tal data from Adviento-Borbe et al., 2007).

Average of 2000-2005 Continuous 
maize

Maize/ 
soybean

Lancaster County irrigated 
farmer average, t/ha 10.6

University recommended 
treatment, t/ha 14.0 14.7

Intensive high yield man-
agement treatment, t/ha 15.0 15.6
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on-line community of over 90,000 annual users provides web 
access to the tools scientists need to collaborate on modeling, 
research, and educational efforts in nanotechnology. Is there 
need for a “Nutrohub”, a global plant nutrition research and 
education community? Such a community could have numer-
ous groups, each with its own focus, but sharing communica-
tion and computing tools. Groups could develop integrated 
data management processes such as the one illustrated in 
Figure 5, developed for IPNI’s Global Maize project (Mur-
rell, 2008). BC
Dr. Fixen is IPNI Senior Vice President, Americas Group, and Director of  
Research. He is located at Brookings, South Dakota; e-mail: pfixen@ipni.net. 
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Figure 5.	 A conceptual model of the process of developing and 
testing field data across large geographic scales  
(Murrell, 2008).

Individuals preparing for the 2010 International Certified Crop Adviser ICCA exam 
will be interested to know that an updated edition of the popular study guide offered 
by the International Plant Nutrition Institute (IPNI) is now available. The 173-page 

training guide is organized and updated each year by Dr. John Gilmour, Professor Emeri-
tus, University of Arkansas, and published by IPNI. 

The ICCA exam is based on performance objectives considered as areas of expertise 
that a Certified Crop Adviser (CCA) should possess. The performance objectives areas 
are: Nutrient Management; Soil and Water Management; Integrated Pest Management; 
and Crop Management. The study guide presents subject information for each per-
formance objective, supplemented by sample questions. The study guide includes an 
answer key for the sample questions.

The 2010 edition of the ICCA exam study guide (Item #50-1000) is available for purchase directly from IPNI. The price 
of US$50.00 includes shipping and handling. Contact: Circulation Department, IPNI, 3500 Parkway Lane, Suite 550, Norcross, 
GA 30092-2806. Phone: 770-825-8084; Fax: 770-448-0439. E-mail: circulation@ipni.net.

The ICCA exam study guide may also be purchased on-line by visiting this URL: >www.ipni.net/ccamanual<. BC

Preparing for the 2010  
International Certified Crop Adviser Exam 
Study Guide Available from IPNI


