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The American Society of Agronomy’s (ASA) International 
Certified Crop Adviser (ICCA) Program launched the 4R 
Nutrient Management Specialist (4R NMS) certification 
in August 2015, and there are now 284 CCAs who have 
earned the designation. The 4R NMS specialty is for CCAs 
who focus their work on nutrient management planning. It 
allows CCAs to prove their knowledge, advance their skills, 
and draw awareness to their abilities. It aligns with USDA-
NRCS and state nutrient management standards but does 
not replace them. The specialty requires passing a scenario-
based, multiple-choice exam to earn it and additional CEUs 
in the related categories (nutrient management and soil and 
water management) to maintain it but does not change the 
CEU minimum of 40 total every two years. Go to www.
certifiedcropadviser.org/exams for more details.

I’m asked at times why do this—isn’t the base CCA cer-
tification good enough? The CCA certification is great and 

has defined the profession of 
crop advising (agronomy).  
It’s not a matter of 
being good enough. I 
like to use the com-
parison of the medi-
cal professions. There 
are family practice doc-
tors, generalists, and 
then there are medi-
cal specialists. The 
CCA is the broad-scope, agronomy generalist while a 4R 
NMS certification has a more narrow focus and adds more 
knowledge in that area. It allows CCAs to gain more recog-
nition and build awareness for their professional expertise 
in nutrient management. It is also helping to meet a need as 
described by government agencies, industry professionals, 
and the ultimate end-user, farmers. 

The 4R NMS certification is currently available in 34 
states (eastern half of the U.S.) and one Canadian province 
(Ontario). Western Canada has formed a development team 
and the Northwestern U.S. will be forming their develop-
ment team soon, so it should be available throughout the 
U.S. and Canada over the coming two years.
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The goal of nitrogen (N) application is for 
crop uptake, resulting in improved yield and quality of the 
crop harvested. However, N fertilizer applications are also 
susceptible to emission losses, as ammonia (NH3) and ni-
trous oxide (N2O), and surface and groundwater losses as 
nitrate-N (NO3

–). In the past, research has focused on the 
rate of nutrient application on yield, quality, and N losses. 
As producers look to improve nutrient use efficiency, the 
need for research to address other factors in nitrogen ap-
plication has grown. 

Specifically, a growing number of researchers are 
looking at how the 4Rs of nutrient application—source, 
rate, time, and place—affect crop uptake and yields. The 
fertilizer industry established the 4R Research Fund to 
help establish sustainability indicators and environmental 
impact data for implementation of 4R nutrient stewardship 
across North America. 

Improved N use efficiency can be achieved through 
combinations of rate, source, time, and place. A recent 
roundtable meeting identified as a goal “broadening the 
focus of applied research beyond N rate to move toward 
more integrated agricultural systems,” and cited the 4R 
nutrient stewardship approach as a step to help represent 

A growing number of researchers are looking 
at how the 4Rs of nutrient application—source, 
rate, time, and place—affect crop uptake and 
yields. This article begins a new series from 
The Fertilizer Institute highlighting some of the 
latest 4R research. Earn 0.5 CEUs in Nutrient 
Management by reading this article and taking 
the quiz at www.certifiedcropadviser.org/
education/classroom/classes/428

crop nitrogen research

The 4Rs in

By Sally Flis, Ph.D. and CCA
Director of Agronomy, The Fertilizer 
Institute, Washington, DC

doi:10.2134/cs2017.50.0209
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the complexity of the farming systems (Reimer et al., 
2017). Research continues to broaden the focus of nutri-
ent research to address the 4Rs and not solely application 
rate. 

Enhanced-efficiency fertilizers 
as part of a 4R strategy

Enhanced-efficiency fertilizers (EEF) include slow- or 
controlled-release N fertilizers that are coated or encapsu-
lated or fertilizers treated with nitrification and/or urease 
inhibitors. Selecting the use of an EEF in a crop manage-
ment system encompasses the right source, right time, and 
right place components of the 4R nutrient stewardship 
concept (Snyder, 2016).  

The rate and source part of the equation was evalu-
ated in a summary of research projects using EEFs in 
multiple management systems. The use of polymer-coated 
urea (PCU) can reduce N loss as nitrous oxide (N2O) and 
ammonia (NH3) volatilization when managed correctly 
(Hopkins, 2016). In a recent summary of the use of PCU 
N fertilizer compared with untreated urea, Hopkins 
(2016) at Brigham Young University reported N2O and 
NH3 losses across three management systems in labora-
tory, glasshouse, and field studies. The fertilizer treatment 
rates ranged from 80.3 to 401.5 lb/ac across the potatoes, 
corn, and Kentucky bluegrass cropping systems (Hopkins, 
2016). The results in the report focused on the different 
source on N applied across application rates and manage-
ment systems. 

When uncoated urea was applied, losses as a percent-
age of total N applied were 13% as NH3 and 2% as N2O 
(Hopkins, 2016). The use of a PCU versus uncoated urea 
resulted in lower NH3 and N2O emissions. On average, 
NH3 emissions decreased by 300%, with a range of 64 to 

574% (Hopkins, 2016). The percent reduc-
tion in N2O loss was lower, 120% on average, 
with a range of 38 to 201%, and was signifi-
cant for 11 of the 12 treatments (Hopkins, 
2016). In addition to loss as NH3 and N2O, 
N applied as urea can convert to nitrate 
(NO3

–) through nitrification and be taken up 
by plants, accumulated in the soil, or lost to 
leaching. In eight of the 12 treatments, PCU 
use resulted in less NO3

– accumulated in the 
soils (Hopkins, 2016). Plant performance in 
these studies was not negatively impacted us-
ing PCU versus uncoated urea. 

4R NH3 mitigation strategy results
Meta-analysis, which is a systematic 

review of available research studies, is used 
to provide information to answer larger 
questions. In agricultural systems, one ques-

tion that needs to be approached this way is mitigation 
strategies for NH3 volatilization because individual studies 
are sometimes inconclusive (Pan et al., 2016). Under-
standing the relationships of mitigation strategies for NH3 
volatilization is critical to improving global fertilizer N 
use efficiency, environmental quality, and climate change 
mitigation (Pan et al., 2016).

One recent meta-analysis identified 171 studies with 
886 observations that could be evaluated (Pan et al., 
2016). The observations were evaluated by N source, 
rate of application, timing, or frequency of application as 
well as surface versus deep placement of N fertilizer. The 
source of N fertilizer was evaluated two ways: First, as the 
type of fertilizer relative to urea, and second, as fertilizers 
treated with urease inhibitors and fertilizers treated with 
nitrification inhibitors (Pan et al., 2016). 

Source. The source of N, when evaluated as the type 
relative to urea, affected NH3 volatilization. When a urea-
mixed or non-urea fertilizer was used, there was a 75 and 
31% decrease, respectively, in NH3 volatilization com-
pared with when urea was used as the N fertilizer (Pan et 
al., 2016). Additionally, the use of a urease inhibitor or a 
controlled-release fertilizer decreased the loss of NH3 by 
54 and 68%, respectively (Pan et al., 2016).

Rate. The rate of N application was evaluated relative 
to the lowest N rate reported. Increased rates of N ap-
plication increased NH3 volatilization (Pan et al., 2016). 
On average, increased N application rates increased NH3 
volatilization by 186% (Pan et al., 2016).

Timing. Split applications of N fertilizer had a neutral 
effect on NH3 volatilization (Pan et al., 2016). 

Place. NH3 volatilization decreased by 65% with deep 
placement of N fertilizer versus surface application (Pan et 
al., 2016).
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Meta-analysis of N2O and NO3
– 

losses
The fertilizer industry’s 4R Research Fund 

supported three meta-analyses that examined 
the literature for the effect of 4R management 
on the loss of N2O and NO3

– in primarily corn 
and soybean systems in North America. Across 
these reviews and others, the lack of simultane-
ous volatilization, leaching, and N2O emissions 
measurement was noted (Snyder, 2016).

The effects of 4R management strategies on 
NO3

– leaching losses to tile drainage discharge 
over 40 years of research in the Midwest was 
considered in the update of the Measured Annu-
al Nutrient Loads for Agricultural Environments 
(MANAGE) database meta-analysis project (Christianson 
and Harmel, 2015). 

Source. There were no dominate N sources used across 
the research projects included in the study nor was there 
equal representation of source across the projects. Further, 
the disparity in reporting the source of N fertilizer utilized 
did not allow for a comparison of NO3

– loss by source 
(Christianson and Harmel, 2015).

Rate. Overall N application rate had the largest ef-
fect on the amount of dissolved N in the tile drainage 
discharge. As N application rate increased, regardless of 
source, NO3

– loss to tile drainage increased (Christianson 
and Harmel, 2015). 

Timing. Timing of N application did not affect the load 
of dissolved N in tile drainage discharge. However, in 
wetter conditions, dissolved N loss from tile drainage was 
higher than in drier conditions (Christianson and Harmel, 
2015), indicating that timing should be considered as rela-
tive to rainfall or soil moisture. 

Place. Placement or method of application of N fertil-
izer did not affect N loss as NO3

– loss to tile drainage 
(Christianson and Harmel, 2015).

Two other meta-analyses have also been completed 
and are in the process of publication. Reports conducted 
by Alison Eagle of Duke University and Rachel Cook of 
North Carolina State University are available at www.
nutrientstewardship.com/research. These two projects 
found results similar to Hopkins (2016) and Christianson 
and Harmel (2015).

Source. The use of an N EEF product reduced N2O 
losses.  

Rate. N2O and NO3
– losses increase with increased N 

application rates.

Timing. Timing had variable results depending on the 
type of N loss measured, N2O vs. NO3

–.

Place. Placement had variable results for N2O and 
NO3

– losses.

The 4R Research Fund has field studies in Kansas, 
Iowa, and Illinois measuring the influence of different 4R 
practices on the losses on N2O and NO3

– in corn and soy-
bean cropping systems. Broad-scale evaluations like these 
meta-analysis are useful to identify the major trends in 
how 4R management impacts N cycling in the soil, plant, 
and water system, but site-specific implementation based 
on good data collection is necessary to maximize N use 
efficiency at each location.

See the quiz on page 18.
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Eutrophication of surface waters is a concern 
from the Northeast and Ohio to Texas and Oklahoma 
and everywhere in between. Phosphorus (P) losses from 
agricultural practices are often identified as a significant 
contributor to the problem. Phosphorus is an essential nu-
trient in plants for energy storage and transfer (adenosine 
di- and triphosphate, ADP and ATP). Soil characteristics 
such as pH, soil moisture, and content of iron (Fe), alumi-
num (Al), and calcium (Ca), combined with environmen-
tal and management conditions, all influence P availabil-
ity, plant uptake, and loss through runoff and leaching.

Phosphorus losses and concentrations in runoff, drain-
age discharge, and surface waters are measured as total 
P (TP), particulate P (PP), and dissolved P (DP). While P 
losses from agriculture come in all three forms, the DP is 
the most readily bioavailable P fraction. Changes in fertil-
izer source and placement, along with changes in tillage 
practices, have been listed as a few of the more than 20 
possible causes of increased DP loads to surface waters 
(Smith et al., 2016).

In the Western Lake Erie Basin, DP loads in three 
sub-watersheds decreased between 1985 and 2002 and 
then increased again between 2003 and 2014 (Jarvie et 
al., 2017). Past changes in field management practices 

Producers and consultants will continue to face challenges 
to reduce P losses from agricultural production. Recent 
meta-analyses have helped to determine the effect of some 
practices like incorporation or banding of P fertilizers and 
the use of conservation practices to reduce the potential 
for P loss. Recent research also points to the unintended 
consequences of practice changes if research is not robust 
enough. Earn 0.5 CEUs in Soil & Water Management 
by reading this article and taking the quiz at www.
certifiedcropadviser.org/education/classroom/classes/393

and the 4Rs

Phosphorus management research

By Sally Flis, Ph.D. and CCA
Director of Agronomy, The Fertilizer 
Institute, Washington, DC

doi:10.2134/cs2017.50.0308
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that were designed to reduce PP losses from agriculture 
may have unintentionally changed the way P moves in 
the landscape (Jarvie et al., 2017), reflecting the need to 
study all sources of P when management practices are 
evaluated. Based on a recent meta-analysis (a systematic 
quantitative synthesis of available research studies used to 
provide information to answer larger questions), Ruiz-Di-
az and Edwards (2016) reported that the ability to analyze 
factors affecting P movement are challenged due to the 
limited number of studies evaluating the long-term effect 
of tillage and fertilizer placement in specific management 
systems on yield and P losses to the environment.

Another recent meta-analysis examined the effects of 
4R practices on P loss from agricultural fields in Canada 
and the Eastern United States representing more than 200 
site-years (Christianson et al., 2016). A site-year is defined 
as one site where data is collected for one year; site-years 
of data can be obtained from either one site monitored for 
multiple years or multiple sites monitored for at least one 
year. The greater the number of site-years, the more con-
fidence one can have in the meta-analysis. In this study, 
on average, data for surface drained site-years resulted in 
greater TP and DP loads per acre than from subsurface 
drainage (Christianson et al., 2016). The meta-analysis fo-
cused on tile drainage because there were more site-years 
to compare, 64 for surface drainage versus 423 for subsur-
face drainage (Christianson et al., 2016). The tile drain-
age data showed 86% of the TP load in discharge was 
identified as sediment-bound P or PP when both TP and 
PP were reported (Christianson, et al., 2016). When both 
TP and DP were reported by a study, 40% of the TP load 
was due to DP; only two studies reported TP, PP, and DP 
(Christianson et al., 2016). The lack of studies that report 
all three P loss pathways and the low number of surface 
runoff studies make it a challenge to determine (through 
meta-analysis) what practices will be effective in the field 
to reduce nutrient losses while meeting crop needs. 

Often nutrient loss concerns are focused on runoff and 
drainage discharge during the growing season when most 
nutrients are applied. King et al. (2016) reported that the 
seasonal differences in TP and DP discharge were larger 
than the differences between discharges from corn and 
soybeans. Specifically, drainage discharge volume, TP 
load, and DP load (volume x concentration) were greater 
during the non-growing season while TP concentration 
was higher following a fertilizer application during the 
growing season (King et al., 2016). This field study found 
that annual P losses from tile drainage were influenced by 
drainage flow rate and nutrient application timing (King 
et al., 2016). Future studies are needed to investigate both 
non-growing season and growing season tile drainage 
losses with combinations of the 4Rs (source, rate, time, 
and place). 

Source
Literature-based evaluations of P fertilizer are often 

limited to organic (e.g., manure or litter) versus inorganic 
sources, usually because the P source is not defined in the 
cited references. Christianson et al. (2016) reported no 
difference in SP or TP drainage losses when organic versus 
inorganic P sources were applied. A recent rain simulation 
study did compare eight sources of P [monoammonium 
phosphate (MAP), diammonium phosphate (DAP), triple 
super phosphate (TSP), polyammonium phosphate, single 
super phosphate, bone meal, rick phosphate, and poul-
try litter] to an unfertilized control (Smith et al., 2016). 

Rainfall was simulated on collection boxes at a rate of 2.5 
inches per hour until 30 minutes of runoff was achieved. 
Samples taken during the runoff period were analyzed for 
DP. The highest DP loads were recorded for MAP, DAP, 
and TSP when they were surface-applied—17.4, 16.5, and 
19.0% relative loss of P, respectively (Smith et al., 2016). 
Surface application of polyammonium phosphate resulted 
in the lowest soluble P load in the runoff water collect-
ed—0.17% relative P loss (Smith et al., 2016). The use of 
a liquid fertilizer, polyammonium phosphate in this study, 
may simulate P incorporation as the liquid can infiltrate 
the soil and have greater soil contact. 

Rate
In general, P loss tends to be less than 5% of the P that 

is applied in a year although losses have been reported 
as high as 20% (Christianson et al., 2016). In the Western 
Lake Erie Basin, P applications in the Sandusky, Maumee, 
and Raisin watersheds have changed little when com-
pared between 1987 to 2002 and 2007 to 2012 (Jarvie et 
al., 2017). However, during these same two time periods, 
crop removal of P has increased, resulting in the annual 

Ph
ot

o 
re

pr
in

te
d 

w
ith

 p
er

m
is

si
on

 fr
om

 C
ou

nt
ry

 G
ui

de
 (w

w
w

.c
ou

nt
ry

-g
ui

de
.c

a)
.



8 Crops & Soils magazine | 2017                                     American Society of Agronomy

Ph
ot

o 
co

ur
te

sy
 o

f t
he

 M
in

ne
so

ta
 P

ol
lu

tio
n 

C
on

tr
ol

 A
ge

nc
y.

cropland partial P balances decreasing in all three water-
sheds (Jarvie et al., 2017).

The results of a meta-analysis conducted on 4R man-
agement, conservation practices, and their relationship to 
P losses indicated that P loss increases with increased P 
application rate (Qian and Harmel, 2015). Additionally, 
this meta-analysis reported that the implementation of at 
least one conservation practice can decrease P loss as P 
application rates are increased (Qian and Harmel, 2015). 
However, the lack of detail in reporting the conservation 
practices implemented in studies included and the low 
number of studies that evaluated the implementation of 
each individual practice did not allow for the comparison 
of specific practices on the reduction of P loss. In the pre-
viously noted meta-analysis by Christianson et al. (2016), 
tile drainage discharge of TP, PP, and DP in relation to the 
rate of P application was not strongly observed. 

Time 
Meta-analysis results showed P application timing 

across 1 site-years with application occurring at plant-
ing 41% of the time, out of season 28%, and pre-plant 
24% (Christianson et al., 2016). Among the 200 site-years 
analyzed, data included 176 site-years with at least one 
P fertilizer application, 74 site-years with a second P 
application, and no projects that reported a sidedress P 
application (Christianson et al., 2016). There were no 
significant differences in drainage losses of P among ap-
plication timings (Christianson et al., 2016). Again, this 
study points out a gap in the research for the management 
of P application timing, with low site-year numbers for 
many of the practices. An in-progress study at Kansas State 
University by Nathan Nelson is helping to fill some of the 
data gaps. The project is comparing the loss of P from a 
corn–soybean rotation when P is spring-injected as am-
monium polyphosphate, fall broadcast as DAP, or no P is 
applied over five cropping years.

Place
More than 90% of the site-year applications of P in 

recent research were reported as banded or injected, 
limiting the ability to compare P loss in tile drainage 
among placement practices (Christianson et al., 2016). In 
a plot study, P loss decreased when MAP, polyammonium 
phosphate, and poultry litter were banded in the soil prior 
to simulated rainfall compared with being surface-applied 
(Smith et al., 2016). Banded placement of MAP decreased 
relative P loss from 17.4 to 0.13% (Smith et al., 2016). A 
recent meta-analysis of 4R P practices found that place-
ment of P fertilizer can decrease the potential for P fertil-
izers to enter surface runoff by 59% in a corn field (Qian 
and Harmel, 2015). 

Conclusions
Producers and consultants will continue to face chal-

lenges to reduce P losses from agricultural production. 
Recent meta-analyses have helped to determine the effect 
of some practices like incorporation or banding of P 
fertilizers and the use of conservation practices to reduce 
the potential for P loss. Recent research also points to the 
unintended consequences of practice changes if research 
is not robust enough. Continued research is needed to 
help consultants and producers meet the economic, envi-
ronmental, and social challenges of changes in P manage-
ment practices.

See the quiz on page 18.
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Using the 4R nutrient stewardship 
approach of selecting the right source at the right rate at 
the right time and in the right place is just as important 
when dealing with a nutrient supply challenges as it is for 
reducing risk of nutrient loss. Potassium (K) behavior in 
the soil is different from nitrogen (N) or phosphorus (P). 
While some of the same factors influence your 4R deci-
sions, the variability of the soil’s ability to supply and store 
K is quite dynamic. Availability of K in the soil depends 
on the percent and type of clay present, cation exchange 
capacity (CEC, meq/100 g), organic matter (OM) content, 
soil moisture level, and soil temperature. 

Plants require K in similar quantities to N. In the plant, 
K activates enzymes and is involved in protein synthesis, 
photosynthesis, water regulation, stomatal movement, and 
phloem transport. Potassium nutrition levels are related 

to dehydration and wilting responses as well as response 
to disease and pest pressure. In general, when crops are 
grown in soils with insufficient K, they produce less-than-
optimum yields, and they do not use water or N efficiently 
(Mikkelsen and Roberts, 2017).

In N and P management, beyond production, we are 
more often than not talking about concerns with crop-
ping system loss to water and air. With K, the focus is on 
supply and availability. In 2015, the International Plant 
Nutrition Institute (IPNI) summarized soil test results from 
private and public soil-testing laboratories in the United 
States and Canada to provide an indicator resource on the 
nutrient-supplying capacity or fertility of soils in North 
America (IPNI, 2015). The percentage of samples that 
tested below the critical level, the soil test level above 
which the soil can supply adequate quantities of K to 

Potassium (K) behavior in the soil is different from 
nitrogen (N) or phosphorus (P). While some of the same 
factors influence your 4R decisions, the variability of 
the soil’s ability to supply and store K is quite dynamic. 
Earn 0.5 CEUs in Nutrient Management by reading this 
article and taking the quiz at www.certifiedcropadviser.
org/education/classroom/classes/504

potassium

The 4Rs and 

By Sally Flis, Ph.D. and CCA
Director of Agronomy, The Fertilizer 
Institute, Washington, DC
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support optimum yield, ranged from 8 to 79% (Fig. 1). 
The highest percentages of K soil tests below the critical 
level were found in the Southeast, with Georgia having 
the most K-deficient soil test results (IPNI, 2015; Fig. 1). 
In a second project, soil samples were collected between 
the fall of 2015 and the spring of 2016 in the Corn Belt; 
soils testing below the critical level ranged from 2% in 
Nebraska to 56% in Iowa (Schulte and Heggenstaller, 
2017). Potassium deficiency was most frequently observed 
in Michigan where 55% of samples tested below the criti-
cal level for K (Schulte and Heggenstaller, 2017). The use 
of commercial K fertilizer has declined in the recent past 
while crop removal has increased, resulting in mining of 
soil K reserves (Singh et al., 2017).

The K situation in Ohio
In Ohio, two additional soil test surveys have been 

conducted (Brooker et al., 2017; Schulte and Heggenstall-
er, 2017). Schulte and Heggenstaller (2017) reported that 
25% of the samples taken in Ohio were below the critical 
level. For the study by Brooker et al. (2017), soil samples 
were collected for three consecutive years from soybean 
fields and combined with yield data. The study reported 
22.6% of samples were below the critical level, 34.9% 
of samples were at a maintenance level, and 43.5% of 
samples were above a level where there is no agronomic 
reason to apply K on the sampled fields. Overall, 57.5% 
of the soil test results indicated supplemental K applica-
tion. Additionally, observed soybean yield was reduced by 

4 bu/ac when soil test K was below the critical level 
(Booker et al., 2017). 

Source
When K is supplied from commercial sources, 

it is highly soluble and rapidly dissolved when 
adequate soil moisture is present. Once commercial 
K fertilizers dissolve in the soil, the K available for 
plant nutrition is identical across sources (Mikkelsen 
and Roberts, 2017). The nutrient accompanying the 
K in the source will change solubility, pH, salt in-
dex, and conditions for most appropriate use (Mik-
kelsen and Roberts, 2017). Potassium chloride (KCl) 
is the most widely used K fertilizer due to its lower 
cost and higher K concentrations relative to other 
sources (Mikkelsen and Roberts, 2017). However, 
high concentrations of salt from chloride-based fer-
tilizers can burn crops if rates, soil chloride levels, 
and placement of the fertilizer are not considered. 
The sensitivity of crops to chloride is variable across 
species and among varieties within a species (Mik-
kelsen and Roberts, 2017). Be sure to consider crop 

sensitivity to chloride, soil moisture conditions, and soil 
chloride levels when selecting a K source.

Rate
The availability of K in the soil is largely determined by 

the mineralogical composition: sand, silt, and clay con-
tent of the soil (Singh et al., 2017). Additionally, soil OM 
content can play a role in K soil cycling. The influence of 
charge on soil K availability has resulted in recommenda-
tions, based on soil test results like CEC, in the Tri-State 
Fertilizer Recommendations (Vitosh et al., 1995). In other 
areas, classification of soil types into soil management 
groups based on sand, silt, and clay makeup are used to 
account for differences in K availability (Ketterings et al., 
2008). Soils can be tested for CEC by a laboratory. Infor-
mation on the mineral makeup or management group for 
a soil can be found using tools like the Web Soil Survey 
(https://websoilsurvey.sc.egov.usda.gov), which allows 
users to define a map area and then reports the soil types 
in the area.

Time 
Uptake of K can be improved with application timing. 

In high-CEC soils (20 to 30 meq/100 g), a single applica-
tion can work well because of the soil’s capacity to hold K 
and cycle it into a plant-available form. For soils with low 
CEC (5 to 10 meq/100 g), split applications can improve 
the use of K and decrease the potential of loss via leach-
ing (Bell et al., 2017). Split applications of K, including 
foliar application, are most beneficial when the crop has a 

Fig. 1. Results from the 2015 International Plant Nutrition 
Institute Soil Test Levels in North America Summary Report. 
Available at http://soiltest.ipni.net/. 
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consistent demand for K through 
the growing season. Crops like 
cotton and soybeans take up 
smaller amounts of K throughout 
the whole season, where corn 
has a high demand early in the 
growing season before dry mat-
ter growth takes off (Bell et al., 
2017). Soil moisture influences 
how and if K will be moved by 
diffusion to a root for plant up-
take. In flooded systems, the lack 
of oxygen in the soil will increase 
K cycling (Bell et al., 2017).

Place
Soil K available for plant 

uptake moves as water moves and as roots create the 
osmotic pressure to move water through the soil. This rela-
tionship makes considering how and where water moves 
an important piece of information when deciding where 
to place fertilizer. In high-CEC soils, applications that 
are not incorporated can lead to stratification of K in the 
soil, limited movement of K, and low K uptake because 
the roots never connect with the applied K (Bell et al., 
2017). Light incorporation, banding, or starter placement 
in high-CEC soils will improve the ability of the roots to 
reach the applied K (Bell et al., 2017; Vyn, 2017). How-
ever, when placing K in bands or as a starter, it is impor-
tant to place the fertilizer far enough away that high salt 
concentrations won’t negatively impact germination or the 
seedling (Bell et al., 2017). Surface application of K with 
no incorporation can be more effective in meeting crop 
needs in low-CEC soils because higher drainage rates and 
lower capacity to adsorb K can aid in the movement of K 
to lower parts of the soil profile (Bell et al., 2017). Foliar 
application of K is most often used to supplement soil 
applications on crops with a steady demand for K through 
the season, when K is stratified in the top layers of the soil, 
or when fertilizing deep-rooted plants (Bell et al., 2017).

Conclusions
Recent surveys of soil test K levels indicate that con-

cerns with under-supplying K to growing crops should 
guide many 4R nutrient stewardship decisions. An impor-
tant part of making 4R decisions for K applications is the 
difference in how K behaves in the soil compared with 
N and P. The low mobility and the difference in mobility 
based on the soil mineral makeup, organic matter content, 
and CEC affect how we implement 4R practices to meet 
the need of the crop, taking care not to apply nutrients 
from a source that could damage the crop, at a rate under 
what the crop needs, at a time when the crop doesn’t 

need K, and in a place 
where the soil water and 
roots cannot reach them.

See the quiz on page 19.
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Implementing the 4R framework in the field often 
results in the question, “What are the specific 4R practices 
I should do?” Precision ag practices, like GPS mapping, 
grid or zone soil sampling, yield monitors, variable-rate 
nutrient applications, and split nutrient applications, are 
all recognized as 4R practices (Snyder, 2016; Bruulsema, 
2017). Selecting the right suite of 4R practices for site-spe-
cific characteristics can result in increased crop uptake of 
nutrients for greater productivity and return on investment 
and decreased loss of nutrients to air and water.

Understanding trends in practice adoption by farmers 
and agricultural dealers helps CCAs know where there are 
opportunities to increase implementation and what infor-
mation is key when interacting with producers. Recently, 

surveys were conducted to evaluate the adoption rate and 
the economics linked to precision ag practice adoption. 
Two surveys focused on farmer adoption and two on agri-
cultural dealers.  

Farmer adoption 
In 2016, the USDA Economic Research Service (ERS) 

published a report using data from the USDA Agricultural 
Resource Management Survey of field crop producers 
evaluating adoption trends and farm profitability for spe-
cific precision ag technologies (Schminelpfennig, 2016). 
The report focused on the use of GPS mapping systems 
(including yield monitors and soil or yield mapping), guid-

Understanding trends in 4R practice adoption by farmers 
and agricultural dealers helps CCAs know where there 
are opportunities to increase implementation and what 
information is key when interacting with producers. 
Recently, surveys were conducted to evaluate the adoption 
rate and the economics linked to precision ag practice 
adoption. Earn 0.5 CEUs in Nutrient Management 
by reading this article and taking the quiz at www.
certifiedcropadviser.org/education/classroom/classes/512

precision ag adoption by farmers and dealers

4R framework implementation: 

By Melinda Sposari, Senior Manager of Economic 
Services, and Sally Flis, Ph.D. and CCA, Director of 
Agronomy, The Fertilizer Institute, Washington, DC
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precision ag adoption by farmers and dealers

ance or auto-steer systems, and variable-rate technology 
(VRT). 

Yield monitors had the highest rate of adoption on corn 
and soybean farms though the creation of yield maps was 
only half of that value (Table 1), pointing to a gap in the 
use of data collection and analysis tools on the farm. Use 
of GPS soil maps and VRT had the lowest reported rate 
of adoption per farm (Table 1). This level of implementa-
tion by individual farms represents 70% of corn acres and 
69% of soybean acres with yield monitor recording versus 
only 28% of corn and 34% of soybean acres implement-
ing VRT (Schminelpfennig, 2016)

When results were assessed based on acres farmed, 
implementation level increased with farm size. On corn 
farms more than 3,800 ac, GPS mapping systems had an 
84% adoption rate, followed 
by guidance systems (80%), 
and VRT (40%) (Schminelpfen-
nig, 2016). However, the rate 
of adoption of each practice as 
farm size increased was differ-
ent. The use of GPS mapping 
increased the most between the 
farm sizes of under 600 ac to 
between 600 and 1,000 ac, with 
a 22% increase (Schminelpfen-
nig, 2016). Guidance system 
adoption increased the most 
between the acreage range of 
1,300 to 1,700 ac and 1,700 
to 2,200 ac, at a 20% increase 
(Schminelpfennig, 2016). 
The use of VRT saw the larg-
est increase in adoption in the 
highest acreage ranges, 2,900 to 
3,800 ac to more than 3,800-
ac farms, when it increased to 
40% (Schminelpfennig, 2016). 
These adoption trends reflect the 
impact of expense and availabil-
ity of precision ag technologies 
to smaller farms. For example, 
the adoption VRT for nutrient ap-
plication requires the purchase 
of specialized equipment by the 
producer or an extra charge from 

an applicator and the time to compile and interpret the 
data collected. 

The USDA survey information was also used to calcu-
late precision ag technology impacts on the farms’ total 
net return. Overall, implementing a precision technology 
increased net returns on U.S. corn farms participating 
in the 2010 USDA survey (Schminelpfennig, 2016). The 
highest increase was for GPS mapping (1.8%), followed 
by guidance systems (1.5%), and then VRT (1.1%). Addi-
tionally, the 4R practice of using soil testing to determine 
nutrient deficiencies had a positive effect on adoption 
across the three precision ag technologies (Schminelpfen-
nig, 2016). Adopting 4R practices can be profitable for a 
farm. Encouraging farms to use simple practices like soil 

Table 1. Rate of adoption of precision ag technologies on corn (2010) and soybean (2012) for all reporting farms 
(Schminelpfennig, 2016).

Farm type Yield monitor Yield map GPS soil maps VRT

Corn 48% 25% 19% 19%

Soybean 51% 21% 16% 26%
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testing at a field level can increase the likelihood of that 
farm continuing to adopt advanced practices.

Similar levels of practice adoption were reported in a 
Kansas Farm Management Association member survey, 
with only 26% adopting VRT and 40% adopting GPS 
yield monitors (Griffin et al., 2016). The survey also as-
sesses the use of grid soil sampling and found 42% of 
farms had adopted the practice. Less than 4% of the farms 
reported abandoning these precision ag technologies 
after adopting them (Griffin et al., 2016). By collecting 
data from the same farms in multiple years, this survey 
could also evaluate the probability of additional practice 
adoption based on those previously adopted by the farm. 
Farms that reported using VRT had a 92% likelihood of 
adopting precision soil sampling (Griffin et al., 2016). 
Precision soil sampling is a major component of a VRT 
program. And, farms reporting use of variable-rate seeding 
and GPS yield monitors had a 75 and 69 percent likeli-
hood of also adopting precision soil sampling (Griffin et 
al., 2016). This indicates, again, that as a farm increases 
management precision in one area, it is more likely to 
continue to improve precision in others. 

Service availability
In some cases, the ability of farms to adopt precision 

4R practices depends on the rate of service and equip-
ment adoption by agricultural retailers. Purdue University 
administers a survey every other year on the precision 
consulting and application services offered by agricultural 
dealers. From 2011 to 2017, the rate of adoption of soil 
sampling with GPS, field mapping with GPS, yield moni-
tor data analysis, and soil electrical conductivity mapping 
increased (Erickson and Lowenberg-Deboer, 2017). Soil 
sampling with GPS consistently has the highest adoption 
rate relative to other dealer precision services. In 2017, 
78% of dealers reported offering soil sampling with GPS, 
followed by field mapping with GPS at 75% (Erickson and 
Lowenberg-Deboer, 2017). 

As determined in the two farmer surveys, increased 
adoption of VRT- and GPS-based soil sampling are linked. 
Between 2011 and 2017, retailer-provided VRT fertilizer 
services increased from 54 to 78% (Erickson and Lowen-
berg-Deboer, 2017). 

To gain understanding of 4R practice use, The Fertilizer 
Institute surveyed retail consultants previously recognized 
as 4R Advocates (www.nutrientstewardship.com/ 
advocates). Grid or zone soil sampling and analysis was 
the most used practice when making a recommendation 
to a producer. Post-harvest yield monitoring and end-of-
season nutrient use efficiency assessment were also recog-
nized as key tools for making nutrient recommendations. 

Return on investment
Dealers and farmers are both concerned with prac-

tice profitability when selecting and implementing the 
discussed technologies and services. As reported in the 
ERS research, there is a positive effect of adopting preci-
sion ag technologies on the net return to the farm for GPS 
mapping systems, guidance systems, and VRT. Similarly, 
the dealers surveyed by Purdue University reported VRT 
fertilizer application, VRT fertilizer and lime prescriptions, 
and grid or zone soil sampling services as being profitable 
for the dealer (Erickson and Lowenberg-Deboer, 2017). 
The 4R Advocates surveyed also reported these practices 
as being profitable for their firms.

Conclusions
Precision ag practices, like GPS mapping, grid or zone 

soil sampling, yield monitors, and VRT applications, are 
recognized as 4R practices that can improve nutrient use 
and reduce environmental risk. These recent producer and 
agricultural dealer surveys also indicate these practices 
have a positive impact on farm and dealer profitability. 
There is significant room to expand the use and availabil-
ity of these practices on farms and by dealers, with less 
than 30% of farms using VRT and 78% of dealers offering 
VRT fertilizer services and application.

See the quiz on page 19.
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The P Index was proposed as a tool in 1993 by 
Lemunyon and Gilbert to evaluate specific sites and fields 
for phosphorus (P) loss based on soil erosion, irrigation 
erosion, runoff, soil test P (STP), P fertilizer application 
rate, P fertilizer application method, organic P source ap-
plication rate, and organic P source application method. 
Evaluating site-specific characteristics is a key component 
of selecting and implementing a suite of 4R practices. 
Phosphorus indices were developed to include site-specif-
ic characteristics like distance to a stream, soil drainage, 
STP, erosion potential, and best management practices 
(BMP) adopted at the site (Nelson and Shober, 2012).  

A P Index was developed by 48 of 50 states in re-
sponse to an optional requirement of the USDA’s Natural 
Resource Conservation Service (NRCS) Code 590 Stan-
dard for nutrient management. The standard requires 

states to adopt one of three approaches to phosphorus 
management: establish an STP threshold based on crop 
requirements above which P applications are restricted; 
establish an alternative STP threshold using water quality 
rather than agronomic criteria; or develop a P Index to 
target remedial measures at fields with the greatest risk to 
P loss. While STP has a highly significant and positive cor-
relation to runoff-dissolved P concentrations (Vadas et al., 
2005), the potential for P loss from an individual field is 
also influenced by P application rate, timing, and method 
as well as erosion, runoff, and drainage (Sharpley et al., 
2012). The use of the Pennsylvania P Index improved the 
relationship of total and dissolved P loss measured at the 
edge of field compared with using STP alone for both no 
P applications and applications of P fertilizer and manure 
(Sharpley et al., 2001). The flexibility of the P index, site-
specific design, and the ability to account for individual 
4R practices and BMPs makes it a useful tool for assessing 
a field’s P loss potential. 

Using a P Index is a widely recommended practice and 
allows for evaluation of the impact of 4R practices on the risk 
of P loss from an individual field. Earn 0.5 CEUs in Nutrient 
Management by reading this article and taking the quiz at 
www.certifiedcropadviser.org/education/classroom/classes/530

and 4R work together?

How do the P Index

By Sally Flis, Ph.D. and CCA, Director of Agronomy, 
The Fertilizer Institute, Washington, DC
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P Index example
Reducing P loss to waterways has at times focused on 

the rate of P applied. However, research has demonstrated 
that placement of P fertilizer (incorporation or injection) 
to increase contact of the fertilizer with the soil, timing 
of P application, and P fertilizer application rates based 
on STP have significant influence on the loss of P in both 
surface and subsurface water (Christianson et al., 2012; 
Duncan et al., 2017; and Smith et al., 2016). To highlight 
how practices, such as incorporating P fertilizer and ap-
plying P-based on soil test results, influence the risk of P 
loss calculated in a P Index, assessments were performed 
using the New York, Ohio, and Tennessee P indices (Table 
1 and Table 2). 

The results of this exercise align with those showing 
that incorporating P fertilizer results in a lower risk of 
surface losses of P when P fertilizer is applied (Table 1 
and Table 2). In Table 1, there is no effect of incorporation 
at higher STP concentrations because university fertilizer 
recommendations for these high-STP values are for no P 
application. The highest risk of loss is when P fertilizer 
is applied to soils that test in a very high range without 
a recommendation for P application (Table 2). Finally, 
the relationship of STP to risk of loss can be seen in the 
numerical differences in the New York and Ohio indices, 
where the risk for P loss is highest for the very high STP 
category even when no P fertilizer is applied (Table 1). 
However, the Tennessee P Index reflects the influence 
of P application on the risk of loss over increased STP 
concentration (Table 1). Phosphorus Index outcomes 
and interpretation of the results frequently differ by state 
because the indices themselves differ. In a large analy-
sis of southern P indices, the outputs of 12 indices were 
compared on the same sites and practices, resulting in 
inconsistencies in ranking depending on the tool used 
(Osmond et al., 2012).

The inclusion of multiple factors that influence the P 
loss from a single field is a strength of the P Index con-
cept verses just considering STP to examine the risk of 
loss. However, across the three indices demonstrated 
here, there are differences in the magnitude of risk and 
the ranking of the risk of P loss (Tables 1 and 2). The 
site-specific design of each index influences the differ-

ences observed. 
The P indices of 12 
southern states had a 
total of 34 different 
source, transport, and 
other factors in the 
calculations, but no 
one index used all 
34 (Osmond et al., 
2012). 

While all show 
higher risk when P 
fertilizer is left on the 
surface of the soil and 
when P is applied 
when not recommend 
by the STP results, 
the differences in the 
ranking and interpre-
tation are a challenge 
for comparing across 
geography or moni-
toring changes. The 
risk interpretation and 
associated manage-

Table 1. Comparing P Index scores and ranking for incorporated (INC) versus not incorporated (N-
INC) fertilizer P when application rate is based on soil test P (STP) concentration. 

New York Ohio Tennessee

INC N-INC INC N-INC INC N-INC

STP range

 Low 11 – Low 20 – Low 19 – Medium 24 – Medium 216 – Medium 288 – High

 Medium 13 – Low 19 – Low 19 – Medium 19 – Medium 144 – Medium 216 – High

 High 33 – Low 34 – Low 23 – Medium 23 – Medium 48 – Low 48 – Low

 Very high 63 - Medium 63 – Medium 29 – Medium 29 – Medium 96 – Low 96 – Low

Table 2. Comparing P Index scores and ranking for incorporated (INC) versus not incorporated 
(N-INC) fertilizer P when application rate is based on crop removal of corn in different soil test P 
(STP) ranges.  

New York Ohio Tennessee

INC N-INC INC N-INC INC N-INC

STP range

 Low 16 – Low 30 – Low 21 – Medium 26 – Medium 122 – Low 278 – High

 Medium 21 – Low 35 – Low 23 – Medium 29 – Medium 134 – Low 290 – High

 High 45 – Low 59 – Low 28 – Medium 33 – High 157 – Medium 314 – High

 Very high 76 – High 90 – High 33 – High 39 – High 206 – Medium 362 – High
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ment guidelines assigned by the P Index score should be 
compared in more areas to the local water quality data 
for calibration of the accuracy of the estimates of P loss 
(Sharpley et al., 2012). 

The P Index moving forward 
The P Index is recommended for use on an individual 

field basis. Additionally, P Index ranking does not specifi-
cally represent a measured P loss. Phosphorus loss mea-
sured at a field site is based on an annual or seasonal mea-
surement while components of the P Index, such as soil 
loss, are based on soil loss over a rotation or longer, three 
or more years (Nelson and Shober, 2012). The use of BMPs, 
such as cover crops and vegetated buffers that are often 
used to reduce P losses, are not well represented in most 
P indices; and there is little data available to create the 
weighting factors needed for individual BMPs. The omis-
sion of subsurface P losses in the P Index and the lack of 
data available for measured subsurface P losses to compare 
to P Index scores are also obstacles in the interpretation of 
the scale of the P Index (Nelson and Shober, 2012). 

Evaluation of P indices has continued since their incep-
tion. In one study, the results of edge-of-field measurements 
were first compared with the prediction from complex 
models like the Agricultural Policy Environmental eXtender 
(APEX), and then the measured and calculated loss were 

compared with the P Index ranking for the same fields (Os-
mond et al., 2017). Analysis found that the simpler, easier-
to-use, field-based P Indices evaluated are as predictive of 
loss as the more complex models (Osmond et al., 2017). 
In New York, the influence of BMPs on P Index scores, 
especially where STP is high, was evaluated through a col-
laborative effort of researchers and crop consultants (Ketter-
ings et al., 2017). The findings resulted in the development 
and continued evaluation of a new New York P Index that 
incorporates P transport factors and BMPs into the score.

Conclusions
Using a P Index is a widely recommended practice and 

allows for evaluation of the impact of 4R practices on the 
risk of P loss from an individual field. It supports research 
results that show applying P at rates recommended based 
on soil tests and incorporation of P fertilizer after applica-
tion are effective 4R practices for reducing the risk of loss. 
Additional work is needed to incorporate factors for other 
BMPs into more P indices, factors for subsurface or tile 
drainage P losses, and establish the relationship of the P 
Index score to edge-of-field losses.

The Reference section is omitted here due to space con-
straints but can be viewed online at http://bit.ly/2zJrf9s

1. Why is the use of a P Index recommended?

a. It estimates pounds per acre of P losses.

b. It uses a P balance to determine loss. 

c. It uses site-specific data to estimate risk.

d. It reports P loss effect on crop yield.

2.  What is the result in the P index of incorporating P 
fertilizer applications?

a. Reduced risk of P loss.

b. Increased risk of P loss.

c. No change in risk of P loss.

d. Requires change in P application rate.

3.  When soil test P (STP) is used as a tool for making P fertil-
izer applications, what are the results in the P index?

a. No change in risk of P loss.

b. Increased risk of P loss.

c. Reduced risk of P loss.

d. Soil test P is not required in the P index.

4.  When compared across states, the results of individual P 
index analysis 

a. are the same.

b. are different in magnitude only.

c. rank risk the same.

d. differ in both magnitude and ranking of risk.

5. What P loss pathway is not addressed in state P indices?

a. P volatilization losses.  c. Surface runoff P losses.

b. P subsurface drainage losses. d. Rainfall event P losses.

Earn 0.5 CEUs in Nutrient Management by taking the quiz for the article on pages 14–17 at www.
certifiedcropadviser.org/education/classroom/classes/530. For your convenience, the quiz is printed below. Cost: $10.

How do the P Index and 4R work together?
Self-study CEU quiz



1.  What percentage of the total N applied as uncoated 
urea was reported as lost as ammonia (NH3) by Hopkins 
(2016)?

a. 4%.  b. 13%.

c. 25%.  d. 60%.

2.  When a polymer-coated urea (PCU) was applied in the 
Hopkins (2016) projects, the largest decrease in N loss 
was as

a. NH3.  b. N2O.

c. NO–
3.  d. N2.

3.  According to the article, what does a meta-analysis allow 
researchers to do?

a. Conduct unique projects.

b. Provide information to answer a small question.

c. Answer larger questions from the review of available 
research.

d. Collect and analyze field data.

4.  In the article, which sources of N were found to reduce N 
loss as NH3?

a. Urea.

b. Urea-mixed fertilizer or non-urea fertilizer.

c. Anhydrous ammonia.

d. Animal manures.

5.  Which of the 4Rs was found by Christianson and Harmel 
(2015) to have the largest effect of NO–

3 loss to tile 
drainage?

a. Source.

b. Rate.

c. Time.

d. Place.

Earn 0.5 CEUs in Nutrient Management by taking the quiz for the article on pages 3–5 at www.certifiedcropadviser.
org/education/classroom/classes/428. For your convenience, the quiz is printed below. Cost: $10.

The 4Rs in crop nitrogen research
Self-study CEU quiz

1.  Jarvie et al. (2017) reported that dissolved phosphorus 
(DP) in three Western Lake Erie Basin watersheds in-
creased between which years?

a. 1985 and 2002. b. 1990 and 2000.

c. 2003 and 2014. d. 1985 and 1990.

2.  Which type of P loss was greater in surface-drained site-
years than subsurface drain site-years in the meta-analysis 
by Christianson et al. (2016)?

a. TP and DP load. b. DP and PP concentration.

c. TP and PP load. d. TP and PP concentration.

3.  Which was greater in the growing season than the non-
growing season in the King et al. (2016) study?

a. Discharge volume. b. TP load.

c. DP load.  d. TP concentration.

4.  What was the effect of the addition of at least one con-
servation practice on P losses as reported by Qian and 
Harmel (2015)?

a. Decreased P loss with increased P application.

b. No effect on P loss.

c. Increased P loss with increased P application.

d. Decreased P loss with decreased P application.

5.  According to Christianson et al. (2016), which P applica-
tion timing is the most frequently reported in research 
studies?

a. Sidedress.

b. Pre-plant.

c. Planting.

d. Out of season.

Earn 0.5 CEUs in Soil & Water Management by taking the quiz for the article on pages 6–8 at www.
certifiedcropadviser.org/education/classroom/classes/393. For your convenience, the quiz is printed below. Cost: 

Phosphorus management research and the 4Rs
Self-study CEU quiz
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1. Plants require K in levels similar to

a. N. c. S.

b. P. d. Zn.

2.  Which state has the greatest number of soils testing below 
the critical level for K, based on the IPNI, 2015 data?

a. New York. c. Georgia.

b. California. d. Michigan.

3. Soil test K fertilizer recommendation ranges are based on

a. pH or OM.  

b. CEC or soil management group.

c. Soil management group or OM.

d. Soil test Zn or CEC.

4.  Which crops have a steady need for K through the grow-
ing season?

a. Cotton and soybeans.

b. Soybeans and corn.

c. Corn and rice.

d. Cotton and corn.

5.  According to the article, when applying K fertilizer as a 
starter, placement of the fertilizer needs to take into ac-
count

a. leaching potential.

b. potential for burn damage to the seed or seedling.

c. runoff potential.

d. plant rooting depth.

Earn 0.5 CEUs in Nutrient Management by taking the quiz for the article on pages 9–11 at www.certifiedcropadviser.
org/education/classroom/classes/504. For your convenience, the quiz is printed below. Cost: $10.

The 4Rs and potassium
Self-study CEU quiz

1.  Which precision ag technology had the highest rate of 
adoption for corn farms in 2010?

a. Variable-rate technology. c. Yield monitors.

b. GPS mapping systems.  d. Guidance systems.

2. According to the USDA-ERS study, adoption of 

a. precision ag technology had no effect on net returns.

b. precision ag technology increased with farm size. 

c. VRT led to the highest increase in net returns.

d. data analysis tools were greater than data collection tools. 

3. According to the article, the reported use of which other 
practice had a positive impact on adoption of precision ag 
technologies in the USDA-ERS study?

a. Soil testing. c. Strip tillage.

b. Cover crops. d. Use of GMO technology.

4.  Which precision ag technology has had the highest adop-
tion rate by agricultural dealers?

a. Yield monitor data analysis.

b. Soil sampling with GPS.

c. Electrical conductivity mapping.

d. Guidance system service.

5.  Percent increase in total net returns for a farm was largest 
for which precision ag technology?

a. Guidance systems.

b. Variable-rate seeding.

c. Variable-rate fertilizer applications.

d. GPS mapping.

Earn 0.5 CEUs in Nutrient Management by taking the quiz for the article on pages 12–14 at 
www.certifiedcropadviser.org/education/classroom/classes/512. The quiz is printed below. Cost: $10.

4R framework implementation: Precision ag 
adoption by farmers and dealers 

Self-study CEU quiz
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