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So · am ling for ~ fa e Rate
 
Fertilizer and Lime Application
 

George w. Rehm, Antonio Mallarino, 
Keith Reid, Dave Franzen, and John Lamb 

Variable rate fertilizer applicat ion has become 
a major component of the fertilizer industry. 
The technology for its development has pro
gressed in tandem w ith Differential Globa l 
Position ing Systems (DGPS), the two combin
ing to pro vide for accurate " on-the-go" varia

tion in fertilizer application . 

The concept of site specific application of fer
t ilizer is not new. Historically, fields we re 

"Computers and 
guidance systems 

have largely replaced 
techniques like 

counting rows or 

looking for atypical 
areas within a field." 

smaller than they are today and small areas 
within fields were frequently fertilized differ

ently than the majo r portion in order to ad
dress special requirements for either nutrients 
used or rate of application. Today, com puters 
and guidance systems have largely replaced 
techniques like counting rows or looking for 
atypical areas w ithin a field. In addition, new 
technology such as the yield monitors and 
advances in aerial or satelli te photography have 
increased the awareness of variability within 
fields. 

Regardless of the meth odology used for site 
specific fert ilizer application, the rate of fertiliz
er applied is still highly dependent on the re
sults of the analysis of soil samples. These sam
ples are intended to be representative of a 
field or a por tion of a field. Even though the 

technology for fertilizer application has 
changed over the years, the purpose and/or 
objective for collecting the samples has not. 
The information generated from the analysis of 
soil samples should either: 

1)	 provide the information necessary for 
accurate fertilizer application, or 

2)	 be used as a basis for mon itoring 
changes in soil test values that may take 

place over time. 

These changes are primarily the consequence 
of manure, fertilizer use, and croppi ng history. 
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Soil Sampling for Variable Rate Fertilizer and Lime Application 

This publ ication is intended to provi de a cur
rent summ ary of thou ghts on the subject of

fered by various researchers and/or Extension 
faculty . Statements made should not be con
sidered as fi rm recommendatio ns for futu re 

use for all fields. Several active research pro
grams are cur rentl y focusing on soil sampling 
strategies that could be appropriate for variable 
rate fertili zer application. So, as research 

projects are completed, a strategy suggested 
today may change in the near future. 

Technology in the f orm ofDt}ftrential Global Positiolling 
Systems guides appropriately equipp ed tractors wilh the 
p recision that makes variable rate applications of.ferti/izer 
possible. 

Various sampling strategies that might be used 
as a basis fo r variable rate fertilizer application 

have evolved. Several factors can affect the 
sampling strategy that wi ll be used. For exam
ple, cause of the variability (natural vs. man
made) is an import ant consideration in strategy 
selection. In addition, the strategy used for 
sampling imm ob ile nutrients probably should 

not be the same as the one used for sampling 
for the nutrients considered to be mobile. Till
age system also has a major effect on samp ling 
strategy because of di fferences in fertilizer 
placement. W hen results of current research 
effor ts foc used on sampli ng are evaluated, it's 

ob vious that there is no single optimum strate

gy for co llection of soil samples for measure
ment of all nutri ents in all production systems. 

Grid Versus Zone Sampling 

In general, there are tw o sampling strategies 
(grid, zone ) that can be used to direct site
specific fertilizer and lime application. Grid 

sampling uses a systematic approach that di
vides the field into squares or rectangles of 
equal size (usually referred to as "grid cells") . 
Soil samples are collected from w ithin each of 
these "cells." The location of each "grid cell" is 

usually geo-referenced using global positioning 
system techno logy. 

W hen using the grid strategy, there is an as
sumption that the variability of soil pH and 

immobile nutrients w ithin fields cannot be 
easily iden tified . The results of the analysis of 
soi l samp les collected wi th the grid sampling 
strategy may be used directly for fertilizer or 
lime recommendations (in effect, treating each 
grid as a small field), or they may be entered 

into a mapping program that uses geo-statistics 
to draw fertilizer application bo undar ies. In 
both situations (grid, zone), the results of the 
soil sampling and analyses are used to define 
the boundaries of the areas receiving different 
rates of fertilizer or lime. 

Zone sampling, on the other hand, uses a 
more subjective and intuitive approach to di
vide any fie ld into smaller units. Soil samples 

co llected at random from within each zone are 
bulked together and analyzed to provide an 
average sample value for each unit. This ap

proach assumes that variability of soils w ithin a 
field can be easily ident ified. For example, soils 
with differe nt percentages of organic matt er 
can be distinguished by co lor and, therefore, 
can be sampled separately. Infor matio n from a 
yield monitor may be helpful in identify ing 

zones that should be sampled separately. As 
with the grid system, sampling poin ts can be 
geo-referenced. 
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Soil Sampling for Variable Rate Fertilizer and Lime Applica tion 

There have been and continue to be argu
ments for choosing one sampling strategy ove r 
the other. In reality, bot h may be appro priate 
in specif ic situations. The following are criteria 

that would favor the use of the "grid" samp ling 

strategy. 

a measure of non-mobile nutrients 
is the primary concern; w ith no 

movement, distributio n w ill be affected 
less by topography and other fixed 

properties. 

the soil test levels in the field range 
from very high to very low w ith 
substant ial acres in both the very high 

and very low categorie s; management 
practices used in the past w ill override 
natural variabili ty 

there is a history of manure use 

small fields have been merged into 
large fields; differences in past 
management may have larger influ ence 
on soil test levels than natural variability 

the fie ld history is no t know n 

The criteria that would favor the use of zone 

sampling are: 

cost of sampling and analysis is a major 

concern; zones may be larger than grid 
cells thereby lowering samp ling costs 

a measure of mobile nutr ients is the 

primary concern 

relatively low rates of fertili zer have 
been applied in recent years 

there is no history of manure 
application 

the history of the field is known and 

can be used to divide the field into 
smaller units; a more accurate 
jud gement can be made w hen all 
available information is used. 

Instead of thinking about either grid or zon e 
sampling, a more logical approach might be a 

combination of the tw o strategies. This ap
pro ach would con sist of imposing a grid on 
zones in a field identified by: 

1)	 observation, 

2)	 a modern soil survey, or 

3)	 info rmation obtained from a yield
 
monitor.
 

This combined strategy would increase the 

costs of sampling and analysis relative to the 
zone approach, but it would have the advan
tage of providing a measure of the variability 
wi thin zo nes, and possibly uncovering variation 
due to past management that had not been 
otherw ise accounted for . 

Regardless of the sampling strategy preferred 
by the farmer or crop con sultant collecting the 
samples, intensive sampling is an improvem ent 

over the more traditional approach of co llect
ing samples at random from a field w ith subse
quent fertilize r recommendations based on this 

field average. 

Sa piing or Immobile 
Nutrients 

The grid cell system is frequently used wh en 
measurement of immobil e nutri ents and soil 
pH is the primary objective. The practice of 
collecting soil samples in a grid pattern to sup

port variable rate fertilizer and lime application 
has raised several questions.Those most fre
quently asked are: 

Wh en does it pay? 

If samples are co llected from the same 
locatio n each time, are soil test values 
fo r imm ob ile nutr ients constant during 
the growi ng season? 

How should samples be collected from 
a specific grid cell or zone? 

Wh at is the op timu m size of the grid 
cell? 

How frequently should samples be 
co llected when the analytical results are 
used for variable rate fertil izer 
applications? 
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Soil Samp ling for Variable Rate Fertilizer and Lime Application 

Economics of Grid Sampling 
Strategies 

The eco nomic benefi ts of grid sampling are 

neither clear nor clearly do cumen ted. Since 
any intensive sampling program represents an 
increased cost over conventional sampling, 

there must be an offsetting economic advan
tage from either increased crop yields, or re
duced fertilizer costs. 

Increases in crop yield would be expected if 
intensive sampling ident ifies parts of a field 
that could respond to higher rates of fertilizer 
than no rmal and the added ferti lizer increases 
yield in those areas. Savings fro m reduced 
fertiliz er app lication could be realized if non

respons ive areas of a field are identified and 
fertilizer application for those areas is reduced. 
The challenge is to ident ify opportunit ies for 

Table 1. Mean soil test values for P (0 to 6 inches) in parts per 
million, measured by the Olsen soil test procedure and time of 
sampling. 

Time of Sampling 

Site I.D. Spring Year I Fall Year I Fall Year 2 

F 13.7 10.8 8.6
 
M Il .4 Il .7 7.8
 
RA 14.3 10.7 Il.8
 
S 20.6 21.2 23.9
 

Table 2. Mean soil test values for K (0 to 6 inches) in parts per 
million, measured by the ammonium acetate procedure and time 
of sampling. 

Time of Sampling 

Site I.D. Spring Year I Fall Year I Fall Year 2 

F 152 159 145
 
M 136 155 191
 
RA 152 207 269
 
S 255 262 269
 

increased net income with sufficient precision, 
but w ithout excessive cost. 

Variation in Soil Test Values 
Over Time 

In recent years, several research projects have 
been initiated to provide answers to one or 

more of these questions. Research cond ucted 
in four fields in M innesota showed that the 

spatial patterns of soil test values for phospho
rus remained relatively constant over the grow
ing season if the soil cores were collected 
from the same location at each time of sam
pl ing (Table 1). Even tho ugh soil test values 
declined over time, there was still enough 
variability to be a cause for concern. 

There is also general agreement that soil test 
values fo r potassium fluctuate with soil mois
ture content at the time of sampling. For potas
sium, values for samples collected throughout 
a grow ing season may show wide fluctuations. 
The fluctu ation in soil test K in four M innesota 
fields is shown in Table 2. Therefore, when a 
field is sampled repeatedly over t ime, the sam
ples should be collected at the same time 

each year. This practice shou ld eliminate some 
variability in soil test values. For example, if 

samp les are usually collected from a field in 
the fall, a continuation of the fall sampling 
strategy is recommended. 

Sampling Strategy for Grid 
Cells 

The procedure that should be used in a grid 
cell system has also been the focus of field 
research. It's important to remember that re
gardless of the procedure used, the sample 

co llected should provide the best representa
tion of the area sampled. A stratified, systemat
ic, unaligned strategy is one that has been 
proposed. W ith th is procedure, location of a 

poi nt to be sampled in each grid cell is prede
termi ned and each po int from which a sample 

is taken is geo-referenced. If this procedure is 
followed, soil is colle cted from one loc ation or 
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point in any grid cell. Frequently, the samp le 

that represents the point consists of six or 

more cores taken from an area with a radius of 

two or three feet. One example of this sam

pling system is illustrated in Figure 1. 

Figure 1. An example of a stratified systematic 
una ligned grid ofpoints to be sampled to 
support variable rate application of immobile 
nutrients. 

2 4 2 5 3 

Use of this suggested samp ling procedure 
raises serious concerns. If the predetermined 

pattern is str ictly followed, it is possib le, if not 

probable, that soil co llected from a single po int 

in a cell may not be representative of the true 

fert ility status of the cell. It is possible, espe
cially for farms w ith an animal agriculture base, 

that variability in the soil test values fo r any 

immobile nutrient w ithin an individual cell may 
be as great as or greater than the variability in 

soil test values for that nutrient across an entire 

field. 

The small scale variability of phospho rus both 

along rows and acrossrow s has been docu

mented by Ma llarino (Figure 2). The magni

tude of this small scale variabili ty is a strong 

argument against the use of any poi nt sam

pling system. Analysis of any non-representa
tive sample co uld easily lead to incorrect appli

cation of fertilizer over an exten sive area. 

Soil Sam pling for Variable Rate Fertilizer and Lime Application 

Use of a non-aligned system should allow for
 

flexibi lity. Those wh o spend a considerable
 

amou nt of time collecting soil samples realize
 

that variability is a common characteristic of
 

most fields. Even wh en the non-aligned system
 

is used, co llection of samples from poin ts that
 

are not typ ical of the remain der of the grid
 
cell should be avoided. This same caution has
 

always applied to the coll ecti on of so il sam


ples, even those collected at random on a fie ld
 

scale basis.
 

Figure 2. Variability in soil test values f or phosphorus along
 
and across corn rows in eight fi elds in Iowa.
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Soil Sampling for Variable Rate Fertilizer and Lime Application 

Figu re 3. An example of a systematic sampling pattern f or square grid cells. A grid of equally 
spaced lines is established, eight soil cores are randomly collected within a 10-f oot radius of the 
grid center, and the cores are composited as one soil sample. 
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A systematic grid cell sampling procedure has dure. Several cores are co llected from within 

also been proposed. With this procedur e, the a grid cell and composited to make one sam

field to be sampled is first divi ded into grid ple. The number of cores needed is not de
cells that are unifor m in size. The soil sample fined and this decision is usually made by the 

is collected from a point in a grid cell (usually individual collecting the samples. Remember

the cente r). The loc ation of the point of sam ing the amount of small scale variability 

ple collection is the same for all grid cells. This present in fields (Figure 2), a larger number 

sampling procedure is illustrated in Figure 3. of cores provides a better representation of the 
fertility status of the grid cell. The procedures 

The concerns expressed for the stratified sys used in the random sampling of grid cells are 
tematic unaligned procedure are appropriate probably asvaried as the numb er of individuals 
for the systematic grid cell procedure . Even collecting the samples. 
though the point of coll ection is gee-refer
enced, there is genuine con cern that the nutri Sampling procedures used can be described as 

ent status at on e point in the grid cell is not point, multi-point, and random . The effective

the same as the nutrient status of the remain ness of these three strategies has been evalu

der of the soil in that cell. ated by research with phosphate fertilization 

over a variable landscape. For this research 
Grid cells can also be sampled with a random effort, 10-acre portions of fields were sampled 
technique where there is no defi nite proce- inten sively, several rates of pho sphate fertilizer 

Station Bulletin 608-2001 of the Minnesota Agricultural Experiment Station 6 



Soil Sampling for Variable Rate Fertilizer and Lime Application 

were app lied to assigned str ips, and yields 
we re reco rded fo r small segments in the ex
perimental area. Since the inten sive sampling 
procedure (60 foot square cells) w as used, 
various sampling strategies wer e evaluated by 

com paring soil test phosphoru s (P) values to 

yield response. 

Phosphate ferti lizer recommendations that 

evolved from the analysis of the soil samples 
for P were used to evaluate and compare the 
three sampling strategies. This informat ion 

from three sites is summarized in Table 3. For 
the random sampling pro cedure, soil test val
ues were used from nine location s in a grid 

cell that measured 180 feet square. Soil sam
ple values from five location s in this cell were 
used for the mul ti-point procedure. The soil 
test value from the center of each cell w as 

used for the mid-point pro cedure. 

Because of the larger number of sites used in 

sample collection, the phosphate recommen
dations evolving from the random sampling 
pro cedure were used as the standard for com
parison. Overall soil test values fo r P at the 
Sibley site we re high generating phosphate 
recommendations that we re low. By contrast, 

pho sphate recommendations we re higher at 
the Renville A and Renville M sites. Use of the 
mid-point samplin g procedure produced higher 
reco mmendations at these tw o sites. 

Variability of soil test values for P and K has 
been documented at various scales. Research 

and experiences of those w ho co llec t soil sam
ples leads to the conclusion that variatio n is 
substant ial. Therefore, regardless of the pro ce

dure chosen for sampling grid cells, several 
cores taken from the cell are preferred. How
ever, there is no single reco mmended proce

dure for sampling grid cells at this time . 

Wh en grid cell sampling is used, there are 
various preferences fo r the size of the grid cell 

to be sampled. Wh en grid sampling w as first 
introduced, mo st who collected the soil sam

ples used a grid cell size of 4.5 acres. M ore 

recently, the preferred size has been reduced 
to about 2.5 acres. This reduction in size in-

Table 3. Phosphate fertilizer recommendations (in pou nds of 
PZOj per acre) for corn production as aff ected by the procedure 
used f or sampling grid cells. 

Location 

Sampling Procedure Renville A Renville M Sibley 

po int 40 29 13 
multi-point 27 25 10 

random 25 JJ 9 

1 

1 

The output ofa gn d sampling for phosophorus might look 
approximately like this. Numbers within the gn d cells are 
sol! test values f or phosphorus as measured by the Bray 
p rocedure. 
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Soil Sampling for Variable Rate Fertiliz er and Lime Application 

creases the accuracy of the subsequent fertiliz
er recom mendation. The cost of sampling, 

however, increases. 

Cost of sampling can be minimized by sam

pling fields less frequently. For example, past 
recommendations we re to sample a field in a 
corn /s oybean rotati on once every tw o years. 
W ith more intensive, geo-referenced sampling, 

a samp ling frequency of once in four years is 
proposed. Soil test values for the immobile 
nutrients do not change rapidly over time. 

Therefore, sampling frequen cy can be extend
ed to once in fou r years to reduce the co st of 

more intensive sampling. 

Equipment j or variable rate application oj jertilizer is important 
jor modern agriculture. The variable rate application concep t is 
based 0 11 accurate collection and analysis ojsoil samples 

For fields w hich have highly variable soi l test 
values fo r P and/ or K, it would be logical to 
sample certain porti ons on alternate years. For 
example, if a cell having high soil test values is 
adjacent to a cell having very low levels, it 
would be appropriate to sample each cell ev
ery tw o years or co llect samples on the adjo in
ing edges of the respective grid cells. 

Suggestion s for procedures to be used in sam

plin g grid cells also apply to sampling w hen a 
zone sampling strategy is used for immobile 
nutrients. Locations from which a soil cores are 
taken should be geo-referenced . The samp le 

representing any zone should consist of soil 
cores taken from several locations w ithin that 

zone. A sampling frequency of once in four 
years would also be appro priate for this sam
plin g procedure. 

Sampling Strategy 
for Zones 

In general, mobile nutrients in soils are dynam
ic and concentration of any form of that nutri

ent changes constantly. The rate of change 
among the various forms is highly dependent 
on environmental factors. There is, however, 
no reliable w ay to predict the rate at wh ich 
these changes take place. Nevertheless, there 
can be strong relationships betwee n basic soil 

properties and the rate at which some reac
tion s affecting mobile nutrient concentration 
take place. Therefore, zon e sampling proce

duresare probably more appropriate because 
relative levels of a mobile nutrient are fre
quently related to fixed soil properties. 

Wh en considering zone sampling, it's impor
tant to po int out that it's not easy to determine 
where to draw the line betwe en one topo

graphic position and another. Past manage
ment practices such as fertilization, crop ping 
history, manure use can be used to define 

zones. Topographic mapsand aerial pho to
graphs can also be used. In North Dakota, 
there was a goo d relationship betwee n soil 

nitr ate measurements and topograp hy if mea
surements were made on a 110 foo t grid. 

The County Soil Survey can be a tool to assist 
with zone samp ling along wi th other soil prop
erty info rmation. In North Dakota research, the 
Order 1 Survey (1 to 5,000 scale) shows a 

better relationship betw een soils that are 
mapped and measured soil properties. It 
should not be the on ly tool. The County Soil 

Surveys should be used as a general guide that 
can be refined by info rmation from ot her 
sources (aerial photos, topography maps, yield 
maps, etc.). 
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Soil Sampling for Variable Rate f ertilizer and Lime Application 

The zone sampling approach should also use 
common sense. In many situations, changes in 
top ography are obvious.These can usually be 
matched to the soil typ es identified in a Soil 
Survey. If ther e are obviou s visual differences 

in soils across a landscape, these soils should 

be sampled separately. 

Soil pH is frequently related to topography and 
landscapes. Soil texture and organ ic matter will 

affect the buffe ring capacity and rate of acidifi
cation of soil. This is particularly true in humid 

climates. Differential erosion will also create 
patterns of pH variability in various places on 

the landscape. 

Stud ies in North Dakota have led to the con
clusion that permanent or fixed soil properties 

such as topo graphy, organic matter content, 
and electrical conductiv ity (Ee) maps, are relat
ed to the spatial variability of nitrate, sulfate, 

and chloride in soils. Topography affects the 
mov ement of mobile nutrients. Organic matter 

content is usually higher in depressions than 
on the higher positions of the landscape. In 

drier climates, the mobile nutrients tend to 
accumulate in the depr essional areas.W ith 
higher rainfall and the need for tile drainage, 

the mobile nutrients may be lost through the 
til e lines. As a result, lower concentrations may 

be fou nd in the depressional areas. A relation 
ship between mobile nut rients and soil topog

raphy in one area of North Dakota, illustrated 
w ith reading s from tw o con secuti ve years, is 
shown in Figure 4. 

Locations from whi ch soil cor es are taken 
should be gee-referenced when zon e sampling 
is used. This helps in interpretation of the labo
ratory analysis of samples collected in the fu
ture. Regardless of the pattern used for the 

coll ect ion of samples, it's still important to co l
lect samples from the same position on the 
landscape each time that the field is sampled. 
Depth from which the sample is taken should 
also remain the same over tim e. 

Figure 4. Year-to-year variability is illustrated with two successive years of soil nitrate-nitrogen 
levels shown f or a depth of 0-2 f eet in a field in Valley City, North Dakota. First year measurements 
f ollowed a spring wheat crop. Second year f ollowed a uniform application of 100 lbs/acre N and a 
sunflower crop. 
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Soil Sampling for Variable Rate Fertilizer and Lime Application 

Considerations For 
Conservation Tillage 

Use of con servation tillage production systems 

(ridge-till, no-till, strip-till ) creates special situa
tions for soil sampling. Use of banded applica
tion of imm obile nutrients is a major manage

ment prac tice and this must be considered 
wh en soil samples are collected from fields 
where conservation tillage production systems 

are used. 

A Proposal for a Guiding 
Equation 

If the position of the band is known, 
some researchers have proposed that the 
following equation can be used to deter
mine the number of cores taken outside 
of the band for each core taken near the 
anticipated location of the band. The 
equation is: 

CN=8 [{{-] 

Where: 

eN=num ber of cores taken outside
 
of the band for each core taken
 
in the band
 

BS = spacing between bands in inches 

For example, eight cores would be need
ed from outside the band for eachcore 
taken in the band if the spacing between 
bands was 12 inches, or 20 cores would 
be needed from a 30-inch spacing. It is 
emphasized that this is a proposed equa
tion. There is no universal agreement that 
this equation provides the best guide for 
sample collection. 

Both grid cell and zone sampling strategies can 
be used when conservation tillage is practiced 

and recommendations made for each samplin g 
strategy apply. However, special consideration 
should be given to the location of the co res 

wi th respect to the row. Since the location of 
the band of immobile nutri ents is frequently 
known, it is possible to col lect cores from the 
band as well as between existing bands. 

Several cores (20 to 30) are needed for an 
accurate sample if the location of the band in 

the conservation tillage system is not known. 
Thorough mixing of these cores is needed 
before a subsample is selected and sent to the 
laboratory. 

In ridge-till and no-till planting systems, the 
band of immobile nut rients is usually applied in 
the fall wi th the next crop planted directly over 
this band. For these planting situations, soil 
co res taken to a depth of six inches at a dis

tance of approximately six inches from the row 
w ill provide the best information needed for 
phosphateand potash recom mendations. 

The variability in soil test values for an immo
bile nutri ent in a field, both parallel to the row 
and across rows, can be substantial and is not 
predictable. Therefore, several cores are need
ed for an individu al sample. 

Summary 

Precision in the application of fertilizer is highly 
dependent on the infor mation derived from 
the soil samples collected for that purp ose. 
Therefore, from a nutr ient management per
spect ive, the sample co llected should provide 

the best representatio n of the area sampled. 

To guide more precise fertilizer appl ications, 
existing fields are divided into smaller fields 

and sampled accordingly. Regardless of the 
method used for dividin g fields into small seg
ments, accuracy is improved if more inform a

tion is used to guide the ferti lizer application. 

Station Bulletin 608-2 00 1 of the Minnesota Agricultural Experiment Station 10 



Soil Sampling for Variab le Rate Fertilizer and Lime Application 

To generate the information needed to sup
port variab le rate fertilizer application, fields 
are divided into either grid cells or zones. In 
general, grid cells are used whe re recommen
datio ns for use of immobi le nutrients are the 

major concern. Zon e samp ling appears to be 
most appropriate where application of mobile 

nutrients is the major concern. 

Regardless of the strategy used- grid cell or 
zone- it is necessary to collect soil from several 
locations w ithin any defined area. Point sam

pling does not provide the best predict ive in

formation. 

Considerable research has been devoted to 

developi ng sampling strategies for variable rate 
fertilizer application. The recommendat ions 
that have evolved are consistent with reco m

Variahle rate applications of fertilizer or any soil amendment 
men dations made for sample collection in the wou/d have been impractical to the p oint oj being linpossible 
past. Considering economicsand pract icality, withollt the development ojtechnologies j or precision j anning. 
accuracy of fert ilizer recommendations increa s Manllal soil cores could not be rsaken with sl{/jicient frequency 
es as the number of cores taken per sample across large acreages, nor could they ha ve been analyzed wit/l 
increases. sufficient speed 
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