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Soil Testing 
and Nutrient 
Recommendations

W 
hen he sampled his fields last fall, farmer Joe Smith 
split each sample and sent one-half to lab A and 

one-half to lab B.  Several weeks later, when he looked at 
the soil-test results and the nutrient recommendations from 
both labs, he was confused.  Not only were the soil-test 
results different for every test requested, but the nutrient rec-
ommendations were also substantially different. Which lab 
was right? Which set of recommendations should he use?

Focus On

Soil tests are not 
intended to measure 

all forms of a nutrient 
in a soil, but only 

those forms that are 
plant-available.

The answers to these questions 
are complicated.  It is possible that 
each lab is neither right nor wrong.  
However, one lab’s results may be 
preferable to Joe Smith for any of 
several reasons.  To determine if 
recommendations based on soil-test 
results will be useful or economi-
cally advantageous for a particular 
location, you must understand how 
different tests and nutrient-recom-
mendation philosophies relate to 
your region.  Consider the following 
information.

What is a soil test?
A soil test is a laboratory proce-

dure that measures the plant-avail-
able portion of soil nutrients.  This 
measurement is used to 
predict the amount 
of a nutrient or 
nutrients that will 
be available during 
the growing season.  
Soil-test results form 
the basis for nutrient 
recommendations.

How are soil tests 
developed?

Plant nutrients exist in a variety 
of forms in a soil.  A soil test uses a 
chemical extracting solution to mea-
sure only the plant-available forms 
of these nutrients. 

After measuring the plant-available 
nutrient or nutrients, the relation-
ship or correlation between the soil-
test values and plant yield must be 
determined by conducting research 
on a variety of crops, soils, locations, 
and weather conditions. Finally, 
the soil test must be calibrated with 
the amount of nutrients needed to 
achieve optimum yield.  This requires 
extensive field research in the state or 
region in which the soil test is used. 

Soil fertility specialists at 
each state’s land-grant 

university have con-
ducted research to 
determine the most 
suitable extraction 
solutions, to cor-
relate soil tests and 
crop yields, and to 
calibrate soil tests 
with nutrient recom-
mendations.



Avoid misinterpretation 
of soil tests. Remember 

that a soil test is 
an index of nutrient 
availability, not the 
actual quantity of 

nutrient in the soil.
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Why do different labs 
use different chemical 

extractants?
A variety of chemical extractants 

are used by soil-test labs to mea-
sure the same nutrient or nutrients.  
Each extractant measures a different 
portion of the plant-available nutri-
ent pool. Results from a particular 
extractant must be used with the 
appropriate interpretive index.  
Also, labs that use the same extract-
ant may follow different procedures 

or express the nutrients in different 

forms (phosphorus or phosphate) 

or use different units of expression 

(pounds per acre or parts per mil-

lion).  Results must be converted if 

units of expression differ from units 

used in the interpretation system.  

A good extractant measures only 

the plant-available forms of a nutri-

ent or nutrients and relates to crop 

response in your area.

What do soil-test values 
really mean?

Soil-test values are used to deter-
mine the relative (not actual) levels 
of plant-available nutrients in a soil.  
These values are often expressed in 
parts per million (ppm) or pounds 
per acre (lbs/A). Expressing soil-test 
values as pounds per acre had led 
to the idea that soil tests measure 
the actual pounds of plant-available 
nutrients in a soil: This is not true.  
A soil-test value should be viewed 
as a relative index of plant-available 
nutrients (not as the total nutrient 
content).  Nutrient levels can be 
grouped, based on field research, 
into nutrient status classes:  low, 
medium, optimum and excessive.  
By knowing the nutrient status 
class, one can approximate the yield 
response to additions of a nutrient 
and, based on research, the quantity 
of a nutrient that should be recom-
mended for optimal yield.

Nutrient 
recommendations can 
differ for the same soil
Every soil-test lab has an 

approach or philosophy that is con-
veyed in its nutrient recommenda-
tions.  Different labs may have dif-
ferent philosophies. 

The major approaches to nutri-
ent recommendations 
are the maintenance 
approach, the cat-
ion saturation ratio 
approach, and the suf-
ficiency approach.  Each 
of these approaches is 
based on valid prin-
ciples and is legitimate 
under specific circum-
stances.  However, 
there is no research 
to indicate that any 
one approach is appli-
cable under all conditions. 

Followers of the maintenance 
approach advocate replenishing soil 
nutrients removed by crop harvest 
regardless of soil-test levels. Generally, 
those who use the maintenance 
approach add enough nutrients to 

Justus von Liebig, a 19th century 

German chemist, formulated what 

we now call “Liebig’s Law of the 

Minimum.” It says that plant growth 

is limited by the growth factor present 

in the least adequate amount. Soil tests 

are designed to identify growth-limit-

ing levels of essential plant nutrients 

before a crop is planted so that the 

inadequacy can be cor-

rected in time to prevent 

yield reductions.



Avoid misinterpretation 
of soil tests. Remember 

that a soil test is 
an index of nutrient 
availability, not the 
actual quantity of 

nutrient in the soil.

Maintenance Approach
•  Replenish nutrients removed by crops.
•  Fertilize the soil.
•  Apply nutrients regardless of soil test.

Cation Saturation 
Ratio Approach

• Maintain ideal nutrient ratios.

Sufficiency Approach
•  Fertilize the plant.
•  Apply nutrients only when soil test is 

below critical level.

attain high soil-test 
levels and thereafter 
add maintenance 
amounts of nutrients.  
This approach was 
promulgated in the 
years after the Dust 
Bowl in response to 
widespread exploita-
tion of soil resourc-
es in many regions 
of the country.  The 
major shortcoming 
of this approach is that it ignores the 
nutrient reserve capacities of many 
soils.  If this approach is used on soils 
already containing adequate levels of 
nutrients, it can decrease profitability. 

Adherents of the cation satura-
tion ratio approach believe that 
there is an ideal ratio of exchange-
able cations in soils that must be 
maintained to ensure high produc-
tivity.  The ideal soil is believed to 
contain the following exchange-
able cations: 65 percent calcium, 
10 percent magnesium, 5 percent 
potassium, and 20 percent hydro-
gen and aluminum. This infor-
mation can also be expressed as 
the following ideal ratios: 6.5/1 
for Ca/Mg, 13/1 for Ca/K, 2/1 for 
Mg/K.  Unfortunately, research in 
a number of states has shown no 
consistent relationship between 
crop yields and cation ratios. 
Furthermore, this approach can 

lead to unrealistic 
nutrient recommen-

dations—that 
increase pro-
duction costs 
with no concur-
rent increase in 
yields. 

Adherents of 
the sufficiency 
approach believe 
there is a critical 
soil-test level for 
every nutrient 

above which there 
is no yield increase when additional 
nutrients are applied. If soil-test lev-
els are above the critical values, no 
nutrients are applied.  Research in 
several states has shown that the suf-
ficiency approach does not rapidly 
deplete soil nutrients.  It is, however, 

advisable to test soil 
regularly.  Soil test 
labs associated with 
most land-grant 
universities adhere 
to the sufficiency 
approach because 
it is agronomically 
and economically 
defendable.

Regional 
differences

Approximately 10 years ago, the 
staff at a farming magazine split soil 
samples from fields in Pennsylvania 
and sent subsamples to labs across 
the country.  They then published 
a series of articles on how variable 
the soil-test results and nutrient 
recommendations were, implying 
that the soil tests were unreliable.  
Though well intended, the expose 
was seriously flawed.  A laboratory 
in Colorado or Iowa should not 
be expected to use extractants or 
make nutrient recommendations 
appropriate for the Middle Atlantic 
Region.  

Laboratories in different parts of 
the country use different extract-
ants for the same nutrient because 
the plant-available forms of a 
nutrient can vary from one soil 
region to another.  Even if labs use 
the same extractant for a nutrient, 
follow the same procedure, and 
share the same philosophy, labs in 
different regions may give different 
recommendations.  Many aspects 
of crop production, including the 
productive potential of the soils, 
the climate, the crop varieties, and 
the crop management practices, 
can differ from state to state and 
region to region.  

Correlations between soil tests 
and crop-yield responses are only 
valid for circumstances similar to 
those under which the correlation 
was developed.  Use of correlation 
data from regions with different cir-
cumstances may lead to erroneous 
interpretation.  Likewise, nutrient 
recommendations from research 
based in one region may not be 
valid in another region.
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Return on Fertilizer Investment Soil Test Level

LOW

Yield response
likely

MEDIUM

Yield response
possible

OPTIMUM

Yield response
unlikely

EXCESSIVE

Yield response
very unlikely

Is More Fertilizer 
Worth the 

Investment?

Be an Informed 
Consumer!

C 
onsumers 
of soil-test-

ing and nutrient 
recommenda-
tion services 
need to ask 
laboratories the 
following ques-
tions: 

• Are the chemical extractants 
the lab uses appropriate for the 
plant-available nutrients in soils 
like mine?  

• Are the chemical extractants 
correlated with crop responses 
on soils in my region? 

• Are the nutrient recommenda-
tions based on field research in 
my region? 

• What is the lab’s approach to 
or philosophy of nutrient rec-
ommendation?
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Reasons for Selecting a Soil Testing Lab
Good Reasons
• Test results are reliable and accu-

rate. 
• The chemical extractants the lab 

uses measure the available nutri-
ents in soils in the area where the 
producer farms. 

• The soil-test results are calibrated 
with yield responses on soils 
in the area where the producer 
farms. 

• The lab’s nutrient recommenda-
tion philosophy is acceptable to 
the producer.

Bad Reason
• It is free (or cheap). 

For nutrient 
management 
planning 
services, call 
your Cooperative 
Extension educator 
at the county 
Extension office.
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ALLEGANY COUNTY
112 Baltimore Street, Suite 204
Cumberland, MD 21502
(301) 724-3320

ANNE ARUNDEL COUNTY
Anne Arundel County Office 
Building, Suite 210
7320 Ritchie Highway
Glen Burnie, MD 21061
(410) 222-6755
metro (301) 970-8250 x6757

BALTIMORE CITY
17 S. Gay Street
Baltimore, MD 21202
(410) 396-1753

BALTIMORE COUNTY
9811 Van Buren Lane
Cockeysville, MD 21030
(410) 666-1022 

CALVERT COUNTY
P.O. Box 486
150 Main Street, Suite 300
County Services Plaza
Prince Frederick, MD 20678
(410) 535-3662
metro (301) 855-1150

CAROLINE COUNTY
207 South Third Street
Denton, MD 21629
(410) 479-4030

CARROLL COUNTY
700 Agriculture Center
Westminster, MD 21157
(410) 386-2760
1-888-326-9645

CECIL COUNTY
Cecil County Court House
129 E. Main Street, Room 7
Elkton, MD 21921
(410) 996-5280
(410) 658-4041 x5280

CHARLES COUNTY
9375 Chesapeake Street,  Suite 119
LaPlata, MD 20646
(301) 934-5283
metro (301) 753-8195

DORCHESTER COUNTY
County Office Building
P.O. Box 299
501 Court Lane, Room 208
Cambridge, MD 21613
(410) 228-8800

FREDERICK COUNTY
330 Montevue Lane
Frederick, MD 21702
(301) 694-1594

GARRETT COUNTY
1916 Maryland Highway
Suite A
Mt. Lake Park, MD 21550
(301) 334-6960

HARFORD COUNTY
P.O. Box 663
2335 Rock Spring Road
Forest Hill, MD 21050
(410) 638-3255

HOWARD COUNTY
3525-L Ellicott Mills Drive
Ellicott City, MD 21043
(410) 313-2707

KENT COUNTY
Kent County Public Works Complex
709 Morgnec Road, Suite 202
Chestertown, MD 21620
(410) 778-1661

MONTGOMERY COUNTY
18410 Muncaster Road
Derwood, MD 20855
(301) 590-9638

PRINCE GEORGE’S COUNTY
6707 Groveton Drive
Clinton, MD 20735
(301) 868-9366

QUEEN ANNE’S COUNTY
505 Railroad Avenue, Suite 4
Centreville, MD 21617
(410) 758-0166

ST. MARY’S COUNTY
21580 Peabody Street
P.O. Box 663
Leonardtown, MD 20650
(301) 475-4482

SOMERSET COUNTY 
30730 Park Drive
Princess Anne, MD 21853
(410) 651-1350

TALBOT COUNTY
P.O. Box 519
342 N. Aurora St.
Easton, MD 21601
(410) 822-1244

WASHINGTON COUNTY
7303 Sharpsburg Pike
Boonsboro, MD 21713
(301) 791-1304

WICOMICO COUNTY 
P.O. Box 1836
Salisbury, MD 21802
(410) 749-6141

WORCESTER COUNTY
P.O. Box 219
Snow Hill, MD 21863
(410) 632-1972

HOME AND GARDEN
INFORMATION CENTER
12005 Homewood Road
Ellicott City, MD 21042
1-800-342-2507


