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1. Measure of the ability of a 
soil to supply nutrients for 
healthy plant growth and 
identify limitations.

Goal of Soil Fertility Testing

2. Predict the probability of 
a profitable response to 
nutrients (fertilizer) and 
lime addition.



 Nutrient content (N, P, K and 
micronutrients)
 Soil pH for lime additions

Soil Testing

1. Sample collection 
2. Extraction and 

laboratory analysis 
3. Interpretation of 

results
4. Recommendations

Four Steps

Understanding the steps 
and the impact of each 
step on the outcome = 

best chance of achieving 
results that are reliable 

and useful!



 Goal: to collect a sample that 
is representative of the area 
to be tested
 Largest source of error due to 

lack of representative sample
 For example, 2.0 g of soil 

in the lab may represent as 
much as 20,000,000 lbs of 
soil in a 10 acre parcel

Step 1 – Sample Collection

http://www.omafra.gov.on.ca/IPM/english/soil-diagnostics/soil-
testing.html

1 acre = 2 million 
pounds of soil in 
upper 6 inches



 Best for fairly uniform 
areas

 Walk field in zig-zag 
pattern covering whole 
field

 Collect cores at random 
locations

 Collect 15-20 cores per 
field (20 acres)

Traditional Approach: Unbiased Composite 
Sampling

Cropland



Why is the Number of Cores Collected Important?

Figure courtesy of Oklahoma State University
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 Field is broken into subunits 
based on a specified grid 
pattern; grid size a function of 
soil variability (~1 to 2.5 ac)

 Collect a composite sample 
from each grid

 Results & recommendations 
extrapolated between points 
for variable rate application

 No need to do it every year. DO 
once and then every ~5 years if 
you find high variability

Precision Approach: Grid Point Sampling



~3 acres

~2 acres

Grid Sampling in Fredrick County

 Located in Fredrick 
county, MD. Under 
same management 
system for ~15 years

 Field 1: 18 grids 
 Field 2: 12 grids
 From each grid, 9 soil 

samples were 
composited to make 1 
sample/grid

 Two soil sampling 
depths: 
 0–2 in
 0–8 in

Soil Texture:
0–10 in: Loam
10–38 in: Loam

Soil Texture:
0–12 in: Silt Loam
12–35 in: Loam



Mean of 18 grids = 33. 1 mg/kg 
[Medium FIV]  

Range: 22 to 53 mg/kg                   
[low to medium]

Mean of 12 grids = 91.6 mg/kg 
[Optimum]  

Range: 34 to 187 mg/kg          
[Medium to Excessive]

Soil P levels in two fields in Fredrick county

Grids 1 to 18 Grids 1 to 12



Soil Sampling Depth



 Including cores from problem 
areas in a composite sample 
can skew the results.

 Avoid including cores from:
• Areas that always do poorly
• Areas where the soil is 

clearly different
 Submit a separate 

“troubleshooting” sample

Sample Collection Considerations (con’t)



 Samples can be taken any time
that the ground is not frozen

 Try to sample a given location 
at the same time each year
 Avoids impact of seasonal 

variation
 Samples can be taken when the soil 

is wet, but avoid “soupy” samples 
 More difficult and costly to 

transport/ship

Soil Sampling: When should you take a 
soil sample? 



Extension factsheet on Soil Sampling!

Kalmbach, B. & G.S. 
Toor. 2021. Soil Sampling for 
Optimizing Agricultural 
Production in Maryland. FS-
1184. University of Maryland 
Extension, College Park, MD

https://drive.google.com/file/d/1ZXBODcMgPLjwyiG1e1Inz9w9sTRYB7YL/view?usp=sharing


Step 2 – Extraction and Sample Analysis

 Most reproducible step in the 
process, especially if done by a 
reliable lab that:
 Uses regionally appropriate 

methods (extraction and 
analysis)

 Employs good QA/QC measures
 Participates in proficiency 

testing programs (NAPT, ALP)



 In the northeast, routine soil fertility analysis 
generally includes: 

• pH and exchangeable acidity (lime 
requirement)

• Extractable nutrients (such as P, K, Ca, Mg)
• Cation exchange capacity; and Base 

saturation
• Might also include extractable micronutrients

 Additional optional tests: 
• Nitrate-N; Organic matter; Soil texture 

What do labs analyze in soil samples?



 Soil pH is a fundamental soil 
chemical property
 Single most important soil 

chemical property we can 
measure 

 Master variable
 Influences mineral solubility, 

microbial activity, and 
nutrient availability 

A) Soil pH



Why soil pH decreases? 

 Rainfall adds H and washes other 
cations

 Plants roots release enzymes and 
organic acids to make nutrients 
more available

 Plant roots add CO2, which 
combines with H2O. This adds 
more H in soil

 Nitrogen fertilizers (urea, 
ammonium) adds more H

17



Soil pH and Nutrient availability

 Low pH: low solubility 
of most of the essential 
macronutrients 
 High pH: low 

availability of 
micronutrients
 Judicious management 

of pH (soil acidity) is 
critical
 Best balance is between 

pH 6 and 7



 Lime is added to increase soil pH
 Lime: usually means calcium carbonate
 Supplies calcium
 Neutralizes acidity, raises soil pH

Why Lime?



LIME

How Does Lime Change pH?



Liming is Critical for Efficient 
Fertilizer Use



Root Depths, pH, and Nutrients

 Field crop roots may 
eventually get below a limed 
soil zone

 Pastures should have deeper, 
more extensive roots
May find lower pH that 

helps or hurts nutrient 
uptake

May find nutrients that 
leached deeper

.

Wheat Corn
(8 weeks)

Alfalfa



 Soil samples are 
extracted in lab

 Extract available 
nutrients (P, K, Ca, 
Mg) plus a portion 
of what is expected 
to become 
available

B) Extractable Nutrients



Common Soil Test Extractants

Extractant Composition Elements

Ammonium 
acetate 1 N pH 7.0 ammonium acetate K, Ca, Mg

Bray-P 0.03 M NH4F + 0.025 M HCl P

Mehlich 1 0.05 M HCl + 0.0125 M H2SO4
P, K, Ca, Mg, Mn, Zn, 
Cu, Fe

Mehlich 3
0.015 M NH4F + 0.2 M CH3COOH + 
0.25 M NH4NO3 + 0.013 M HNO3 + 
0.001 M EDTA

P, K, Ca, Mg, Mn, Zn, 
Cu, Fe, B, S

Modified 
Morgan

0.62 M NH4OAc + 1.25 M CH3COOH 
at pH 4.8

P, K, Ca, Mg, Mn, Zn, Cu

Olsen 0.5 M NaHCO3 at pH 8.5 P



Unavailable Available

A discrete measure of available nutrients does not exist… 

Increasing availability 

….rather, nutrient availability is more a continuum in soil 
based on specific conditions affecting solubility of 
different nutrient pools.

Mehlich 3 Bray Morgan

Soil Nutrient Analysis



https://www.spectrumanalytic.com/suppor
t/library/ff/CEC_BpH_and_percent_sat.htm

CEC is an estimate of the 
soils ability to attract, 
retain, and exchange 
various cations such as 
Ca, Mg, K. It is reported in 
millequivalents per 100 
grams of soil (meq/100g).

A soil with a high CEC will 
be able to release these 
nutrients into the soil 
solution, making them 
available to plants, when 
levels of these nutrients 
become low in the soil.

C) Cation Exchange Capacity (CEC)

D) Base Saturation refer to percent of the soil CEC 
that is occupied by a particular nutrient, or the 
sum of a group of nutrients. 



Step 3 – Interpretation of Soil Test Results

 What do the results mean?

 Based on the relationship between 
the test measurement and some 
measure of plant performance.

 For productions crops where 
measure of performance is yield:

 How many bushels of corn do 
you get at that concentration of 
soil phosphorus?



Soil Test 
Interpretation
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Consult 
Extension 
Factsheet 
SFM–4 for unit 
conversions



 Contains soil test 
results, 
interpretation, and 
nutrient 
recommendations

Understanding Soil Test Reports



Example soil test report (Waypoint)

Percent Base Saturation percent of soil CEC 
occupied by a particular nutrient, or the sum 
of a group of nutrients such as K, Mg, Ca, and 
others. 

OM = Organic Matter Extractable Nutrients CEC= Cation 
Exchange Capacity



Extractable nutrients:
P = Phosphorus
K = Potassium
Mg = Magnesium 
Ca = Calcium

pH

Micronutrients

Percent Base 
Saturation

• Soil pH: used to 
check pH status (1-
14)

• Buffer pH: used to 
determine lime 
requirement

Recommendation: apply 
lime at 1 ton/acre



Results
pH, extractable P, K, Mg, etc.
Interpretation
pH and nutrient 
measurements rated relative 
to critical level;
crop specific
Recommendations
Lime, N, P, K, Mg;
crop specific

Soil Test Reports



Step 4: Recommendations
Often consider:
 Nutritional needs of the 

plant. Rate of lime (or 
sulfur, if too alkaline) 
needed
 Contributions of the soil 
 Local growing conditions
 Lime and nutrient source 

characteristics, cost
 Application method and 

timing



Sample Analysis Results

 Soil Test Results may be reported in different 
units and, sometimes, different forms 
 Fertility Index Values or FIVs (UD or UM)
 Parts per million (ppm)
 Pounds per acre (lbs/ac)
 P vs P2O5; K vs K2O

 Know which methods and units your lab is 
using, especially if comparing results from 
different labs



Summary

 Soil pH affects nutrient availability:
 Best pH range is 6–7. Apply lime to acidic soils.
 Soil sampling :
 No. of cores, depth critical to get good soil test 
values. 

 Soil test reports:
Regular soil testing critical for diagnosing 
problems. Interpreting soil test reports not that 
complicated.



1. Soil variability is the 
number one source of error 
in soil testing.

2. Public laboratories use 
relevant soil test methods

3. Soil test interpretations and 
fertility recommendations 
are based on local/regional 
field calibration

4. Become knowledgeable/ 
read reports

Take Home Messages



A Few Words About 
Manure



Manure: A Complex Nutrient Source

 A mixture of metabolic waste & solid 
waste from the digestive system
Metabolic waste is soluble 

• Urea (mammals), Uric acid (birds)
 Feces is a mixed bag

• Undigested feed
• Microbe bodies
• Cell wall debris from animal gut



Manure is a complex mixture
 Soluble nutrient forms

• urea, ammonium, nitrate
 Labile organic nutrient forms

• break down quickly when added to soil
 Stable organic nutrient forms

• break down slowly (month to years)
Mineral forms of nutrients of varying stability

Manure: A Complex Nutrient Source (Con’t)



What can go wrong?

There are many 
uncertainties with 
manure

Nutrient ratios may 
not necessarily match 
crop needs

46-0-0
50 lb - urea



There is uncertainty in using manure

What type of animal 
is the manure from? 

Was any bedding 
used? What type of 
bedding?

What is the nutrient 
content? How and when 
did you sample?

How is the manure 
stored? Was there recent 
rain? Was it warm or cold?

How much manure 
do you have?

When did you apply 
the manure?

How did you apply 
the manure?

How much did you 
apply? Have you calibrated?

Did you incorporate 
the manure? How long 

after application?





Manure versus crop needs: 
Scenario 1:
−Corn grain

• Goal: 200 Bu/acre
−Nutrient needs (N-P-K):

• 200-0-78
−Dairy liquid injected at 
4000 gal/A
• Nutrient content (N-P-K): 
o81-17-41
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Manure vs Crop Needs: 
Preset Rate

N credit Manure Additional Fertilizer
Crop Needs

Manure as Nutrient Source

Fertilizer need:
N = 200 – 81 (added with manure) – 25 (N credit) = 94 
P = 0 – 17 (added with manure) = -17 (not needed) 
K = 78 – 41 (added with manure) = 37



Scenario 2:
−Corn grain

• Goal: 200 Bu/acre
−Nutrient needs (N-P-K):

• 200-0-78
−Dairy liquid injected at 
rate to fully supply N
• Nutrient content (N-P-K): 
o175-28-87
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Manure vs Crop Needs: 
N-based Rate

N credit Manure Additional Needs
Crop Needs

Manure versus crop needs:

Fertilizer need:
N = 200 – 174 (added with manure) – 25 (N credit) = 0 
P = 0 – 28 (added with manure) = -28 (not needed) 
K = 78 – 87 (added with manure) = -9 (not needed)



Scenario 3:
−Corn grain

• Goal: 200 Bu/acre
−Nutrient needs (N-P-K):

• 200-47-52
−Poultry litter at 5 
tons/acre into no-till
• Nutrient content (N-P-K): 
o151-426-421
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Manure vs Crop Needs: 
Preset Rate

N credit Manure Additional Needs
Crop Needs

Manure versus crop needs:

Fertilizer need:
N = 200 – 151 (added with manure) – 25 (N credit) = 24 
P = 47 – 426 (added with manure) = -379 (not needed) 
K = 52 – 421 (added with manure) = -369 (not needed)



Manure versus crop needs: 
Scenario 1:

−Corn grain
• Goal: 200 Bu/acre

−Nutrient needs (N-P-K):
• 200-0-78

−Dairy liquid injected at 4000 
gal/A
• Nutrient content (N-P-K): 
o81-17-41
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Manure vs Crop Needs: 
Preset Rate

N credit Manure Additional Fertilizer
Crop Needs

Best Scenario: Use a combination of N sources 
(some manure, some fertilizer)

Fertilizer need:
N = 200 – 81 (added with manure) – 25 (N credit) = 94 
P = 0 – 17 (added with manure) = -17 (not needed) 
K = 78 – 41 (added with manure) = 37



Rational Use of Manure: What can you do?

 Take regular manure and soil samples:
Take representative samples, mix well
Keep an eye on your soil FIV-P levels
 Calibrate your equipment. Keep records of 
application rates

 Incorporate quickly to conserve N

 Use manure on corn fields
 Use other proven manure management BMPs 
Estimate crop N needs, realistic yields, legume credits



Questions?

ToorUMD

Email: gstoor@umd.edu

Questions?
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