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Why Sample?  
Why conduct soil sampling for crops? The answer is simple and intuitive for most involved in agriculture. Regular 
soil sampling, testing, and associated guidance on fertilization and soil amendments help develop and maintain 
more productive and healthy soils. Soil tests can indicate whether plant nutrients are deficient and, if so, what 
amounts are needed for optimum growth. Soil testing is also a useful diagnostic tool to identify problems 
related to excessive levels of nutrients and salts, sodicity, high pH, low organic matter, and poor drainage. Soil is 
one key factor that determines crop productivity levels. Proper soil testing often helps optimize investments in 
fertilizer and amendments and influences several other agricultural inputs.  
 

What to Sample?  
Many soil properties can be measured, with some being more practical than others for making crop 
management decisions. Soil properties can be broken into three broad categories: chemical, physical, and 
biological. Each category includes many properties, with some properties having multiple procedures for testing. 
Below are some of the most common properties measured for agricultural applications:  
 

• Chemical – for fertilizer and amendment management (examples 
include macro and micronutrients, pH, salinity, and sodium 
absorption ratio). Macronutrients generally include nitrogen, 
phosphorus, potassium, sulfur, calcium, and magnesium. 
Micronutrients include zinc, boron, manganese, copper, iron, and 
chlorine.  

• Physical – for soil health and irrigation management (examples 
include texture, bulk density, available water holding capacity, soil 
surface hardness, and aggregate stability). 

• Biological – for soil health and fertilizer/amendment management 
(examples include organic matter, soil protein, soil respiration, 
active C, potentially mineralizable nitrogen, and phospholipid 
fatty acid [PLFA]). 

 
More detailed descriptions of each of these properties can be found in the fact sheet, Measuring and Building 
Soil Health (Yost et al., 2019) or the Natural Resources Conservation Service publication Recommended Soil 
Health Indicators and Associated Laboratory Procedures (Stott, 2019).  

Figure 1. Soil Sampling Near 
Logan, UT 
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The first steps in selecting which properties to measure in your soil are to decide how you will use the 
information and to weigh whether the cost of testing will outweigh the return on your investment. In most 
cases, the return on investment easily pays for the small cost of soil testing.  

 
The most frequently measured properties are “routine” or basic soil 
fertility (mainly chemical) properties that include soil organic matter, pH, 
nutrient levels, and salinity because many of these tests have been 
calibrated to fertilizer and soil amendment needs. Soil health testing 
(various combinations of chemical, physical, and biological analyses) is 

becoming more common to evaluate how management practices such as organic amendments, reduced or no-
till, cover crops, diversified crop rotations, and other practices improve soil quality or health. Some properties 
may also be useful for sustainability, carbon marketing, and government assistance programs. 
 
This guide will mainly cover the sampling, extraction, and laboratory analysis of soil properties. Many soil 
properties can be assessed and measured in the field. These will be the topic of another fact sheet focused on 
“in-field” soil assessments.      
   

When to Sample?  
Timing 
Soil sampling timing should coincide with management decisions. Allow adequate time before fertilizer or 
amendment applications to collect, submit, and receive soil analysis results. Soil testing after harvest in the fall is 
common because it will give ample time to create a nutrient management plan that works best for the specific 
field. Sampling can happen at any point during the season. However, for some analyses like soil nitrogen, it is 
beneficial to collect samples as close to the time of crop nutrient need as possible. As a result, soil nitrogen 
sampling is ideal in the spring just prior to planting and/or in the early season to guide side dress or fertigation 
applications.  
 
Avoid collecting samples when the soil is wet for logistical reasons or directly following fertilizer or amendment 
applications so results are not skewed. For long-term fertility management within a given field, it is important to 
collect soil samples at the same time of year (fall, spring, etc.) to ensure consistency in results because some 
nutrients fluctuate based on weather and soil conditions (Franzen, 2018). Also, pay attention to tillage and crop 
residue present when sampling and try to sample in consistent conditions from year to year. 
 

Frequency 
Soil sampling frequency depends on the type of soil analyses being conducted. The three broad categories of 
tests (chemical, biological, and physical) and some individual tests within these categories can have differences 
in recommended frequencies (Table 1). This is because some soil properties change and fluctuate much more 
rapidly than others. The general trend is that biological properties change the most rapidly, followed by 
chemical and then physical. Therefore, sampling frequency should generally follow these trends.  
 
Table 1 lists suggested frequencies for a variety of common soil tests. Notice that soil nitrogen is often the only 
test that may be required annually. Any crop that requires annual applications of nitrogen fertilizer or 
amendments will benefit from soil nitrogen testing so that applications can be adjusted to account for soil 
nitrogen. Nearly all other soil tests will not be required annually unless you have specific nutrient management 
goals, need to meet regulations, or are trying to carefully monitor a property to determine if it is changing (e.g., 
soil salinity after remediation attempts or nutrient levels that may be near critically low levels). 
 

In most cases, the return on 

investment easily pays for the 

small cost of soil testing. 
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Other macronutrients and micronutrients can generally be tested every 2 to 3 years or longer, depending on the 
crop, land ownership, management goals, and other factors. Most biological properties of the soil change 
drastically throughout a growing season, but these tests are often more expensive than chemical and physical 
tests. Further, biological properties often take time to respond to changes in management. Several studies have 
shown little to no change in several properties until 4 to 5 years of intensive soil health practices, such as no-
tillage or cover crops (Crookston et al., 2021). Soil organic amendments like manure or compost can have more 
rapid impacts on biology (Atoloye et al., 2020). Thus, most biological testing could happen every 3 to 5 years to 
reduce costs and to track longer-term trends in biology improvements. Many physical properties also require 
time to change, and their analyses can be more expensive than routine chemical testing. Most physical 
properties can also be sampled every 4 to 6 years to monitor changes due to management. Note that these 
guidelines for sampling frequency can change depending on specific field conditions, management goals or 
practices, or regulations.  
 

Table 1. Soil Sampling Guidelines for Various Soil Properties1  

Soil property 
Depth 

(inches) Handling2 
Probe 

lubricant 
Suggested frequency 

(years) 3 
Quantity 

(cups) 
Organic matter 12 Air dry or 

directly to lab 
Okay 2-3 1-2 

Soil pH 12 Air dry or 
directly to lab 

Okay 2-3 1-2 

Nitrate 12 or 24 Ice, air dry, or 
directly to lab 

Okay 1 1-2 

P, K, S 12 Air dry or 
directly to lab 

Okay 2-3 1-2 

Micronutrients 12 Air dry or 
directly to lab 

Okay 2-3 1-2 

Soil health 6 Various, 
depending on 

tests 

Not okay 3-4 3-4 

Soil respiration 6 Air dry or 
directly to lab 

Not okay 3-4 1-2 

Soil DNA 6 Dry ice for 
transport to lab 

Not okay 3-4 1-2 

PLFA 
(phospholipid 
fatty acid) 

6 Ice and directly 
to lab 

Not okay 3-4 1-2 

1 These guidelines are generalities, and specifics should always be verified with your soil testing laboratory. 
2 Nearly all samples should be either air-dried at less than 95 °F for about 3 to 5 days depending on moisture content at 

sampling or sent directly (within 12 hours of sampling if possible) to a lab. Where ice or dry ice is noted, it is important to 
keep samples cool or frozen during transport and shipping to labs. This depends on the weather conditions during and 
after sampling and the time required to get samples to a lab. Consult with labs about special handling before collecting 
samples.  
3 The frequency will depend on management goals, proximity to critical soil test levels, and other factors. Nitrogen can 

be required annually for crops that require nitrogen amendments. If management is changing in drastic ways, more 
frequent sampling should occur to monitor the effects of change. 
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How to Sample?   
Soil sampling procedures depend on what soil properties are being measured. The most important guideline for 
sampling methods is to ensure that you collect a representative sample. Representative samples are affected by 
several factors, such as the pattern, depth, quantity, equipment, and handling of samples. Below we will 
describe some major considerations for various soil properties.  
 

Sampling Patterns 

The two most prominent types of sampling designs include either square grids (based on certain acreage per 
grid such as 1.0, 2.5, 5.0, or 10.0 acres) or zones (Figure 2). Several advantages and disadvantages exist for each 
approach. A few of the major differences are shown in Table 2.  
 

 
Sampling grids often range from 1.0 to 5.0 acres (or larger), often depending on precision of data needed and 

sampling costs. Smaller grid sizes more accurately capture soil nutrient variations but require more samples and 

higher sampling costs. Larger grid sizes are more cost-effective but often fail to capture spatial variability within 

the field. For a new field or when no field history is known, 1.0-acre grid sampling provides a baseline of nutrient 

variability. This baseline information and additional field data can be used to sample on a 2.5-acre grid, or 

eventually, a zone-based management system, which provides a good combination of accuracy and cost-

effectiveness. For soil sampling to provide an accurate depiction of soil nutrient levels in the field, the grid size 

should not exceed 2.5 acres. Soil sampling grid size should be determined based on the data required for 

management decisions, and smaller grid sizes are not beneficial if you are not planning on managing at that level 

of precision (Virk et al., 2022). 

Within a grid or a zone, there are also different techniques for selecting sampling points. These include selecting 
a systematic point such as the center, random points, or a stratified random point (Figure 3). The stratified 
random point places the point randomly within grid cells whereas the completely random points can be 
randomly placed anywhere within the grid or zone. 
 
Consistently using the same pattern and sampling in the same areas (most practical with GPS) over time will 
result in better tracking of changes in soil properties.  
 

Table 2. Advantages and Disadvantages of Grid vs. Zone Soil Sampling 

Sampling 
pattern Advantages Disadvantages 

Grid 
Captures large variation in soil properties 
throughout entire fields 

Requires more samples and increases 
labor and analysis costs  

Zone 
More economical when known zones exist Does not represent highly variable fields 

well 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Here are considerations to make when deciding which pattern to use: 
 

• What is the smallest area you are willing to manage? If you are willing to apply fertilizer or 
amendments at variable rates across a single field, then you will want to identify soil conditions in 
each management area or zone. If you will apply a single rate across the entire field, then it is more 
important to represent the average conditions across the entire field. The crux of this idea is to 
sample according to how you will fertilize. Spatial information about soil properties is generally not 
worth the investment if you are not planning to manage with variable-rate fertilization.  

• Are there problem areas within the field, and what is causing them? If the answer is yes, then 
sample and treat those areas separately if you can. This can include salinity, irrigation, nutrient, 
drainage, and other issues. Treating these areas as separate zones will save sampling costs 
compared to grid sampling and will aid in creating tailored management plans for each zone. 

• Are you willing to use GPS to locate sampling points? If the answer is no, then you will be restricted 
in your pattern, and it will likely include a random sampling across a field or patterned after your 
knowledge of the field and any areas that perform differently. If you or your crop advisor are willing 
to use GPS, then another suite of sampling patterns is available.  

• How will you create a sampling plan or grid? Sampling plans or grids can be created by printing field 
maps and manually marking approximate sampling points, or they can be created with software 

Figure 2. Example of Grid and Zone Sampling for a Typical 
120-Acre Center Pivot With Systematic Sampling Near the 
Center of Each Grid or Zone 

Figure 3. Examples of Three Common Sampling Patterns With Various 
Methods for Selecting Sampling Points 



programs that mark GPS coordinates of sampling points so the same area can be sampled year after 
year. Using the latter is preferred because it allows for better tracking of soil property change over 
time and provides consistency. Free tools are available to help create GPS sampling points. One tool 
is Soil Test Pro (https://soiltestpro.com/). This and other tools allow you to select your field, a 
sampling plan, and then provides GPS coordinates that can be uploaded to a phone, a handheld GPS 
unit, and even an applicator. Many crop advising companies also have their own proprietary 
software that creates georeferenced sampling grids and application maps.  
 

 

Sample Intensity 

Once the sampling pattern is selected, be sure to collect several 
individual subsamples (at least three to five) within a small circular 
area (roughly 10-foot radius) and then composite the samples into a 
single sample for each point (Franzen, 2018; see Figure 4).  
 

Sampling Depth 
Like most other properties, sampling depth is dependent on the soil 
property of interest (Table 1). Recommended sampling depths for 
the same test can vary by state or analytical lab, depending on 
agronomic, cultural, and analytical preferences.  
 

• Chemical tests – Soil nitrogen is generally tested in the 
top 1 or 2 feet of soil, depending on the test and time of 
year. Other soil macronutrients and micronutrients are 
generally tested in 4-, 6-, 8-, or 12-inch-deep samples. In 
Utah and most other western states, most 
macronutrients and micronutrients have been 
calibrated to 12-inch-deep soil samples. The most 
important factor when determining the depth of samples is to ensure that your depth matches the 
depth that your analytical lab or crop advisor has used to calibrate their fertilizer or amendment 
applications.  

• Biological tests – Most biological tests have been calibrated to 4-, 6-, or 8-inch-deep samples. In 
most cases, it follows the common depths used for routine fertility testing. The Midwest commonly 
uses the 6-inch depth, while eastern states generally use 4- or 8-inch sampling depths. Western 
states’ methods are still under development, but a 6-inch sampling depth for most biological 
properties is most common. 

10 ft

Figure 4. Example of How to Collect a 
Composite Sample With Five Samples 
(Marked With “x”), Making a Single 
Composite Sample Within Each Grid 
Cell in a Grid Sampling Pattern  
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• Physical tests – Sampling depths for these properties 
can be quite variable, but generally, the deeper, the 
better for this category. Measurements used in soil 
health test packages, such as aggregate stability and 
bulk density, are generally conducted in the top 6 or 8 
inches of soil. Deeper samples that measure many 
properties are most often only collected for research 
but can provide important details about the soil profile 
that influence crop production.   

 

Soil Quantity  
The general guideline for the quantity of soil that should be 
collected in a sample is to collect a little more than you need so 
there is adequate soil to conduct all desired analyses. Most routine 
chemical tests require 1–2 cups of soil (Figure 5). Biological and 
physical tests can require larger quantities. Soil health packages that 
include a variety of chemical, biological, and physical properties 
often require at least 4 cups of soil. Be sure to identify the desired 
tests and required sample size from your analytical lab before you 
sample to ensure that you meet or slightly exceed the sample 
volume required.   
 

Equipment 

The most common and recommended tool used for soil 
sampling is a soil probe (Figure 6). Shovels/spades are 
generally not recommended because they can contain 
contaminants from other uses and do not control depth 
as well as probes. In some cases, spades can be used 
carefully for soil health sampling. The advantage of soil 
probes is that they disturb less area, can be quicker than 
a shovel, and it is easier to control sampling depths. The 
major disadvantage is the soil probe cost ($75 to over 
$500 depending on quality and features). All sampling 
tools should be free of rust. Most county extension 
offices in Utah have soil probes that can be borrowed if 
needed. Many commercial soil probes exist, and most are 
suitable. Consider which type of soil you will be sampling 
when selecting a probe, as some are more suited to 
clayey, rocky, or sandy soils. Also compare price, 
durability, user ease, diameter, tip type (wet or dry soils), 
and other factors when selecting a probe.  
 

Handling 
It takes much effort to collect soil samples, so ensure that you carefully follow sampling and handling 
procedures to receive a correct and representative analysis. Some key components of sampling handling are: 

• Lubricants – Some soils can be extremely difficult to sample, and soils often get stuck in sampling tubes. 
WD-40 and other lubricants (without vegetable oil) can aid in sample removal from soil probes but 

Figure 6. Examples of Soil Sampling Probe 
Options, Including Split Tube, Open Tube, 
Closed Tube With Slider, and Standard vs. Back-
Saver Handles  

Figure 5. Collect at Least 1–2 Cups of 
Soil or More for Most Analyses 



should only be used if necessary. Lubricants can be used in most cases unless you are conducting some 
biological tests because the lubricant can influence soil biology. Be sure to review guidelines from 
analytical labs before using lubricants. 

• Sample packaging – Most soil samples can be stored in heavy-duty plastic Ziplock-type or paper bags. 
Avoid cloth bags. Many analytical labs provide sampling bags that are generally paper bags lined with 
plastic to prevent bag damage from wet soils. Be aware that some biological tests have specific 
requirements for the type of bag and whether to leave air in the bag.  

• Temperature – Sample temperature between the time it is extracted in the field and reaches the 
analytical lab is critical for many soil tests. For most analyses, they either need to be dried as soon as 
possible or kept cool or frozen prior to analysis.  

o Nitrogen – Soil samples collected for nitrogen analysis should be sent immediately to a lab, or if 
that’s not possible, they should be air or oven-dried (less than 100 °F) as soon as possible after 
sampling. If drying is not possible shortly after sampling, keep samples cool until drying or 
shipping can occur. The key is immediate cooling or rapid drying to prevent nitrogen 
transformations.  

o Other macronutrients, micronutrients, and chemical tests – The procedures for these tests are 
the same as nitrogen but cooling samples is not as large of a concern.  

o Biological tests – Some biological tests require special temperature handling, and some can be 
treated like routine chemical tests. For example, CO2-C respiration (including the Haney test, 
Sol-vita, or 4-day respiration) is conducted on dry soil to treat samples like macronutrient 
samples. Others, like PLFA, require that samples are cooled with ice during shipment or soil DNA 
sequencing requires a deep freeze of samples with dry ice and immediate delivery to labs. Be 
sure to check with your analytical lab for specifics for each test.   

o Physical tests – Physical tests often require no special handling. Samples should be dried or sent 
to a lab as soon as possible.  
 

Where to Send a Sample for Analysis?  
When selecting a laboratory to conduct your soil analyses, it is important to compare these and other factors: 

• Analysis and shipping costs 

• Turnaround time to obtain results 

• Quality of analytical methods  

• Certifications (type and most recent) 

• Quality of the soil test interpretations 

• Possible conflicts of interest if laboratories are connected to commercial sales 

• Basis of recommendations (optimization or maximizing yield) 
 
When selecting a laboratory, ensure the lab participates in a third-party data quality assurance program. Most 
soil testing labs that regularly handle agricultural and horticultural analyses participate in either the North 
American Proficiency Testing Program (NAPT) operated by the Soil Science Society of America (SSSA), or the 
Agricultural Laboratory Proficiency Program (ALP), a private lab certification provider. Both programs provide a 
list of participating labs that one can search to see if the lab they are considering is an active participant. These 
programs compare periodic lab performance on blind check samples to other soil testing labs and help the lab 
ensure they are providing accurate analytical results. Remember, however, that where analytical results should 
be reasonably objective and comparable between labs within expected analytical method error, fertilizer and 
amendment recommendations are somewhat subjective and are based on typical needs of the crops and soils in 
the area the lab operates, and the intent of the recommendation (effect a maximum productivity result, an 

https://www.naptprogram.org/
https://www.soils.org/
https://www.alpprogram.net/home/


economically optimal result, a soil fertility or heath building result, etc.). Recommendations must be evaluated 
against their intent when comparing one lab to another. 
 
A few other things to be aware of when selecting a lab and interpreting results are suspect soil values and 
interpretations. If a soil analysis looks suspect (for example, extremely different than previous results), be sure 
to talk with the lab about the results. Most will double-check the results and re-run a test if needed to ensure 
that your results are accurate. Further, carefully consider the interpretations/recommendations attached to the 
soil test report. It is wise to compare the recommendations to other sources to ensure that you are making the 
best fertilizer and amendment investments.  
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