
• Good Morning.
• You should have picked up a 1-page handout. It lists the web site addresses that I will 

be referring to during my talk. It does not show my slides but it does list a web 
address where you can download a copy of my slides if you are interested. 
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About four months Kim Holloway asked me to speak at this workshop. We sat and 
visited regarding what aspect of soil I would talk about. When I mentioned the county 
soil survey and the information they contained related to tree growth, she became 
quite excited and said that is what I should talk about. So, here we are.
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What is soil?

NOT DIRT. I often speak to youth groups about soil. I usually begin my talk by ask 
them “What is soil?” and almost always someone will say “dirt”. My usual response 
(after feigning a heart attack) is to ask “Is a lake nothing more than a water-filled 
hole? Is a forest nothing more than a couple pieces of wood stuck in the ground?” 
Most of us would say that a lake or a forest is much more than that – both are 
complex environments that provide many of the necessities for living organisms. I 
hope that you will come to view soil in the same light.

 The Soil Science Society of America defines soil as … {printed on slide}. Notice it 
includes “…medium for growth of land plants.”
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What does soil provide for plants, including trees? A popular soil science text book by
Brady and Weil lists 6 things that soil provides to plants:

 Physical Support  
 Air  
Water  
 Temperature moderation 
 Protection from toxins  
 and nutrient elements.

We are going to talk a lot about one of these today.
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What is the primary limiting factor for plant growth in northwest North Dakota?

 It is water. 

Think about it:

Williston’s average annual precipitation is just a little more than 14 inches. 

Our climate is commonly described as a semi-arid climate. 

 The native vegetation in the area is short prairie grasses.
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Not only is the scant amount of rain a concern, the timing of the rain is also a concern.

 Any place that receives 10 inches or less is considered a desert. Because we receive 
only about 14 inches of precipitation in a year, you could say we are less than 5 
inches away from a desert. 

 And of course, the rain does not always occur when it is needed. Sometimes we get 
more than what we need right at the time, sometimes we receive less than what we 
need at the time. If we are able to store excess water received during wetter times 
of the year, and then use it during drier times, we can use our limited water 
resources much more efficiently.
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Let’s look at the timing of precipitation, or water supply, and potential 
evapotranspiration, or water demand, throughout the year. These data were collected 
on the experiment station during the years of 1991 to 2015. The months when the 
most precipitation was received were June and July, but the months when the potential 
evapotranspiration, or water demand, was the greatest were July and August. Both 
precipitation and water demand decreased in September, but the decrease in 
precipitation was greater than the decrease in evapotranspiration.

The precipitation percentage was greater than the PET percentage in November, 
December, January, and June, whereas the of PET percentage was greater than the 
precipitation percentage in April, August, and September.
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• For seven years, I measured the amount of water in the soil in the shelter belt just to 
the north of this building. In six of seven years, the soil was wetter when I took my 
first measurement in the spring (usually April†) than it was when I tool my last 
measurement in the Fall (usually November‡).

• If you compare the amount of soil water in the spring to the amount in the following 
fall, you can determine how much water the trees extracted from the soil. During 
these seven years, averaged about 3 inches but it varied greatly. A couple of years 
the trees used about 5 inches of water from the soil (2009 & 2011). One year, 2008, 
the soil actually wetted up during the summer. 

• The thing I noticed when looking at these data is that the years when the trees 
extracted the most water from the soil were the years when the soil was wetter in 
the spring.  Every summer the trees pretty much use up all the available water that’s 
in the soil. Thus the more water from winter precipitation that our soil can store, the 
better.

---
† April 6 years; May 1 year.
‡ November 5 years; September 2 years of
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How much water can a soil store? That varies with the type and thickness of the soil. 
A clay can only hold 1¼ inches of plant available water per foot. A silt loam can hold 
about 2¼ inches of plant available water per foot. A sand holds only about ¾ inch of 
plant available water.

And of course, the thicker a soil is, the more water it can hold. For example, a silt loam 
soil that is only 1 foot deep cannot hold as much water as a sand that is 4 feet deep. 
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So is there someplace you can look up this information about the specific soils in your 
location?

 Yes there is! You can look it up in your county soil survey. These are complied by the 
Natural Resources Conservation Service, or NRCS. Some of you may remember the 
NRCS used to be called the Soil Conservation Service, or SCS.
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If you are not familiar with the NRCS county soil surveys, you may be wondering what 
they are.

 A soil survey is a detailed report on the soils of an area. 

 The soil survey has maps with soil boundaries and photos, soil descriptions, and 
tables of soil properties and features. 

Who uses a soil survey? Soil surveys are used by farmers, real estate agents, land use 
planners, engineers; actually anyone who desires information about the soil.
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The Tables section of an NRCS county soil survey has detailed information on basic soil 
properties such as

 engineering index properties and physical and chemical properties.

The Tables section also has detailed information on biological-related uses of soil, such 
as 

 crops and pasture productivity, recreational uses, and wildlife habitat.
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Soil surveys from the NRCS include something called “Conservation Tree and Shrub 
Groups”, or CTSGs.

 Each tree and shrub species has certain climatic and physiographic limits. Within 
these parameters, trees and shrubs may be well suited or poorly suited to a given 
environment because of climate, location, or soil characteristics.

 On the basis of the performance of individual species to specific conditions of soil, 
climate, physiography, and management, CTSGs have been developed.  

 Individual soils have been grouped with similar soils into one of the 10 main CTSGs. 

Most of these main groups are further divided into subgroups. 
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The 10 main CTSG are identified (or named) by the numerals 1 through 10. Generally, 
Group 1 soils are the best suited for growing trees and Group 10 is the least suited. 

Williams county has some soils in each of the ten main CTSGs. The group that has the 
largest area coverage in Williams county is Group 3, which covers nearly 60% of the 
county. The group with the next largest coverage is Group 10. The remaining 8 CTSGs 
each cover less than 6% of the county.
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One type of information listed in county soil surveys is the height that various trees and 
shrubs are expected to reach in 20 years when grown on each of the CTSGs.

 This information is in a table in the printed soil surveys.

 Unfortunately, this information is not as easy to find on-line. One place it can be 
found in the “Field Office Technical Guide”. In the handout, I have included the web 
address for the on-line file that contains this information for Williams County.
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I should mention something to prevent some confusion. Before the NRCS begin using 
the CTSG system they grouped soils using a related classification system called 
Windbreak Suitability Groups or WSGs. For example, the printed Williams County Soil 
Survey uses the old WSG system.

The two systems are very similar: I think of CTSGs as a refinement of the WSGs.
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Where can you get this great information? From a couple different places. 

 You can get what’s a “Historic” county soil survey from your local NRSC office. (I think 
it’s humorous that a publication that is less than 15 years old is called “historic” even 
though it is describing something that is thousands of years old). Actually, they are 
called “historic” because they are not interactive and cannot be customized for a 
specific location.

{Show the audience your copy of the Williams County Soil Survey}.
Unfortunately, you cannot get a printed copy of the Williams County Soil Survey from 
the Williams County NRCS office -- they have none left. 

 You can also get historic county soil surveys on-line. I’ve given the URL on the slide. 
Note that it was too long to fit all on one line, so it wrapped around on the slide. I 
have also included it on the handout. To get the historic soil survey for Williams 
county, you would go to this site, click on the link “Listing of Soil Surveys by State”, 
then click on “North Dakota”, then click on “Williams County 2002”, then click on 
“Manuscript”.  The manuscript is only the bound portion of the printed survey; it 
does not include the loose-leaf maps.
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The current version of the county soil surveys is the interactive “Web Soil Survey”. I 
listed the URL on the slide and on the handout. You can also go to the site via the 
website address given on the previous slide but this address is easier as it is a direct link 
and it is shorter.
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The Web Soil Survey is easy to use. The website lists four basic steps.
Use the Area of Interest tab to define your area of interest or the location that you 

are interested in.
 Click the Soil Map tab to view or print a soil map, and detailed descriptions of the 

soils in your Area of Interest.
 Click the Soil Data Explorer tab to access soil data for your area and determine the 

suitability of the soils for a particular use. The items you want saved in a report can 
be added to your shopping cart.

Use the Shopping Cart tab to get your custom printable report immediately, or 
download it later.

I have used the Web Soil Survey on my iPhone. If you try it on your smart phone, there 
are a couple things you know:
1. You will want to use a fast connection; I used a Wi-Fi connection, LTE was too slow.
2. Zooming in on the map was difficult, marking the AOI was impossible. I imported 

the AOI as a zipped shaped file. If you don’t know what that means, you probably 
don’t want to use the Web Soil Survey on your smart phone.

3. There are apps you can get to access soil survey data on your phone, but I could not 
find CTSG data on them.
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Now I am going to go through an example of looking up the CTSGs for a location and 
seeing what we can learn from them. For this example, I am going to use the 
Experiment Station’s 800-acre Dryland Farm.
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For this example, I used the Web Soil Survey. I started by choosing the Williston 
Research Extension Center – Dryland Farm as my Area of Interest. 

{Point out the 5 quarters}

 The building we are in is right here.

Most of the soils on the station (77.6%; 621 acres) are in Conservation Tree and 
Shrub Group 3. These are the rolling areas in the NW corner and the most of the 
area south and southwest of this building.

One area, west of this building, has soils in Groups 6g and 7. This is the low, flat piece 
of land that you can see when you are on Hwy 2 west of the station. This area is 
smaller (11.6%; 93 acres).

 A four areas on the station have soils in Group 10. These soils cover 10.7% or 86 
acres of the station. These areas are very steeply sloped (Northwest) or have high 
water tables (South).
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On the following slides, I will show descriptions and limitations of the four CTSGs found 
on the station. For each CTSG we will first look at the description of the soils then we 
will look at the limitations of the soils.

 You can get descriptions and limitations of CTSGs from the same publications that 
list the expected tree height information, i.e., printed soil surveys and Field Office 
Technical Guides.

For this example, I got the descriptions and limitations from the Williams County NRCS 
Field Office Technical Guide.
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We will look at Group 3 first. This is the predominant CTSG on the station. Looking at 
this description, the soils look pretty well suited for growing trees. The soils are deep 
and have a high water-holding capacity.
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There are a few minor limitations, but they are what I would expect on any soil in NW 
North Dakota:
competition from grass and weeds and a possibility for water erosion, especially on the 
more sloped areas. 
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The next group is Group 6g. Soils in this group were found in the lower, flat, area west 
of here. Looking at this description what I notice is that the soils are only moderately 
deep and have a low or moderate available water holding capacity.
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When we look at the limitations, what is the first thing that is mentioned? 
Droughtiness. The other limitations, i.e., competition with grass and weeds and the 
potential for erosion, were also listed for the previous group. Notice it does say that 
supplemental watering may be needed on these soils and that on the shallower soils 
there may be reduced tree growth and vigor, and reduced survival rate during drought.
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Soils in Group 7 occurred in the same area on the station as the soils in Group 6g. I see 
that these soils are sandy and have low to very low water holding capacity. 
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Again the first limitation mentioned is drought, but these soils have the added concern 
of abrasion from soil blowing. Specialized site preparation and planting methods are 
recommended to address these concerns. Supplemental watering is needed. 
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The final group of soils found on the station is Group 10. You may remember that this is 
the group that is located on four different locations on the station. The description 
states that all these soils have some characteristic that severely limits tree growth. 
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The limitations state that you should not try to grow tress on these soils. I said earlier 
that the Group 10 soils on the station were on the two steeply-sloped areas 
surrounding the low area to our west (behind me) or to two high water table areas to 
our south. It was interesting to me that the limitations state that soils on steep slopes 
or are too wet are automatically placed into this group. 
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So to summarize,

 In our part of the world, water is the most common limitation for plant growth.

 Different soil types have different characteristics. This makes some soils better suited 
for growing trees than others.

 You can get lots of useful information about the soils in your location from the NRCS 
county soil surveys. 
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If you want to visit one of the websites I mentioned, the addresses are listed on the 
handout.

You can view a copy of my slides and notes at my Google/NDSU website. The URL is 
sites.google.com/a/ndsu.edu/staricka

Thank you for your attention.

{If there is time, offer to answer questions}.
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