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The Guide

For soil survey updates.

Provides instructions to conduct 
comparison studies.

Integrates soil and vegetation data 
collection.

Emphasizes functionally important 
properties, field methods and 
efficiency. 

Step 1. Project Planning

Step 2. Sampling Design
Establish project details, including 1) selected management 
systems (2 or 3 state phases from a conceptual model, Figure 
1) and soil map unit components to be compared and 2) soil and 
vegetation properties to be measured. 

Step 3. Sampling Requirements 
Determine 1) plot configuration based on standard methods for vegetation. 
and 2) number of plots and soil samples per plot that are required to detect 
functionally important differences.

Step 4. Field Work
Locate plots (minimum of 5 per management system); verify soil and state 
phase or management system; collect data and management information.

Step 6. Data Analysis and Reports
Summarize and evaluate the data; evaluate sampling sufficiency; 
test for differences using statistical tests; develop reports.

Getting ready to conduct projects in your MLRA Soil 
Survey Area
Dynamic soil property data will be collected in soil survey updates and 
benchmark soil studies. Strategic preparation will ensure efficiency and 
lower costs. Work with other disciplines and cooperators to get ready: 

Establish project objectives; invite cooperators; select soils  and 
ecological sites or crop management zones to sample.

Producers and land managers need information about soil and ecosystem change in order to 
plan for long-term productivity, conduct monitoring and assessments and predict management 
effects on soil function. Data collection procedures have been developed by NRCS and the 
Agricultural Research Service Jornada Experimental Range in cooperation with National Park 

Step 5. Data Preparation
Enter and error check field data (interim storage in spreadsheet or 
database); merge field and laboratory data; make calculations. 

Six Project Steps

Figure 1. Missouri Ecological Site-Upland Flatwoods (common name):  
Post oak/blackjack oak/little bluestem
Distribution:  Ozark Highlands Section - Springfield Plain and Central 
Plateau subsections

PC#: 3   Common Name: 
Post oak / flowering 
dogwood/low bush 
blueberry
Structure: Multi-story.
Canopy:  >50%

PC*#: 1 (HRPC*)
Common Name: Post oak/blackjack 
oak/little bluestem
Structure: two-storied
Canopy: 30-90%

PC#: 8
Common Name: cultivated cropland
Structure:   Annual herbaceous groundcover

PC#: 9
Common Name: pasture (improved)
Structure: Non-native grass sod ground cover

No Thinning or 
Fire

Final: 23 September 2005

Thinning and Fire

*HRPC = Historic Reference Native Plant Community, PC = Plant Community

No grazing & no fire over 
long period of time with 
woody recruitment

Non-native Condition

Hot Summer Burn &/or Long Term 
Domestic Grazing

Burn, Site prep & Planting / Seeding primarily 
understory native species

No grazing or limited controlled grazing

PC#: 2   Common 
Name: Post 
oak/flowering 
dogwood/tick trefoil-
goldenrod.  Structure: 
Multi-story. Canopy:  
30-90%

PC#: 4   Common Name: Post oak/buckbrush (or 
similar)
Structure: Lacks mid-story. Understory single 
species woody dominated
Canopy: open 30-90%

Fire or site prep & 
seeding. 
Controlled grazing

PC#: 5   Common Name: Post oak/ introduced native 
grass and forbs  Structure: two-story
Canopy:  30-40%

Uncontrolled 
Grazing

Harvest, site 
prep & plant  
non-native 

grass

Abandonment for 20+ 
years with recruitment 
of woody species  from 

native sources 
Harvest oak & manage 

native grasses

No 
disturbance

PC#: 6
Common Name: Native pasture
Structure: Grass and forb ground cover

PC#: 7
Common Name: Short leaf pine/ native 
grass  Structure: two-storied
Canopy:  30-40%

Harvest oak &
plant pine.  Controlled 

grazing

Harvest, 
site prep & 
plant crops

Harvest, site 
prep & plant 
crops
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State and transition model prepared by Doug Wallace, Jim 
Robinson, Bruce Wight, and Mark Kennedy for the Missouri Pilot.

Begay Soil Utah Pilot          Soil Subsample Bulk Density (Field) and Penetration Resistance

Treatment: _______  Plot replicate:______   Collector:_________    Date:____________   Page ___ of ____

Veg Cover: _______    Cover Class of Grass Basal Cover: _______    Soil Crust Class: ____________*
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Reading 
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Surface NC =

2
5
8 PG = Perennial Grass

11 AG = Annual Grass

14 F = perennial Forb

17 G/S = Grass and Shrub

20 S = Shrub

23 T = Tree

26    Pick most representative canopy
29

S =

A 0- 1% WPC =
B 1-10%
C 10-25%
D > 25%

SPC =
WBC =

SBC =

CBC =

RA =
CEM =

D =
EL =

Cracking or curling, rubbery algal 
crusts, with or without lichen* 

Uniform rock armor 

Soil Crust / Pedoderm Class     
(25cm x 25 cm)

No crust; may be plant base or 
soil without any other surface 
feature

Weak physical or biological crust, 
may have few cyanobacterial 
sheaths dangling from ped, no 
darkening from cyanobacteria.  

* Same class as on soil stability dataform

Cemented 
Duff 
Embedded litter

Strong physical crust 
Poorly developed biological crust 
assemblage, few to many cyano-
bacterial sheaths, may be slightly 
dark, can include some other 
morphological group (algal crust, 
lichen, moss)* 

Strongly developed biological 
crust assemblage, obvious dark 
cyanobacteria, rubbery algal, 
moss or lichen crust* 

No perennial or 
annual canopy 
Cover

Veg cover 
(canopy only)   

(25 cm x 25 cm)

Spring Strength 
(Regular or 

Strong?)

Soil Moisture 
Status D/M/W

Stratum 
subsample ID Soil subsample site ID

Penetration Resistance

Horizon Depth 
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Foot or 
Regular 
Point?

Soil Moisture 
Status D/M/W
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0 - 6.3
6.3 - 63

Cover Class 
For  grass basal cover

63 - 156

Cover class instructions:       
Ocularly estimate the percent basal 
cover of grass to within a cover 
class range.  Either estimate the 
area covered in square centimeters 
within the 25 cm x 25 cm square, or 
use the examples of percent area 
covered to determine which class 
the square is in. 

Area covered in 
25cm x 25cm 

square (sq cm)
Percent 
Range*

Cover 
Class

> 156

1. Identify resource issues related to management-induced changes in 
soil properties.

2. Update benchmark soil lists and identify benchmark ecological sites 
to help set priorities for projects.

3. Add comparison studies to MLRA soil survey long-range plans.
4. Get training in soil change and comparison studies (Soil Quality will 

be a prerequisite).

Purpose of a Comparison Study: To measure dynamic soil 
properties for two or more management systems (state phases) at 
or near steady state conditions and interpret how the changes and 
departure from inherent or reference conditions affect soil 
function, resilience and sustainability.

Minimum data set 
(dynamic soil properties)
•Organic carbon
•pH
•EC
•Bulk density/soil porosity
•Structure and macropores
•Aggregate stability
•Total N (for C:N ratio
•Soil aggregate stability (field)

General Summary of Dynamic Soil Properties for State Phases:  Prescribed Depth Increments.                        
Perennial Grass-Shrub (PGS) and Annual Grass (AG) State Phases 

    Bulk density, <2mm (g/cm3) Organic carbon (%) 

  

All 
samples 
within 
plots 

Central tendency 
of plot means 

Central 
range of 

plot means 

Variation 
of plot 
means 

All 
samples 
within 
plots 

Central tendency 
of plot means 

Central 
range of 

plot means Variation Soil map 
unit 

component 
phase 

State 
phase 

Depth 
(cm) Range Mean Median 

Interquartile 
range  CV % Range Mean Median 

Interquartile 
range  CV % 

PGS 0 - 2  1.27 - 1.91 1.51 1.53 1.47 - 1.54 2.7 0.27 - 0.91 0.59 0.59 0.53 - 0.65 11.7 

  0 - 10 1.34 - 1.59 1.52 1.53 1.46 - 1.56 3.50 0.22 - 0.39 0.30 0.29 0.29 - 0.34 10.90 

Begay fine 
sandy loam, 0 
- 6% slopes 

  2 - 10 1.33 - 1.62 1.52 1.53 1.46 - 1.56 2.70 0.15 - 0.34 0.23 0.23 0.21 - 0.27 14.50 

    10 - 25 1.46 - 1.62 1.55 1.55 1.52 - 1.58 3.80 0.13 - 0.27 0.18 0.18 0.15 - 0.22 21.80 

    0 - 25 1.45 - 1.61 1.54 1.54 1.50 - 1.57 2.00 0.16 - 0.32 0.23 0.22 0.20 -0.27 15.40 

  AG 0 - 2 1.01 - 1.67 1.42 1.46 1.32 - 1.47 6.9 0.26 - 1.48 0.67 0.69 0.55 - 0.77 17.8 

    0 - 10 1.34 - 1.55 1.44 1.43 1.39 - 1.49 3.60 0.15 -0.66 0.40 0.42 0.34 - 0.43 13.50 

    2 - 10 1.34 - 1.55 1.44 1.43 1.40 - 1.50 3.70 0.13 -0.57 0.33 0.33 0.28 - 0.37 15.50 

    10 - 25 1.42 - 1.59 1.50 1.50 1.48 - 1.53 2.00 0.07 - 0.32 0.19 0.17 0.37 - 0.24 25.60 

    0 - 25 1.40 - 1.57 1.48 1.47 1.44 - 1.52 2.60 0.11 - 0.41 0.27 0.27 0.15 - 0.24 14.20 

Horizontal lines across 
each chart (marked by 
a bracket and arrow) 
represent high 
(maximum) and low 
(minimum) plot means 
of the reference state 
phase. The upper and 
lower values of the 
shaded box represent 
the central range of 
values (75th and 25th 
quartiles). 

Perennial grass/shrub community 
(Reference state phase)

Annual grass (cheatgrass) invaded 
community 

Vegetation measures (forest examples)

Line point intercept sampling every 1 m on five 20-m long 
transects resulting in 100 points. Start at 1 m.  Modify to every 0.5 
meter for 200 points if many finely intermingled plant species each 
contribute a relatively low percentage to cover. Start at 0.5 m.

20m x 20m plot, one stratum, five soil sample locations

Stratum soil replicate ID*

Soil sample location, dynamic soil property

Soil sample location, full pedon description

Soil stability subsample

Soil sample location with 3 soil stability 
samples within 25 cm x 25 cm square

* Example: G1-G5 for grass stratum; or S1-
S5 for shrub stratum; etc.

Baseline, 20 m long

Transect, 20m long

Herbaceous  production subplot, 1m-sq

Woody production subplot, 100m-sq

Grassland, shrubland and 
savanna ecosystems

May 2008

G#

Transect   1 2 3 4 5
0m               5m                10m              15m         20m

20 m

G5G2

G4G1

G3

Plot center

Soil sample location

Vegetation understory/groundcover sample 
location

Woody debris transect

Interior circle = 1/20 acre understory fixed 
plot;  Radius = 26.3 ft

¼ acre plot (radius 58.9 ft)

58.9 ft

Forest ecosystems

May 2008

30 cm   

North 

100 cm   

100 cm   

variable   

Soil visual disturbance class

Forest floor sample

Soil sample location

Root biomass (supplemental)

Soil sample location for 
dynamic soil properties

The box plot at the left side of each chart is 
the reference state phase.
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PG-S=perennial grass-shrub state phase; AG=Annual grass (cheat grass) state phase; n=4  
=Median                       =Mean

Service, Forest Service and Bureau of Land Management. The dynamic soil property 
procedures for soil survey updates are described in this poster. Procedures tested and 
developed during four pilot projects: Big Bend NP, TX (2003, 2004), Arches NP, Utah (2005), 
Springfield Plateau, Missouri (2006), and Northern Idaho (2007).


