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ABSTRACT 

Dynamic soil properties have recently garnered increased attention by the producers and users of soil survey data.  Information on near-surface properties, along with vegetation characteristics, can provide soil survey users with important tools for management. Protocols to measure these dynamic soil properties, and to interpret the results, are inadequately addressed in standard soil survey procedures; therefore, there is a need to define such protocols for use in future soil inventories of the national parks and other soil surveys. A pilot study for the collection of dynamic soil properties was conducted in Arches National Park, Utah, in 2005. In addition to providing the park with information to evaluate and manage visitor impact on soils, the pilot study provided an opportunity to test and refine sampling procedures. The sampling was conducted on Begay soils under two plant communities of the Semidesert Sandy Loam (fourwing saltbush) ecological site - a mixed perennial grass/shrub community (PG-S), and a cheatgrass-invaded community (AG) in Major Land Resource Area (MLRA) 35.  Vegetation properties sampled included herbaceous production, basal and canopy cover; and basal and canopy gap sizes. Soil properties sampled included field soil aggregate stability, bulk density, penetration resistance, carbon fractions and CaCO3% for multiple depth intervals.  A summary of the sampling procedures used, and an evaluation of those procedures, will be presented.

1. INTRODUCTION

1.1  Background

Soil and ecosystem changes that affect the capacity of the soil to function are a concern for land managers, producers and the general public. Managing national parks and other federal and private lands to protect fundamental natural resources, processes, systems and values for future generations ultimately depends on sound soil resource management. The natural features and diverse plant and animal communities of parks depend particularly on maintaining soil functions (Larson and Pierce, 1991; Blum and Santelises, 1994; Daily, 1997; Seybold et al., 1997) that support plant growth and limit soil erosion. These soil functions are affected by changes in dynamic soil properties and vegetation, yet dynamic soil properties are inadequately addressed in standard soil survey procedures (Tugel et al., 2005). Through soil survey updates and benchmark soil studies, soil scientists can collect data on soil and ecosystem change in order to meet user needs related to human impacts on soil function. Protocols for measuring dynamic soil properties and interpreting the functions of soils are therefore needed to define requirements for soil inventories.
1.2  Objectives of the Pilot

An interagency pilot project for the collection of dynamic soil property data was conducted in Arches National Park, UT. The pilot was designed to address two related soil survey needs. One need was national in scope and the other applied to the local park. Nationally, the Natural Resources Conservation Service (NRCS), the National Park Service (NPS), and other federal agencies have internal or external customers who need information related to human impact on soil function. Through this project and others, the NRCS is developing new soil survey procedures to meet these needs. This pilot was included in the soil survey update of Arches National Park (Arches NP) in order to test and evaluate data collection procedures for dynamic soil properties. During the assessment of information needs for the soil survey update of Arches NP, a number of resource information requirements were identified by park personnel. The pilot was designed to gather soil and vegetation information for the soil survey update, ecological site description development, and specific NPS information needs (Table 1). 
The NRCS developed the pilot project in conjunction with the NPS and the Jornada Experimental Range-Agricultural Research Service (ARS).  The project was implemented as a part of the update of the Arches NP soil survey by two soil scientists, one range management specialist, and one archeologist. The objectives of this project were to 1) summarize selected dynamic soil properties of the Begay soil for plant 
communities within proposed states of the Semidesert Sandy Loam (Fourwing Saltbush) ecological site; 2) determine if statistically or ecologically significant differences in the mean and variation of these soil properties exist between plant communities or states; 3) determine if any correlations exist between dynamic soil property values, plant community characteristics, and terrain characteristics; and 4) describe any relationships between the dynamic soil properties of the Begay soil and the plant community characteristics of different states of the Semidesert Sandy Loam (Fourwing Saltbush) ecological site.
	Table 1. Summary of soil resource information needs for Arches National Park

	1. Increased understanding of the interrelationships between soils and plant communities specifically focused on differences in dynamic soil properties and states of the state and transition models.  This includes plant communities that have excessive amounts of invasive species such as cheatgrass.

2. Examine the relationship between current soil properties and plant communities, as well as the possible effects of historical grazing, to help assess visitor impact, and removal of vegetation.

3. Development of a set of dynamic soil properties which may be monitored by NPS personnel as indicators of transition between states, with the objective of making management decisions in a timely manner, i.e. before irreversible changes have occurred in the soil properties or plant community.


1.3  Objectives of this Document

The pilot was combined with soil survey update activities, to allow evaluations that would guide future data collection of Dynamic Soil Properties (DSP) through soil survey and inventory projects.  In this document, we describe the sampling procedures and our field evaluation, experiences, and recommendations in applying them. The evaluation is primarily that of the field personnel who carried out the work.

2.  METHODS

We sampled functionally important dynamic properties of the Begay soil (coarse-loamy, mixed, superactive, mesic Ustic Haplocambid) underlying two distinct plant communities within two proposed states of the Semidesert Sandy Loam (Fourwing Saltbush) ecological site (MLRA 35 Colorado and Green River Plateau) (Figure 1). The soil component was Begay fine sandy loam, 1-6% slopes.  We integrated and co-located multiple soil and vegetation subsamples to ascertain the relationship between vegetation and near-surface dynamic soil properties. Vegetation properties included herbaceous production, basal and canopy cover, and basal and canopy gap size distribution, while soil properties included field soil aggregate stability, bulk density, penetration resistance, and carbon fractions for multiple depth intervals. These properties were selected because they reflect important relationships and functions on this site (Table 2).

Table 2. Summary of important functions and properties selected to represent them. Measurement methods for each are indicated (modified from Herrick et al. (2005).

	Important functions and relationships
	Property
	Protocol/Measurement

	Soil-vegetation relationships; air-soil interface functions (protection from erosion, resistance to erosion, runoff)
	· Canopy cover

· Basal (plant bases) cover

· Bare ground
	Line-point intercept

Crust/pedoderm class

	Resistance to wind and water erosion; exotic plant invasion; runoff
	· Canopy gaps of specific size

· Basal gaps of specific size
	Canopy and basal gap intercept

	Resistance to wind and water erosion; organic matter cycling; biological crust development
	· Surface stability (class)

· Subsurface stability (class)
	Field soil aggregate stability test 



	Nutrient cycling; carbon sequestration
	· Total C

· Organic C

· Active C

· CaCO3
	Standard laboratory analysis

	Root restrictions; weight to volume conversions
	· Penetration resistance

· Bulk density
	Various methods 

	
	
	


2.1  Study Area

The study area was located in Arches National Park, Utah within MLRA 35, the Colorado and Green River Plateaus.  The physiography of the region consists mainly of deep canyons cut through plateaus and mesas of nearly horizontal layers of sedimentary rock, and “salt valleys” formed from ancient salt anticlines.  The geology of the area includes deposits from the Jurassic, Triassic, Permian, and Pennsylvanian periods, and consists mainly of sandstone, shale, mudstone, and conglomerate.   These layers are unevenly covered with varying depths of more recent eolian and alluvial deposits. In most of the region, the soil moisture regime is ustic aridic, and the temperature regime is mesic.

The Begay series is a moderately extensive soil in southeast Utah and southwest Colorado, in MLRAs 34, 35, and 48A.  It occurs on structural benches, mesas and fan remnants.  It is formed in eolian and alluvial material derived from sandstone.  Begay is mapped in the area of interest at elevations ranging from 4,800 to 6,200 feet. The study was restricted to elevations of 4,800 to 5,400 pending remapping of the Begay soils at high elevations. Begay is one of the most productive soils in southeast Utah, and as such is of great interest to NPS managers as a unit to manage and monitor for changes in state of the state and transition model. 
2.2  Plot Selection

We selected four plots in each of the mixed perennial grass/shrub community (PG-S) and the annual grass (cheatgrass) invaded community (AG).  Plot selection included both a GIS and a field verification component. We used a GIS-based procedure to develop a pool of potential plot locations that were randomly located and (1) within a Begay map unit, (2) greater than 60 meters from map unit boundaries, (3) greater than 60 meters from NPS boundaries, and (4) on slopes less than 10%.  The pool of potential plots was then visited and verified in the field prior to selection. For sampling, we selected only those plots that met the more stringent field-based criteria that included distance, vegetation, topographic, cultural, and soil criteria (Table 3).
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Figure 1.  The two distinct plant communities sampled represent two proposed states of the Semidesert Sandy Loam (Fourwing Saltbush) ecological site (MLRA 35 Colorado and Green River Plateau) on Begay soils in Arches National Park, Utah.

	Table 3. Field-based criteria for plot selection

	Distance
	Greater than 200 m from a previously selected plot of the same treatment.

Greater than 120 m from a previously selected plot of a different treatment.

Greater than 60 m from a paved or main dirt road and at least 20 m from a dirt track (plot must be beyond impact of road).

All portions of the 20 x 20 m plot are greater than 20 meters from a dissimilar inclusion.

	Vegetation
	Existing plant community is representative of either the mixed perennial grass/shrub (PG-S) community or the annual grass (cheatgrass) invaded community (AG).

	Topographic
	Slope is more than 1% and less than 6%.

	Cultural
	No cultural resources present in the area of the plot.

	Soil
	Only soil on the plot is Begay fine sandy loam (hole dug to verify). 


2.3  Plot Design and Layout

A 20 x 20 m plot design integrated soil and vegetation measures (Figure 2).  The 20 x 20 m plot was laid out to 1) improve efficiency of data collection, 2) meet ESD vegetation data needs, and 3) relate soil property data from multiple samples collected from a plot to the plot level data for the plant community. For this ecological site, the size was restricted to 20 x 20 m to insure that only one soil component occurred on the plot. Soil measures were taken at four subsample locations on the AG plots and six subsample locations on the PG-S plots (three locations in association with shrub patches and three locations in shrub interspaces).  The subsample locations were randomly located within each vegetation strata. Vegetation measures were taken along five parallel 20-m transects (Figure 2).  
2.4  Soil Sampling Methods

At each soil subsample location, all soil measurements were within a 25 x 25 cm subplot (Figure 3) including a small pit excavated to about 30-40 cm. Basic soil morphological properties were described for the A and upper part of the B horizon (horizon, depths, colors, texture, fragments, consistence, structure, effervescence, and boundary). A full pedon description replaced one 30-40 cm pedon for the dominant or only stratum at each plot. At each soil subsample location, we collected soil samples of three depths using a core sample method. The core sample was sent to a laboratory to measure: bulk density, total carbon, active carbon, CaCO3 equivalent, texture, EC, and pH following standard procedures of the NRCS Soil Survey Laboratory (Burt 2004). Pedoderm features including crust/pedoderm class (Bestelmeyer, this publication) and basal grass cover class were collected at each soil subsample location to describe the air-soil interface. In addition, we collected field soil aggregate stability data at three depths (0, 2.5 cm, and upper part of the B horizon) and penetration resistance data at the surface and at 3 cm incremental depths from 2 to 29 cm.  We recorded the soil moisture status as dry, moist, wet, or frozen. Two backhoe pits were opened for full soil characterization. One was located in the AG community and the other in the PG-S community at the high elevation. 
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Figure 2.  Example of the 20 x 20 m plot design and layout for the PG-S community in Arches National Park, Utah. 
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Figure 3. At each soil subsample location, all soil measurements were within a 25cm x 25 cm subplot.

2.5  Vegetation Sampling Methods

Vegetation methods used were line-point intercept, gap intercept, and double sampling for herbaceous and woody production (Figure 4) for ESD development.  Standard procedures were used according to the National Range and Pasture Handbook (USDA-NRCS 1997), Monitoring Manual for Grassland, Shrubland and Savanna Ecosystems (Herrick et al. 2005), and the National Rangeland Inventory instructions. Minor adjustments were made to the methods for soil inventory purposes, such as the addition of line-point soil surface codes for surface crusts.


[image: image4]
Figure 4. Vegetation measurements included herbaceous production, line-point intercept, woody production, and gap intercept. 

3.  Findings

3.1  Sampling Procedures that were Practical

One backhoe pit in a representative area of each plant community was integral in getting an overview of the soil characteristics.  In addition, one full soil profile description (Form 232) was completed at each sampling plot, and detailed descriptions at each subsample were completed to the depth of interest (approximately 30 cm).  These complete descriptions are critical when attempting to correlate soil properties with the plant community response.  The information on the 232’s can also be used as documentation for the ongoing soil survey update, providing an added benefit. The core method of soil collection for bulk density measurement is simple, and will provide a practical way of gathering soil samples for bulk density, total carbon, active carbon, CaCO3 equivalent, texture, EC, and pH from soils with friable consistence and perhaps others not yet tested.  Crust/pedoderm class and basal grass cover data taken at each subsample location used class criteria which were well-defined. The collection of penetration resistance data was simple, and provided useful information to evaluate the rooting environment. 

Plot layout using the 20 x 20 m design was well thought out and quick to set up.  This plot size covered a representative area and allowed for integration of soil and vegetation measurements. Although integrated at the plot level, subsampling locations for vegetation and soils did not interfere with each other during the field sampling.  The within-plot subsample locations and transects made the work efficient and reduced interference or trampling on sampling locations.  The line-point intercept, gap intercept, and production estimates utilized well-established methods, and allow a quantitative comparison of plots and plant communities. Excluding the backhoe pits, the vegetation sampling methods and the soil sampling methods at each plot took roughly the same time. All the data collected can and will be used for the development of ecological site descriptions including the state and

transition model

	Table 4.  Summary of the field evaluation and experience.

	Soil procedures that were practicable
	Vegetation procedures that were practicable
	Procedures that were impractical

	· Subsample locations

· Backhoe pits in each plant community

· Full soil profile description (232’s) at each plot

· Bulk density measurements and soil collection

· Crust/pedoderm class

· Basal grass cover class

· Penetration resistance (penetrometers) 
	· Plot design & layout

· Subsample locations

· Line-point intercept

· Gap intercept

· Production estimates

· Similar time requirements for data collection (soils/vegetation) 


	· Evaluating pool of randomly located points against field criteria for plot selection

· Defining / locating vegetation that solidly represented the defined unique communities

· Length of sampling period (Oct. – Dec.)

· Surface roughness method



	
	
	


3.2  Sampling Procedures that were Impractical

The process of selecting suitable plot locations from the pool of randomly located points was quite time-consuming for three main reasons.  First, the plant community and soil needed to be verified prior to the sampling.  Secondly, due to park regulations, the potential points had to be accessed on foot, which increased overall plot selection time.  Finally, finding plant communities that were clearly representative of the mixed perennial grass/shrub (PG-S) community or the annual grass (cheatgrass) invaded community (AG) proved labor-intensive.  Overall, about 10% of the initial pool of 48 random points met the field criteria and were selected for sampling.  The AG plot with the backhoe pit was located based on expert-opinion and was not randomly located.  All other plots were located randomly but final selection was based on expert-opinion as to whether it met the field-based criteria (Table 3). Out of an initial pool of 48 random points, we found 4 suitable PG-S and 1 suitable AG plot sites.  The other potential plot locations were excluded for various reasons (Table 5).  Following exhaustion of the initial pool of random points, an additional set of random points was generated, and we visited these in random order until we had identified suitable locations for the final 2 AG plots.  At the outset of the project, there were 8200 acres in Begay map units within Arches NP across which potential plots were randomly located.  While field observations made to select plot locations provided documentation for necessary updates to the original soil survey, only about 4500 acres of the Begay mapunit were delineated on the soil survey maps that are currently being updated.  The mapunits are about 65% Begay resulting in approximately 3000 acres of Begay soil.  Consequently, many of the randomly located points that did not fit one of the two targeted plant communities were actually on a different soil series.  This indicates that plot selection will be facilitated in map units which have recently been updated, or which have a predominance of one soil series (consociation) rather than a complex of two or more series.
	Table 5.  Outcome  from initial pool of random points

	
	Number
	Percent

	Excluded due to: 
	
	

	
	Inaccessibility
	8
	17%

	
	Vegetation
	15
	31%

	
	Cultural resources
	2
	4%

	
	Soil
	14
	29%

	
	General site characteristics
	4
	8%

	
	
	

	Selected
	5
	10%

	Initial random pool
	48
	100%


The modified chain method (J. Belnap, personal communication, 2005) to measure surface roughness at the biological crust scale proved to be tedious, difficult to apply consistently, and of questionable value on the annual grass invaded community, so was not done on the majority of the plots.  Use of a heavier chain may overcome the difficulty in placing the chain over an uneven surface. To get consistent plant production data, all the plots should be sampled in a relatively short period of time. The field schedule in 2005 (Table 6), and resulting elongated sampling period (October to December) were not ideal. The time needed for training and planning can be reduced as this project was part of a pilot study in which the methods were being developed and tested. The sampling process required an average of one long day for each sample plot. The time requirements need to be considered when planning these operations, and adequate time allowed in the overall soil survey work plan. 
	Table 6. Utah field workload, 2005

	Planning and preparation time
	3 weeks over 5 month period

	Plot selection in the field
	2 weeks

	Training
	3 days

	Two backhoe pits
	1.5 days

	Sampling (140 samples)
	2 weeks over 2 month period

	Integrated sampling
	6-7 hours/plot for 3.5 people + travel time


4. Recommendations and Summary

4.1 Recommendations Based on Field Experience 

4.1.1 Improve plot selection process

We have learned that selecting sample sites on the same soil and the proper plant community/management system is the most important step and requires a soil scientist and a discipline specialist working together. We recognize the importance of maintaining the random sampling in order to allow inferences to be made regarding areas which were not sampled.  However, we recommend streamlining the plot selection process to reduce the time required for the field component, as it took nearly the same amount of time as the sampling (Table 6). Two of the major challenges were (1) efficient access to the potential plots for field verification and (2) failure of the existing plant community to be representative of either the AG or the PG-S community.  

For this pilot, during the field verification of potential plots, we initially walked up to 1,650 meters from the road.  However during the course of the project we excluded the remote plots due to the logistic impracticality. We recommend that when access is similarly limited, an additional criteria of not greater than 800 meters from the road be added to the GIS component of plot selection.  This would ensure that the pool of potential plots were within reasonable walking distance and reduce field verification time. 

We recommend that the vegetation communities which are selected for comparison be clearly defined prior to starting the sample selection process. This would involve evaluating what dominant communities exist within the study area as defined by the geographic/management boundaries and the soils of interest. If a vegetation community is minor in extent, most likely we would not want to use it because plot locations would be hard to find and the data would not be as valuable as comparing the dominant or common communities.  However, if the minor community is of particular interest or is considered a reference area, relict area, or a good representation of the historic plant community then the effort for sampling in the non-extensive areas would be recommended. Once the plant communities of interest are defined, the use of aerial photographs during the GIS or initial component of plot selection may eliminate some random points that appear to cross vegetation boundaries and/or occur in communities that are not part of the project design.  Elimination of these points prior to field verification should save valuable field time.  Access to maps of current vegetation would greatly improve the efficiency of plot selection.
4.1.2 Coincide timing of the DSP sampling with ideal vegetation and soil conditions 

We recommend a greater emphasis on timing the sampling to coincide with ideal vegetation and soil conditions.  This would involve:  (1) selecting a favorable time for gathering plant production data, (2) compressing the sampling period to ensure that production data represents comparable stages of plant growth, and (3) avoiding sampling soils while they are frozen in order to get consistent and meaningful penetrometer readings. We recognize that this recommendation requires planning with attention to plant development and soil conditions. 

4.2 Summary Based on Field Evaluation

Although the data collection was time-consuming, overall the procedures were generally efficient to learn and employ, and would be practicable on a limited basis (benchmark soils in an update soil survey), especially in an updated, streamlined version of the process.  As a result of this pilot and others, we have determined the steps for DSP projects (Table 7). These will be tested in another pilot. The data collected should be useful to enhance soil survey updates, providing new information for making timely land-management decisions. The data gathered and the techniques used were overwhelmingly user friendly and useful.  Because the data enhances the value of soil survey by providing the user with information on soil change and soil function which can be applied when making timely land-management decisions, we recommend using DSP data collection in more soil survey activities. 
4.3 Applications of the Findings and What’s Next

In another abstract in these proceedings (Ward et al., this publication), we have illustrated three applications of the data:  

· Sample size requirements to detect functionally significant differences in properties to assist design of inventory, assessment and monitoring systems

· Comparison of central tendency and variation to determine presence of functionally significant differences in properties to help select indicators

· Relationship of soil and vegetation properties for ESD development.

	Table 7. Ten Steps for DSP Projects (Tugel et al., this publication)

	Preparation 

1. Define objectives

2. Establish project details, including testable hypotheses, kinds of sample collection, and ancillary information

3. Gather or develop state and transition models, site history and old aerial photos

4. Develop statistically based sampling design

Field work

5. Verify soil/plant community/land use of potential sample locations; select plots

6. Collect data/samples (after training)

Data processing and Interpretation

7. Enter raw field data (interim storage in spread sheet or database)

8. Acquire laboratory data for samples

9. Compile and error check raw data; generate and summarize descriptive statistics

10. Analyze, interpret and report results


The next steps for this project are multiple.  At the local level, we will finalize data interpretation for Arches NP soil survey update project and ESD development. At the national level, “lessons learned” from this pilot will be incorporated with a Dynamic Soil Properties Sampling Guide (currently under development).  When conducting new pilots, streamlined methods and sampling design will be tested and evaluated. The procedures will also be expanded to accommodate forestland and cropland.  Finally, requirements will be developed for a data entry/storage information system that integrates DSP and vegetation data.
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