Stuart Jennings
Pam Blicker

Reclamation Research Group, LLC.
Bozeman, MT

RESEARCH PROGRAMS

™ MDT4%



You are free to copy, distribute, display, and perform the work; make derivative works;
make commercial use of the work under the condition that you give the original author
and sponsor credit. For any reuse or distribution, you must make clear to others the
license terms of this work. Any of these conditions can be waived if you get permission
from the sponsor. Your fair use and other rights are in no way affected by the above.




Steep Cut Slope Composting:
Field Trials and Evaluation

by

Robert Ament
Road Ecology Program Manager
Western Transportation Institute
College of Engineering
Montana State University — Bozeman
Bozeman, MT

and

Stuart Jennings and Pam Blicker
Reclamation Research Group, LLC
Bozeman, MT

Final Report
prepared for the

Montana Department of Transportation
P.O. Box 201001
Helena, MT 59620-1001
April 2011



Steep Cut Slope Composting: Field Trials and Evaluation Final Report Abstract

1. Report No.: 2. Government Access No.: 3. Recipient’s Catalog No.:
FHWA-MT/10-008/8196

4. Title and Subtitle: 5. Report Date: April 2011
Steep Cut Slope Composting: Field Trials and Evaluation

6. Performing Organization Code:

7. Author(s): Robert Ament, Stuart Jennings, Pam Blicker 8. Performing Organization Report No.
8196

9. Performing Organization Name and Address:

Western Transportation Institute 10. Work Unit No.

College of Engineering 11. Contract or Project No.

Montana State University — Bozeman .

P.O. Box 174250 Project No. 8196

Bozeman, MT 59717-4250

12. Sponsoring Agency Name and Address: 13. Type of Report and Period Covered:
Research Programs Final Report

Montana Department of Transportation
2701 Prospect Avenue
Helena, Montana 59620-1001

November 2009 to February 2011

14. Sponsoring Agency Code: 5401

15. Supplementary Notes:

Research performed in cooperation with the Montana Department of Transportation and the U.S. Department of
Transportation, Federal Highway Administration. This report can be found at: http://www.mdt.mt.gov/
research/projects/env/organic_matter.shtml.

16. Abstract: Three different depths of compost and five compost retention techniques were tested to determine
their efficacy and cost effectiveness for increasing the establishment of native grass seedings and decreasing
erosion on steep roadside cut slopes in southwest Montana. The depths of compost selected were: 0.32 cm (0.13
in), 0.64 cm (0.25 in) and 1.27 cm (0.5 in). The compost retention methods utilized a coconut-straw fiber fabric,
lightweight plastic netting and three commercially available tackifiers: 1) a polymer emulsion liquid, 2) a guar-
based water dispersible formulation, and 3) a Plantago-based seed husk powder. Compost application rates of
1.27-2.54 cm (0.5-1 inch) are recommended for establishment of sufficient vegetation cover, estimated to result
in 16-26 percent native bunchgrass cover in arid climates in Montana. These recommended application rates are
estimated to cost between $41,160 and $82,171/hectare ($16,657 and $33,254/acre) based on plot construction
methods from this study using a blower truck. Compost retention treatments employing physical retention of
compost such as coconut-straw fiber fabric or lightweight plastic netting were effective in limiting the loss of
applied compost. The tackifiers gave confounding results on their ability to retain compost.

17. Key Words: Compost, steep slope, revegetation, erosion, 18. Distribution Statement: Unrestricted.

tackifiers, roadside This document is available through
National Tech. Info. Service, Springfield,
VA 22161.

19. Security Classification (of 20. Security Classification (of | 21. No. of Pages: | 22. Price:
this report): Unclassified this page): Unclassified 113

Western Transportation Institute Page ii



Steep Cut Slope Composting: Field Trials and Evaluation Final Report Disclaimer

DISCLAIMER

This document is disseminated under the sponsorship of the Montana Department of
Transportation (MDT). The State of Montana assumes no liability for its contents or use thereof.

The contents of this report reflect the views of the authors, who are responsible for the facts and
accuracy of the data presented herein. The contents do not necessarily reflect the official policies
of the Montana Department of Transportation.

The State of Montana does not endorse products of manufacturers. Trademarks or manufacturers'
names appear herein only because they are considered essential to the object of this document.

This report does not constitute a standard, specification, or regulation.

The authors would like to acknowledge the helpful reviews, constructive criticisms and editorial
comments from MDT’s project manager Sue Sillick and the project’s Technical Panel: Phil
Johnson, Cory Baker, Lisa Larsen, Patrick Plantenberg and Monica Pokorny.

Field data was collected with the help of Don Jackson and Loren Barber of Reclamation
Research Group, LLC.

ALTERNATIVE FORMAT STATEMENT

MDT attempts to provide accommodations for any known disability that may interfere with a
person participating in any service, program, or activity of the Department. Alternative
accessible formats of this information will be provided upon request. For further information,
call (406) 444-7693, TTY (800) 335-7592, or Montana Relay at 711.

Western Transportation Institute Page iii



Steep Cut Slope Composting: Field Trials and Evaluation Final Report Table of Contents

TABLE OF CONTENTS

I [ 1 oo [FTox 1 o] TSRO PR PSP 1
2. RESEAICN ODJECTIVES.....cueiiiiiieecti ettt sttt eneas 2
3. EXPErimental DESION.....cuiiieii et ns 3
4. Test Site Location and DESCIIPLION...........ccuiiiiiiiiiiieieieeei et 4
4.1, RESEAICN SItE SOIS....cueiiiiiiieiiii et nre s 5
4.1.1. Pre-Treatment and Post-Treatment Soil and Compost Sampling and Analyses..... 5

5. TeSt PIOt CONSIIUCTION. ....c..itiiiiitiiiisiieieie ettt sttt sb et st e b b eneeneas 7
5.1, Seedbed Preparation....... ..ot 10
5.2, Seeding Of TS PIOLS ....c.ciieiiiie ettt sre e enes 12
TR T 70111 o [0 1] AU P PO U PP PP 13
5.3.1. COMPOSt QUANTITIES. ....eeiveieieirieiireieseeseeie e sie e ee et e e reesae e e e nte e e sraenneenes 13
5.3.2. ComMPOSt ChAraCLEIISTICS ......eevieiieiiieie ettt 13

5.4. Compost REtENtION MEASUIES ........ccveieeriieieiieieeieseesie e e e e ste e sraesraessesreesreeneesneeneas 15
6. Data Collection METNOUS ........coiuiiiiiieieee e 18
6.1.  Transect and SamMpPling LOCALIONS ..........cccueruierieiieieeiesiee e 18
6.2.  Measurement Methods for Vegetation and other Ground Cover Parameters............... 19
6.3.  Compost Measurement Methods ...........ccviieiieieiieiicce e 19
6.4.  Erosion Measurement Methods ..........ccooiiiiiiiieiieiie e 20
6.5.  Photograph DOCUMENTALION ........ccveueiieiieiecie et 20
7. RESUIS aNd DISCUSSION ....c.vviiiiiiiiiie ittt sttt sttt sttt st et esbeenbeeseesbeesbeeneesneenneas 21
7.1, Soil and Compost ChEMISIIY ......ccveieiieiiee e 21
A V=T 1< -1 (o] o PP PP 24

7 T O] . o To 1Sy 0= (=3 o] PSS 28
S = (01 (o] o PRSPPI 29

8. COSt—BENETIt ANAIYSIS ....eiiieeiieie ettt e e e e naeene s 31
9. Conclusions and RECOMMENUALIONS ..........ociiiiiiriieie et 34
10. RETEIEINCES ...ttt bbb bbbt bbbt ne s 35
11, AppendixX A — PROtOGraphsS........ooiiiiiie e e 36
12.  Appendix B — Vegetation and Compost Monitoring Data..............cccceveveivieneeresieeseenenn, 70
13 ApPendixX C — ErOSION DALA.......cccceiieieiieiiieiesie ettt sre e e 103

Western Transportation Institute Page iv



Steep Cut Slope Composting: Field Trials and Evaluation Final Report List of Tables

LIST OF TABLES

Table 1: Experimental design for research plots along MT Highway 84. ..........cccccevveievieiennnns 3
Table 2: Seed mix provided by MDT for use on test plots. ........coceieeiiiiniieieee e 13
Table 3: Chemical and physical characteristics of compost used on test plots. ..........ccccceevvernene. 14
Table 4: Test plot orientation, dimensions, treatments, and StEEPNESS. .......ccververeriiereeiierieniene 16
Table 5: Tackifier treatments for teSt PIOLS. ........ccviieiieii e 17
Table 6: Summary of data collection events and methods. ... 18
Table 7: Sampling frame locations along tranSECES. ........ceevveieiiereeie e 19
Table 8: Soil characteristics of south-facing plots sampled before (2008) and after (2010)

COMPOSE TIEALMENTS. ....eeiiiiie ittt ettt e et e e e sbb e e e be e e e be e e snbneesnbneeas 21
Table 9: Soil analysis fertility guidelines (Energy Laboratories 2003). .......cccoceevereeienierineniennn 22
Table 10: Soil texture for select south-facing plots, sampled before (2008) and after (2010)

COMPOSE TIEATMENTS. ...ttt b e e e be e e nn e e s nee e 23

Table 11: Percent (%) vegetation cover by plot in 2009 and 2010. Plots 1-10 are south-facing on
the western portion of the site, Plots 11-18 are south-facing on the eastern portion of the

site and Plots 19-22 are north-facing plots (See FIQUIe 2)........ccccevvvieiieeieiieeseere e e 25
Table 12: Comparison of treatments based on location of test plot within the study site. ........... 26
Table 13: Total vegetation cover and compost retention recorded in August 2010 for each test

0] 0] R USSP RPRPUPPRRPRS 27
Table 14: Qualitative erosion monitoring results from 2009 and 2010. ..........ccccccevvverveiiervereenne 30

Table 15: Predicted vegetation response to different depths of compost addition based on a
regression analysis (See EQUALION 1). .....ccviueiierieiieieerie e esie e ste e snee e 32

Table 16: Cost-benefit analysis for varying rates of compost and multiple methods to retain
compost against erosion. Costs are based on typical Montana compost procurement and
delivery costs plus installation of compost on-slope using a blower truck and two laborers.
............................................................................................................................................... 33

Western Transportation Institute Page v



Steep Cut Slope Composting: Field Trials and Evaluation Final Report List of Figures

LIST OF FIGURES

Figure 1: Roadside overview of research site location along MT Highway 84............cccccevvvvunnee. 4
Figure 2: Site location map and test plot layout at research site on MT Highway 84.................... 5

Figure 3: View of four north-facing plots, directly across the highway from the eight south-
facing plots. The plot furthest to the east (left) is a control plot without compost application.

Figure 4: View of eight south-facing plots that are across highway from the four north-facing
plots (western plots). Plot 11 is shown furthest to the left in the image (dark colored) while
plot 18 is most distant (to the right or east) covered by a tan colored erosion control blanket.

Figure 5: View of 10 south-facing plots that are on the east end of the research site. Plot 1 is
furthest to the left in the image (dark colored) and plot 10 is most distant (to the right or

east) with a tan colored erosion control blanket. ... 10
Figure 6: Evidence of erosion and sparse vegetation on the westernmost section of the south-
facing cut slope, prior to test plot CONSTIUCTION. ........eovieiiiie e 12
Figure 7: Application of compost on a test plot using a blower truck............cccccvvveviveveiiesnenns 15

Figure 8: Linear regression of compost depth versus perennial grass cover resulting from varying
depths of compost addition in AuguSt 2010. .......cccccverveiieriieie e 31

Western Transportation Institute Page vi



Cut Slope Composting: Field Trials and Evaluation Final Report Executive Summary

EXECUTIVE SUMMARY

This project was conducted to evaluate various approaches to improve revegetation of steep
highway cut slopes in Montana. Three different depths of compost and five compost retention
techniques were tested to determine their efficacy and cost effectiveness for increasing the
establishment of native grass seedings and to decrease erosion.

Twenty-two test plots of varying sizes were constructed on steep north- and south-facing
roadside cut along Montana (MT) Highway 84 approximately 25 kilometers (15 miles) west of
Bozeman in southwest Montana. Slopes varied between 64 and 71 percent. At this location, MT
Highway 84 is aligned on an east-west axis and provided the opportunity for the establishment of
test plots on both north-facing and south-facing slopes. The test site is typified by semi-
consolidated sand, silt, clay, and intermittent fine gravel deposits. Laboratory analyses
determined the slopes had a silt loam texture. Analyses before treatment confirmed the site soils
exhibited low levels of organic matter, nitrogen (N) and phosphorus (P) consistent with a road
cut through fresh parent material lacking soil horizon development. In this report the rooting
zone materials will be called “soil,” recognizing that these materials have little, if any, soil
horizon development characteristic of an entisol.

A grass seed mix appropriate for the environmental conditions and geologic materials at the
research site was broadcast prior to application of compost and/or compost retention treatments.
The seed mix contained six native bunchgrass species. The compost used for the experiment was
standard reclamation compost, slightly basic (reactivity (pH) of 7.9), and was screened so that
pieces were smaller than 1 centimeter (cm) (3/8 inch (in)). A chemical analysis of the compost
indicated high total levels of N, P, and potassium (K), macronutrients that generally support
plant response when applied to nutrient-poor soils like those found at the research site.

Three depths of compost were selected to be placed on seeded plots on both south-facing and
north-facing cut slopes: 0.32 cm (0.13 in), 0.64 cm (0.25 in) and 1.27 cm (0.5 in). The five
compost retention methods were employed only on the environmentally harsher south-facing
slopes, with a compost depth of 1.27 cm. The five retention measures were a coconut-straw fiber
erosion control blanket, lightweight plastic netting and three commercially available tackifiers.
The three tackifiers were 1) a polymer emulsion liquid, 2) a guar-based water dispersible
formulation and 3) a Plantago-based seed husk powder. These treatments were compared to
seeded control plots.

Monitoring and evaluation results indicate the lower compost rates of 0.32 cm and 0.64 cm result
in less than 10 percent perennial grass cover and appear to have limited effect on erosion control.
Compost rates between 1.27 cm (tested in this study) and 2.54 cm (1 in) based on an earlier study
(Jennings et al. 2007) are recommended and can be expected to yield approximately 16-26
percent live perennial grass cover on south-facing steep cut slopes with a semi-arid climate in
Montana.

The addition of compost improved soil chemical characteristics at the test site. Organic matter
content increased as well as the plant macronutrients N, P and K. Only a portion of the total
nutrient pool was available to plants during the final soil monitoring event that occurred in
August 2010, suggesting a long-term supply of nutrients would be available for plant growth
over a period of many years.

Western Transportation Institute Page vii



Cut Slope Composting: Field Trials and Evaluation Final Report Executive Summary

Compost retention treatments employing physical retention of compost such as coconut-straw
fiber fabric or lightweight plastic netting were effective in limiting the loss of applied compost.
Treatments lacking a physical method of retention were more subject to wind removal. The three
tackifiers that were evaluated gave confounding results. This was due to a severe wind gradient
from the top (western side) to the bottom (eastern side) of the study site. Only two replications of
each treatment were implemented and dissimilar compost retention values were recorded for the
same treatment depending on the test plot’s location. As a result, no recommendations can be
offered with respect to the most effective tackifier treatment.

Wind removal of compost is likely to be a recurring problem. Coconut-straw fiber fabric or
lightweight plastic netting, preferably biodegradable netting if available, are recommended for
use in windy cut slope reclamation areas. In addition, future reclamation efforts that limit the
duration of time the compost is vulnerable to wind erosion before the growing season is
encouraged. A preferable method would be to seed and install compost and physical retention
treatments in the spring, immediately prior to the growing season.

Overall, compost application to steep cut slopes created by highway construction resulted in
increased establishment of seeded species when sufficient compost depth was applied to the soil
surface using a blower truck. Compost application rates of 1.27-2.54 cm are recommended for
establishment of sufficient vegetation cover to control erosion. These recommended application
rates are estimated to cost between $41,160/hectare (ha) ($16,657/acre (ac)) and $82,171/ha
($33,254/ac) based on the plot construction methods from this study using a blower truck. Costs
may vary in other locations and using other methods. The 1.27 cm compost application with
plastic netting utilized for retention is estimated to cost $65,069/ ha ($26,333/ac).
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1. INTRODUCTION

This project is a continuation of earlier work performed by Montana State University (Jennings
et al. 2007) evaluating compost application on, and incorporation into, soils on steep cut slopes
for MDT. The earlier work evaluated compost application at rates of 2.54 cm and 5.08 cm. It
also evaluated the relative effectiveness of surface-applied compost blankets versus compost
incorporated into the surface soil. In the earlier work, test plots were constructed in northwest
Montana on glacial till and in southeast Montana on marine shale parent material. Prior to
construction of these field plots in 2003 a literature review and equipment assessment was
conducted to evaluate approaches to revegetation of steep highway cut slopes (Jennings et al.
2007). Regional variation was observed in revegetation techniques using compost, but in all
cases the need for sufficient vegetation establishment to control erosion and provide slope
stability was recognized. The overall research goal was to develop effective techniques suited to
the unique climate and parent materials of Montana. The 2003-2006 research found that both the
2.54 and 5.08 cm (1 and 2 in) application rates yielded good plant growth of seeded species in
research plots in northwest Montana. Less effective treatment results were observed at the drier
southeast Montana research location, where loss of surface-applied compost due to wind erosion
limited plant response of the seeded native bunchgrass species. Plant response to surface-applied
compost blanket treatments compared to compost incorporated into the soil was similar at the
northwest Montana research sites. Given that similar vegetation response could be achieved with
surface-applied compost blankets without the added cost and complexity of compost
incorporation on steep slopes, emphasis in the research investigation described in this report
shifted to techniques that retained compost against loss to wind and water erosion and also
treatments using lower rates of compost to reduce costs.
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2. RESEARCH OBJECTIVES

This research project has several objectives:

e Evaluate vegetation performance on seeded plots using surface-applied compost with
thicknesses between 0.32 cm and 1.27 cm;

e Assess the effectiveness of various tackifiers, erosion control fabric and netting in
retarding loss of compost from wind and water erosion;

e Conduct a cost-benefit analysis of the various rates of compost applied in conjunction
with the various compost retention techniques; and

e Make final recommendations for compost application rates and preferred stabilization
techniques.
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3. EXPERIMENTAL DESIGN

A series of test plots was constructed to test a combination of compost depths and compost
retention techniques (Table 1). Three different depths of compost blankets were evaluated (0.32
cm, 0.64 cm and 1.27 c¢cm) to determine if these relatively thin layers of compost would be
sufficient to help seeded native grasses establish and persist on steep slopes. These applications
are less than the 2.5 cm and 5.1 cm tests conducted during an earlier study (Jennings et al. 2007).
These varying depths of compost were applied on both north- and south-facing slopes. Control
plots were also constructed on both north- and south-facing slopes. The control plots had only
the native seed mix applied.

The five compost retention techniques selected for evaluation were applied on seeded plots with
1.27 cm compost blankets. These test plots were constructed only on the south-facing slopes.
The five compost retention techniques included a coconut-straw fiber erosion control fabric
applied and secured with stakes over the compost blanket. This is a typical erosion control
method used by MDT. The four other experimental retention techniques included a lightweight
non-biodegradable plastic netting material, which was also applied and secured with stakes over
the compost blankets, and three different tackifiers that were mixed with water and sprayed onto
the compost blankets. The three tackifier treatments consisted of a polymer emulsion liquid, a
water dispersible guar-based powder and a Plantago-based powdered mulch. All three tackifiers
were mixed according to manufacturer specifications and sprayed from a hydromulch truck.

Table 1: Experimental design for research plots along MT Highway 84.

Treatment No. of Plots | Plot Aspect
Control Plots
Control — no treatment 2 South-facing
Control — no treatment 1 North-facing
Varying Depths of Compost
0.32 cm thick compost blanket 2 South-facing
0.64 cm thick compost blanket 2 South-facing
1.27 cm thick compost blanket 2 South-facing
0.32 cm thick compost blanket 1 North-facing
0.64 cm thick compost blanket 1 North-facing
1.27 cm thick compost blanket 1 North-facing
Compost Retention Treatments
1.27 cm thick compost blanket + polymer emulsion liquid tackifier 2 South-facing
1.27 cm thick compost blanket + guar-based tackifier 2 South-facing
1.27 cm thick compost blanket + Plantago-based tackifier 2 South-facing
1.27 cm thick compost blanket + plastic netting 2 South-facing
1.27 cm thick compost blanket + coconut-straw fiber fabric 2 South-facing

L All plots were seeded with same native bunchgrass mixture.
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4. TEST SITE LOCATION AND DESCRIPTION

The test site was located approximately 25 kilometers (15 miles) west of Bozeman on MT
Highway 84 (Figure 1). This road reconstruction project was completed in 2002. Steep slopes
were cut into Tertiary-age sedimentary parent material. Slopes did not receive a soil application
during post-construction reclamation. In 2008, these slopes were nearly devoid of vegetation;
approximate canopy cover ranged between 1 and 5 percent across the test plots.

At this location, MT Highway 84 is aligned on an east—west axis, providing the opportunity for
establishing test plots on both north-facing and south-facing slopes. The cut slopes where test
plots were constructed are between 64 and 71 percent slope in steepness. Slope length ranged
between 12.2 and 18.3 meters (m) (40-60 feet (ft)). It was determined the 22 test plots required
by the project could be constructed in this location with spacing of at least 1.5 m (5 ft) between
each of the plots.

North-facin .
plots 19—22g South-facing

Figure 1: Roadside overview of research site location along MT Highway 84.

The landscape adjacent to the research site is characterized by gently rolling terrain with well-
developed agricultural soil currently used for small grain crops or rangeland (Figure 2). Soil was
not placed on the steep cut slopes used for the test plots following highway construction or as
part of this research project.
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4.1. Research Site Soils

The underlying geologic substrate at the test site is valley fill sediment deposited during the
Tertiary period between 2.5 and 65 million years ago and is typified by semi-consolidated sand,
silt, clay, and intermittent fine gravel deposits (English 2007). Rich agricultural soil found on the
adjacent landscape is characterized by abundant organic matter built up over the past 10,000
years since the retreat of the glaciers. The light-colored semi-consolidated rock is characteristic
of the road cuts in the area that exhibit limited vegetation development and active erosion. The
Gallatin Valley is filled with as much as 1,829 m (6,000 ft) of Tertiary and Quaternary sediment
with the water table located between 1 and 150 m (3 and 392 ft) below ground level (Slagle
1995).

| MDT Test Plots Highway 84, Gallatin County |

ryr

Compost blark et plus tack ifier C
Conrol south

Compost blank et plus tack fier B
Compost blark et pluy ok ifigr &
Compost blank et south 147
Compost blanket south 12
Compost blsnk et plus ok fier B

Compost blark et south 18”
Compost blark et south 14°
Compost blanket plus ercs ion control febric
Compost blark et south 127

;ompost blarket o atting
Convol south
Compost blark ef phis netting
Compost blark et phus tack ifier &

ompost b it o 1= C

menpost bl t 50 18"
Compost blark et plus arce ion contol fabric
Conrol north

gt north 1/4"
;ompost blgrk gt north 1/2°
Compost blank et north 1/8°

N Prepared For: MT Department of Transportation
D Tesi Plots 0125 250 500 750 1.000 ot Prepared By: Reclamation Research Group - December 2008
—_— ! e Aerial Photo: NRIS 2005

Figure 2: Site location map and test plot layout at research site on MT Highway 84.

4.1.1.  Pre-Treatment and Post-Treatment Soil and Compost Sampling
and Analyses

Soil samples were collected in November 2008 from each test plot prior to seeding and the
application of compost blanket treatments. They represent the pre-treatment condition of the soil.
Soil samples were again collected in August 2010 following the final monitoring event. During
each soil sampling event, five sub-samples were randomly collected in each test plot from the 0-
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10 cm (0—4 in) soil interval. The five sub-samples were mixed together as a representative soil
sample of each test plot.

Control plots 2 and 13 on the south-facing slope were not sampled independently because no
compost amendment was to be added to these two test plots and their chemical characteristics
were not expected to change during the research study. Similarly, the four north-facing plots
were not analyzed because the effect of aspect was only a secondary objective of the research.

Each of the 16 test plot soil samples was placed in a plastic bag and shipped to an Environmental
Protection Agency approved soil testing laboratory for analysis of reactivity (pH), electrical
conductivity (EC), sodium adsorption ratio (SAR), total organic carbon, and organic matter
(OM). Nutrient availability for each test plot was determined by measuring water soluble levels
of the elements calcium (Ca), magnesium (Mg), and sodium (Na), and available macronutrients
including N, P, and K. Heavy metals (i.e., selenium, mercury, arsenic) were not anticipated to be
present at levels of concern and were not analyzed.

In addition to soil samples, one compost sample was submitted for analysis of pH; EC; SAR,;
water soluble levels of Ca, Mg and Na; total organic carbon; OM; available macronutrients N, P,
and K; and total nitrogen. Another test was conducted to determine the maximum particle size of
the compost. The soil sample analyses results are presented in Section 7, Results and Discussion.
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5. TEST PLOT CONSTRUCTION

Based on the experimental design for this research project (Table 1), 22 plots were laid out at the
research site. Plot construction and treatment applications occurred on 11-14 November 2008.
Four plots were located on the north-facing slope (Figure 3) and 18 were located on two separate
south-facing slopes. Eight of the south-facing plots were placed across the highway from the four
north-facing plots (Figure 4) and the 10 other south-facing plots were located together
approximately 200 m (656 ft) to the east (on the right in Figure 5).

Plot layout and dimensions were adjusted to reflect the amount of the slope available for each of
the 22 test plots. Typical plot widths were 9.1 m (30 ft) with a 1.5 m (5 ft) buffer between
adjacent plots. Each test plot was built along the entire length of the slope from just above the
roadside ditch at the bottom to either the top of the slope or to the edge of existing vegetation
near the top. Some of the cut slopes had enough soil pushed down from the top to allow for the
establishment of perennial grasses on the steep cut slope. Test plots were bounded at the top to
exclude most of this existing vegetation, requiring the slope length for the test plots to be of
varying dimensions.

Several steep cut slope areas were omitted from research plot utilization when bedrock outcrops
were near the surface or where perennial vegetation occurred in patches throughout the slope.
Images of each test plot before and after implementation of the experimental treatments are
shown in Appendix A.

The selection of test plots to receive the various experimental treatments was randomized. The
18 south-facing plots were chosen to receive experimental treatments or serve as control plots
based on the use of random-number-generating software. Similarly, the four north-facing plots
were selected for different depths of compost or as the control plot based on the use of random-
number-generating software.
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Figure 3: View of four north-facing plots, directly across the highway from the eight south-facing plots. The
plot furthest to the east (left) is a control plot without compost application.

A plot construction contract was let to Quality Landscape Seeding, Inc., of Plains, MT (Quality).
Quality provided the compost, tackifiers, netting, erosion control fabric, stakes, equipment
(hydromulch and blower trucks) and laborers for the project.
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Figure 4: View of eight south-facing plots that are across highway from the four north-facing plots (western
plots). Plot 11 is shown furthest to the left in the image (dark colored) while plot 18 is most distant (to the
right or east) covered by a tan colored erosion control blanket.
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Figure 5: View of 10 south-facing plots that are on the east end of the research site. Plot 1 is furthest to the
left in the image (dark colored) and plot 10 is most distant (to the right or east) with a tan colored erosion
control blanket.

The test plots receiving experimental compost retention measures were constructed using a four-
step process:

e Seedbed preparation;

e Seeding of plots with a native grass seed mix via a broadcast seeder;
e Compost applied using the blower truck; and

e Compost retention measure applied to the compost blanket.

For test plots evaluating different compost thicknesses and not employing a compost retention
measure, only the first three steps were conducted. For the three control plots, only the first two
steps were conducted.

5.1. Seedbed Preparation

The cut slopes of the MT Highway 84 lane-widening road project were seeded in the fall of
2002. By the autumn of 2008, these slopes remained nearly devoid of vegetation. In 2008, some
sparse vegetation was evident on the test site (Figure 6). The MDT reclamation specialist
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conducted an ocular sampling to characterize the vegetation on the site on 4 November 2008. In
November 2008, all vegetation was senescent at the time of seedbed preparation. Existing
vegetation canopy cover was less than 5 percent and was dominated by weedy species. Some
perennial grasses that were remnants of the mix seeded in 2002 were also observed. The
dominant desirable native grass species observed was slender wheatgrass, Elymus trachycaulus.
These plants were widely spaced and comprised less than 1 percent canopy cover. The dominant
invasive species observed were cheatgrass, Bromus tectorum, and spotted knapweed, Centaurea
maculosa. Trace amounts of other species were observed. Plant cover was insufficient to control
erosion and provide soil stabilization.

Due to the erosiveness of the steep cut slopes and lack of stabilizing post-construction vegetation
cover, rilling was common on the test site. After a field review, it was determined that additional
raking or smoothing of the test site to prepare the seedbed was not necessary since the exposed
seedbed material was loose and friable.

The two test plots that received the plastic netting treatment, plots 12 and 14, were prepared by
removing the aboveground portion of all existing vegetation to facilitate the spreading and
securing of the netting over the compost blanket. These two test plots were cleared of vegetation
with a gas-powered weed trimmer. The remaining 20 test plots did not receive any preseeding
preparation except for the removal of the occasional noxious weed, spotted knapweed.
Cheatgrass was present across the test site but these small ubiquitous plants were not removed.
Young cheatgrass plants had germinated and established on several of the plots and adjacent land
by the time the plots were constructed.
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Figure 6: Evidence of erosion and sparse vegetation on the westernmost section of the south-facing cut slope,
prior to test plot construction.

5.2. Seeding of Test Plots

A native grass seed mix appropriate for the environmental conditions and soils at the research
site was provided by the MDT reclamation specialist (Table 2). The seed mix was broadcast on
each plot before the compost blanket was applied. Seed was broadcast using a handheld
broadcast seeder to more readily adjust to variations in plot size and slope. Seed was weighed in
individual bags for each test plot based on its area.

The seeding rate was identical for each of the 22 test plots. The bulk application rate was 0.45
kilogram (kg) or one pound of seed mix per 111.5 square (sq) m (1,200 sq ft). This is the
equivalent of 36.3 pounds of seed mix per acre. In consultation with the MDT reclamation
specialist, it was determined that bulk rates would not need to be adjusted for percent live seed
due to the high seed viability percentages in the mix. Seed viability for the six native grass
species varied from 90 to 99 percent (Table 2). This rate is comparable to broadcast seeding rates
typically specified on MDT projects. Seed was supplied by Bruce Seed Farm, Townsend, MT.
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Table 2: Seed mix provided by MDT for use on test plots.

% of
Mix by Application Rate
Species Scientific Name Cultivar | Weight | Viability Ibs/ac // kgs/ha
Slender Wheatgrass Elymus trachycaulus Pryor 12.77 97 4.64 //5.20
Canada Wildrye Elymus canadensis 20.64 90 7.49//8.39
Sheep Fescue Festuca ovina Covar 6.45 96 2.34 /1 2.62
Bluebunch Wheatgrass Pseudoroegneria spicata Goldar 32.93 94 11.95//13.39
Green Needlegrass Stipa viridula Lodorm 9.38 99 3.4//3.81
Indian Ricegrass Achnatherum hymenoides | Nezpar 16.29 95 5.91//6.62

5.3.  Compost

5.3.1.  Compost Quantities

Compost was procured from Rocky Mountain Compost in Billings, MT, by Quality. The total
amount of compost required for the test plots was approximately 26.8 m® (35 yd®). The compost
procured was standard reclamation compost screened so that pieces were smaller than 1 cm (less
than 3/8 in).

5.3.2.  Compost Characteristics

A key objective for this project was to assess the effectiveness of various techniques for retaining
compost on steep cut slopes. One bulk sample of the compost used in all treated test plots was
collected and submitted for chemical analysis to Energy Laboratories. Table 3 reports the
chemical characteristics of the compost and the particle size. The compost was slightly basic (pH
of 7.9), consistent with the use of livestock manure as feedstock in compost preparation. The EC
was 9.2 deciSiemens per meter (dS/m). This EC level indicates moderate salinity. Elevated EC in
an organic amendment is not uncommon. While compost salinity (9.2 dS/m) might be inhibitory
if plants were grown directly in the compost, salinity is rarely a problem at the low application
rates used to amend the soil for this study. Sodium and the SAR were both elevated in the
compost, yet were not expected to inhibit germination and plant growth at the rates used in
construction of the test plots. Soil EC in amended plots is discussed in Section 7, Results and
Discussion.

Total carbon in the compost was 31.2 percent, while organic carbon was 26.8 percent (Table 3).
Organic matter was 46.2 percent, indicative of good quality compost. Most high-quality
commercial compost is approximately 50 percent organic matter. High total levels of the
macronutrients N, P and K were found in the compost. Macronutrients generally provide a
positive plant response when applied to nutrient-poor soils like that found at the research site.
The compost is expected to provide a long-term source of fertility for plant growth because only
293 milligrams/kilogram (mg/kg) of nitrate—nitrogen are available to plants, or 3.4 percent of the
total pool of nitrogen measured. The total nitrogen level in the compost was 8,570 mg/kg,
suggesting the presence of a long-term source for soil N and a foundation for subsequent nutrient
cycling by microbial processes.
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Table 3: Chemical and physical characteristics of compost used on test plots.

Total om?
pH EC? Calcium | Magnesium | Sodium SAR? Carbon dry
s.ut dS/m® meq/L® meq/L meq/L N/AT dry weight | weight

% %
7.9 9.20 9.74 8.00 23.40 7.86 31.20 46.2
Particle Size Distribution
Coarse
Orgasnic Phosphorus | Total N° Nitrate N° | Potassium Fraction Fine Fraction
c mg/kg® mg/kg mg/kg mg/kg (>1.00 in (<1.0 in Sieve)
dry Sieve)
weight
% dry weight % dry weight %
26.8 209 8,570 293 8,700 0 100

L EC = electrical conductivity; > SAR = sodium adsorption ratio; > OM = organic matter; “s.u. = standard units;
*dS/m = deciSiemens/meter; *meg/L = milliequivalents/liter; * N/A = not applicable; ® Organic C = organic carbon;
° N = nitrogen; *° mg/kg = milligrams/kilogram.

Compost was applied with the use of a blower truck (Figure 7). The amount required for each
plot was calculated based on plot area and the depth of the compost blanket to be applied.
Compost depth on the test plots was controlled by operator/applicator experience and judgment.
Before the applicator left the plot, the plot’s compost depth was tested in random locations
within the plot to assure appropriate rate of application.
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Figure 7: Application of compost on a test plot using a blower truck.

5.4. Compost Retention Measures

Compost retention methods implemented included three different tackifiers, one natural fiber
erosion control blanket, and one plastic netting product. For all five types of compost retention
measures, the compost application depth was 1.27 cm. First the plot was seeded, then the
compost was applied and, finally, the compost retention material was installed. All test plot
combinations of compost and retention treatments are presented in Table 4.
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Table 4: Test plot orientation, dimensions, treatments, and steepness.

PLOT | ASPECT |PLOT DIMENSION [ PLOT AREA TREATMENT COMPOST [COMPOST |STEEPNESS
NUMBER| DEPTH | VOLUME'
facing slope ft/m sqft/sqgm in/cm yd3/m3 % slope
1 south 27x31/82x9.4 837/77.8 |Plantago -based tackifier 0.5/1.27 15/11 71
2 south 30x325/9.1x9.9 975/90.6 |Control N/A® N/A 70
3 south 21x40/6.4x12.2 840/78.0 |Polymeremulsion liquid tackifier| 0.5/1.27 15/11 66
4 south 30x28/9.1x85 840/78.0 |Guar-based tackifier 05/127 15/11 64
5 south 29x30/8.8x9.1 870/80.8 |Compost blanket only 0.25/0.64 0.8/0.6 64
6 south 27x30/8.2x9.1 810/75.3 |Compost blanket only 05/1.27 15/11 65
7 south 275x30/8.4x9.1 825/76.6 [Polymeremulsion liquid tackifier] 0.5/1.27 15/11 66
8 south 28x30/85x9.1 840/78.0 |Compost blanket only 0.125/0.32| 04/03 66
9 south 29x30/8.8x9.1 870/80.8 |Compost blanket only 0.25/0.64 0.8/0.6 66
10 south 30.5x30/9.3x9.1 915/85.0 |Coconut-straw fiber fabric 05/1.27 15/11 66
11 south 30x56.5/9.1x17.2 | 1695/ 157.5 |Compost blanket only 057127 15/11 69
12 south 30x57/9.1x17.4 | 1710/ 158.9 |Plastic netting 05/1.27 15/11 67
13 south 30x59.5/9.1x18.1 | 1785/ 165.8 |Control N/A N/A 69
14 south 30x62/9.1x189 | 1860/172.8 |Plastic netting 05/1.27 15/11 68
15 south 30x60.5/9.1x18.4 | 1815/168.6 |Guar-based tackifier 0.5/127 15/11 66
16 south 30x57.5/9.1x17.5 | 1725/ 160.3 |Plantago -based tackifier 0.5/1.27 15/11 68
17 south 30x53.5/9.1x16.3 | 1605/ 149.1 |Compost blanket only 0.125/0.32| 04/03 68
18 south 30x65/9.1x19.8 | 1950/ 180.2 |Coconut-straw fiber fabric 05/1.27 15/11 70
19 north 30x67/9.1x20.4 | 2010/ 186.7 |Control N/A N/A 65
20 north 30x65.5/9.1x20.0 | 1965/ 182.6 |Compost blanket only 0.25/0.64 0.8/0.6 64
21 north 30x65/9.1x19.8 | 1950/180.2 |Compost blanket only 05/1.27 15/11 65
22 north 30x65/9.1x19.8 | 1950/180.2 |Compost blanket only 0.125/0.32| 04/0.3 65

! Compost volume as applied at a rate per 1,000 sq ft (92.9 sq m); 2 N/A: not applicable

The first compost retention measure was an erosion control blanket composed of straw and
coconut fiber. It meets federal specifications for an extended-term erosion control blanket.
According to the manufacturer’s technical data, this erosion control blanket is a 100 percent
biodegradable blanket composed of a 70 percent agricultural straw—30 percent coconut fiber
blend matrix with a functional longevity of up to 18 months. It meets the requirements
established by the Erosion Control Technology Council and the U.S. Department of
Transportation, Federal Highway Administration’s standard specifications for construction of
roads and bridges on federal highway projects [FP-03 2003 Section 713.17, Type 3.B].

Rolls of the coconut-straw fiber fabric were placed on top of the compost in overlapping
applications and secured to the surface on test plots 10 and 18. The uppermost edge of the fabric
was secured using wooden stakes and buried in an anchor trench.

The second compost retention measure was a lightweight plastic green netting material that is not
biodegradable. It was placed on top of the compost and held in place with metal sod staples. The
manufacturer asserts that as roots penetrate the compost and netting layer and grow in to the
substrate, they help stabilize the system. Once fully rooted, the netting and vegetation provide
long-term stability. Plots 12 and 14 received this compost retention treatment.

The netting manufacturer recommends applying the netting directly to the soil and blowing the
compost on top of the netting. The co-principal investigators concurred that placing the netting
on top of the compost blanket rather than under the compost blanket was likely to provide similar
results. This allowed the five compost retention methods to be applied consistently.
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The remaining three compost retention measures used three commercial hydromulch tackifiers
applied on 1.27 cm compost blankets. Based on the experimental design (Table 1 and Table 4)
the three tackifiers were:

e A polymer emulsion with bonding agents specifically engineered and formulated to bond
soil particles together. According to the manufacturer, this adhesive forms a protective,
flexible film that eliminates dust, prevents mud, and controls erosion.

e A water-dispersible guar-based tackifier composed of a complex formulation of high
quality water soluble polysaccharide and other proprietary ingredients made from natural
non-toxic materials. According to the manufacturer, this adhesive forms a protective,
flexible film that eliminates dust, prevents mud, and controls erosion.

e A water-soluble powder derived from sand plantain, Plantago psyllium, seed husks.
Plantago psyllium husk powder contains a naturally evolved mucilloid that is an effective
adhesive when applied as a slurry with fiber or paper mulch or as an overspray to bond
straw fiber.

Both the guar-based and Plantago-based adhesives were dry powders while the polymer was a
thick liquid. The manufacturers’ specifications listed the amount of product to be applied per
area of treatment. The manufacturers gave broad guidelines for the volume of water needed to
dissolve and deliver the tackifier solution. It was determined by the principal investigators to use
a base application rate of liquid solution—a mix of water and the tackifier—at 378 liters (I) (100
gallons (gal)) of mixture per 92 sq m (1,000 sq ft) to allow the compost blanket to be adequately
saturated by the solution. The volume of liquid solution was adjusted for each test plot based on
the area of the plot (Table 5).

Table 5: Tackifier treatments for test plots.

Plot Tackifier Product Quantity | Tackifier and Water Plot Area
Number Volume Applied

1 Plantago - based husk powder 1.25kg (2.75 Ibs) 306 1 (81 gal) 77.8'5q m (837 5q ft)
3 guar-based powder 1.25kg (2.75 Ibs) 306 1 (81 gal) 78 sq m (840 sq ft)
4 polymer emulsion liquid 2351(6.2 gal) 3411(90 gal) 78'sq'm (840 sq ft)

7 guar-based powder 1.25kg (2.75 Ibs) 306 1 (81 gal) 76,6 5q m (825 5 ft)
15 polymer emulsion liquid 49.21(13 gal) 7151(189 gal) 168.6 sq m (1815 sq ft)
16 Plantago - based husk powder 2.9kg (6.37 Ibs) 7151(189 gal) 160.3 sq m (1725 sq ft)

For each of the test plots using a tackifier, the plot was seeded and then the compost was applied
using the blower truck. This was followed by spraying the tackifier solution over the compost
blanket. The tackifier solution was applied using a hose on the hydromulch truck. It was applied
in amounts that required several passes back and forth over the compost blanket; this allowed
time for the tackifier solution to be absorbed by the compost and minimized any runoff of the
solution from the steep slope. The application rate and technique successfully allowed the
solution to saturate the compost blanket as well as seep through the blanket to create a bond with
the soil surface of the cut slope.
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6. DATA COLLECTION METHODS

Different methods were used to collect data to evaluate vegetation establishment, compost
retention, and soil erosion on the test plots. Randomized quadrats along a transect were used to
measure the percent cover of live vegetation, compost, plant litter, rock, and bare ground. Ocular
estimation was used for an early measurement of compost to evaluate retention after plot
construction and before vegetation growth in the first year. Erosion was measured using the
Bureau of Land Management’s (BLM) numeric scoring system (BLM 1996). In addition,
photographs of each plot were taken throughout the two-year project. The data collection, timing,
and methods are summarized in Table 6.

Table 6: Summary of data collection events and methods.

Dataé:ollection Date Randomized .MethOd Numeric erosion
vent Ocular estimate | Photos

guadrats system
Plot Construction November 11-14, 2008 _ _ X _
Soil Samples November 11-14, 2008 N/A N/A N/A N/A
Compost Cover Only | April 8, 2009 _ X X _
Veg/Comp/Erosion® | July 28-30, 2009 X X X X
Veg/Comp/Erosion June 22 and 25, 2010 X X X X
Soil Samples August 24 and 25, 2010 N/A N/A N/A N/A
Veg/Comp/Erosion August 24 and 25, 2010 X X X _

L N/A: not applicable; > Veg/Comp/Erosion: vegetation and compost cover, erosion values

6.1. Transect and Sampling Locations

Transects were permanently located within each plot in the spring of 2009. A stake was
hammered into the ground at the lower southeast and upper northwest corners of plots 1-18
(south-facing) and the lower northwest and upper southeast corners of plots 19-22 (north-
facing). A 30.5 m (100 ft) tape was stretched between the two stakes, starting at the lower corner.
A 20 cm by 50 cm quadrat frame was used to read cover of the vegetation, compost, and other
parameters at 10 predetermined locations along each plot’s transect. Frame locations along the
transect alternated between the left and the right side of the transect. Data were recorded using
data sheets (Appendix B). Plots were located in three distinct areas within the project boundary
(Figure 2) and each area has different-sized plots; therefore, the randomized frame locations for
each of the three areas are different (Table 7).
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Table 7: Sampling frame locations along transects.

Plots 1-10 Plots 11-18 Plots 19-22
Transect length: Transect length: Transect length:
12.5m (41 ft) 20.1 m (66 ft) 22 m (72 ft)
15m 1.8m 24m
21m 34m 3.7m
34m 46m 4.6m
43m 6.1m 7.6m
5.2m 70m 9.1m
6.4m 91m 113 m
7.6m 10.7m 146 m
8.2m 12.2m 155 m
95m 155 m 16.2 m
104 m 16.2m 20.1lm

6.2. Measurement Methods for Vegetation and other Ground Cover
Parameters

Ground cover is generally referred to as the percentage of ground surface covered by the
attributes of interests (e.g., live vegetation, litter, coarse fragments, moss/lichens) (BLM 1996).
For the purposes of this project, vegetation cover was measured by morphological classes, which
included perennial grasses, perennial forbs, annual grasses, annual forbs and shrubs. A special
category for noxious weeds was also created. The other ground cover attributes measured were
compost, litter, rock, and bare soil.

Foliar cover of live vegetation and the percent of the ground covered by other attributes were
measured using 20 cm x 50 cm quadrat frames (Daubenmire 1968) at 10 randomly
predetermined transect locations within each treatment plot. Foliar cover is the area of ground
covered by the vertical projection of the aerial portions of the plants. Small openings in the
canopy and intraspecific overlap are excluded (BLM 1996). Ground cover attributes were
recorded during the peak growing season (mid-July) of 2009 and again in June and August of
2010 using the same transect each time. All ground cover attributes were estimated to the nearest
percent.

6.3. Compost Measurement Methods

Assessment of compost retention for each test plot was performed quantitatively and also
documented using digital photographs. The amount of each test plot covered by compost was
determined using the same quadrat frames used to estimate vegetation cover within each
treatment plot and conducted at the same time as the vegetation measurements.
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In addition, a compost cover measurement was conducted in early spring of 2009 to estimate the
amount of compost remaining on each plot following the first winter after plot construction in
November 2008. This early season monitoring event was used to determine compost retention in
each plot prior to plant establishment. Thus, plants had not grown through the compost blanket at
that time, which may have caused some fracturing and disintegration of the compost blanket.
Researchers used ocular estimates rather than establishing transects so that minimal disturbance
and trampling occurred to the emerging seedlings on each test plot.

6.4. Erosion Measurement Methods

Erosion was qualitatively evaluated using the BLM “Erosion Condition Class Determination”
method (Clark 1980). The erosion assessment method uses a numeric scoring system to estimate
the frequency and distribution of rilling, gullying, surface soil movement, pedestalling, litter
movement and presence of surface flow patterns. The evaluator circles the numerical value that
best describes the site conditions for each attribute. These values are then used to categorize the
area into an erosion condition class. These erosion condition classes are as follows: stable, slight,
moderate, critical and severe, with severe being the most erosive. Appendix C includes the
erosion scores for each plot and a sample form describing the evaluation protocol. Erosion
monitoring occurred at the same time as vegetation monitoring in July 2009 and June 2010.
During the course of the research project, the research team did not conduct opportunistic
monitoring in response to severe weather events.

6.5. Photograph Documentation

In addition to the ground cover measurements along transects and ocular estimates of compost
retention, digital photographs were taken to document compost cover retention, vegetation
establishment, and erosion. Photographs were taken of each plot from the edge of the roadway
during each monitoring event to provide a chronological photographic history of compost
retention, vegetation maturation, and slope stability (Appendix A). In addition, companion
photographs were taken before and immediately following completion of each plot’s
construction (Ament and Jennings 2009).
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7. RESULTS AND DISCUSSION

7.1.  Soil and Compost Chemistry

Soil samples were collected before construction of the research plots and again following the last
monitoring event. In November 2008, soil samples were collected from each plot prior to any
amendment and thus represent the pre-treatment condition. The August 2010 samples were
collected following the final plot monitoring activities. During each sampling event, five
composite sub-samples were collected in each plot location from the 0-10 cm (0-4 in) soil
interval. Sixteen samples were placed in sealed plastic bags and shipped to Energy Laboratories
for analysis of pH; EC; SAR; water soluble levels of Ca, Mg and Na; total organic carbon; OM;
and available macronutrients N, P and K. Pre-treatment and post-treatment soil chemical
characteristics of each plot are reported in Table 8.

Table 8: Soil characteristics of south-facing plots sampled before (2008) and after (2010) compost treatments.

Plot #| Vear pH |Conductivity| Calcium|Magnesium| Sodium|SARY 22332? Phosphorus|Nitrate-N|OM?| Potassium
su’l  dsim' | meg/ll’| meq/l | megil [NIA°| wi%’ | mglkg® | mgikg | % | mgikg
1 2008| 7.7 0.48 1.69 0.72 2.68 |244| 0.28 3 1 0.48 900
2010| 7.2 1.01 6.11 2.85 3.08 |145| 3.87 63 5 6.67 1300
3 2008| 7.8 0.45 171 0.65 246 227 0.21 3 3 0.36 940
2010| 7.5 0.68 4.15 1.62 178 [1.05] 154 20 3 2.65 900
4 2008| 7.8 0.66 2.75 1.00 3.73 [2.72 0.16 2 2 0.28 1100
2010| 7.2 0.98 6.47 2.75 303 |141] 4.15 50 4 7.15 1300
5 2008| 7.9 0.73 311 1.18 440 13.00f 0.36 4 2 0.62 950
2010| 7.4 0.82 4.76 1.88 280 |154] 2.98 38 5 5.14 1000
6 2008| 7.9 0.60 2.48 0.82 344 267 0.35 3 2 0.60 940
2010] 7.5 0.85 4.59 1.66 3.73 [2.11 2.53 34 3 4.36 1100
7 2008] 7.9 0.57 2.06 0.69 3.71 [3.16 0.25 4 3 0.43 930
2010| 7.4 0.86 4.95 1.74 3.81 |2.08| 257 32 4 4.43 1200
8 2008 8.0 0.55 2.83 0.79 263 |195| 0.36 4 2 0.62 870
2010| 7.7 0.60 3.19 0.99 242 |168| 1.20 16 3 2.07 820
9 2008 8.0 0.57 2.32 0.70 333 |271] 0.30 6 3 0.52 830
2010] 7.7 0.68 4.09 1.29 212 [1.29 1.83 23 2 3.15 910
10 2008 8.0 0.58 3.10 0.99 237 |166| 0.37 5 5 0.64 780
2010| 7.5 0.73 4.46 1.43 248 |144| 3.65 33 2 6.29 1100
1 2008] 8.1 0.62 2.10 1.11 342 1270 0.13 2 1 0.22 940
2010| 7.7 114 5.08 3.04 448 222 150 20 2 2.59 900
12 2008| 7.9 1.60 8.35 4.11 6.59 |2.64| 0.30 4 2 0.52 990
2010] 7.5 1.57 8.64 5.30 4.39 |1.66 3.59 49 3 6.19 1100
14 2008 8.1 0.80 3.49 177 372 |229] 0.35 4 2 0.60 910
2010| 7.6 1.01 5.32 3.10 389 |190| 294 38 3 5.07 1000
15 2008] 8.0 0.87 3.01 1.71 447 1291 0.17 3 2 0.29 980
2010| 7.7 112 5.01 2.92 385 |193] 159 23 2 2.74 830
16 2008 8.1 0.99 4.37 2.29 459 252 0.19 3 1 0.33 890
2010] 8.0 0.77 2.61 1.08 452 13.32 0.70 19 2 1.21 750
17 2008 8.0 1.00 4.30 2.32 495 272 0.14 3 2 0.24 880
2010| 7.9 0.83 2.97 1.38 455 |3.09( 0.36 10 1 0.62 600
18 2008] 8.1 0.99 4.18 2.08 4.73 |2.67 0.19 3 2 0.33 870
2010| 7.5 1.07 6.57 3.47 3.65 |163] 252 49 1 4.34 980

ISAR = sodium adsorption ratio; 20OM = organic matter; ® s.u = standard units; *deciSiemens/meter; *meq/L =
milliequivalents/liter; ® N/A = not applicable; "wt% = percent by weight; ® mg/kg = milligrams/kilogram.
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The pre-treatment (2008) chemical characteristics of soils reported in Table 8 are consistent with
a nutrient-poor geologic material/young soil with limited potential for supporting plant cover.
Little variation was observed between individual test plots. Alkaline soil chemistry of the 16
plots had a mean pH of 8.0. Mean saturated paste soil EC was 0.80 dS/m. Sodium was not
elevated in the material compared to calcium and magnesium, resulting in a mean sodium
adsorption ratio of 2.6 for the 16 plots that were sampled. No plant growth inhibitory effect was
evident based on the soil samples’ pH, EC, or SAR. Macronutrients were low before compost
treatments were applied. Plant macronutrients were present at such low levels that only sparse
vegetation development could reasonably be expected (Table 8). Mean soil nitrate-nitrogen was
2.2 mg/kg, placing available nitrogen in the very low fertility range (Table 9). Similarly, mean
soil phosphorous was 3.5 mg/kg, indicating very low soil fertility. Potassium was not limiting
with a mean 920 mg/kg available for plant growth.

Table 9: Soil analysis fertility guidelines (Energy Laboratories 2003).

Soil Fertility NOz-N* Phosphorous Potassium Organic Matter
Rating (mg/kg)? (mg/kg) (mg/kg) (%)
Very Low 0-17 0-4 0-75 0-1.9
Low 17-30 4-8 75-125 2.0-35
Medium 30-45 8-11 125-250 3.6-4.9

INO; - N = nitrate-nitrogen; >mg/kg = milligrams per kilogram

The OM analyses varied between a low of 0.22 percent in plot 11 to a high of 0.64 percent in
plot 10. The mean of all 16 test plots was 0.40 percent for OM (Table 8). Growth media with an
OM percentage between 2.0 and 3.5 percent is considered low in fertility, while 3.6-4.9 percent
is classified as medium in fertility (Table 9).

The low levels of fertility reported for nitrogen and phosphorous are consistent with the visual
observation of the road cut as young soil material lacking an overlying topsoil horizon. In
portions of several of the test plots unweathered, consolidated bedrock is visible. Most of the test
plot area consists of sedimentary geologic material/young soil and unconsolidated bedrock that
becomes more consolidated with depth.

Post-treatment soil samples showed the effect of the organic amendment with compost. Organic
matter was elevated in the treated plots (Table 8). For example, plot 1 possessed 0.48 percent
OM prior to compost application and 6.67 percent OM after completion of two growing seasons.
Similar increases in OM were noted for all plots receiving compost treatments, regardless of the
depth of the compost blanket.

Nutrients also increased in the soil after two years in every plot where compost was applied. The
increase in macronutrients was most evident in phosphorous data. Plot 3 showed an increase in P
from 3 mg/kg pre-treatment, to 20 mg/kg post-treatment. Potassium showed modest increases
such as in plot 1 where K increased from 900 mg/kg before treatment to 1,300 mg/kg two years
after compost was applied. In Plot 3, K decreased from 940 mg/kg pre-treatment to 900 mg/kg

Western Transportation Institute Page 22



Cut Slope Composting: Field Trials and Evaluation Final Report Results and Discussion

after treatment. Potassium and phosphorous were present at elevated levels suggesting they are
not plant limiting (Table 9).

Nitrogen levels are likely the critical plant-limiting macronutrient in the parent material. Pre-
treatment nitrate-nitrogen (NO3-N) levels were present at very low levels, typically less than 5
mg/kg. Most native grasses are best adapted to low levels of NOs-N, or approximately 17-30
mg/kg (Table 9), but will tolerate higher levels of fertility. At agronomic rates of fertility (greater
than 45 mg/kg NO3-N) native grasses may become less competitive than introduced species. Soil
monitoring data from 2010 suggest that fertility, with respect to NOs-N, was unchanged
compared with pre-treatment conditions. NO3-N was likely at a seasonal low level at the end of
the growing season. A pool of total N was added to the plots via the compost treatments as
reported by the pre-treatment compost analysis (Table 3). Of the total amount of nitrogen added
(8,570 mg/kg) only 3.4 percent of the total was available to plants as nitrate (293 mg/kg).
Nitrogen availability to plants should increase by the beginning of the next growing season and
trend toward adequate levels of NO3z-N in the treated plots with abundant OM amendments.
More frequent soil monitoring would be required to conclusively demonstrate this hypothesis.
Often when compost is added to nutrient-poor soil, NO3s-N levels dramatically increase in the
first growing season resulting in increased vigor and growth rates, followed by less dramatic
vegetation response in following years. A similar trend was observed in treated plots constructed
previously by the authors for MDT on U.S. Highway 2 near Happy’s Inn (Jennings et al. 2007).

Soil EC remained at low levels before and after treatment and is reflected in the minimal changes
in measured water soluble calcium, magnesium, and sodium. All soil EC values were less than
2.0 dS/m, and most were less than 1 dS/m. The pure compost EC added 9.2 dS/m salts, yet when
applied at the light rates used in the experimental plots the compost yielded little effect on
overall soil EC. It is likely that appreciable amounts of the initial salinity were associated with
soluble NOs-N, which was available to plants during the first growing season.

Soil texture was characterized before plot construction in 2008 and again in 2010 after compost
treatments at five randomly selected plots. The results from each sampling event were similar in
that all five samples were characterized to have a silt loam (SiL) texture (Table 10). Silt loam has
excellent water holding capacity and is well suited to plant growth when adequate moisture and
nutrients are present.

Table 10: Soil texture for select south-facing plots, sampled before (2008) and after (2010) compost
treatments.

Plot No. % Sand % Silt % Clay Texture
2008 2010 2008 2010 2008 2010 | 2008/2010
4 28 34 57 50 15 16 SiL*
5 24 26 61 57 15 17 SiL
8 20 32 62 51 18 17 SiL
14 26 28 59 57 15 15 SiL
17 26 32 59 53 15 15 SiL
* SiL: Silt Loam
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7.2. Vegetation

For the first monitoring event in July of 2009, the vegetation assessment team was given the
option of measuring seedling density or vegetation cover for determining new perennial grass
establishment. First season plant growth is often limited and density measures are commonly
used to capture plant establishment. However, there was notable first-year germination and
establishment on the experimental test plots, therefore vegetation cover was the only measure
used to determine vegetation establishment (Table 11). All monitoring data is located in
Appendix B, which includes data for all of the ground cover attributes measured.

Total vegetation cover on the majority of the research plots was greater during the first growing
season than the second growing season due to the large number of annual weeds that emerged
the first year. During the second growing season, the cover of annual weeds generally declined.
Vegetation cover during the final August 2010 monitoring event on the south-facing plots ranged
from 10.2 to 38.4 percent.

Wind likely played a major role in compost loss (See Section 7.3), affecting vegetation
establishment. Wind speed was greater in the western portion of the project due to prevailing
winds and the angle and direction of the road cut (Figure 1 and Figure 2 west is on the left side
of both figures). This created a “wind tunnel” effect for those plots in the western portion of the
project. Results from the August 2010 monitoring event show that plots located in the eastern
portion of the project tended to have more vegetation cover, on average, than those in the
western portion. Eastern plots averaged 23.2 percent vegetation cover while the western plots
averaged 13.8 percent cover. Since there were only two replicates per treatment, there was no
opportunity to analyze the plot data statistically.
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Table 11: Percent (%) vegetation cover by plot in 2009 and 2010. Plots 1-10 are south-facing on the western
portion of the site, Plots 11-18 are south-facing on the eastern portion of the site and Plots 19-22 are north-

facing plots (see Figure 2).

Perennial Grass Annual Grass Perennial Forb Annual Forb Totalé/oe\?ee:ation
Plot

July [ June | August | July | June | August | July | June | August | July | June | August | July | June | August

2009|2010| 2010 |2009(2010| 2010 [2009|2010| 2010 |2009|2010| 2010 |2009|2010| 2010
1 |166|236| 182 | 3.0 |152| 71 | 00| 00 00 |64]|50 18 |26.0|438| 27.1
2 |125| 74 93 | 53|57 34 10000 0.3 1.7 | 15 1.3 |195|146| 143
3 |55 |54 91 |60 |144| 58 | 05|20 00 |110| 6.4 | 34 |23.0(28.2]| 183
4 |99 (224 179 |50 |105| 6.0 | 06 | 65 66 | 99|16 09 |254|410| 314
5180|105 67 |05 ]| 15 04 | 26|52 55 |114| 5.8 3.6 |225|23.0| 16.2
6 | 82 |227| 164 | 11| 25 1.8 | 0.0 0.0 00 |169| 44 | 42 |262(296| 224
7 1205|236 192 |[156|21.1| 183 | 1.0 | 0.0 00 | 52|70 09 |423|517| 384
8 [145|193| 161 |74 |74 | 30 |00 00 01 |74 23 32 [293|29.0| 224
9 |15.7(199| 147 |21 | 20 0.3 1.2 | 0.0 08 |135]| 25 13 [325|244| 171
10 | 7.3 | 8.6 83 |78 |2L7| 143 | 00| 0.0 00 | 73|15 22 |224)|318| 248
11 | 78 |129| 76 | 09| 03 00 | 0000 0.0 |139|10.1| 88 226|233 | 164
12 | 69 | 85 38 | 0000 1.0 |00 0.0 0.0 |173|12.8| 115 |24.2|213| 16.3
13 | 6.8 | 3.0 22 10000 00 | 20|18 25 | 35| 86 55 |[123|134| 10.2
14 |115(114| 97 |27 |76 26 | 0.0 00 00 |150] 8.3 89 [29.2|273| 21.2
15 /101| 60 | 41 | 03] 00 00 |00 00 00 |[112|121| 6.9 |21.6(18.1| 11.0
16 |153(100| 84 | 02| 00 00 | 00|00 00 | 66|22 31 |221)122| 115
17 |12.7]123| 10.1 | 0.0 | 0.0 00 | 00|00 00 | 7108 19 ]19.8|131| 12.0
18 |21.4|116| 96 | 0.0 | 02 00 | 00|00 00 | 86|70 25 |30.0|18.8| 121
197948 | 41 | 03|00 01 |00/ 00 00 | 30|26 3.7 |112| 74 7.9
20 | 146|117 | 120 | 05| 0.0 00 | 00] 00 00 | 45| 47 99 |196|16.4| 219
21 |19.0|145| 12.0 | 0.7 | 0.0 00 | 05|00 1.0 | 57|18 59 |259|16.3| 189
22 |236(18.7| 152 | 0.0 | 0.0 00 | 00|00 00 | 43| 24 6.9 [279|211| 221

Each time one plot for a particular treatment was located in the eastern portion of the project
(plots 11-18) and the replicate for that treatment was located in the western portion (plots 1-10),
the amount of vegetation cover recorded on the western plot was considerably less than the
eastern plot (Table 12). When averaged, the vegetation cover of the western plot reduced the
vegetation cover of the treatment. This made it difficult to make inferences regarding the
vegetation cover as related to specific treatments.
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Table 12: Comparison of treatments based on location of test plot within the study site.

Treatment Plot Numbers/Location | Total Vegetation Cover - August 2010
Eastern versus Western | Eastern Plot Western Plot
1.27 cm compost + plastic netting land 16 27.1 115
1.27 cm compost + guar-based tackifier 4and 15 314 11
1.27 compost blanket 6and 11 224 16.4
0.64 compost blanket 8and 17 22.4 12
1.27 compost blanket + coconut-straw fabric 10and 18 24.8 12.1

Since averaging of the two replicate plots for each treatment was not realistic due to the location
effect, it is more useful to compare the treatment plots in each area (east and west) to the control
in their respective areas. It should be noted that when this project was designed, it was unknown
that the prevailing winds would have such a major impact. The location of each of the 18 plots
on the south-facing slopes were randomly selected, therefore some treatments may have had two
replicates on either the east or the west. For example, at the eastern location there were two 0.64
cm compost blanket treatments and no 0.64 cm compost blanket treatments at the western
location. However, it is still possible to discuss the vegetation response to treatments by
comparing treated plots to the control in the area (Table 13).

shows the August 2010 total vegetation cover for each plot. The plots are grouped according to
eastern or western location on the south-facing slopes and the north-facing slopes.

The total vegetation cover measurements from the final monitoring event (August 2010)
indicated that the control plots in all three locations (eastern, western and north-facing) had the
lowest amount of cover when compared to the treated plots in their respective locations.

At the eastern location on the south-facing slopes, plot 7 (guar-based tackifier) had the highest
total vegetation cover at 38.4 percent. However, the replicate plot for the guar-based tackifier
(plot 3) was also located in the eastern location and the vegetation cover on this plot was quite
low at 18.3 percent. Only the two 0.64 cm compost blanket plots and the control had lower total
vegetation cover than plot 3 in the eastern location. The two 0.64 cm compost blanket plots
(plots 5 and 9) had slightly lower total vegetation cover than the 0.32 cm compost blanket plot,
which was unexpected. The coconut-straw fiber fabric treated plot (plot 10) had vegetation cover
of 24.8 percent, placing it about midway between the plots with the highest and lowest percent of
vegetation cover. Overall, the plots treated with tackifier had higher vegetation cover than the
other treatments in the eastern sections (with the exception of plot 3). The polymer emulsion
liquid tackifier treated plot had 31.4 percent vegetation cover while the Plantago-based tackifier
had 27.1 percent vegetation cover.
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Table 13: Total vegetation cover and compost retention recorded in August 2010 for each test plot.

East_ern Treatment Augus_t 2010 August 201_0

South-facing Plots Total Vegetation Cover (%) | Compost Retention (%)

1 Plantago-based tackifier 27.1 65.0

2 control 14.3 control

3 guar-based tackifier 18.3 23.0

4 polymer emulsion liquid tackifier 31.4 35.7

5 0.64 cm compost blanket 16.2 20.2

6 1.27 cm compost blanket 224 35.3

7 guar-based tackifier 384 29.6

8 0.32 cm compost blanket 22.4 10.3

9 0.64 cm compost blanket 17.1 9.5

10 coconut-straw fiber fabric 24.8 92.2

West_ern Treatment Augus_t 2010 August 201_0

South-facing Plots Total Vegetation Cover (%) | Compost Retention (%0)

11 1.27 cm compost blanket 16.4 11.1

12 plastic netting 16.3 36.7

13 control 10.2 control

14 plastic netting 21.2 32.8

15 polymer emulsion liquid tackifier 11.0 4.9

16 Plantago-based tackifier 11.5 4.6

17 0.32 cm compost blanket 12.0 5.0

18 coconut-straw fiber fabric 12.1 69.6
North-facing Plots Treatment Total Vg]ltje%:tsigﬁoégver (%) Compﬁstglgi(fr?tlign (%)

19 control 7.9 control

20 0.64 cm compost blanket 21.9 11.2

21 1.27 cm compost blanket 18.9 24.9

22 0.32 cm compost blanket 22.1 4.3

The south-facing plots at the western location tended to have lower vegetation cover than those
at the eastern location; this is likely due to stronger winds at the western location. Both of the
plastic netting plots were located in this area and had higher vegetation cover (16.3 percent and
21.2 percent) than all of the other treated plots, with the exception of the 1.27 cm compost
blanket (16.4 percent). The tackifiers did not perform as well at the western location as the
eastern location. Even the 0.32 cm compost blanket (12.0 percent) had higher vegetation cover
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when compared to the polymer emulsion liquid tackifier (11.0 percent) and the Plantago-based
tackifier (11.5 percent).

When comparing vegetation cover on the north-facing plots, all of the treated plots out-
performed the control plot (7.9 percent). The 0.32 cm compost blanket had 22.1 percent cover,
the 0.64 cm compost blanket had 21.9 percent cover and the 1.27 cm compost blanket plot had
18.9 percent vegetation cover.

For the south-facing plots, despite plot location effect, results indicate that the addition of
compost is beneficial in the establishment and vigor of desirable vegetation. No overall pattern
was apparent when comparing the different plot treatments. However, the three tackifier treated
plots had the greatest amount of vegetation cover at the eastern location while the plastic netting
plots performed the best at the western location. The north-facing plots showed a significant
treatment response as compared to the control; all three compost blanket depths increased
vegetation cover.

7.3. Compost Retention

Compost remaining on each plot was measured at the same time as the other ground cover
measurements (July 2009, June 2010 and August 2010). Cover frames measuring 20 x 50 cm
were used in each test plot to determine the percent of the ground covered by compost (see
Section 6). Table 13 shows the percent of compost retained on the treated plots during the last
monitoring event (August 2010). Data from all of the monitoring events are included in
Appendix B.

As expected, the amount of compost retained on the treatment plots decreased over time. The
research site is situated in a harsh environment (strong winds and steep slopes) and it was
expected that much of the compost would erode from the site due to wind, rain and snowmelt.
Compost retention tended to be greater on the eastern plots (average compost retention was 35.6
percent) than on the western plots (average compost retention was 23.5 percent). Compost
retention at the eastern location was greatest on plot 10 (coconut-straw fiber fabric) at 92.2
percent, and the coconut-straw fiber fabric also retained the greatest amount of compost on the
western plots (69.6 percent). The 0.32 cm and 0.64 cm compost blankets had the lowest compost
retention on the eastern plots at 10.3 percent and 9.5 percent, respectively. The two tackifier
treatments on the western location had the lowest compost retention. The Plantago-based
tackifier had 4.6 percent retention while the polymer emulsion liquid tackifier had 4.9 percent
compost retention.

The two treatments using coconut-straw fiber fabric (plots 10 and 18) and plastic netting (plots
12 and 14) had the highest compost retention rates at the end of the project. However, they did
not have the highest vegetation cover at the end of the project (Table 13). Plots 12 and 14 with
the plastic netting were both located in the western portion of the project site, which may explain
why the amount of compost retained on the plots were similar. The coconut-straw blanket plots
10 and 18 retained the most compost, with an average of 81 percent; however, the average
vegetation cover for these plots was only 18.5 percent (Table 11 and Table 12). There was no
apparent pattern associated with vegetation cover and compost retention, which was unexpected.
Compost remaining on each plot was measured at the same time as the other ground cover
measurements (July 2009, June 2010 and August 2010). Cover frames measuring 20 cm x 50 cm
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were used in each test plot to determine the percent of the ground covered by compost (see
Section 6 and Table 13).

shows the compost cover results of each of these monitoring events and the August 2010
vegetation cover results.

7.4. Erosion

The research site was not re-graded prior to test plot construction and a dense network of rills
several inches deep were present. Rills formed over a six-year period due to steep slopes, erosive
surface material and limited vegetation cover. Erosion monitoring was not conducted prior to
construction of the plots and implementation of treatments. It is difficult to determine how much
erosion was related to effects of experimental treatments and how much was present prior to
initiation of the study. Erosion indices were qualitatively estimated during the 2009 growing
season. The same erosion evaluation was conducted in June 2010 (Table 13). It was anticipated
that the treated plots would become less erosive over time due to the application of compost,
erosion control methods, and the resulting improved vegetation conditions. These erosion
condition classes are as follows: stable, slight, moderate, critical and severe, with severe being
the most erosive. Scores for each erosion evaluation are included in Appendix C and are
summarized in Table 14. Erosion on the set of eastern plots 4—7 decreased from critical to
moderate due to the retention of compost, tackifier and establishment of vegetation. Because the
tackifier, vegetation and retained compost have acted to slow the velocity of water movement
down the slope, some rills have begun to fill in. However, the steep slopes are still erosive and it
is difficult to determine if on-going erosion can be correlated with conditions existing prior to the
project versus what erosion has occurred since the inception of the project.
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Table 14: Qualitative erosion monitoring results from 2009 and 2010.

Rating Rating
Plot Number (evaluated in 2009) | (evaluated in 2010)

1 Moderate Moderate
2 Critical Critical
3 Moderate Moderate
4 Critical Moderate
5 Critical Moderate
6 Critical Moderate
7 Critical Moderate
8 Critical Critical
9 Critical Critical
10 ecf! ecf
11 Critical Critical
12 Critical Critical
13 Critical Critical
14 Moderate Moderate
15 Critical Critical
16 Critical Critical
17 Critical Critical
18 ecf ecf
19 Severe Severe
20 Severe Severe
21 Severe Severe
22 Severe Severe

Yecf: erosion control fabric was opaque and could not rate erosion.
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8. COST-BENEFIT ANALYSIS

The application of compost can be directly correlated to reduced erosion and increased
establishment and vigor of both seeded and colonizing plants. Too little compost may result in
persistent erosion and lack of vegetation establishment, while too much compost results in higher
reclamation costs and not necessarily better vegetation establishment. In the 2003-2006 research
work, rates of 2.54 cm (1 in) and 5.08 cm (2 in) were evaluated at research plots along U.S.
Highway 2 (Jennings et al. 2007). Vegetation cover on both the 2.54 and 5.08 cm (1 and 2 in)
plots increased compared to the control plot, which had sparse (<2 %) vegetation cover. Mean
perennial grass cover was 30 percent in the 2.54 cm (1 in) compost blanket plot and 42.5 percent
in the 5.08 cm (2 in) plot after three growing seasons at the Middle Thompson Lake research
site. At this same site the mean perennial grass cover after two growing seasons was 24.5 percent
on the 2.54 cm (1 in) treatment and 34.8 percent on the 5.08 cm (2 in) treatment. In all cases,
erosion was reduced to low levels. In this recently completed research project (2008-2010)
research was conducted to develop optimal rates of compost to provide adequate perennial grass
cover, control erosion, and at an acceptable and economically feasible cost.

Figure 8 integrates findings from the 2003-2006 research (Jennings et al. 2007) with this
investigation and shows the linear relationship between perennial grass cover and compost
addition. The 1.27 cm (0.5 in) compost rate was normalized by increasing perennial grass cover
to reflect the loss of compost due to wind erosion prior to vegetation development. The linear
regression intersects the Y-axis at 6.6 percent perennial grass cover, showing the result of
broadcast seeding without compost addition.

Perennial Grass Cover as a Function of
Depth of Compost Addition
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Figure 8: Linear regression of compost depth versus perennial grass cover resulting from varying depths of
compost addition in August 2010.
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Very high rates of erosion were observed on all research plots without compost addition (2003—
2006 study and 2008-2010 study). Very low rates of erosion were observed when perennial
grass cover was greater than 30 percent (2003-2006 study). The degree of erosion control in the
2008-2010 study through compost addition is difficult to quantify due to the severely eroded soil
surface the plots were constructed into in 2008. These rills have persisted and will take years to
heal if sufficient vegetation cover persists. Vegetation cover established in the 20082010 study
was generally between 10 and 30 percent and provides a modest amount of stabilization and soil
protection from rainfall impact.

The linear trend of the August 2010 perennial grass cover for the 18 plots in Figure 8 suggests
the amount of perennial grass that can be reasonably expected on a south-facing cut slope with a
semi-arid climate receiving 250-500 mm (10-20 in) of annual precipitation. The perennial grass
cover can be approximated by Equation 1:

Equation 1: Perennial Grass Cover (%) = 7.66 * (Compost Depth (cm)) + 6.64

Using the regression relationship as a predictor and Equation 1, the tabular results presented in
Table 15 show increments of 5 percent perennial grass cover and the amount of compost
required for that level of grass establishment.

Table 15: Predicted vegetation response to different depths of compost addition based on a regression
analysis (see Equation 1).

Predicted
Perennial Compost Compost
Grass Cover | Required (cm) | Required (in)
(%)

5 0 0
10 0.44 0.17
15 1.09 0.43
20 1.74 0.69
25 2.40 0.94
30 3.05 1.20
35 3.70 1.46
40 4.36 1.71

Compost application costs were investigated and itemized to support the cost—benefit analysis.
Recognizing costs for each project are unique and vary, approximate unit costs were obtained
from multiple industry sources to facilitate the analysis. Table 16 compares rates of compost
addition and associated costs per treatment using netting, fiber erosion control blanket, tackifier,
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and compost alone. Treatment combinations with low effectiveness due to poor vegetation
establishment and high erosion are not recommended. Treatments with good vegetation
establishment yet high cost are not recommended solely due to cost. Treatments with good
vegetation response and costs of less than $100,000 per hectare (ha) ($40,469 per acre (ac)) are
recommended. Several treatments in the middle of the range and with lower costs are attractive
and include the 1.27 cm compost addition rate without netting or erosion control fabric,
$41,160/ha ($16,657/ac). Such a treatment is predicted to yield 16.4 percent perennial grass
cover using the regression relationship shown in Figure 8. The amount of erosion associated with
16.4 percent vegetation cover will vary depending on slope steepness, soil texture and rainfall
intensity, yet on many range sites in Montana with comparable vegetation cover notable amounts
of erosion have been observed. In terms of cost, the 0.64 cm compost depth with coconut-straw
fiber fabric or netting is competitive with the 1.27 cm compost blanket without fabric or netting,
yet it is expected to yield marginally effective perennial grass cover of 11.5 percent.

Table 16: Cost—benefit analysis for varying rates of compost and multiple methods to retain compost against
erosion. Costs are based on typical Montana compost procurement and delivery costs plus installation of
compost on-slope using a blower truck and two laborers.

Compost
Blanket" + Compost
Coconut- | Compost | Blanket!+
Predicted Straw Blanket Water
Compost Native Compost Fiber + Plastic Applied
Depth Grass Predicted Broadcast Blanket* Fabric Netting Tackifier
(cm) Cover (%) Erosion Seed ($/ha) ($/ha) ($/ha) ($/ha) ($/ha)
0 6.6 very high $325 - - - -
0.32 9.1 very high - $10,401 $58,220 $34,311 $11,389
0.64 11.5 high - $20,654 $68,473 $44,564 $21,642
1.27 16.4 moderate-high - $41,160 $88,979 $65,069 $42,148
2.54 26.1 low - $82,171 $129,990 $106,081 $83,159
5.08 45.6 very low - $164,194 | $212,013 | $188,104 | $165,182

! All compost blankets include the cost of broadcast seeding.
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9. CONCLUSIONS AND RECOMMENDATIONS

Application of compost to steep cut slopes was demonstrated in research plots developed for the
Montana Department of Transportation in two companion research studies during 2003-2006
(Jennings et al. 2007) and this project (2008-2010). Varying rates of compost were applied to
nutrient-poor parent materials lacking organic matter. Compost was applied to slopes up to 40 m
in length and up to 70 percent in steepness by a compost blower truck.

Establishment of perennial grass species from seed was successful when broadcast seeded prior
to compost application. Increasing vegetation canopy cover was observed with increasing rates
of compost. Construction methods that limit the duration of time compost is exposed to wind and
water erosion before the seedings can establish vegetation is encouraged.

Desirable growth media characteristics were improved by compost addition at all depths.
Organic matter was increased as were plant macronutrients nitrogen, phosphorous, and
potassium. Only a fraction of the total nutrient pool was available to plants during the final soil
monitoring event occurring in August 2010, suggesting a long-term supply of nutrients would be
available for plant growth over a period of many years.

Erosion decreased with increased compost blanket thickness, particularly when the compost
thickness exceeded 2.54 cm (1 in).

Light compost application rates of 0.32 and 0.64 cm resulted in less than 10 percent perennial
grass cover and had a limited positive effect on erosion control. Although lower rates resulted in
reduced costs, the vegetation establishment was less than ideal. Compost rates between 1.27 and
2.54 cm are recommended and can be expected to yield approximately 16-26 percent live
perennial grass cover in a semi-arid climate in Montana. These are the recommended rates since
they balance erosion control, vegetation establishment, and cost.

Erosion control blankets or mesh netting are recommended for use in windy areas. Both physical
retention treatments - coconut-straw fiber erosion control blanket or lightweight plastic netting -
were effective in limiting the loss of applied compost. Plastic netting is recommended since it
was more cost effective. Although not used in this study, biodegradable mesh netting could also
be used. The 1.27 cm compost application with plastic netting utilized for retention at this project
site was estimated to cost $65,069/ha ($26,333/ac).

The three tackifiers evaluated - polymer emulsion liquid, guar-based water dispersible
formulation and Plantago-based seed husk powder - gave confounding results due to a large
wind gradient present at the site, so no recommendation can be made.

Compost application rates between 1.27 and 2.54 cm are recommended for establishment of
sufficient vegetation cover to control erosion. These recommended application rates are
estimated to cost between $41,160/ha ($16,657/ac) and $82,171/ha ($33,254/ac) based on the
plot construction methods from this study using a blower truck. Costs may vary in other
locations and by using other methods.
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11. APPENDIX A - PHOTOGRAPHS

Plot 1 before Treatment Plot 1 after Treatment .
Plot 1 April 2009

Plot 1 July 2009 Plot 1 June 2010 Plot 1 August 2010

Western Transportation Institute Page 36




Cut Slope Composting: Field Trials and Evaluation Final Report Appendix A

Plot 2 before Treatment Plot 2 after Treatment

Plot 2 April 2009
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Plot 2 July 2009 Plot 2 June 2010 Plot 2 August 2010

Plot 3 before Treatment Plot 3 after Treatment

Plot 3 April 2009
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Plot 3 July 2009

Plot 3 June 2010

Plot 3 August 2010

Plot 4 before Treatment

Plot 4 after Treatment

Plot 4 April 2009
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Plot 4 July 2009

Plot 4 June 2010

Plot 4 August 2010
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Plot 5 before Treatment

Plot 5 April 2009

Plot 5 July 2009

Plot 5 June 2010

Plot 5 August 2010
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Plot 6 before Treatment

Plot 6 July 2009

Plot 6 June 2010

Plot 6 August 2010
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Plot 7 before Treatment Plot 7 after Treatment

Plot 7 April 2009
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Plot 7 June 2010

Plot 7 August 2010

Plot 8 after Treatment

Plot 8 before Treatment

Plot 8 April 2009
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Plot 8 July 2009 Plot 8 August 2010
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12. APPENDIX B - VEGETATION AND COMPOST MONITORING DATA

Date July 28 to 30, 2009 Field Team: Pam Blicker, Don | Conditions: Partly Cloudy to sunny, slight breeze,
Jackson, Loren Barber 60 to 85°F
Plot No. Frame Frame Perennial | Annual | Perennial | Annual | Shrub Nox. Compost | Litter | Rock | Bare
No. location (ft) Grass Grass Forb Forb Weeds
1 1 5R 10 4 0 5 0 0 90 5 1 8
2 7L 10 0 0 0 0 0 70 3 2 28
3 11R 30 8 0 8 0 0 95 3 0 3
4 14L 30 3 0 12 0 0 95 7 0 1
5 17R 18 0 0 8 0 0 90 5 1 6
6 21L 30 5 0 8 0 0 95 5 1
7 25R 10 0 0 8 0 0 80 25 1 10
8 27L 7 0 8 0 0 50 15 0 20
9 31R 3 0 3 0 0 95 2 0 3
10 34L 15 0 0 4 0 0 40 15 1 40
Average 16.6 3 0 6.4 0 0 80 8.5 0.7 13.2
2 1 5R 5 0 0 0 0 0 4 1 95
2 7L 1 0 0 0 0 0 10 1 90
3 11R 12 8 0 1 0 0 0 5 0 90
4 14L 8 0 0 0 0 0 0 4 0 95
5 17R 10 0 0 2 0 0 0 7 3 90
6 21L 10 4 0 4 0 0 0 10 0 90
7 25R 2 12 0 8 0 0 0 10 0 87
8 27L 0 15 0 0 0 0 0 35 5 60
9 31R 0 2 0 0 0 5 0 93
10 34L 70 0 0 0 0 0 45 0 25
Average 12.5 5.3 0 1.7 0 0 0 13.5 1 815
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Plot No. Frame Frame Perennial | Annual | Perennial | Annual | Shrub Nox. Compost | Litter | Rock | Bare
No. location (ft) Grass Grass Forb Forb Weeds
3 1 5R 12 0 0 7 0 0 55 10 3 40
2 7L 10 0 0 17 0 0 85 3 3 12
3 11R 10 0 0 0 0 100 4 0 0
4 14L 0 4 0 0 0 65 8 1 30
5 17R 4 3 0 0 0 85 1 3 12
6 21L 8 8 0 13 0 0 90 4 3 5
7 25R 2 10 0 15 0 0 40 10 2 45
8 27L 3 20 0 10 0 0 60 25 3 15
9 31R 2 0 5 35 0 0 3 30 0 65
10 34L 4 15 0 2 0 0 3 35 0 60
Average 55 6 0.5 11 0 0 58.6 13 1.8 284
4 1 5R 7 0 0 35 0 0 95 5 3
2 7L 20 8 0 15 0 0 98 5 0
3 11R 8 0 0 12 0 0 25 3 3 65
4 14L 15 0 0 12 0 0 50 2 3 40
5 17R 7 0 0 0 0 20 3 2 75
6 21L 0 0 0 0 7 10 1 80
7 25R 15 7 2 10 0 0 90 12 0
8 27L 20 5 0 0 0 0 85 15 0
9 31R 20 3 4 0 0 50 10 1 45
10 34L 10 1 0 0 0 35 10 3 60
Average 9.9 5 0.6 9.9 0 0 55.5 7.5 1.6 38.1
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Plot No. Frame Frame Perennial | Annual | Perennial | Annual | Shrub Nox. Compost | Litter | Rock | Bare
No. location (ft) Grass Grass Forb Forb Weeds
5 1 5R 4 2 2 18 0 0 25 7 5 60
2 7L 4 0 0 17 0 0 80 5 2 10
3 11R 3 0 0 15 0 15 10 4 0 80
4 14L 5 0 0 12 0 0 40 7 0 45
5 17R 20 0 0 10 0 0 10 10 3
6 211 8 0 8 7 0 0 90 5 0
7 25R 20 0 0 13 0 2 93 12 0
8 27L 3 0 16 0 0 80 0 16
9 31R 10 2 0 0 0 10 4 85
10 34L 1 0 10 0 0 7 2 85
Average 0.5 2.6 114 0 1.7 44.5 6.1 1.6 39.7
6 1 5R 15 0 0 5 0 0 85 2 8
2 7L 8 0 0 20 0 0 50 5 40
3 11R 8 0 0 8 0 0 95 6 1
4 14L 18 0 0 20 0 0 95 15 2 2
5 17R 10 0 0 30 0 0 98 0 1
6 21L 15 0 0 20 0 0 60 3 35
7 25R 0 3 0 10 0 0 25 3 70
8 27L 5 3 0 40 0 0 55 25 3 25
9 31R 3 3 0 4 0 0 3 10 3 90
10 34L 0 2 0 12 0 0 2 20 2 80
Average 8.2 11 0 16.9 0 0 56.8 9.7 2.9 35.2
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Plot No. Frame Frame Perennial | Annual | Perennial | Annual | Shrub Nox. Compost | Litter | Rock | Bare
No. location (ft) Grass Grass Forb Forb Weeds
7 1 5R 30 2 0 2 0 0 75 8 10 10
2 7L 20 0 0 7 0 0 55 10 5 25
3 11R 20 0 0 5 0 0 75 8 3 20
4 141 15 4 0 2 0 0 60 20 3 15
5 17R 20 5 0 13 0 0 10 4 2 80
6 21L 18 0 8 12 0 0 90 10 2
7 25R 80 10 2 3 0 0 50 35 2
8 27L 5 0 8 0 0 30 3 3 60
9 31R 70 0 0 0 0 5 60 2 25
10 34L 60 0 0 0 0 5 55 4 15
Average 20.5 15.6 1 5.2 0 0 45.5 21.3 3.6 25.8
8 1 5R 0 0 8 0 0 20 10 10 70
2 7L 0 0 3 0 0 3 2 2 93
3 11R 2 0 6 0 0 20 8 10 70
4 14L 20 0 0 8 0 0 60 8 10 15
5 17R 7 0 0 7 0 0 20 3 20 60
6 21L 10 2 0 20 0 0 20 5 25 50
7 25R 50 20 0 3 0 0 10 50 10 15
8 27L 0 0 15 0 0 5 5 90
9 31R 20 0 4 0 0 40 40 20
10 34L 40 30 0 0 0 60 5 10
Average 145 74 0 74 0 0 154 191 13.7 | 49.3
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Plot No. Frame Frame Perennial | Annual | Perennial | Annual | Shrub Nox. Compost | Litter | Rock | Bare
No. location (ft) Grass Grass Forb Forb Weeds
9 1 5R 3 3 0 20 0 0 50 17 30 20
2 7L 35 0 0 10 0 0 50 17 15 25
3 11R 18 3 0 12 0 0 5 18 60
4 14L 0 0 0 0 0 0 2 3 93
5 17R 65 7 0 5 0 0 70 40 20 5
6 211 4 0 7 0 0 45 2 30 25
7 25R 0 60 0 0 50 5 20 25
8 27L 2 0 15 0 0 2 20 80
9 31R 2 0 6 0 0 3 65 35
10 34L 10 12 0 0 0 12 7 50 35
Average 15.7 2.3 1.2 135 0 0 28.9 10 27.1 | 40.3
10 1 5R 0 0 12 100 3 0
2 7L 0 0 8 0 0 95 2 0 5
3 11R 10 3 0 5 0 0 0 0 0 0
4 14L 5 0 0 3 0 0 0 2 0 0
5 17R 7 25 0 5 0 0 0 2 0 0
6 21L 20 5 0 0 0 0 0 2 0 0
7 25R 8 15 0 0 0 0 0 1 0 0
8 27L 8 0 3 0 0 0 1 0 0
9 31R 2 0 30 0 0 0 2 0 0
10 34L 8 20 0 7 0 0 0 2 0 0
Average 7.3 7.8 0 7.3 0 0 195 1.7 0 0.56
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Plot No. Frame Frame Perennial | Annual | Perennial | Annual | Shrub Nox. Compost | Litter | Rock | Bare

No. location (ft) Grass Grass Forb Forb Weeds

11 1 6R 15 0 0 0 0 0 0 90

2 111 0 0 0 0 0 0 95

3 15R 0 0 6 0 0 10 0 85

4 20L 12 4 0 3 0 0 25 3 1 60

5 23R 0 0 0 15 0 0 15 10 0 60

6 30L 15 0 0 10 0 0 20 5 2 65

7 35R 15 0 0 10 0 0 45 10 1 40

8 40L 5 5 0 30 0 0 15 5 3 70

9 51R 3 0 0 15 0 0 35 0 3 55

10 53L 5 0 0 50 0 0 25 5 8 50

Average 7.8 0.9 0 13.9 0 0 19.7 5.4 1.8 67

12 1 6R 8 0 0 15 0 0 75 5 2 20

2 111 0 0 0 20 0 0 75 2 2 20

3 15R 0 0 0 20 0 0 70 3 2 22

4 20L 0 0 0 20 0 0 5 3 0 93

5 23R 10 0 0 15 0 0 80 3 1 18

6 30L 10 0 0 20 0 0 65 4 3 27

7 35R 12 0 0 10 0 0 45 5 0 45

8 40L 10 0 0 25 0 0 85 3 0 10

9 51R 4 0 0 8 0 0 30 1 0 70

10 53L 15 0 0 20 0 0 50 2 1 40

Average 6.9 0 0 17.3 0 0 58 3.1 11 36.5

Western Transportation Institute Page 75



Cut Slope Composting: Field Trials and Evaluation Final Report Appendix B

Plot No. Frame Frame Perennial | Annual | Perennial | Annual | Shrub Nox. Compost | Litter | Rock | Bare
No. location (ft) Grass Grass Forb Forb Weeds
13 1 6R 18 0 0 3 0 0 0 7 90
2 111 5 0 0 3 0 0 0 1 93
3 15R 12 0 0 0 0 0 0 25 3 72
4 20L 0 0 5 0 0 0 2 97
5 23R 0 0 1 0 0 0 1 97
6 30L 0 0 4 0 0 0 10 87
7 35R 0 0 5 0 0 0 20 75
8 40L 15 0 20 0 0 0 0 15 7 65
9 51R 0 0 4 0 0 0 10 5 85
10 53L 0 0 10 0 0 0 2 5 90
Average 6.8 0 2 35 0 0 0 8.4 6.1 85.1
14 1 6R 12 2 0 8 0 0 70 5 2 20
2 111 7 4 0 20 0 0 80 10 7 10
3 15R 30 0 0 23 0 0 85 2 5
4 20L 0 0 23 0 0 20 2 75
5 23R 0 0 0 8 0 0 5 1 95
6 30L 10 0 0 18 0 0 20 1 70
7 35R 18 0 0 10 0 0 60 10 2 35
8 40L 3 0 10 0 0 50 1 45
9 51R 10 0 15 0 0 35 10 45
10 53L 18 8 0 15 0 0 65 10 4 18
Average 115 2.7 0 15 0 0 49 5.7 3.2 41.8
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Plot No. Frame Frame Perennial | Annual | Perennial | Annual | Shrub Nox. Compost | Litter | Rock | Bare
No. location (ft) Grass Grass Forb Forb Weeds
15 1 6R 8 0 0 3 0 0 5 5 10 80
2 111 4 0 0 4 0 0 15 8 70
3 15R 25 0 0 4 0 0 8 75
4 20L 5 0 0 8 0 0 1 50 45
5 23R 10 0 0 30 0 0 8 87
6 30L 17 0 0 8 0 0 85 7 10
7 35R 20 3 0 25 0 0 15 5 15 50
8 40L 0 0 15 0 0 3 10 83
9 51R 0 0 5 0 0 3 15 80
10 53L 0 0 10 0 0 1 3 92
Average 10.1 0.3 0 11.2 0 0 14.7 4.9 122 | 67.2
16 1 6R 25 0 0 0 0 45 15 2 33
2 111 40 0 0 0 0 5 8 15 65
3 15R 25 2 0 0 0 15 20 2 70
4 20L 15 0 0 10 0 0 3 5 3 87
5 23R 20 0 0 0 0 10 20 10 50
6 30L 10 0 0 0 0 8 10 87
7 35R 0 0 0 0 5 10 93
8 40L 0 0 0 0 10 2 3 90
9 51R 0 0 20 0 0 5 2 10 87
10 53L 0 0 3 0 0 15 2 3 83
Average 15.3 0.2 0 6.6 0 0 11.3 8.7 6.8 745
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Plot No. Frame Frame Perennial | Annual | Perennial | Annual | Shrub Nox. Compost | Litter | Rock | Bare
No. location (ft) Grass Grass Forb Forb Weeds
17 1 6R 12 0 0 15 0 0 8 5 5 80
2 111 18 0 0 10 0 0 10 8 5 75
3 15R 8 0 0 0 0 0 8 5 83
4 20L 15 0 0 20 0 0 3 8 80
5 23R 0 0 18 0 0 10 8 73
6 30L 0 0 5 0 0 1 40 57
7 35R 60 0 0 0 0 0 50 25 3 25
8 40L 12 0 0 3 0 0 7 4 10 83
9 51R 0 0 0 0 0 0 4 0 15 91
10 53L 0 0 0 0 0 0 2 0 7 91
Average 12.7 0 0 7.1 0 0 10 6.4 10.6 | 73.8
18 1 6R 20 0 0 8 0 0 0 0 0 0
2 111 15 0 0 10 0 0 0 0 0 0
3 15R 12 0 0 7 0 0 0 0 0 0
4 20L 7 0 0 18 0 0 0 0 0 0
5 23R 15 0 0 8 0 0 0 0 0 0
6 30L 50 0 0 12 0 0 0 0 0 0
7 35R 30 0 0 1 0 0 0 0 0 0
8 40L 55 0 0 0 0 0 0 0 0 0
9 51R 4 0 0 4 0 0 0 0 0 0
10 53L 6 0 0 18 0 0 0 0 0 0
Average 214 0 0 8.6 0 0 0 0 0 0
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Plot No. Frame Frame Perennial | Annual | Perennial | Annual | Shrub Nox. Compost | Litter | Rock | Bare
No. location (ft) Grass Grass Forb Forb Weeds
19 1 8R 3 0 0 5 0 0 0 4 4 90
2 121 12 0 0 10 0 0 0 8 1 85
3 15R 0 0 0 0 0 0 4 8 90
4 25L 0 0 2 0 0 0 3 2 97
5 30R 3 0 0 1 0 0 0 10 30 67
6 37L 30 2 0 5 0 0 0 10 80
7 48R 4 0 0 4 0 0 0 5 90
8 51L 8 0 0 3 0 0 0 8 10 80
9 53R 6 1 0 0 0 0 0 5 90
10 66L 8 0 0 0 0 0 0 7 92
Average 7.9 0.3 0 3 0 0 0 6.4 6.5 86.1
20 1 8R 15 0 0 10 0 0 50 8 10 30
2 121 15 2 0 15 0 0 45 10 4 35
3 15R 13 0 0 1 0 0 85 2 2 8
4 25L 4 0 0 3 0 0 45 8 10 45
5 30R 17 0 0 0 0 0 55 8 4 30
6 37L 25 0 0 5 0 0 80 12 2 8
7 48R 25 3 0 2 0 0 70 2 3 20
8 51L 10 0 0 4 0 0 15 7 4 83
9 53R 4 0 0 5 0 0 15 4 3 80
10 66L 18 0 0 0 0 0 35 7 2 40
Average 14.6 0.5 0 45 0 0 49.5 6.8 44 37.9
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Plot No. Frame Frame Perennial | Annual | Perennial | Annual | Shrub Nox. Compost | Litter | Rock | Bare
No. location (ft) Grass Grass Forb Forb Weeds
21 1 8R 6 4 0 8 0 0 70 7 15 12
2 121 20 3 0 8 0 0 95 2
3 15R 20 0 0 4 0 0 75 8 8
4 25L 10 0 0 3 0 0 80 4 4
5 30R 8 0 0 4 0 0 70 15 3 12
6 37L 30 0 0 12 0 0 75 10 1 15
7 48R 8 0 0 8 0 0 35 5 2 60
8 51L 10 0 5 3 0 0 30 10 2 60
9 53R 13 0 0 6 0 0 50 7 2 40
10 66L 65 0 0 1 0 0 50 20 2 20
Average 19 0.7 0.5 5.7 0 0 63 8.8 4.3 23.8
22 1 8R 6 0 0 4 0 0 20 10 5 63
2 121 20 0 0 4 0 0 8 20 8 65
3 15R 10 0 0 7 0 0 25 10 5 58
4 25L 60 0 0 2 0 0 5 60 2 25
5 30R 12 0 0 8 0 0 18 8 2 73
6 37L 8 0 0 8 0 0 25 15 5 50
7 48R 20 0 0 0 0 0 3 10 4 90
8 51L 60 0 0 0 0 0 20 30 25
9 53R 15 0 0 10 0 0 4 2 90
10 66L 25 0 0 0 0 0 5 15 3 78
Average 23.6 0 0 4.3 0 0 13 18.2 4 61.7
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Date: June 22 and 25,

Field Team: Pam Blicker

Conditions: (22nd) Sunny, 70 to 80 °F; (25th) Sunny to partly cloudy,

2010 and Loren Barber 75to 80 °F
Plot Frame Frame | Perennial | Annual | Perennial | Annual | Total Plant | Shrub | Nox. | Compost | Litter | Rock | Bare | Total
No. No. location Grass Grass Forb Forb cover Weeds Ground
(ft) Cover
1 1 5R 0 3 7 0 0 83 1 5 10 99
2 7L 0 10 21 0 0 50 1 27 15 93
3 11R 40 35 0 1 76 0 0 85 10 0 97
4 141 65 5 0 0 70 0 0 85 1 95
5 17R 8 25 0 4 37 0 0 77 0 15 99
6 21L 35 25 0 4 64 0 0 88 10 0 2 100
7 25R 25 0 0 3 28 0 0 60 25 1 10 96
8 27L 18 0 5 27 0 0 75 4 10 97
9 31R 30 0 15 46 0 0 60 5 15 85
10 34L 55 2 0 5 62 0 0 45 3 30 86
Average 23.6 15.2 0 5 43.8 0 0 70.8 8.2 46 | 111 94.7
2 1 5R 0 0 0 1 0 0 0 1 96 99
2 7L 0 0 0 2 0 0 0 1 90 98
3 11R 35 0 0 0 35 0 0 0 40 1 55 96
4 141 1 0 0 0 0 0 4 1 95 100
5 17R 5 0 1 0 0 0 4 1 94 99
6 21L 8 0 7 15 0 0 0 6 90 99
7 25R 12 1 0 0 13 0 0 0 1 85 94
8 27L 12 35 0 1 48 0 0 0 10 1 85 96
9 31R 0 7 0 2 9 0 0 0 1 97 100
10 34L 10 0 0 4 14 0 0 1 92 95
Average 74 5.7 0 15 14.6 0 0 0 8.2 15 | 879 97.6
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Plot Frame Frame | Perennial | Annual | Perennial | Annual | Total Plant | Shrub | Nox. | Compost | Litter | Rock | Bare | Total
No. No. location Grass Grass Forb Forb cover Weeds Ground
(ft) Cover
3 1 5R 6 0 0 2 8 0 0 50 3 35 94
2 7L 15 3 0 5 23 0 0 90 2 100
3 11R 3 5 0 1 9 0 0 75 10 8 98
4 141 0 3 20 5 28 0 0 65 4 10 87
5 17R 8 3 0 3 14 0 0 75 3 15 98
6 21L 2 20 0 1 23 0 0 50 3 40 98
7 25R 3 20 0 6 29 0 0 5 10 2 75 92
8 27L 3 15 0 8 26 0 0 35 22 5 35 97
9 31R 6 50 0 15 71 0 0 3 20 6 55 84
10 34L 8 25 0 18 51 0 0 3 40 2 40 85
Average 5.4 14.4 2 6.4 28.2 0 0 45.1 13.4 3.8 31 93.3
4 1 5R 60 0 0 1 61 0 0 90 8 0 2 100
2 7L 45 2 0 0 47 0 0 83 10 1 6 100
3 11R 50 0 0 1 51 0 0 40 15 2 30 87
4 14L 20 0 0 0 20 0 0 50 8 3 35 96
5 17R 10 0 0 4 14 0 0 28 18 2 50 98
6 21L 0 0 0 2 2 0 0 2 4 55 35 96
7 25R 12 12 0 8 32 0 0 78 10 2 8 98
8 27L 14 10 0 24 0 0 85 10 2 2 99
9 31R 17 55 0 74 0 0 40 20 5 35 100
10 34L 25 60 0 0 85 0 0 92 10 1 1 104
Average 22.4 10.5 6.5 1.6 41 0 0 58.8 11.3 73 | 204 97.8
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Plot Frame Frame | Perennial | Annual | Perennial | Annual | Total Plant | Shrub | Nox. | Compost | Litter | Rock | Bare | Total
No. No. location Grass Grass Forb Forb cover Weeds Ground

(ft) Cover
5 1 5R 5 0 0 3 8 0 0 30 18 3 45 96
2 7L 18 0 0 0 18 0 0 70 10 1 20 101
3 11R 0 1 0 0 1 0 10 35 1 50 101
4 141 12 0 0 6 18 0 0 65 1 23 97
5 17R 18 0 4 5 27 0 0 40 10 1 45 96
6 21L 3 5 25 1 34 0 0 75 5 4 15 99
7 25R 15 4 8 5 32 0 0 70 20 3 7 100
8 27L 15 0 15 1 31 0 0 35 15 6 35 91
9 31R 4 5 0 25 34 0 0 5 3 65 81
10 34L 15 0 0 12 27 0 0 12 2 70 86
Average 105 1.5 5.2 5.8 23 0 1 43 10.8 25 37.5 94.8
6 1 5R 45 0 0 1 46 0 0 85 10 0 3 98
2 7L 4 0 0 4 8 0 0 45 10 6 35 96
3 11R 25 0 0 3 28 0 0 80 10 1 10 101
4 14L 50 0 0 2 52 0 0 75 15 4 5 99
5 17R 60 0 0 2 62 0 0 82 10 1 1 94
6 21L 12 0 0 6 18 0 0 55 5 2 30 92
7 25R 10 15 0 6 31 0 0 60 20 5 15 100
8 27L 1 5 0 8 14 0 0 50 4 5 35 94
9 31R 10 5 0 4 19 0 0 4 10 5 70 89
10 34L 10 0 8 18 0 0 1 8 1 85 95
Average 22.7 2.5 0 44 29.6 0 0 53.7 10.2 3 28.9 95.8
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Plot Frame Frame | Perennial | Annual | Perennial | Annual | Total Plant | Shrub | Nox. | Compost | Litter | Rock | Bare | Total
No. No. location Grass Grass Forb Forb cover Weeds Ground

(ft) Cover
7 1 5R 30 3 0 3 36 0 0 75 15 5 103
2 7L 40 0 0 5 45 0 0 75 15 0 95
3 11R 25 3 0 1 29 0 0 75 8 1 10 94
4 141 65 0 0 3 68 0 0 40 40 0 8 88
5 17R 6 5 0 45 56 0 0 5 5 5 75 90
6 21L 30 0 0 3 33 0 0 55 18 6 12 91
7 25R 40 25 0 0 65 0 0 60 20 5 7 92
8 27L 0 10 0 1 11 0 0 1 1 5 90 97
9 31R 0 80 0 4 84 0 0 2 65 2 15 84
10 34L 0 85 0 5 90 0 0 15 25 0 38 78
Average 23.6 21.1 0 7 51.7 0 0 40.3 21.2 29 | 26.8 91.2
8 1 5R 0 0 4 0 0 20 15 55 98
2 7L 0 0 0 0 0 4 2 90 101
3 11R 12 3 0 0 15 0 0 65 15 96
4 14L 15 2 0 1 18 0 0 25 15 40 88
5 17R 1 0 0 1 2 0 0 10 5 15 65 95
6 21L 35 5 0 3 43 0 0 20 30 12 25 87
7 25R 60 10 0 0 70 0 0 60 8 20 88
8 27L 0 4 0 4 8 0 0 2 10 85 97
9 31R 35 20 0 2 57 0 0 35 30 20 85
10 34L 35 30 0 8 73 0 0 65 8 5 80
Average 19.3 7.4 0 2.3 29 0 0 14.6 233 | 116 | 42 91.5
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Plot Frame Frame | Perennial | Annual | Perennial | Annual | Total Plant | Shrub | Nox. | Compost | Litter | Rock | Bare | Total
No. No. location Grass Grass Forb Forb cover Weeds Ground
(ft) Cover
9 1 5R 5 8 0 0 13 0 0 60 8 12 15 95
2 7L 20 0 0 0 20 0 0 20 20 12 38 90
3 11R 25 0 0 5 30 0 0 18 4 20 50 92
4 141 0 0 0 1 1 0 0 12 2 10 75 99
5 17R 65 0 0 0 65 0 0 10 35 12 18 75
6 21L 15 0 0 1 16 0 0 10 5 35 45 95
7 25R 15 10 0 1 26 0 0 5 20 50 20 95
8 27L 4 0 0 0 4 0 0 1 10 50 40 101
9 31R 20 2 0 2 24 0 0 2 5 40 50 97
10 34L 30 0 0 15 45 0 0 15 25 25 30 95
Average 19.9 2 0 2.5 24.4 0 0 15.3 134 | 26.6 | 38.1 93.4
10 1 5R 15 3 0 0 18 0 0 0 0 0 0 0
2 7L 20 0 0 0 20 0 0 0 0 0 0 0
3 11R 12 10 0 4 26 0 0 0 0 0 0 0
4 14L 28 0 5 37 0 0 0 0 0 0 0
5 17R 60 0 5 66 0 0 0 0 0 0 0
6 21L 12 30 0 0 42 0 0 0 0 0 0 0
7 25R 8 18 0 0 26 0 0 0 0 0 0 0
8 27L 4 8 0 1 13 0 0 0 0 0 0 0
9 31R 0 40 0 0 40 0 0 0 0 0 0 0
10 34L 10 20 0 0 30 0 0 0 0 0 0 0
Average 8.6 21.7 0 15 31.8 0 0 0 0 0 0 0
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Plot Frame Frame | Perennial | Annual | Perennial | Annual | Total Plant | Shrub | Nox. | Compost | Litter | Rock | Bare | Total
No. No. location Grass Grass Forb Forb cover Weeds Ground

(ft) Cover
11 1 6R 20 0 0 1 21 0 0 5 65 80
2 111 0 0 0 8 8 0 0 4 88 100
3 15R 10 0 0 10 20 0 0 6 75 92
4 20L 10 2 0 10 22 0 0 20 10 8 55 93
5 23R 5 0 0 15 20 0 0 8 12 4 73 97
6 30L 20 0 0 12 32 0 0 12 30 3 48 93
7 35R 35 0 0 15 50 0 0 45 18 7 20 90
8 40L 0 0 18 23 0 0 40 8 40 96
9 51R 0 0 4 8 0 0 10 8 75 99
10 53L 20 1 0 8 29 0 0 20 3 67 93
Average 12.9 0.3 0 10.1 23.3 0 0 11.2 15.9 56 | 60.6 93.3
12 1 6R 0 0 0 0 0 0 75 8 10 101
2 111 0 0 10 10 0 0 55 2 35 100
3 15R 10 0 0 3 13 0 0 70 10 1 18 99
4 20L 0 0 0 20 20 0 0 20 12 4 60 96
5 23R 10 0 0 25 35 0 0 65 18 2 8 93
6 30L 0 0 30 38 0 0 35 40 8 15 98
7 35R 0 0 20 24 0 0 55 8 3 35 101
8 40L 0 0 12 20 0 0 65 10 1 20 96
9 51R 0 0 8 8 0 0 6 12 1 80 99
10 53L 45 0 0 0 45 0 0 45 10 3 35 93
Average 8.5 0 0 12.8 21.3 0 0 49.1 13.6 33 | 316 97.6
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Plot Frame Frame | Perennial | Annual | Perennial | Annual | Total Plant | Shrub | Nox. | Compost | Litter | Rock | Bare | Total
No. No. location Grass Grass Forb Forb cover Weeds Ground
(ft) Cover
13 1 6R 0 0 15 16 0 0 0 5 85 96
2 111 0 0 20 20 0 0 0 2 90 97
3 15R 10 0 0 6 16 0 0 0 15 3 80 98
4 20L 0 0 5 6 0 0 0 2 95 100
5 23R 0 0 15 15 0 0 0 6 85 97
6 30L 0 0 10 11 0 0 0 15 80 98
7 35R 0 0 3 3 0 0 0 12 80 100
8 40L 15 0 18 0 33 0 0 0 10 5 75 90
9 51R 0 0 5 7 0 0 0 12 80 100
10 53L 0 0 7 7 0 0 0 1 90 98
Average 0 1.8 8.6 13.4 0 0 0 7.1 6.3 84 97.4
14 1 6R 0 0 3 11 0 0 35 6 15 40 96
2 111 0 0 8 16 0 0 55 25 3 15 98
3 15R 40 0 0 6 46 0 0 65 10 7 12 94
4 20L 0 0 20 21 0 0 7 4 4 80 95
5 23R 0 0 8 10 0 0 25 15 3 35 78
6 30L 15 0 0 8 23 0 0 20 20 3 50 93
7 35R 15 0 8 25 0 0 80 15 1 5 101
8 40L 1 0 1 10 0 0 8 15 4 70 97
9 51R 10 25 0 1 36 0 0 65 15 3 15 98
10 53L 20 35 0 20 75 0 0 80 10 5 3 98
Average 11.4 7.6 0 8.3 27.3 0 0 44 135 48 | 325 94.8
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Plot Frame Frame | Perennial | Annual | Perennial | Annual | Total Plant | Shrub | Nox. | Compost | Litter | Rock | Bare | Total
No. No. location Grass Grass Forb Forb cover Weeds Ground
(ft) Cover
15 1 6R 0 0 12 0 0 10 12 5 68 95
2 111 0 0 15 0 0 10 4 75 97
3 15R 0 0 15 20 0 0 12 15 60 95
4 20L 10 0 0 25 35 0 0 1 12 70 85
5 23R 3 0 0 10 13 0 0 4 20 3 70 97
6 30L 10 0 0 13 0 0 40 20 3 35 98
7 35R 0 0 10 0 0 12 20 5 60 97
8 40L 0 0 5 0 0 2 6 2 90 100
9 51R 0 0 15 18 0 0 10 15 6 60 91
10 53L 10 0 0 30 40 0 0 2 3 2 80 87
Average 6 0 0 12.1 18.1 0 0 10.3 11.4 57 | 66.8 94.2
16 1 6R 0 0 2 0 0 20 20 5 50 95
2 111 0 0 4 0 0 2 2 50 45 99
3 15R 45 0 0 1 46 0 0 15 25 5 40 85
4 20L 8 0 0 4 12 0 0 6 10 75 96
5 23R 15 0 0 1 16 0 0 12 12 65 97
6 30L 10 0 0 0 10 0 0 4 4 12 80 100
7 35R 0 0 5 5 0 0 4 3 10 80 97
8 40L 0 0 5 11 0 0 20 3 8 69 100
9 51R 0 0 0 0 0 0 8 8 10 70 96
10 53L 0 0 0 6 0 0 10 4 8 75 97
Average 10 0 0 2.2 12.2 0 0 10.1 9.1 12.1 | 64.9 96.2
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Plot Frame Frame | Perennial | Annual | Perennial | Annual | Total Plant | Shrub | Nox. | Compost | Litter | Rock | Bare | Total
No. No. location Grass Grass Forb Forb cover Weeds Ground
(ft) Cover
17 1 6R 12 0 0 1 13 0 0 4 4 85 97
2 111 18 0 0 0 18 0 0 4 5 80 97
3 15R 0 0 2 10 0 0 4 4 75 91
4 20L 0 0 2 0 0 3 20 8 70 101
5 23R 0 0 3 0 0 1 15 5 80 101
6 30L 0 0 0 0 0 1 1 45 53 100
7 35R 70 0 0 0 70 0 0 30 35 3 30 98
8 40L 0 0 0 5 0 0 5 5 5 85 100
9 51R 0 0 0 0 0 0 1 0 10 90 101
10 53L 0 0 0 0 0 0 1 0 10 90 101
Average 12.3 0 0 0.8 13.1 0 0 5.4 9.6 99 | 738 98.7
18 1 6R 7 0 0 50 57 0 0 0 0 0 0 0
2 111 10 0 0 1 11 0 0 0 0 0 0 0
3 15R 0 0 5 7 0 0 0 0 0 0 0
4 20L 2 0 10 19 0 0 0 0 0 0 0
5 23R 0 0 2 10 0 0 0 0 0 0 0
6 30L 40 0 0 1 41 0 0 0 0 0 0 0
7 35R 8 0 0 0 8 0 0 0 0 0 0 0
8 40L 30 0 0 0 30 0 0 0 0 0 0 0
9 51R 1 0 0 1 2 0 0 0 0 0 0 0
10 53L 3 0 0 0 3 0 0 0 0 0 0 0
Average 11.6 0.2 0 7 18.8 0 0 0 0 0 0 0
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Plot Frame Frame | Perennial | Annual | Perennial | Annual | Total Plant | Shrub | Nox. | Compost | Litter | Rock | Bare | Total
No. No. location Grass Grass Forb Forb cover Weeds Ground

(ft) Cover
19 1 8R 3 0 0 2 5 0 0 0 7 15 75 97
2 121 7 0 0 8 15 0 0 0 5 3 88 96
3 15R 2 0 0 5 7 0 0 0 3 3 94 100
4 25L 0 0 0 1 1 0 0 0 1 15 84 100
5 30R 3 0 0 0 3 0 0 0 3 50 45 98
6 37L 10 0 0 3 13 0 0 0 10 1 84 95
7 48R 4 0 0 4 8 0 0 0 4 4 85 93
8 51L 0 0 2 10 0 0 0 5 8 85 98
9 53R 0 0 1 2 0 0 0 3 1 95 99
10 66L 10 0 0 0 10 0 0 0 4 1 88 93
Average 4.8 0 0 2.6 7.4 0 0 0 45 10.1 | 82.3 96.9
20 1 8R 6 0 0 18 24 0 0 45 18 4 28 95
2 121 10 0 0 4 14 0 0 5 15 2 73 95
3 15R 25 0 0 2 27 0 0 50 20 5 18 93
4 25L 2 0 0 10 12 0 0 5 4 7 80 96
5 30R 10 0 0 2 12 0 0 20 10 4 60 94
6 37L 20 0 0 0 20 0 0 20 20 5 45 90
7 48R 13 0 0 1 14 0 0 10 12 4 68 94
8 51L 0 0 6 11 0 0 4 4 87 97
9 53R 0 0 3 9 0 0 3 90 98
10 66L 20 0 0 1 21 0 0 2 77 90
Average 11.7 0 0 4.7 16.4 0 0 16.2 114 4 62.6 94.2
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Plot Frame Frame | Perennial | Annual | Perennial | Annual | Total Plant | Shrub | Nox. | Compost | Litter | Rock | Bare | Total
No. No. location Grass Grass Forb Forb cover Weeds Ground

(ft) Cover
21 1 8R 6 0 0 4 10 0 0 75 4 8 10 97
2 121 32 0 0 2 34 0 0 90 5 3 2 100
3 15R 5 0 0 1 6 0 0 35 5 8 49 97
4 25L 20 0 0 1 21 0 0 70 8 2 12 92
5 30R 12 0 0 2 14 0 0 70 10 2 10 92
6 37L 35 0 0 1 36 0 0 25 11 8 25 69
7 48R 0 0 1 4 0 0 12 6 5 75 98
8 51L 0 0 3 7 0 6 15 12 2 64 99
9 53R 12 0 0 1 13 0 0 12 5 2 78 97
10 66L 16 0 0 2 18 0 0 8 12 1 74 95
Average 14.5 0 0 1.8 16.3 0 0.6 41.2 7.8 41 | 39.9 93.6
22 1 8R 1 0 0 5 6 0 0 8 10 3 78 99
2 121 10 0 0 7 17 0 0 4 10 3 80 97
3 15R 10 0 0 1 11 0 0 4 8 3 80 95
4 25L 0 0 1 0 0 2 20 1 77 100
5 30R 0 0 2 0 0 4 4 87 99
6 37L 25 0 0 5 30 0 0 15 5 70 98
7 48R 20 0 0 0 20 0 0 3 4 80 94
8 51L 65 0 0 0 65 0 0 10 50 2 25 87
9 53R 30 0 0 3 33 0 0 4 25 2 65 96
10 66L 18 0 0 0 18 0 0 2 5 3 85 95
Average 18.7 0 0 2.4 21.1 0 0 5.6 14.7 3 72.7 96
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Date: August 24/25 2010 Field Team: Pam Blicker Conditions: Mild sunny weather 70's August 2010
and Don Jackson
Plot Frame Frame | Perennial | Annual | Perennial | Annual | Total | Shrub | Nox. | Compost | Litter | Rock | Bare Total
No. No. location Grass Grass Forb Forb | Plant Weeds Ground
(ft) cover Cover
1 1 5R 7 5 0 0 12 0 0 77 5 2 15 99
2 7L 5 1 0 0 6 0 0 38 7 55 0 100
3 11R 35 6 0 0 41 0 0 85 7 2 3 97
4 14L 35 1 0 1 37 0 0 75 17 0 3 95
5 17R 1 20 0 0 21 0 0 75 15 2 7 99
6 21L 50 8 0 0 58 0 0 85 15 0 0 100
7 25R 10 5 0 5 20 0 0 55 15 2 25 97
8 27L 3 10 0 2 15 0 0 60 15 5 20 100
9 31R 1 15 0 5 21 0 0 70 17 3 10 100
10 34L 35 0 0 5 40 0 0 30 20 5 35 90
Average 18.2 7.1 0 1.8 27.1 0 0 65 13.3 7.6 11.8 97.7
2 1 5R 0 0 0 0 0 0 0 0 0 3 97 100
2 7L 0 0 0 0 0 0 0 0 4 1 95 100
3 11R 30 0 0 0 30 0 0 0 25 3 70 98
4 14L 1 5 0 0 6 0 0 0 5 1 93 99
5 17R 0 3 0 0 3 0 0 0 5 1 93 99
6 21L 0 2 3 2 7 0 0 0 2 3 93 98
7 25R 30 5 0 1 36 0 0 0 15 3 78 96
8 27L 17 10 0 5 32 0 0 0 25 1 68 94
9 31R 5 1 0 0 6 0 0 0 0 3 93 96
10 34L 10 8 0 5 23 0 0 0 7 2 90 99
Average 9.3 3.4 0.3 1.3 14.3 0 0 0 8.8 2.1 87 97.9
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Plot Frame Frame | Perennial | Annual | Perennial | Annual | Total | Shrub | Nox. | Compost | Litter | Rock | Bare Total
No. No. location Grass Grass Forb Forb | Plant Weeds Ground
(ft) cover Cover
3 1 5R 12 1 0 0 13 0 0 45 20 5 30 100
2 7L 10 2 0 3 15 0 0 80 5 5 10 100
3 11R 25 5 0 0 30 0 0 30 15 3 45 93
4 14L 30 0 0 0 30 0 0 25 10 2 60 97
5 17R 6 0 0 1 7 0 0 15 5 2 75 97
6 21L 8 0 0 5 13 0 0 10 10 5 75 100
7 25R 0 10 0 10 20 0 0 5 10 3 80 98
8 27L 0 15 0 5 20 0 0 15 25 3 55 98
9 31R 0 15 0 5 20 0 0 3 30 5 60 98
10 34L 0 10 0 5 15 0 0 2 25 3 67 97
Average 9.1 5.8 0 3.4 18.3 0 0 23 15.5 3.6 55.7 97.8
4 1 5R 50 0 0 0 50 0 0 70 20 5 0 95
2 7L 50 0 0 0 50 0 0 65 30 2 2 99
3 11R 25 0 0 0 25 0 0 25 20 2 50 97
4 14L 15 0 0 0 15 0 0 45 10 3 40 98
5 17R 6 0 0 2 8 0 0 12 5 3 80 100
6 21L 0 0 0 1 1 0 0 5 3 0 92 100
7 25R 6 10 0 5 21 0 0 25 20 0 48 93
8 27L 7 5 6 0 18 0 0 75 20 2 2 99
9 31R 0 15 60 1 76 0 0 10 15 5 65 95
10 34L 20 30 0 0 50 0 0 25 50 3 20 98
Average 17.9 6 6.6 0.9 31.4 0 0 35.7 19.3 25 39.9 97.4
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Plot Frame Frame | Perennial | Annual | Perennial | Annual | Total | Shrub | Nox. | Compost | Litter | Rock | Bare Total
No. No. location Grass Grass Forb Forb | Plant Weeds Ground
(ft) cover Cover
5 1 5R 1 0 0 0 1 0 0 8 10 5 75 98
2 7L 10 0 0 0 10 0 0 28 8 2 60 98
3 11R 1 0 0 2 3 0 20 15 10 2 70 97
4 14L 6 0 0 10 16 0 0 40 10 0 45 95
5 17R 28 0 5 1 34 0 0 20 20 2 55 97
6 21L 6 2 20 0 28 0 0 40 20 5 32 97
7 25R 5 0 7 0 12 0 0 25 25 5 40 95
8 27L 6 0 20 0 26 0 2 20 20 5 50 95
9 31R 4 2 3 15 24 0 0 3 10 4 85 102
10 34L 0 0 0 8 8 0 0 3 3 2 90 98
Average 6.7 04 5.5 3.6 16.2 0 2.2 20.2 13.6 3.2 60.2 97.2
6 1 5R 15 1 0 5 21 0 0 50 10 5 35 100
2 7L 10 0 0 4 14 0 0 50 10 5 35 100
3 11R 25 0 0 1 26 0 0 75 15 2 5 97
4 14L 25 0 0 1 26 0 0 60 30 2 3 95
5 17R 45 0 0 5 50 0 0 45 40 5 5 95
6 21L 10 3 0 2 15 0 0 20 15 3 58 96
7 25R 12 5 0 10 27 0 0 20 25 10 40 95
8 27L 0 8 0 10 18 0 0 25 20 5 45 95
9 31R 7 1 0 0 8 0 0 5 5 5 80 95
10 34L 15 0 0 4 19 0 5 3 3 2 90 98
Average 16.4 1.8 0 4.2 22.4 0 0.5 35.3 17.3 4.4 39.6 96.6
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Plot Frame Frame | Perennial | Annual | Perennial | Annual | Total | Shrub | Nox. | Compost | Litter | Rock | Bare Total
No. No. location Grass Grass Forb Forb | Plant Weeds Ground

(ft) cover Cover

7 1 5R 13 0 0 0 13 0 0 75 15 5 5 100
2 7L 25 0 0 1 26 0 0 85 12 0 3 100
3 11R 20 2 0 0 22 0 0 40 10 5 45 100
4 14L 40 0 0 0 40 0 0 13 30 3 50 96
5 17R 4 5 0 3 12 0 0 4 7 7 82 100
6 21L 30 1 0 0 31 0 0 50 15 10 20 95
7 25R 55 10 0 0 65 0 0 8 50 5 35 98
8 27L 5 10 0 5 20 0 0 15 20 8 54 97
9 31R 0 75 0 0 75 0 0 5 50 5 35 95
10 34L 0 80 0 0 80 0 0 1 60 2 30 93
Average 19.2 18.3 0 0.9 38.4 0 0 29.6 26.9 5 35.9 97.4

8 1 5R 1 0 0 5 6 0 0 10 10 10 70 100
2 7L 3 0 0 0 3 0 0 2 3 5 90 100
3 11R 20 1 1 1 23 0 0 33 7 5 47 92
4 14L 20 0 0 1 21 0 0 8 15 15 60 98
5 17R 1 0 0 4 5 0 0 3 2 40 54 99
6 21L 12 10 0 7 29 0 0 30 20 25 20 95
7 25R 50 10 0 0 60 0 0 10 30 10 45 95
8 27L 4 4 0 1 9 0 0 1 4 15 75 95
9 31R 10 3 0 8 21 0 0 4 20 35 40 99
10 34L 40 2 0 5 47 0 0 2 35 15 40 92
Average 16.1 3 0.1 3.2 224 0 0 10.3 14.6 175 54.1 96.5
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Plot Frame Frame | Perennial | Annual | Perennial | Annual | Total | Shrub | Nox. | Compost | Litter | Rock | Bare Total
No. No. location Grass Grass Forb Forb | Plant Weeds Ground

(ft) cover Cover

9 1 5R 35 0 0 0 35 0 0 20 5 20 50 95
2 7L 65 0 0 0 65 0 0 25 5 15 45 90
3 11R 0 0 0 1 1 0 0 15 5 30 50 100
4 14L 15 0 0 5 20 0 0 1 10 25 60 96
5 17R 0 0 0 0 0 10 0 1 10 25 65 101
6 21L 10 3 0 3 16 0 0 25 10 30 30 95
7 25R 2 0 0 4 6 0 0 5 8 45 41 99
8 27L 20 0 0 0 20 0 0 1 8 42 43 94
9 31R 0 0 0 0 0 0 0 1 8 35 56 100
10 34L 0 0 8 0 8 0 0 1 1 40 58 100
Average 14.7 0.3 0.8 1.3 17.1 1 0 9.5 7 30.7 | 49.8 97

10 1 5R 25 0 0 0 25 0 0 98 2 0 0 100
2 7L 20 0 0 0 20 0 0 90 2 2 5 99
3 11R 2 5 0 15 22 0 0 82 2 2 10 96
4 14L 5 3 0 5 13 0 0 90 2 2 5 99
5 17R 7 15 0 0 22 0 0 95 2 0 3 100
6 21L 5 25 0 2 32 0 0 95 2 0 3 100
7 25R 2 40 0 0 42 0 0 95 2 0 3 100
8 27L 8 20 0 0 28 0 0 92 2 4 3 101
9 31R 4 15 0 0 19 0 0 95 2 2 0 99
10 34L 5 20 0 0 25 0 0 90 2 0 3 95
Average 8.3 14.3 0 2.2 24.8 0 0 92.2 2 1.2 35 98.9
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Plot Frame Frame | Perennial | Annual | Perennial | Annual | Total | Shrub | Nox. | Compost | Litter | Rock | Bare Total
No. No. location Grass Grass Forb Forb | Plant Weeds Ground
(ft) cover Cover
11 1 6R 6 0 0 1 7 0 0 8 4 3 83 98
2 111 0 0 0 8 8 0 0 3 0 25 70 98
3 15R 6 0 0 15 21 0 0 3 10 0 85 98
4 20L 6 0 0 10 16 0 0 13 7 3 75 98
5 23R 1 0 0 10 11 0 0 8 15 3 70 96
6 30L 7 0 0 6 13 0 0 20 25 5 47 97
7 35R 26 0 0 8 34 0 0 18 15 0 65 98
8 40L 7 0 0 12 19 0 0 20 25 8 45 98
9 51R 2 0 0 3 5 0 0 8 7 3 80 98
10 53L 15 0 0 15 30 0 0 10 15 5 70 100
Average 7.6 0 0 8.8 16.4 0 0 11.1 12.3 55 69 97.9
12 1 6R 0 0 0 0 0 0 0 30 2 5 63 100
2 111 4 0 0 8 12 0 0 15 8 4 72 99
3 15R 8 4 0 3 15 0 0 50 5 15 26 96
4 20L 0 0 0 35 35 0 0 5 5 5 80 95
5 23R 8 0 0 5 13 0 0 65 10 5 20 100
6 30L 5 0 0 25 30 0 0 45 20 5 30 100
7 35R 0 0 0 25 25 0 0 12 15 5 65 97
8 40L 5 0 0 10 15 0 0 75 10 7 7 99
9 51R 0 0 0 3 3 0 0 30 8 2 58 98
10 53L 8 6 0 1 15 0 0 40 8 5 40 93
Average 3.8 1 0 115 16.3 0 0 36.7 9.1 5.8 46.1 97.7
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Plot Frame Frame | Perennial | Annual | Perennial | Annual | Total | Shrub | Nox. | Compost | Litter | Rock | Bare Total
No. No. location Grass Grass Forb Forb | Plant Weeds Ground
(ft) cover Cover
13 1 6R 0 0 0 5 5 0 0 0 5 5 90 100
2 111 0 0 5 8 13 0 0 0 5 5 85 95
3 15R 5 0 0 3 8 0 0 0 5 3 90 98
4 20L 7 0 0 5 12 0 0 0 3 2 88 93
5 23R 0 0 0 8 8 0 0 0 3 2 92 97
6 30L 0 0 0 8 8 0 0 0 2 5 90 97
7 35R 0 0 0 3 3 0 0 0 2 5 93 100
8 40L 10 0 20 0 30 0 0 0 5 5 85 95
9 51R 0 0 0 10 10 0 0 0 7 5 85 97
10 53L 0 0 0 5 5 0 0 0 5 3 92 100
Average 2.2 0 2.5 5.5 10.2 0 0 0 4.2 4 89 97.2
14 1 6R 45 0 0 1 46 0 0 45 15 7 10 77
2 111 5 0 0 10 15 0 0 40 25 7 25 97
3 15R 30 0 0 7 37 0 0 40 15 7 35 97
4 20L 0 0 0 15 15 0 0 8 7 5 75 95
5 23R 0 0 0 15 15 0 0 8 10 2 80 100
6 30L 5 0 0 5 10 0 0 7 12 2 79 100
7 35R 5 7 0 12 24 0 0 50 35 5 7 97
8 40L 2 1 0 7 10 0 0 20 15 2 60 97
9 51R 5 8 0 2 15 0 0 65 15 12 5 97
10 53L 0 10 0 15 25 0 0 45 12 3 40 100
Average 9.7 2.6 0 8.9 21.2 0 0 32.8 16.1 5.2 41.6 95.7
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Plot Frame Frame | Perennial | Annual | Perennial | Annual | Total | Shrub | Nox. | Compost | Litter | Rock | Bare Total
No. No. location Grass Grass Forb Forb | Plant Weeds Ground
(ft) cover Cover
15 1 6R 5 0 0 1 6 0 0 7 8 7 75 97
2 111 5 0 0 5 10 0 0 2 5 3 90 100
3 15R 6 0 0 8 14 0 0 8 10 10 70 98
4 20L 10 0 0 15 25 0 0 3 7 10 75 95
5 23R 0 0 0 12 12 0 0 2 10 5 80 97
6 30L 6 0 0 8 14 0 0 20 10 8 60 98
7 35R 8 0 0 13 21 0 0 3 3 10 82 98
8 40L 0 0 0 5 5 0 0 2 4 8 85 99
9 51R 1 0 0 1 2 0 0 2 10 8 80 100
10 53L 0 0 0 1 1 0 0 1 3 2 94 100
Average 4.1 0 0 6.9 11 0 0 5 7 7.1 79.1 98.2
16 1 6R 7 0 0 7 14 0 0 12 12 5 68 97
2 111 15 0 0 5 20 0 0 3 10 15 70 98
3 15R 15 0 0 0 15 0 0 4 12 5 78 99
4 20L 10 0 0 0 10 0 0 5 10 5 78 98
5 23R 18 0 0 1 19 0 0 5 25 5 65 100
6 30L 4 0 0 5 9 0 0 0 3 5 90 98
7 35R 0 0 0 10 10 0 0 2 10 15 70 97
8 40L 15 0 0 3 18 0 0 5 4 5 85 99
9 51R 0 0 0 0 0 0 0 3 7 30 60 100
10 53L 0 0 0 0 0 0 0 7 3 10 80 100
Average 8.4 0 0 3.1 11.5 0 0 4.6 9.6 10 74.4 98.6
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Plot Frame Frame | Perennial | Annual | Perennial | Annual | Total | Shrub | Nox. | Compost | Litter | Rock | Bare Total
No. No. location Grass Grass Forb Forb | Plant Weeds Ground
(ft) cover Cover
17 1 6R 10 0 0 1 11 0 0 4 4 5 86 99
2 111 15 0 0 1 16 0 0 7 7 5 75 94
3 15R 5 0 0 8 13 0 0 4 5 5 83 97
4 20L 5 0 0 5 10 0 0 7 20 15 57 99
5 23R 10 0 0 3 13 0 0 3 15 10 67 95
6 30L 0 0 0 0 0 0 0 1 4 70 25 100
7 35R 55 0 0 0 55 0 0 15 17 8 50 90
8 40L 1 0 0 0 1 0 0 7 8 8 77 100
9 51R 0 0 0 1 1 0 0 1 1 15 83 100
10 53L 0 0 0 0 0 0 0 1 1 10 88 100
Average 10.1 0 0 19 12 0 0 5 8.2 151 | 69.1 97.4
18 1 6R 5 0 0 8 13 0 0 93 0 2 5 100
2 111 12 0 0 2 14 0 0 85 0 2 10 97
3 15R 5 0 0 8 13 0 0 80 0 2 15 97
4 20L 5 0 0 3 8 0 0 98 0 2 0 100
5 23R 6 0 0 0 6 0 0 95 0 4 1 100
6 30L 25 0 0 0 25 0 0 90 0 5 3 98
7 35R 8 0 0 0 8 0 0 55 5 8 30 98
8 40L 22 0 0 0 22 0 0 95 0 3 2 100
9 51R 0 0 0 0 0 0 0 0 50 0 50 100
10 53L 8 0 0 4 12 0 0 5 45 0 48 98
Average 9.6 0 0 25 12.1 0 0 69.6 10 2.8 16.4 98.8
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Plot Frame Frame | Perennial | Annual | Perennial | Annual | Total | Shrub | Nox. | Compost | Litter | Rock | Bare Total
No. No. location Grass Grass Forb Forb | Plant Weeds Ground
(ft) cover Cover
19 1 8R 5 0 0 2 7 0 0 0 5 5 90 100
2 12L 4 0 0 5 9 0 0 0 3 2 95 100
3 15R 0 0 0 7 7 0 0 0 4 3 93 100
4 25L 0 0 0 3 3 0 0 0 1 1 97 99
5 30R 3 0 0 1 4 0 0 0 3 20 76 99
6 37L 15 0 0 4 19 0 0 0 15 2 80 97
7 48R 0 0 0 7 7 0 0 0 4 2 93 99
8 51L 3 0 0 5 8 0 0 0 5 8 85 98
9 53R 1 1 0 1 3 0 0 0 5 1 94 100
10 66L 10 0 0 2 12 0 0 0 8 1 90 99
Average 4.1 0.1 0 3.7 7.9 0 0 0 5.3 45 89.3 99.1
20 1 8R 8 0 0 20 28 0 0 15 10 10 63 98
2 121 10 0 0 10 20 0 0 20 10 5 60 95
3 15R 10 0 0 3 13 0 0 12 8 5 70 95
4 25L 2 0 0 50 52 0 0 5 3 10 80 98
5 30R 10 0 0 3 13 0 0 8 12 3 70 93
6 37L 20 0 0 0 20 0 0 30 20 2 45 97
7 48R 20 0 0 1 21 0 0 15 20 5 53 93
8 51L 5 0 0 8 13 0 0 2 5 3 90 100
9 53R 10 0 0 4 14 0 0 2 5 2 90 99
10 66L 25 0 0 0 25 0 0 3 20 2 70 95
Average 12 0 0 9.9 21.9 0 0 11.2 11.3 4.7 69.1 96.3
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Plot Frame Frame | Perennial | Annual | Perennial | Annual | Total | Shrub | Nox. | Compost | Litter | Rock | Bare Total
No. No. location Grass Grass Forb Forb | Plant Weeds Ground

(ft) cover Cover

21 1 8R 6 0 0 2 8 0 0 55 8 10 25 98
2 12L 15 0 0 8 23 0 0 60 10 5 20 95

3 15R 5 0 0 5 10 0 0 20 15 10 50 95

4 25L 10 0 0 8 18 0 0 60 15 5 10 90

5 30R 10 0 0 4 14 0 0 15 15 5 65 100

6 37L 25 0 0 2 27 0 0 20 40 5 30 95

7 48R 5 0 0 4 9 0 0 8 10 5 75 98

8 51L 12 0 10 1 23 0 0 5 15 2 75 97

9 53R 20 0 0 0 20 0 0 2 5 1 90 98

10 66L 12 0 0 25 37 0 0 4 15 1 75 95

Average 12 0 1 5.9 18.9 0 0 24.9 14.8 4.9 51.5 96.1

22 1 8R 3 0 0 10 13 0 0 4 7 5 82 98
2 121 4 0 0 8 12 0 0 4 5 5 85 99

3 15R 6 0 0 4 10 0 0 4 10 2 82 98

4 25L 25 0 0 1 26 0 0 2 15 2 75 94

5 30R 8 0 0 8 16 0 0 3 5 2 88 98

6 37L 12 0 0 12 24 0 0 15 4 5 75 99

7 48R 15 0 0 10 25 0 0 2 8 2 80 92

8 51L 55 0 0 0 55 0 0 5 30 2 60 97

9 53R 12 0 0 15 27 0 0 1 8 2 85 96

10 66L 12 0 0 1 13 0 0 3 7 2 85 97

Average 15.2 0 0 6.9 22.1 0 0 4.3 9.9 2.9 79.7 96.8
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13. APPENDIX C - EROSION DATA

2009
Plot No. Surface | Surface Rock Pedestalling Flow Rills Gullies Soil Total Rating*
Litter Movement Patterns (0.5-6'") | (over6™) Movement

1 11 8 9 9 6 0 8 51 Moderate
2 14 14 11 15 6 0 14 74 Critical
3 11 8 9 12 6 0 8 54 Moderate
4 14 11 11 15 6 0 14 71 Critical
5 14 11 11 15 9 0 11 71 Critical
6 11 11 11 12 9 0 11 65 Critical
7 11 11 11 12 9 0 11 65 Critical
8 11 14 11 15 9 0 11 71 Critical
9 11 14 11 15 6 0 11 68 Critical
10 0 0 0 0 0 0 0 0 n/a’
11 14 8 11 15 9 0 14 71 Critical
12 14 8 11 15 9 0 14 71 Critical
13 14 8 11 15 9 0 14 71 Critical
14 11 8 11 12 6 0 11 59 Moderate
15 14 11 11 15 6 0 11 68 Critical
16 14 11 11 15 9 0 11 71 Critical
17 14 11 11 15 9 0 11 71 Critical
18 0 0 0 0 0 0 0 0 n/a
19 14 14 14 15 14 9 14 94 Severe
20 14 14 14 15 14 9 14 94 Severe
21 14 14 11 15 14 9 14 91 Severe
22 14 14 14 15 14 9 14 94 Severe
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2010
Plot No. Surface Surface Rock Pedestalling Flow Rills (0.5- Gullies Soil Total* Rating?
Litter Movement Patterns 6'") (over 6') Movement

1 11 8 9 9 6 0 8 51 Moderate
2 14 14 11 15 6 0 14 74 Critical
3 11 8 9 12 6 0 8 54 Moderate
4 14 11 11 15 6 0 14 71 Critical
5 14 11 11 15 9 0 11 71 Critical
6 11 11 11 12 9 0 11 65 Critical
7 11 11 11 12 9 0 11 65 Critical
8 11 14 11 15 9 0 11 71 Critical
9 11 14 11 15 6 0 11 68 Critical
10 0 0 0 0 0 0 0 0 N/A?
11 14 8 11 15 9 0 14 71 Critical
12 14 8 11 15 9 0 14 71 Critical
13 14 8 11 15 9 0 14 71 Critical
14 11 8 11 12 6 0 11 59 Moderate
15 14 11 11 15 6 0 11 68 Critical
16 14 11 11 15 9 0 11 71 Critical
17 14 11 11 15 9 0 11 71 Critical
18 0 0 0 0 0 0 0 0 N/A
19 14 14 14 15 14 9 14 94 Severe
20 14 14 14 15 14 9 14 94 Severe
21 14 14 11 15 14 9 14 91 Severe
22 14 14 14 15 14 9 14 94 Severe

! Total score of 100 points maximum possible; Erosion condition and total score: low (0-20), slight (21-40), moderate (41-60), critical (61-80), severe (81-100)
2 Rating system after Clark 1980
¥ N/A = not applicable
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Appendix C

Erosion Condition Class Determination Scoring Sheet

No movement, or if present, less Between 2 and 10 percent of the Between 10 and 25 percent of Between 25 and 50 percent of More than 50 percent of the
8 [3 than 2 percent of the unattached unattached itter has been the unattached itter has been the unattached itter has been unattached itter has been
=g itterhas been iransiocaiad and and (zdeppsied and redeopsiad, and rdeppsiad transiesaled and
- S edeppsied sgainst obstacies. 8gainst obstacks. sgsinst obstacles. 8gsinst obstacies. edeppsied sgainst
o obstacles.
Oor3 6 8 1 14
No movement, or if present, less Between 2 and 10 percent of the Between 10 and 25 percent of Between 25 and 50 percent of More than 50 percent of the
w 5 than 2 percent of the surface rock | surface rock frapments show the surface rock fragments the surface rock fragments surface rock fragments
2 "3 g locslized locslized concentration. show localzed concentration. show locslized concentration. show localized
w S | concentrstion. concentration.
Se
® 8
Oor2 5 8 1 14
- Pedestals sre mostly less than Pedestals are mostly between 0.1 Pedestals are mostly between Pedestsis are mastly batween | Pedestsis are mostly over1
= 0.1 inches (2.5 mm) high and/or to 0.3 inches (2.5 to 8 mm) high 0.3and0.6inches(8to 15 0,610 Lingh (15 10,25 mm).. inch (25 mm) high. snd/or
;‘5 less frequentthan 2 pedestals snd/orhave a frequencyof2t0 5 mm) high, snd/orhave 8 hgh, and/orhave a frequency have s frequency ofover 10
3 g per100sq. fi. pedestals per100sg. fi. frequency of 5to 7 pedestals of 7 to 10 pedestals per 100 pedestals per 100 sq. ft.
a per 100 sq. ft. sq. ft.
w
5 Oor3 6 9 1 14
None, orif present, less than 2 Bet 12and 10p 1t of the Between 10 and 25 percent of Between 25 and 50 percent of Over50 percentofthe
& percentofthe surface ares surface area shows a flow pattem the surface srea shows a flow the surface ares shows a flow surface area shows a flow
=z shows s flow pattem in which in which water fows overthe pattem in which water fliows pattem in which water fiows pattem in which water flows
g ﬁ water flows over the ground ground surface for s distance of st overthe ground surface for s overthe ground surface fors overthe ground surface for
2E surface for a distance st least 10 least 10 inear feet. distance of atleast 10 inear distance of atleast 10 near a distance of at least 10
g inesrfeet. feet. feet. inearfeet.
Oor3 6 ] 12 15
Rilis, if present, are mostly less Rills are mostly .5to 1in. (13mm Rills are mostly 1to 1.5in. Rills are mostly 1.5t03 in. Rills sre mostly 3to 6in.
w o= than .5in. (13mm) deep.snd to 25mm) desp, snd genersly at (25mm to 38mm) desp, and (38mm to 76mm) deep. and st Z6mm to 152mm) deep.
a1 = generaly st infrequent intervals infrequent intervals over 10 fi. generally at 10 ft. intervals. intervaisof 5to 10 ft. and atintervals of less than
c-Te' 0 g over 10 ft. 5ft.
j=A
Oto3 6 £l 12 14
No gulbes, or if present, less than Between 2 and 5 percent of the Between 5and 10 percent of Between 10 and 50 percent of Over50 percentofthe
2 percent of the channelbed and channel bed snd walls show sctive the channelbed and walls the channelbed and walis channelbed and walls
w — walls show active erosion (are erosion (are notvegetsted), or show active erosion (are not show active erosion (are not show active erosion (are
wip not vegetsted), gulles make up gulbes make up between 2 and 5 vegetsted), orgulbes make up vegetated), orgulies make up not vegetsated), orguibes
s § less than 2 percent of the total percent of the total ares. between 5 and 10 percent of between 10 and 50 percent of make up over 50 percentof
g ° ares. the totsl ares. the totsl sres. the total ares.
= 6
Oor3 ] 12
15
Depth gf depgsits sround Depth of deposits around Depth of deposits around Depth of deposits sround Depth of deposits sround
; obstacles is between 0 and 0.1 obstacles is between 0.18nd 0.2 obstacies 0.2 and 0.4 inches obstacies s between 0.4 and obstacies is over 0.8 inches
-6‘ - P inches (0 to 2.5 mm). inches (2.5t0 §mm). (5to 10 mm) 0.8 inches (10 to 20 mm). (20 mm).
"%
Oor3 5 8 11 14
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