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Ecology

Part I 

Ecological Context

“Looking at the land from an Indigenous perspective means understanding that the land is a 
living being; this understanding both gives us insight into and increases our awareness of how we 
treat and interact with the land. From a classroom perspective, using the land as a teacher allows 
us to breathe life into the maps that we look at, as well as imagine the land that we live on in new 

and creative ways. “
 Native Land Maps
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EcologyEcological Regions

12/30/2020 Resilient Land Mapping Tool

maps.tnc.org/resilientland/ 1/1

Resilient Land Mapping Tool

+
–

Find address or place

Explore the resilience map and learn more at: 
http://maps.tnc.org/resilientland/

The Colorado Plateau ecoregion covers about 49 million acres (20 million 
ha) in portions of southeastern Utah, northern Arizona, western Colora-
do, and northwestern New Mexico. This region is a semi-arid land that 
includes some of the most spectacular scenery in the world. An extraordi-
nary thickness of sedimentary rocks has been carved by erosion into myr-
iad sheer-walled canyons, buttes, mesas, badlands and plains. The eleva-
tion range extends to around 11,500 feet and results in a great diversity of 
ecological zones, distinguished and reflected in the dominant vegetation.  
The Alpine and Subalpine zone includes the highest mountain peaks with 
snow fields, moist to wet alpine meadows, cold alpine streams. The Upper 
Montane zone includes aspen forest, white fir/mixed-conifer forests, mon-
tane grassland, mountain sagebrush shrublands. The Lower Montane-Pla-

teau zone encompasses the transition from 
montane ecosystems to the predominant 
plateaus of the ecoregion and include pon-
derosa pine woodlands, pinyon-juniper 
woodlands, and sagebrush shrublands. The 
Canyon-Desert zone support extensive ar-
eas of blackbrush-mixed desert scrub and 
saltbush-shadscale shrublands, and canyons 
of five major rivers. The largest, the Grand 
Canyon Section covers 39% of the ecoregion 
where deep sheer-walled canyons, lines of 
cliffs, elevated plains, low plateaus, mesas, 
buttes, and badlands dominate. At least 159 

species are considered globally imperiled, including 27 ranked Endangered 
or Threatened by USFWS (such as Southwestern willow flycatcher and Cal-
ifornia Condor). Nearly 142 more are considered vulnerable or of special 
concern.Read the full report on Eco Regions and resilience from The Nature 

Conservancy for more in-depth data:
Https://tnc.app.box.com/s/cqz4dp69e34mptqml7anfr5ezy94hcyu

The Colorado Plateau is a subregion within the Rocky Mountains/Desert 
Southwest Eco-Region. RoFo Ranch is located on the Colorado Plateau and 

is characterized as a cold desert basin. 
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EcologyEcological Resilience

Learn more about the Core Concepts of Ecologically Resilient Landscapes at: http://maps.tnc.org/resilientland/coreConcepts.html

Resilient Site: An area of land where high micro climatic diversity and low levels of human modification provide species with connected, diverse 
climatic conditions they will need to persist and adapt to changing regional climates.

Resilience Score: A site’s Resilience Score estimates its capacity to maintain species diversity and ecological function as the climate changes. It was determined by evaluating 
and quantifying physical characteristics that foster resilience, particularly the site’s landscape diversity and local connectedness. The score is calculated within ecoregions 

based on all cells of the same geophysical setting and is described on a relative basis as above or below the average. For example, cells of granite bedrock were compared with 
all other cells of granite bedrock, and coastal plain sands were compared with other coastal plain sands. Our goal was to identify the places most resilient to climate change for 

each geophysical setting within each ecoregion.

Characteristics that Foster Resilience: A resilient site is one that offers high micro climatic diversity 
and low levels of human modification that provide species with connected, diverse climatic conditions 
they will need to persist and adapt to changing regional climates. Climatic options include topographic, 
hydrologic and elevation diversity that provide a range of habitat types and micro climates (landscape 
diversity), and minimal barriers that restrict adaptive movement of species or ecosystems (local 
connectedness).

Landscape Diversity: Refers to the micro habitats and climatic gradients available in the immediate 
neighborhood surrounding any 30-m cell of land. The persistence of species in an area increases in 
landscapes with a wide variety of micro climates created by the topography (topo-climates), elevation 
and hydrology. In this study, we measure micro climates by counting the variety of small-scale 
landforms, measuring elevation range, and evaluating the density and configuration of wetlands in a 100-
acre neighborhood around every point on the landscape.
 
Local Connectedness: Refers to the degree of fragmentation and strength of barriers that create resistance 
to movement within a landscape. A highly connected landscape promotes resilience by allowing species 
to move through the landscape and find suitable micro climates where they can persist. In this study, we calculate local connectedness by measuring the 
amount and configuration of human-created barriers like major roads, development, energy infrastructure, and industrial farming and forestry land. 
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“Because many fruit and nut trees require a certain period of cold temperatures in the winter, decreased winter chill hours under continued 
climate change would reduce crop yields, though the magnitude may vary considerably. In Yolo County, California, reduced winter chill 
may make conditions too hot for walnut cultivation by 2100. California almond acreage has nearly doubled over the last two decades due to 
high foreign demand and the favorable Mediterranean 
climate. California now produces over 80% of world 
almond supply. Since almonds also have a relatively 
high water requirement, both water and adequate cool 
winter temperatures will be important factors to maintain 
California tree nut production under climate change.

Climate Change and Drought in the Southwest

Figure 25.9: The U.S. Department of Agriculture plant hardiness zones indicate the cold 
temperature requirements of crops. Increases in temperature under the higher scenario (RCP8.5), 

would shift these zones northward and upslope, from the period 1976—2005 (left, modeled 
historical) compared to projections for 2070—2099 (right, average of 32 general circulation models). 

Sources: NOAA NCEI and CICS-NC

Climate-related vulnerabilities of the Southwest region’s 
livestock industry include reduced long-term livestock 
grazing capacity, reduced feed supply, increased heat 
stress (Ch. 10: Ag & Rural, KM 3), and reduced forage 
quality. Water-intensive forage crops are especially 
vulnerable to water shortages. Although livestock 
production systems persist in highly variable conditions, 
projected high temperatures may decrease production of 
rangeland vegetation and livestock forage. In response 
to drought (1999–2004), 75% of Utah ranch operations 
reported major reductions in water supply, forage, and 
cattle productivity. Only 14% felt they were adequately 
prepared for the drought, which may be reflected in the 
high use of federal relief programs.”

Explore and learn more at: https://nca2018.globalchange.gov/chapter/25/
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EcologyClimate Change and Drought in the Southwest

Figure 25.3: Since 2000, drought that was intensified by long-term 
trends of higher temperatures due to climate change has reduced the 
flow in the Colorado River (top left), which in turn has reduced the 

combined contents of Lakes Powell and Mead to the lowest level since 
both lakes were first filled (top right). In the Upper Colorado River 

Basin that feeds the reservoirs, temperatures have increased (bottom 
left), which increases plant water use and evaporation, reducing lake 
inflows and contents. Although annual precipitation (bottom right) 
has been variable without a long-term trend, there has been a recent 
decline in precipitation that exacerbates the drought. Combined with 

increased Lower Basin water consumption that began in the 1990s, 
these trends explain the recently reduced reservoir contents. Straight lines indicate trends for temperature, precipitation, and river flow. The trends for temperature and 
river flow are statistically significant. Sources: Colorado State University and CICS-NC. Temperature and precipitation data from: PRISM Climate Group, Oregon State 

University, http://prism.oregonstate.edu, accessed 20 June 2018.

“Agricultural irrigation accounts for nearly three-quarters 
of water use in the Southwest region, which grows half 
of the fruits, vegetables, and nuts and most of the wine 
grapes, strawberries, and lettuce for the United States. 
Consequently, drought and competing water demands 
in this region pose a major risk for agriculture and food 
security in the country. Through production and trade 

networks, impacts to regional crop production can 
propagate nationally and internationally.”
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The Colorado Plateau
The Colorado Plateau is centered on the four corners area of the Southwest, and includes much of Arizona, 

Utah, Colorado, and New Mexico.

Originally named by John Wesley Powell, the Colorado Plateau comprises a series of tablelands (plateaus 
or mesas) located within an immense basin surrounded by highlands. Stream valleys that are typically nar-
row and widely spaced dissect the region, as do larger valleys, including the most spectacular – the Grand 

Canyon. 

Prehistorically, many of these valleys were the homes of prehistoric farmers. The environment of the can-
yon bottoms was so different from the rest of the Plateau, however, that it is explored separately.

Area: 390,000 sq. km. (150,580 sq. miles).

Precipitation: Averages 20 cm (8 in) per year.

Temperature: At the lower elevations of the Plateau, 
temperatures range from the low 20s to the mid-90s F. 
At higher elevations, summer temperatures rarely ex-
ceed 70 degrees, and winter temperatures in the single 
digits are common.

Elevation: The mean elevation on the Plateau is 1,936 
meters (6,352 feet), but the elevation range of Plateau 
includes canyon bottoms at less than 750 meters (2,461 
feet) and mountain peaks a staggering 3,840 meters 
(12,600 feet) above sea level.

Life Zones: Primarily the Upper Sonoran and Tran-
sition life zones, but featuring Canadian, Hudsonian, 
and Arctic-Alpine zones at the highest elevations.

Vegetation: At low elevations, the Plateau is covered 
with arid shrublands and grasses, with sagebrush as 
the dominant plant species. Higher elevations bear 
woodlands dominated by pinyon pine, juniper, and 
shrubs. Higher still, montane forests dominated by 
ponderosa pine, Douglas fir, lodgepole pine, and as-
pen cover the land.

Geology: Primarily sedimentary rocks formed tens to 
hundreds of millions of years ago. Sandstones, shales, 
and limestones are common, as are fantastic rock for-
mations molded by wind and water. Volcanic rocks 
are also common in those areas of the Plateau with 
volcanic history, such as the Hopi Buttes, Sunset Cra-
ter and the San Francisco Peaks.

Prehistoric Cultures: Ancestral Puebloan, including 
the ‘Anasazi,’ Sinagua, Fremont, and Cohonina.

National Parks and Monuments: Glen Canyon, Rain-
bow Bridge, Capitol Reef, Arches, Canyonlands, Nat-
ural Bridges, Hovenweep, Grand Canyon, Wupatki, 
Sunset Crater, Walnut Canyon, Petrified Forest, Hub-
bell Trading Post, Navajo, Canyon de Chelly, Yucca 
House, Mesa Verde, Aztec, Chaco, El Morro, and El 
Mal Pais. The National Park Service also includes Ban-
delier, Petroglyph, and Salinas Pueblo Missions as 
Colorado Plateau parks.

Ecology
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EcologyRegional Hydrology

Drainage basins to RoFo Ranch ~267 square miles

Watersheds
The size of a watershed (also called a 
drainage basin or catchment) is defined 
on several scales—referred to as its 
Hydrologic Unit Codes (HUC)—based on 
the geography that is most relevant to its 
specific area. A watershed can be small, 
such as a modest inland lake or a single 
county.

Conversely, some watersheds encompass 
thousands of square miles and may 
contain streams, rivers, lakes, reservoirs, 
and underlying groundwater that are 
hundreds of miles inland. The largest 
watershed in the United States is the 
Mississippi River Watershed, which 
drains 1.15 million square miles from 
all or parts of 31 U.S. states and two 
Canadian provinces stretching from the 
Rockies to the Appalachians!

Water from hundreds, and often 
thousands, of creeks and streams 
flow from higher ground to rivers 
that eventually wind up in a larger 
waterbody. As the water flows, it often 
picks up pollutants, which may have 
sinister effects on the ecology of the 
watershed and, ultimately, on the reservoir, 
bay, or ocean where it ends up.

What is a watershed?
It’s a land area that channels rainfall and snowmelt 

to creeks, streams, and rivers, and eventually to 
outflow points such as reservoirs, bays, and the 

ocean.

Flow(raindrop) Path to the ocean. 

Explore and learn more at: https://streamstats.usgs.gov/ss/
McElmo Creek --> San Juan River --> Lake Powell --> 

Colorado River (Grand Canyon) --> Lake Mead --> Gulf of California
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The contours (changes in elevation) of the land can subtly, or sometimes dramatically, influence the 
direction and speed of how water will flow onto and off of your property. Infiltration rates(how fast 

water seeps into the soil) will depend on soil structure and organic matter content.

Every 1% organic matter (OM) in soils can hold up to 27,000 gallons of water per acre. If we want to create drought-resil-
ient landscapes, building organic matter in soils is an effective way to do so. 

EcologyContours and Water Flow
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Slope and Terrain Analysis

In landform analysis we’re looking at the 
shape of the land. This information will inform 
both a broad and focused understanding of 
the site’s ecological, and geographic contexts. 
Soil types, vegetation, water/hydrology, 
access and circulation, views, wildlife 
corridors, shade/sun exposure, and micro 
climates are all influenced by the topography 
of a site.

The terrain contours of a site will inform land-
use planning decisions such as infrastructure 
development, agricultural production, 
conservation easements, water-harvesting 
earthworks and irrigation.

0 1 2 3 4 5 mi

6,000

7,000

8,000

9,000

ft

Sleeping Ute Mtn.
9,979 ft

RoFo Ranch ~5,500 ft

Site Location

RoFo Ranch is located on the northern side of the Sleeping Ute Mountain. A 
cold desert basin ranging in elevation from ~5,500’- 6,000’ as McElmo Creek 
descends through the sandstone and mixed sedimentary canyon. 
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EcologyLandscape Change

1993

2004

2005

2006 2011

2013

2014

Significant Changes
• Notice the ditch moving water 

east to west and how well the trees 
grow there?

• A road on the north side of the 
property was abandoned and over-
grown.

How has RoFo ranch changed in the past 30 years? 

*Images sourced from Google Earth Time-lapse
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EcologySoil Map
Soil Map—Cortez Area, Colorado, Parts of Dolores and Montezuma Counties

(RoFo Soil Map)

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

12/3/2020
Page 1 of 3
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Background
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The soil surveys that comprise your AOI were mapped at 
1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: Cortez Area, Colorado, Parts of Dolores and 
Montezuma Counties
Survey Area Data: Version 13, Jun 5, 2020

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: May 22, 2017—Sep 
7, 2017

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.

Soil Map—Cortez Area, Colorado, Parts of Dolores and Montezuma Counties
(RoFo Soil Map)

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

12/3/2020
Page 2 of 3
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EcologySoil Data

Cortez Area, Colorado, Parts of Dolores and 
Montezuma Counties

105—Rizno-Gapmesa complex, 3 to 9 percent slopes

Map Unit Setting
National map unit symbol: 2w58z
Elevation: 5,400 to 6,200 feet
Mean annual precipitation: 10 to 13 inches
Mean annual air temperature: 50 to 52 degrees F
Frost-free period: 120 to 135 days
Farmland classification: Not prime farmland

Map Unit Composition
Rizno and similar soils: 45 percent
Gapmesa and similar soils: 35 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of 

the mapunit.

Description of Rizno

Setting
Landform: Dip slopes
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Eolian deposits over residuum weathered from 

sandstone

Typical profile
A - 0 to 2 inches: very fine sandy loam
C - 2 to 9 inches: loam
R - 9 to 59 inches: bedrock

Properties and qualities
Slope: 3 to 9 percent
Depth to restrictive feature: 6 to 20 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Low to 

moderately high (0.01 to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 15 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 

mmhos/cm)
Available water capacity: Very low (about 1.4 inches)

Interpretive groups
Land capability classification (irrigated): 7s
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D

Map Unit Description: Rizno-Gapmesa complex, 3 to 9 percent slopes---Cortez Area, 
Colorado, Parts of Dolores and Montezuma Counties

RoFo Soil Map

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

12/3/2020
Page 1 of 3

Cortez Area, Colorado, Parts of Dolores and 
Montezuma Counties

97—Ramper clay loam, 0 to 3 percent slopes

Map Unit Setting
National map unit symbol: 1y2c
Elevation: 6,000 to 7,400 feet
Mean annual precipitation: 12 to 16 inches
Mean annual air temperature: 46 to 50 degrees F
Frost-free period: 100 to 120 days
Farmland classification: Prime farmland if irrigated

Map Unit Composition
Ramper and similar soils: 90 percent
Minor components: 10 percent
Estimates are based on observations, descriptions, and transects of 

the mapunit.

Description of Ramper

Setting
Landform: Alluvial fans, flood plains, drainageways
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from sandstone and shale

Typical profile
H1 - 0 to 3 inches: clay loam
H2 - 3 to 60 inches: stratified sandy loam to clay loam

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water 

(Ksat): Moderately high (0.20 to 0.60 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: RareNone
Frequency of ponding: None
Calcium carbonate, maximum content: 10 percent
Maximum salinity: Very slightly saline to moderately saline (2.0 to 

8.0 mmhos/cm)
Available water capacity: High (about 9.7 inches)

Interpretive groups
Land capability classification (irrigated): 3c
Land capability classification (nonirrigated): 3c
Hydrologic Soil Group: C
Ecological site: R036XY405CO - Loamy Bottom
Hydric soil rating: No

Map Unit Description: Ramper clay loam, 0 to 3 percent slopes---Cortez Area, Colorado, Parts 
of Dolores and Montezuma Counties

IntellectualProperty_SoilData

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

10/14/2020
Page 1 of 2

Hay Fields
Cortez Area, Colorado, Parts of Dolores and 

Montezuma Counties

38—Fluvents-Fluvaquents complex, 0 to 3 percent slopes

Map Unit Setting
National map unit symbol: 1xz8
Elevation: 5,000 to 7,400 feet
Mean annual precipitation: 8 to 16 inches
Mean annual air temperature: 46 to 56 degrees F
Frost-free period: 100 to 160 days
Farmland classification: Not prime farmland

Map Unit Composition
Fluvents and similar soils: 55 percent
Fluvaquents and similar soils: 30 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of 

the mapunit.

Description of Fluvents

Setting
Landform: Flood plains
Down-slope shape: Concave
Across-slope shape: Linear
Parent material: Mixed alluvium

Typical profile
H1 - 0 to 6 inches: variable
H2 - 6 to 60 inches: stratified very gravelly sand to loamy sand

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat excessively drained
Runoff class: Negligible
Capacity of the most limiting layer to transmit water 

(Ksat): Moderately high to very high (0.20 to 20.00 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: OccasionalNone
Frequency of ponding: None
Calcium carbonate, maximum content: 5 percent
Available water capacity: Very low (about 2.7 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6w
Hydrologic Soil Group: A
Ecological site: R036XY327CO - River Bottom
Hydric soil rating: No

Map Unit Description: Fluvents-Fluvaquents complex, 0 to 3 percent slopes---Cortez Area, 
Colorado, Parts of Dolores and Montezuma Counties

RoFo Soil Map

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

12/3/2020
Page 1 of 2

Riparian Area
Pinyon-Juniper Woodland

Summary of Soils: The highest percentage of soils (~38%) at RoFo Ranch are considered prime agricultural soils (Ramper clay loam) and suited for 
a variety of crop production. The most significant limiting factors on the soils will be nitrogen deficiency, low organic matter content, and low water 
infiltration rates in the mostly clay soils which are prone to runoff. The other largest areas are better suited for conservation and wildlife habitat, or 
mixed use for timber logging, recreational trails, and camping. 
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EcologySoil Test Analyses

pH: 8.1
pH is high, but native and introduced plant species that are adapted to this pH should not be negatively affected.

Electrical Conductivity or Salts: 0.7
E.C. is Low. When E.C. less than 2.0, salinity is not a problem for plant growth.

Lime: Very High
Very High: Lime is greater than 5%. Plants can still grow quite well in soil with this lime content.

Texture Estimate: Clay Loam
This soil may drain at a low to very low rate. Watering schedules may have to be increased to allow for better water 
infiltration into the soil profile.

Sodium Absorption Ratio: 
This value not requested.

Organic Material: 1.8
Organic Matter is Low;  A good goal for Landscape is to gradually increase the OM content to about 5% over a period 
of years.  For 2-3 years in the fall, apply 2-3 inches depth of plant-based compost, or 1 inch depth of animal-based 
compost, and incorporate into the top 6-8 inches of the soil.

Nitrate: 11.2
N is low: Apply 0.3 lb N/100 sq ft to the soil. For each 0.1 lb of N  needed, apply about 1/4 lb urea, or 1/2 lb 
ammonium sulfate, or 3/4 lb bloodmeal, or 1 lb corn gluten meal, or 5 lb alfalfa meal pellets per 100 sq.ft. Other 
fertilizers can be used as well. Check with your local garden center or home improvement store to determine what 
fertilizers are available in your area. When calculating fertilizer rates take the amount of N needed and divide by the 
% N in the fertilizer. For example, if your fertilizer contains 30% N, take 0.30 lbs (N needed) divided by 0.30 (N in the 
fertilizer) to get 1 lb of the 30% N fertilizer that is needed to apply per 100 sq.ft. For rates per 1000 sq. ft multiply the 
quantities by 10.

 mmhos/cm

 ppm

Soil Test Report

Lab ID Number: H1071a-landsc
Report Date: 12/9/2020

Plant Type: Landscape: (Flowers - Shrubs - Trees)

Company Name: Solstice Sown Designs

Contact Name: Michael McMillan Street Address: 14985 Rd 40.2

City: Mancos

State: CO

Zip: 81328

Phone: (303) 842-9264

Email Address: solsticesowndesigns@gmail.com

Client Type: Consultant

Date Rcvd: 11/17/2020

Test Performed By: JS TD

Current Plant Type: Native Vegetation

Proposed Plant Type: Landscape: (Flowers - Shrubs - Trees)

County: Montezuma

Colorado State University
Soil, Water and Plant Testing Laboratory
Room A319, NESB
Phone: 970-491-5061 / Fax: 970-491-293

Current Irrigation: sprinkler, drip TBD

Current Amendments: -

Date Tested: 11/19/2020

%

Invoice #:

Sample ID: ROFO 1

Ext:

pH: 8.4
pH is very high. The optimal pH range for plant growth is 6.5 - 7.0. However, most plants including turfgrasses can be 
grown in high pH soils if properly irrigated and supplemental iron (Fe) and phosphorus (P) are added when needed.

Electrical Conductivity or Salts: 2.3
Slightly saline (E.C. = 2 to 4): salt sensitive plants can be affected.  (e.g. carrot, green bean, onion, pea, radish, 
raspberry, strawberry). Avoid adding manure or animal-based compost since these often contain high levels of salt 
and will make the salinity problem worse. Leaching is the only practical way to remove excess salts.  Add 6 inches of 
high-quality water (low in salts) to leach about 1/2 of the salt and lower soil E.C. to  less than 2.0.

Lime: Very High
Very High: Lime is greater than 5%. Plants can still grow quite well in soil with this lime content.

Texture Estimate: Clay Loam
This soil may drain at a low to very low rate. Watering schedules may have to be increased to allow for better water 
infiltration into the soil profile.

Sodium Absorption Ratio: 
This value not requested.

Organic Material: 1.4
Organic Matter is Low;  A good goal for Landscape is to gradually increase the OM content to about 5% over a period 
of years.  For 2-3 years in the fall, apply 2-3 inches depth of plant-based compost, or 1 inch depth of animal-based 
compost, and incorporate into the top 6-8 inches of the soil.

Nitrate: 13.8
N is low: Apply 0.3 lb N/100 sq ft to the soil. For each 0.1 lb of N  needed, apply about 1/4 lb urea, or 1/2 lb 
ammonium sulfate, or 3/4 lb bloodmeal, or 1 lb corn gluten meal, or 5 lb alfalfa meal pellets per 100 sq.ft. Other 
fertilizers can be used as well. Check with your local garden center or home improvement store to determine what 

 mmhos/cm

 ppm

Soil Test Report

Lab ID Number: H1073c-landsc
Report Date: 12/9/2020

Plant Type: Landscape: (Flowers - Shrubs - Trees)

Company Name: Solstice Sown Design

Contact Name: Michael McMillan Street Address: 14985 Rd 40.2

City: Mancos

State: CO

Zip: 81328

Phone: (303) 842-9264

Email Address: solsticesowndesigns@gmail.com

Client Type: Consultant

Date Rcvd: 11/17/2020

Test Performed By: JS TD

Current Plant Type: Native Vegetation

Proposed Plant Type: Landscape: (Flowers - Shrubs - Trees)

County: Montezuma

Colorado State University
Soil, Water and Plant Testing Laboratory
Room A319, NESB
Phone: 970-491-5061 / Fax: 970-491-293

Current Irrigation: sprinkler, drip TBD

Current Amendments: -

Date Tested: 11/19/2020

%

Invoice #:

Sample ID: ROFO 3

Ext:

pH: 8.0
pH is high, but native and introduced plant species that are adapted to this pH should not be negatively affected.

Electrical Conductivity or Salts: 0.6
E.C. is Low. When E.C. less than 2.0, salinity is not a problem for plant growth.

Lime: Very High
Very High: Lime is greater than 5%. Plants can still grow quite well in soil with this lime content.

Texture Estimate: Sandy Clay Loam
This soil may drain at a low to very low rate. Watering schedules may have to be increased to allow for better water 
infiltration into the soil profile.

Sodium Absorption Ratio: 
This value not requested.

Organic Material: 3.7
Organic Matter is Low;  A good goal for Landscape is to gradually increase the OM content to about 5% over a period 
of years.  For 2-3 years in the fall, apply 2-3 inches depth of plant-based compost, or 1 inch depth of animal-based 
compost, and incorporate into the top 6-8 inches of the soil.

Nitrate: 37.8
N is low: Apply 0.2 lb N/100 sq ft to the soil. For each 0.1 lb of N needed, apply about 1/4 lb urea, or 1/2 lb 
ammonium sulfate, or 3/4 lb bloodmeal, or 1 lb corn gluten meal, or 5 lb alfalfa meal pellets per 100 sq.ft. Other 
fertilizers can be used as well. Check with your local garden center or home improvement store to determine what 
fertilizers are available in your area. When calculating fertilizer rates take the amount of N needed and divide by the 
% N in the fertilizer. For example, if your fertilizer contains 30% N, take  0.20 lbs (N needed)  divided by  0.30 (N in the 
fertilizer)   to get 0.7 lb of the 30% N fertilizer that is needed to apply per 100 sq.ft. For rates per 1000 sq. ft multiply 
the quantities by 10.

 mmhos/cm

 ppm

Soil Test Report

Lab ID Number: H1072b-landsc
Report Date: 12/9/2020

Plant Type: Landscape: (Flowers - Shrubs - Trees)

Company Name: Solstice Sown Design

Contact Name: Michael McMillan Street Address: 14985 Rd 40.2

City: Mancos

State: CO

Zip: 81328

Phone: (303) 842-9264

Email Address: solsticesowndesigns@gmail.com

Client Type: Consultant

Date Rcvd: 11/17/2020

Test Performed By: JS TD

Current Plant Type: Native Vegetation

Proposed Plant Type: Landscape: (Flowers - Shrubs - Trees)

County: Montezuma

Colorado State University
Soil, Water and Plant Testing Laboratory
Room A319, NESB
Phone: 970-491-5061 / Fax: 970-491-293

Current Irrigation: sprinkler, drip TBD

Current Amendments: -

Date Tested: 11/19/2020

%

Invoice #:

Sample ID: ROFO 2

Ext:

Residential Landscapes Hay Fields Rehabilitation Area
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Ecology

Rock Outcrop
The steep sandstone wall in 
McElmo Canyon rises hundreds 
of feet above the river. The 
process of erosion from the 
steep contour of the rock wall 
implicates a dangerous location 
to build infrastructure. Many 
enormous boulders precariously 
rest on the edge of the rock wall 
and will inevitably fall in the 
future. Extra precaution should 
be taken in these areas during 
any rare heavy rain or flash flood 
events.

Land features are what people think of as identifying characteristics - soil, water, rock outcrops, buildings, 
trees. Processes are phenomena that occur across time - erosion, wind, sun, sunlight/shadow, animal move-

ment, water table falling and rising.
Trails
The switchback trail ascends the 
steep canyon wall and provides 
the best views of the property. This 
trail also provides access to the 
Pinyon Juniper woodlands on the 
plateau above the ranch with views 
of the Sleeping Ute Mountain to the 
south. 

There is another trail beginning 
on the northwestern side of the 
agricultural fields, leading across 
McElmo Creek over a suspension 
bridge north towards a canyon 
trail.

Access roads
The main access road is through 
the gated entrance at the end of 
County Road J. There is a second 
access route under conservation 
easement only to be used for 
agricultural purposes.Aerial View of RoFo Ranch looking to the southwest with 1’ contour lines

Eroding and Unstable Soils
Along the northeastern edge 
of the property, there are 
significantly degraded soils high 
in salinity. There is a steep drop 
(~20-30’) and sink holes along 
the edge of this micro peninsula. 
Gullies are forming in drainage 
area along this cliff. Precaution 
should be taken when exploring 
the edge of this slope toward the 
riparian area. 

Riparian Area and Wildlife Corridor
The riparian zone (area near river or stream) provides wildlife habitat, forage, cover and escape habitat, 
breeding habitat, nesting habitat, migration/travel corridors, and water resources.

Site Features, Processes, and Implications
A

A

B

B

C

CC

C

D

E

D

D

E
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EcologyVegetation Map

McElmo 
Creek

Hay Production

Pinion-
Juniper 
woodland
Rehabilita-
tion area

Pinyon-Juniper 
Woodland

Total area ~16 acres
Pinyon-juniper woodland is the 
most common forest type in the 
American Southwest, covering 
over 40 million hectares (100 

million acres) in ten states, and 
extending south into Mexico, 
and north into Idaho, Oregon, 
and Wyoming. Defined by the 

presence of one or more species 
of pinyon pine (Pinus spp......)
and juniper (Juniperus spp.). 
This forest type is associated 

with a range of different 
vegetation. The majority of 
pinyon-juniper woodlands 
are found in regions subject 

to temperature extremes and 
limited moisture availability

Source: https://www.nps.gov/
subjects/swscience/pinyon-

juniper-woodlands.htm

Hay Fields
Total area ~ 12 acres

Mostly consists of meadow 
brome, clover, and alfalfa

Potential noxious weeds: 
canada thistle, field bindweed, 

spurge, and knapweed.

Residential 
Landscapes
Total area ~ 1 acre

The residential landscapes 
currently consist of mixed 

deciduous fruit trees, large old-
growth cottonwoods, oak, elm, 

and other ornamental trees.

Rehabilitation Area

Total area ~ 1 acre
This area on the northern side 
of the property consists of bare 
ground, forming gullies, sink 
holes, and saltbrush. The high 
salinity in the soils limits the 
growth of other vegetation. 

Riparian Area
Total area ~1.5 acres

Riparian areas are lands that 
occur along watercourses and 

water bodies. Typical examples 
include flood plains and 

streambanks. They are distinctly 
different from surrounding 

lands because of unique soil and 
vegetation characteristics that 
are strongly influenced by the 

presence of water.
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EcologyIndex of Plants & Wildlife

OverviewOverview

Trees and ShrubsTrees and Shrubs
 Pinyon Pine Pinyon Pine
 Juniper sp. Juniper sp.
 Gambel Oak Gambel Oak
 Sagebrush Sagebrush
 Western mugwort Western mugwort
 Saltbrush Saltbrush
 Antelope Bitterbrush Antelope Bitterbrush
 Cliffrose Cliffrose
 Mountain Mahogany Mountain Mahogany
 Three-Leaf Sumac Three-Leaf Sumac
 Cliff fendlerbush Cliff fendlerbush
 Utah Serviceberry Utah Serviceberry

Herbaceous PlantsHerbaceous Plants
 Rabbitbrush Rabbitbrush
 Narrowleaf Yucca Narrowleaf Yucca
 Broadleaf Yucca Broadleaf Yucca
 Brigham Tea Brigham Tea
 Yarrow Yarrow
 False Indigo False Indigo
 Apache Plume Apache Plume
 Arrowleaf Balsamroot Arrowleaf Balsamroot
 Broom Snakeweed Broom Snakeweed
 Common Lupine Common Lupine
 Larkspur Larkspur

 Mariposa Lily Mariposa Lily

 Mule’s Ears Mule’s Ears
 Multi-flowered Phlox Multi-flowered Phlox
 Desert Paintbrush Desert Paintbrush
 Locoweed Locoweed
 Globemallow Globemallow
 Pussy toes Pussy toes
 Salsify Salsify
 Scarlet Gilia Scarlet Gilia
 Tall Penstemon Tall Penstemon
 Sulfurflower Sulfurflower
  
GrassesGrasses
 Indian Ricegrass Indian Ricegrass
 Bottlebrush squirreltail Bottlebrush squirreltail
 Junegrass Junegrass
 Muttongrass Muttongrass
 Needle-and-thread-grass Needle-and-thread-grass
 Sandberg bluegrass Sandberg bluegrass

CactusCactus
  Prickly pearPrickly pear
 Barrel cactus Barrel cactus
 Claretcup cactus Claretcup cactus

Crypto-biotic SoilsCrypto-biotic Soils

LichensLichens

ShrubsShrubs
 Saltbrush Saltbrush

OverviewOverview

Trees and ShrubsTrees and Shrubs
 Narrowleaf Cottonwood Narrowleaf Cottonwood
 Willows Willows
 Buffaloberry Buffaloberry
 Chokecherry Chokecherry
 Hawthorn Hawthorn
 Mountain Maple Mountain Maple
 Thinleaf Alder Thinleaf Alder
 Elder Elder
 Serviceberry Serviceberry
 Red-Osier Dogwood Red-Osier Dogwood
 River Birch River Birch
 Wax currant Wax currant
 Snowberry Snowberry
 Shrubby cinquefoil Shrubby cinquefoil
 Twinberry Honeysuckle Twinberry Honeysuckle
 Wild Rose Wild Rose

Herbaceous PlantsHerbaceous Plants
  CattailCattail
 American speedwell American speedwell
 Evening Primrose Evening Primrose
 Arrowleaf senecio Arrowleaf senecio
 Bittercress Bittercress
 Brook saxifrage Brook saxifrage
 Checkermallow Checkermallow
 Cowbane Cowbane

 False Hellebore False Hellebore

 Field mint Field mint
 Giant Angelica Giant Angelica
 Horsetail Horsetail
  Marsh Marigold  Marsh Marigold
 Monkeyflower Monkeyflower
 Monkshood Monkshood
 Mountain bluebells Mountain bluebells
 Northern green bog orchid Northern green bog orchid
 Parry’s Primrose Parry’s Primrose
 Rose Gentian Rose Gentian
 Star Gentian Star Gentian
 St. John’s wort St. John’s wort
 Watercress Watercress
 Water hemlock Water hemlock
 Wild Iris Wild Iris
 Willowherb Willowherb

GrassesGrasses
  Baltic rushBaltic rush
 Beaked sedge Beaked sedge
 Colorado rush Colorado rush
 Nebraska sedge Nebraska sedge
 Small-winned sedge Small-winned sedge
 Swordleaf rush Swordleaf rush
 Tufted hairgrass Tufted hairgrass
 Water sedge Water sedge
 Woodrush Woodrush
 Wooly sedge Wooly sedge  

Grasses and Forbes
 Alfafa
 Meadow Brome
 Clovers
 Thistles
 Field bindweed
 Chicory
 

Pinyon-Juniper 
Woodland

Hay Fields

Rehabilitation 
Area

Riparian Area

* There are about 325 plant species in the McElmo Canyon region. This index will serve as a guide to the most common species found at RoFo Ranch. 
Each species entry will include the common and botanical names, family, identifying characteristics, various plant uses (edible, medicinal, wildlife, firewood, 

dye, tools, poison, soap, etc...) and photos.  

Learn more at: 
Https://extension.colostate.edu/
topic-areas/yard-garden/na-
tive-shrubs-for-colorado-land-
scapes-7-422/
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Pinion Juniper Woodlands 
Plant IndexPinyon-Juniper Woodland Overview

Role in the Community
Although not a traditional timber 
species, piñon-juniper forests have long 
been important to local communities 
for such products as fuel wood, fence 
posts, pine nuts, forage for livestock 
and watershed protection. More 
recently, communities and businesses 
have begun to turn to piñon-juniper 
forests as a source of biomass for fuel 
and energy. Piñon-juniper forests also 
provide habitat for many of Colorado’s 
rarest plants along with the gray vireo, 
one of the state’s rare birds.

Major Species
The most common species within piñon-
juniper woodlands are Colorado piñon 
pine (Pinus edulis) and Utah (Juniperus 
osteosperma) and one-seed (Juniperus 
monosperma) juniper, although 
Rocky Mountain juniper (Juniperus 
scopulorum) may codominate or 
replace one-seed juniper at high 
elevations. Piñon-juniper woodlands 
account for just over 5 million acres or 
approximately 21 percent of the state’s 
forested lands.

Piñon-Juniper Woodland Characteristics
Annual precipitation is typically from 10 to about 15 inches in piñon-
juniper or “P-J” woodlands, and tree species in these communities 
have developed resistance to both drought and cold. Juniper tends to 
grow at lower elevations and in more arid areas as its scaled foliage 
allows it to conserve water more effectively than piñon pine.

Piñon-juniper stands vary considerably in appearance and 
composition, depending on soil depth, elevation and geographic 
locations. While piñon and juniper may co-occur in some landscapes, 
either species may be dominant on its own in others. Juniper-
dominated woodlands tend to include open savannas of scattered 
trees without a significant shrub component, except in areas where 
big sagebrush has become dominant as a consequence of grazing. 
Woodland communities have expanded considerably over the course 
of this century in many parts of the Colorado Plateau, including New 
Mexico, Arizona and Utah. Tree densities have increased in some areas 
to the point that larger proportions of piñon-juniper woodland now 
support damaging crown fires.

Learn More and Prepare for Fire Management
Https://csfs.colostate.edu/colorado-forests/forest-types/pinon-juniper-woodlands/

Https://static.colostate.edu/client-files/csfs/pdfs/105504_CSFS_09-Forest-Health_www.pdf
Https://csfs.colostate.edu/colorado-trees/colorados-major-tree-species/#1466529107071-a08af2b5-7fe4

Data Sources
Landfire

NatureServe. 2018. International Ecological Classification Standard: Terrestrial Ecological Classifications. Nature-
Serve Central Databases. Arlington, VA. U.S.A. Data current as of 28 August 2018.

2017 Colorado Wildfire Risk Assessment, Colorado State Forest Service.
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Pinion Juniper Woodlands 
Plant Index

Pinyon Pine - Pinus edulis

Family: Pinaceae (Pine)

Identifying Characteristics:
•  Edible seeds;
•  1-1.5 inch-long needles;
•  Round, resinous, 2-inch long cones;
•  20-50 feet tall; and
•  A rounded crown with a short trunk.

Uses: Food, glue, dye, firewood, 

Notes: “The pinyon pine along with the desert juniper are the only evergreens on 
thousands of acres of the Four-Corners country...The pines furnish their pitch to seal up 
baskets and pots and pinyon nuts are edible... Pinyon nuts should be gathered in fall 
when they are ripe, and this often is the same time as the first bad storms of the season 
so we often hear of pinyon nut gatherers being marooned up in the hills by snow.”
“Drought-stressed trees suffer heavy mortality from pine engraver (or IPS) beetle.” 
- Wild at Heart Field Guide
“Two needle pinyon is a slow-growing, long-lived tree. It can survive more than 500 
years and may reach 800 to 1,000 years of age.”
Sources:
Https://csfs.colostate.edu/colorado-trees/colorados-major-tree-species/#Pi%C3%B1on
 Https://www.fs.fed.us/database/feis/plants/tree/pinedu/all.html
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Pinion Juniper Woodlands 
Plant Index

Utah Juniper - Juniperus utahensis

Family: Cupressaceae (Cypress)

Identifying Characteristics:
• Scale-like, wispy, grayish-green branches;
•  Reddish branches in winter;
•  Blue-gray, waxy, 0.2 inch diameter berries;
•  20-40 feet tall with a short, stout trunk
•  Gray-brown to reddish-brown bark.

Uses: Tea, Medicine, Firewood, Dye

Notes: “The outer bark, shredded, made beds, 
sandals, clothing and tinder. The seeds were eaten as 
food and then the remaining hard nutlet was drilled to use as beads. The wood was gathered 
for firewood. Parts were used as a mordant for dyes and the berries for a tan dye.”

- Useful Native Plants of the Four-Corners States, George W. Kelly
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Pinion Juniper Woodlands 
Plant Index

Gambel Oak - Quercus gambelii

Family: Fagaceae (Oak)

Identifying Characteristics:
Bark: Light grayish-brown; thick. Deeply divided by flat, connected ridges.

Leaves: Oblong, 5 to 7 lobes with deep sinuses. Dark green on top with a pale green, hairy underside.

Fruit: Acorns, about 1 inch long with a scaled cup covering almost half.

Height: 10 to 15 feet, usually occurring as a shrub.

Habitat: Usually found in open areas of low precipitation where subfreezing temperatures do not persist for much 
of the year. Often grows with ponderosa and piñon pines or on open mesas.
Relation to Fire: A fire-adapted species. May survive low severity fire; Top-killed by more severe fires, but may re-
sprout.

Uses: Edible, Garden, Medicinal, Wildlife

Notes: “Scrub oak spreads primarily by underground roots creating large thickets that are often impenetrable. Both foliage and stems provide 
crucial winter browse for mule deer and elk. Recent warming trends often cause leaves and flowers to emerge early, making them vulnerable to 
late spring frosts. This results in a lack of acorns in the fall when they are so important to black bears, which depend on them to put on enough fat 
for hibernation. When there is a lack of acorns, and berries for the same reason, there are going to be problems with bears in town, as they search 
for food they cannot find in the wild. Native Americans depended on acorns as a main source of nourishment, boiling them in several changes 
of water to remove some of the bitterness. Bark “tea”, or water from boiling the nuts, has a high tannin content and is used as an astringent skin 
wash for skin irritations such as insect bites or stings and as a gargle for sore throats and gum problems. A powder from the dried inner bark is ef-
fective to stop bleeding.”  -Wild at Heart Field Guide
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Pinion Juniper Woodlands 
Plant Index

Big Sage- Artemisia tridentata

Family: Asteraceae (Artemisia subgroup) - subset of sunflower family

Uses: “In a variety of uses the Artemisia rates high. It has a strong and distinctive odor which to the 
minds of ancient peoples must make it of medicinal value. Some old lists of the diseases that sage will 
cure or alleviate, are long. As one has said, ‘everything from falling hair to ingrowing toenails.’ It is still 
used as a tea to be drunk or an ointment to be rubbed on for colds and chest pains. The seeds were eaten 
to get endurance and strength. One author in summing up its uses with the early Spanish settlers has said 
that by far its most important use was “as a substitute for toilet paper.” (It was always available, soft, non-
irritating and fragrant.) 

When a plant is called “sage” over most of our area, they mean the “big sage” which is so common all 
over the desert and near desert. But there are several lower sages and a few herbaceous kinds in the dry 
areas as well as a couple of species in the alpine areas, that do not have the typical fragrance...The Big 
Sagebrush was used as an indicator of good soil; if the sagebrush was head high the soil was “real good.” 
Although the sage leaves are pleasantly scented, sage roots on a campfire smell awful.”
-Excerpt from “Useful Native Plants of the 4-Corners States” by George W. Kelly 

Notes: “Artemisia is a generic name honoring the Greek goddess Artemis, known in the West as Diana; 
many medicinal plants share this genus with sagebrush, such as A. ludoviciana, A. vulgaris, and A. 
absinthum. The specific epithet tridentata refers to the leaves, which have at the end three “teeth”, a useful tool for identification. A. tridentata 
may be found mainly in cold deserts with powdery or sandy soil. It does not take excess water well: streams and riparian areas within the desert 
often have sharply demarcated edges where the sagebrush ends and the green area begins. It often occurs with western juniper or rabbitbrush. 
The areas in between the bushes, which are surprisingly bare, are usually filled in with a desert grass such as cheatgrass, Idaho fescue, bluegrass, 
or bluebunch wheatgrass.”

Sources: https://www.fs.fed.us/wildflowers/plant-of-the-week/artemisia_tridentata.shtml
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Pinion Juniper Woodlands 
Plant Index

 Antelope bitterbrush, Cliffrose 
- Purshia tridentata, cowania mexicana

Family: Rosaceae (Rose Family)

Identifying Characteristics: “Antelope 
bitterbrush is a slow growing shrub that is 
moderate to very deep rooted with wide 
ecotypic variations. It is normally 2 to 6 
feet in height and up to 8 feet in width 
with wedge shaped, three lobed leaves 
(some are persistent in winter). Leaves 
can vary in color from gray green to 
bright green. Some plants have branches 
near the soil that layer (branches that touch the soil develop roots) 
providing additional rooting for the plant.”

Uses: Dye, Edible, Medicinal, Wildlife

Notes: “Abundant pollen was a vital source of nutrition for Native 
Americans. The extremely bitter, quinine-containing leaves provided 
medicine for the Hopis and Navajos, who chewed them to induce 
vomiting and steeped them as tea to clean wounds and treat skin 
problems.” 

Western mugwort (white sage)
 - Artemisia ludoviciana

Family: Asteraceae (Artemisia subgroup) - 
subset of sunflower family

Identifying Characteristics: Fairly common 
aromatic herb forming loose patches, 12-
40 in. Disc florets only, attached to naked 
receptacles; densely wooly onvolucres; 
pack into numerous flower heads in slender 
branching clusters (panicles). 

Uses: Medicinal 

Notes: “Western mugwort was a ritual herb for many Native 
American tribes. Tying stems together into a ‘smudge stick’ to burn as 
incense was believed by the Cheyenne to drive away bad spirits and 
influences and even improve respiratory problems. Others used the 
tea to cleanse the body during purifaction rites or washed with it after 
breaking sacred taboos.”
-Wild at Heart Field Guide
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Pinion Juniper Woodlands 
Plant Index

Four-wing saltbush - Atriplex canescens

Family: Chenopodiaceae (Goosefoot Family)

Identifying Characteristics: 
Four-wing saltbush are shrubs that grow an average of two to three feet tall although they may reach eight to fifteen 
feet in height. It has many branches; some twigs are spiny. The young stems and leaves are covered with minute white 
scales called scurf, which helps protect the plant against water loss. Long linear-shaped leaves are three eighths to 
one and one half inches long, grow either singly or in small clusters from alternate nodes, and are covered with small 
scales. These plants are dioecious—the Latin word for “two homes.” Male and female flowers are found on separate 
plants (mostly). The tiny yellow male flowers grow in tiny globular clusters called glomerules. Five sepals are fused 
into a small cup, from which the five stamens arise. Female flowers grow in open, elongated clusters two to sixteen 
inches long, arising from the sides of the stem. The seeds, called utricles, have four large, membranous fringed wings 
that arise at right angles to the seed. The flowers bloom from mid-spring to mid-summer. Some years, plants may be 
cloaked with seeds.”

Uses:
 “Native Americans of the Southwest harvested the leaves and seeds of the plant for food. Seeds were cooked like oatmeal, and 
the leaves were either eaten raw or cooked. Sometimes the ashes of the plant were used as a leavening ingredient for breads 
or were used in making a lye to soften the hulls of corn. However the seeds were prepared, they represented a good source of 
niacin. The ground-up seeds were mixed with sugar and water for a drink called pinole.”

Notes: 
“Four-wing saltbush gets its common name from the seed, which has four paperlike wings that project from the seed at right 
angles. “Saltbush” refers to the alkaline soil habitats in which the plant grows... The plant is also known as wingscale, cenizo and 
chico.”

Read more: https://www.desertusa.com/flora/saltbush.html#ixzz6jRzFrVF6
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Pinion Juniper Woodlands 
Plant Index

Threeleaf Sumac - Rhus trilobata

Family: Anacardiaceae (
Cashew or Sumac Family)

Identifying Characteristics: Colorful native deciduous shrub, 
with chartreuse spring flowers, red summer ripening fruit 
and colorful fall foliage in shades of yellow, orange and red. 
Drought resistant/drought tolerant plant (xeric). 5-6’ tall.

Uses: Tools, Tea, Food

Notes: “Historically, three-leaf sumac has been used for 
medicinal and other purposes. The bark can be chewed or 
brewed into a drink for cold symptoms. Flexible branches 
were traditionally used for twisting into basketry and rugs. 
In fact, three-leaf sumac was a close contender to willow in 
desirability for basket-making. This common use of the plant earned it another nickname 
of “basketbush.” These berries are high in vitamin C and have earned three-leaf sumac the 
additional nicknames of “sourberry” “lemonade bush” and “lemonade berry.”

Source: https://wildaboututah.org/three-leaf-sumac/

Alderleaf Mountain Mahogany - Cercocarpus 
montanus

Family: Rosaceae 
(Rose family) 

Identifying 
Characteristics: 
Evergreen shrub, 
feathery spiraled 
seed heads like pipe 
cleaners. 

Uses:  Tea(bark), tools, pest repellent (leaves) 

Notes: “Peculiar seed heads with a fuzzy tail... 
Assists the plants with propagating themselves, as 
the wind carries the seeds, a few at a time, all winter 
and sets them whirling so that when they land they 
will bore down through the duff and into the bare 
earth.”

Useful Native Plants of Four-Corners Country

Photo source: Wikipedia
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Cliff fendlerbush - Fendlera rupicola

Family: Hydrangaceae (Hydrangea Family)

Identifying Characteristics: Deciduous shrub. Blooms similar to 
mockoranges, seed pod is a pointed little capsule that hangs on for a 
year, pointing straight up. 

Uses: Tools

Notes: “Much valued for its slim, straight stems which would make 
excellent arrows or other tools. I have found, hidden away back in 
a dry crack in the back of an overhang, a nicely wrapped bundle of 
stems  from this plant all ready, when needed, to make arrowshafts.”

Utah serviceberry - Amelanchier 
utahensis

Family: Rosaceae (Rose family) 

Identifying Characteristics: Common deciduous shrub 3-13’. 
Terminal clusters of white flowers have 5 narrow petals, 12-20 
stamens. Leaves narrowly oblong, the top half to two-thirds toothed; 
furry beneath when young, becoming smooth with age (may remain 
furry along veins). Broadly oval leaves remaining furry underneath 
when mature. 

Uses: Edible, Medicinal, Wildlife

Notes: “Great shrub for native gardens.” 
A less tasty blueberry - juiciness and flavors improve with wetter late 
summer monsoons.  

Photo source: U.S. Forest Service

Photo source: USDA Plants
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Rabbitbrush - Ericameria nauseosus

Family: Asteraceae (Sunflower family) 

Identifying Characteristics: Aromatic deciduous shrub up to 4 
ft. locally. Erect branches give rounded appearance. Deep, often 
branching taproot. Golden-yellow flower heads of 5 perfect disc 
florets; in large terminal clusters. Many subspecies. 

Uses: Dye, Medicinal, Revegetation, Wildlife 

Notes: “Used for the production of natural rubber, contains 
hydrocarbon resins that are potential insecticides and fungicides... 
Livestock has been poisoned in California by common 
rabbitbrush”

Narrowleaf Yucca - Yucca 
angustissima

Family: Agavaceae (Agave family)

Identifying Characteristics: Herbaceous 
perennial, fairly common with narrow 
simple leaves, sharp at the tip. 

Uses: Soap(roots), food(stalk)

Notes: “The pronuba moth and yucca have 
co-evolved together... The moth is the one 
insect who can pollinate yucca blooms. While 
in each flower the moth lays eggs and as they 
hatch they form little grubs that bore down through the primitive stack 
of seeds as they eat.” 

“Young flower stalk looks much like a giant stalk of asparagus and taste 
much like it too. Later the crisp , white petals of the tulip-like flowers 
were tasty raw, and could be fried.”
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Plant Index

Mormon Tea(Brigham tea)
 - Ephedra 
Family: Ephedraceae

Identifying Characteristics: No 
apparent leaves, looks like a 
bundle of green sticks

Uses: Tea

Notes: “If enough sugar and 
lemon are added to the tea it is 
quite palatable...”
- Chemicals derived from this plant are used in weight loss 
pharmaceuticals like Ephedrine.

Arrowleaf balsamroot - Balsamorhiza sagittata
Family: Asteraceae (Sunflower family)

Identifying Characteristics: Common, long-
lived herb. 9-24 in. Bright yellow, sunflower-
like heads on leafless stems; large, arrow 
shaped basal leaves, silver-gray, dense 
covering of fine white hairs. Opposite stem 
leaves. 

Uses: Edible, Medicinal, Wildlife 

Notes: “Pre-emergent shoots, roots and seed 
are edible... Peeled flower budstalks taste pleasantly nutty, raw or 
roasted, and the fruits can be roasted and powdered, hull and all. With 
chemical properties similar to echinacea, balsamroot is considered a 
mild stimulant to the immune system. “

Photo source: Permies.com

Photo source: Wild Utah
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Broom Snakeweed- Gutierrezia sarothrae

Family: Asteraceae (Sunflower family)

Identifying Characteristics: 
Fairly common. Shrubby 
herbaceous perennial, broom-
like bunches 4-28 in. Herb-like 
stems emerge from woody 
roots, crowns and bases. Tiny 
yellow flower heads with only 
4-12 flowers of both ray and 
disc florets. Thrives in dry, 
well-drained soil. 

Uses: Medicinal, Wildlife

Notes: “Native plant that grows well on disturbed sites, this species 
is valuable for stabilizing soil and preventing erosion. High densities 
of broom snakeweed can occur in pastures because it is rarely grazed 
by livestock.” 

Common Lupine - Lupinus argenteus

Family: Fabaceae (Legume family)

Identifying Characteristics: Common, 
branched herbaceous perennial. Leaves 
palmately compound (arranged like wheel 
spokes), with short, stiff hairs beneath. 
Leaf petioles close to same length. Very 
pale to deep blue, pea-like flowers ar-
ranged in loose spike-like racemes. 

Uses: Garden, nitrogen fixation 

Notes: My personal favorite flower - the name Lupine comes from 
the Latin Lupus, meaning wolf. Lupine hosts rhizobium, root bacteria 
which “fix” nitrogen from the atmosphere to make it available to sur-
rounding plants. An excellent ornamental perennial that fosters fertility 
in the soil. 
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Indian paintbrush - Castilleja spp. 

Family: Scrophulariaceae (Snapdragon or Foxglove Family - 
Paintbrush Group, subset of Snapdragon family)

Identifying Characteristics: Common herbaceous perennial, usually 
branched 18-36 in. Scarlet bracts often less conspicuous than the scarlet, 
finely haired calyx and more deeply cut in front than in the back. Upper 
leaves divided into 3 very narrow lobes, lower leaves linear, all with 1 
main vein;bracts usually deeply lobed. 

Uses: Edible, Medicinal, Wildlife

Notes: “Although capable of making the majority of their food through 
photosynthesis, paintbrushes maintain hemiparasistic connections with 
lupine, sagebrush and members of the sunflower family - a trait that 
makes it possible for them to survive drought and extend their normal 
range.”

Indian ricegrass - Oryzopsis 
hymenoides

Family: Poaceae (Grass family)

Identifying Characteristics: 
Common. Clumping, round seed 
at the end. One foot or more high 
with a quite loose head and grass 
blades coming from the ground.

Uses: Food

Notes: “They would pound out the ripe seed in a container, partly 
grinding it and mix with other flours or cornmeal to make mush or 
bread.” 

Photo source: U.S. Forest Service

Photo source: USDA Plants
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Locoweed - Oxytropis lambertii

Family: Fabaceae (Legume family)

Identifying Characteristics: Fairly 
common. Up to 12 in. Silky-hairy tuft-
ed plant. Inch-long flowers, bright 
rose-purple or fuchsia, with sharply 
pointed keel. Leaves pinnate, basal; 
tipped with leaflet, not tendril. 

Uses: Poisonous

Notes: “The toxicity, which comes 
partly from the selenium in the soil, 
does not seem to affect wildlife, and 
Navajo people made a tea from the 
plant to treat constipation.”

Scarlet Gilia - Ipmopsis aggregata 

Family: Polemoniaceae (Phlox family)

Identifying Characteristics: 
Common, herbaceous monocarpic 
perennial, 6-21 in. Trumpet-shaped, 
rich red to red-orange or pink 
flowers, often speckled on flower’s 
face. Leaves grow in a basal rosette 
and along furry stem, are finely 
dissected and covered with miniscule 
silvery glands. 

Uses: Garden, Medicinal, Wildlife 

Notes: “Navajo people prepared a tea of dried gilia leaves as a remedy 
for stomach problems, while both Navajos and Hopis swallowed a leaf 
extract to ensure good luck in hunting. Sowing and lightly raking seeds 
of scarlet gilia into your native plant garden in the fall will produce a 
profusion of color in the second or third year.” 

Photo source: https://www.growiser.net/
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Cacti- Opuntia spp.

Family: Cactaceae (Cactus Family)

Identifying Characteristics: Fairly common, wide, flat, “mouse-ear” pads. Purple-red fruits. Many 
small spines.

Uses: Food, Medicine

Notes: 
“Pricklypear species interbreed, resulting in many different varieties. Potato cactus is easily 
recognized by the shape of the pads and the bright yellow of the flowers. Fleshy parts of all 
Opuntia species are edible raw or cooked with special preparation. Big spines can be burned off, 
but tiny hair-like ones are hard to remove. A slit in the pad allows 
the outer skin to be pulled back, revealing a gel-like interior, similar 
to an aloe vera and with the same sooth qualities for bruised, 
burned or injured skin.”

-Wild at Heart Field Guide
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Lichens
Bright colors dot the exposed rock of southeast 
Utah. These splotches are living species of lichen, 
often hundreds to thousands of years old. Lichen 
can live on bare rock, bark, wood, soil, plants, 
and even animals. Approximately 40,000 species 
of lichen grow worldwide, from the high deserts 
of the Colorado Plateau to rain forests and the 
arctic.

Composition
Lichen is often described as an ecosystem rather 
than an individual organism, because lichen 

is actually a partnership of two organisms: fungi and algae (either green algae or 
cyanobacteria, sometimes both). Lichen is more durable than either fungi or algae 
alone.

Fungi surround the algae and provide a buffer against weather. Fungi extract 
nutrients from soil and rock, as well as absorbing water from rain, fog, or dust. 
Algae make carbohydrates using photosynthesis.

Common Types
Unlike other plants, lichen lacks true roots, leaves, and stems. Instead, lichen has 
a body called a thallus. These thalli have three common types: flattened crustose 
lichens, foliose lichens, and fructose lichens.

Flattened crustose lichens are most common and tightly attached to the surface 
they live in. You cannot remove flattened crustose lichens without destroying them. 

Foliose lichens have a leafy body that protrudes from the surface; they look a little 
like lettuce. About a third of lichen species in southeast Utah are foliose lichens. 
Fructose lichens are shrubby, with branching bodies or bodies that dangle in long 

strands. Only four percent of lichens in southeast Utah are fructose lichens.

Surviving in the Desert
Lichen can live for several thousand years, often growing less than a millimeter a 
year. They can survive the extreme high and low temperatures of southeast Utah. 
During drought conditions, lichen goes dormant, but quickly springs back to life 
when water becomes available. Lichen is often seen growing on top of biological 
soil crust.

Color
Lichen can range in color from black to white, yellow to green to red. Color may be 
determined by water content, age, sunlight, and the surface the lichen lives on.

Significance
Lichens are an important species in southeast 
Utah. They help vascular plants grow and 
provide organic material for soil. Lichens are 
also a source of food and nesting material 
for many animals. Scientists monitor the 
environment using lichens, which are sensitive 
indicators of air quality and ecosystem 
continuity.

Source: https://www.nps.gov/articles/seug-
lichens.htm
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In the Colorado Plateau’s high desert, the winding canyons, curving arches, and ancient dwellings draw the eye. But eyes turned 
downward will notice that most of this place is covered in bumpy, clumpy, blackened soil. This soil may just be more fascinating and 

more important than any other desert feature. This dirt is alive!

What is biological soil crust?
Biological soil crust is just what the name describes 
– a living soil that creates a crust over the landscape. 
Biological soil crust is found throughout the world, 
from the Colorado Plateau’s high desert to the arctic! 
In many places, soil crust comprises over 70 percent 
of all living ground cover. The knobby, black crust 
here includes lichen, mosses, green algae, microfungi, 
and bacteria, but is dominated by cyanobacteria.

Cyanobacteria, also called green-blue algae, are 
one of the oldest known life forms. We believe 
that cyanobacteria were among the first organisms 
to colonize Earth's early land masses and played 
an important part in forming Earth’s early soils. 
Extremely thick mats of cyanobacteria converted the 
earth's original carbon dioxide-rich atmosphere into 
one rich in oxygen and capable of sustaining life.

In biological soil crust, cyanobacteria are dormant 
when dry. When wet, they move through the soil, 
leaving behind sticky fibers that form an intricate 
web. These fibers join soil particles together, creating 
a thick layer of soil that’s resistant to erosion. This 
layer acts like a sponge, absorbing and storing water. 
Over time, lichen, moss, and other organisms grow 
onto the soil as well. Together, these organisms create 
a continuous living crust.

Young crusts are flat and brown and look like bare 
earth. The bumpy, black crusts - sometimes sprinkled 
with lighter lichen or moss – are mature. Some crusts 
can be thousands of years old!

Protector of the Desert
Biological soil crust has helped shape today's high 
desert. Soil crust helps control erosion by keeping 
soil stuck together in one continuous crust. Sediment 
doesn’t wash away in the rain or blow away in the 
wind. This is why the Colorado Plateau’s high desert 
isn’t covered in loose sandy dunes.

Soil crust also holds and retains water. Plant roots 
tap into this spongy crust to survive dryer and hotter 
conditions. It also promotes plant life by taking 
nitrogen from the air and changing it to a kind of 
nitrogen plants need.

Without these effects, animals, and even humans, 
would not be able to survive well in the desert.

Damaged soil crust may take centuries to recover, if ever. Help us protect this fragile, but crucial, life by 
remaining on designated roads, routes, and trails at all times.

Look where you Step
Unfortunately, humans can destroy soil crust and often do so without meaning to. Vehicle tracks, bicycles, 
and footprints are extremely harmful – even a single footprint can kill the soil crust immediately below. 
Continuous pressure can break up the crust. Then, rain or wind can scatter the pieces.

Impacted areas may never fully recover. Under the best circumstances, a thin veneer of biological soil may 
return in five to seven years. Mature crusts can take 50 years to strengthen. Lichens and mosses may take 
hundreds of years to recover.

Help us protect this fragile, but crucial, life by remaining on designated roads, routes, and trails at all 
times. Where hiking trails are not established, hike in sandy washes or on bare rock.Source: https://www.nps.gov/articles/seug-soil-crust.htm

Crypto-Biotic Soils

Photo Credit: Wildaboututah.org

Photo Credit: William Mullins
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• Riparian areas help control non-point source pollution 
by holding and using nutrients and reducing sediment.

• Riparian areas are often important for the recreation 
and scenic values. However, because riparian areas 
are relatively small and occur in conjunction with 
watercourses, they are vulnerable to severe alteration 
and damages caused by people.

• Riparian areas supply food, cover, and water for a 
large diversity of animals and serve as migration routes 
and stopping points between habitats for a variety of 
wildlife.

• Trees and grasses in riparian areas stabilize streambanks 
and reduce floodwater velocity, resulting in reduced 
downstream flood peaks.

• Alluvial aquifers help maintain the base flow in many 
rivers in humid areas because of high water tables. In 
drier climates, streams lose water that can help build up 
the water table deep beneath the stream.

Source: https://www.nrcs.usda.gov/wps/portal/nrcs/
detail/national/technical/?cid=nrcs143_014199

Riparian Area Overview
Photos courtesy of: Forrest Sloan Wright
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Chokecherry - Prunus 
virginiana 

Family: Rosaceae 
(Rose Family) 

Identifying 
Characteristics:

Uses: Food, Poison 
(leaves), Dye(roots), 
tools

Notes: “Can be canned as is or mixed with apples 
or made into jelly or juice. They add color and 
flavor to other fruits. The puckery taste is largely 
lost with cooking. Native Americans would gather 
chokecherries when they were plentiful and grind 
them up, seeds and all, dry them and use them to 
mix with their “pemmican”. 

Cottonwood - Populus sp.

Family: Populus (Poplar family)

Identifying Characteristics: Grows in riparian zones, 
along streambanks and colonizes sandbars. Deciduous 
tree up to 60’. Trunk may exceed 30’ diameter. Bark 
yellowish-green to grayish-brown; smooth on young 
trees, becoming furrowed into broad, flat ridges with 
age. Buds can be somewhat sticky. Male(staminant) 
and female (pistillate) flowers on separate trees, both 
in pendant catkins. Alternate leaves, simple, lanceolate 
to ovate-lanceolate, rounded at base; hairless or nearly 
so with glandular-toothed margins; dark green above, 
slightly paler beneath. Petioles about 1/3 in. long as 
blade, flattened at base. Lives 100-200 years. 

Uses: Garden, Wildlife

Notes: “Cottonwoods leaf out early along streambanks, 
covering valley bottoms with clouds of soft lime green, an eagerly awaited sign that spring 
has arrived. Peak river flows usually correspond with the flowering of cottonwoods, while 
the drop in the river flow happens as clouds of the fluffy seeds are released, providing 
them with wet sand or newly deposited soil for germination.” 

Photo courtesy of: Forrest Sloan Wright

Photo courtesy of: Solstice Sown Designs
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Alder - Alnus incana 

Family: Betulaceae (Birch family)

Identifying 
Characteristics: Found 
along streambanks in 
wet,well-drained soils. 
Common deciduous multi-
trunked shrub reaching 
16’. Mature female catkins 
resemble miniature pine 
cones; seeds are barely 
winged and solitary inside 
each “cone” scale. Pollen 
spread by wind. Wrinkled, 
wavy-edged leaves have double-toothed margins and appear dark 
green above and yellow-green on fuzzy undersides. 

Uses: Edible, Medicinal, Wildlife 
Notes: “Powdered birch bark was used by the Navajo people as a red 
dye and leaf tea”
“Alders are important to the ecology of river bank soils. Their roots 
contain bacteria that combine nitrogen with oxygen from the air, 
making it available for other plants. Decaying leaves also contribute 
nitrogen to the soil... Alders flowering catkins are edible and high in 
protein, but not very tasty, so best eaten only in an emergency. 

Dogwood - Cornus stolonifera 

Family: Cornaceae  (Dog-
wood Family)

Identifying Characteristics: 
Common deciduous spread-
ing shrub in moist soil of 
streambanks, swamps, and 
low-meadows. Bright red 
bark, creamy white flower 
clusters. Opposite, broad, 
lance-shaped leaves with 
parallel veins converging to-
ward the tip; veins exude la-
tex substance. 

Uses: Garden, Medicinal, 
Wildlife 

Notes: “Beautiful red bark... Provide valuable food, resting and nesting 
sites for wildlife. The berries resist rot due to their low-sugar content, 
provide long-lasting food for winter.” 

Photo Credit: Selectree.calpoly.edu

Photo Credit: Coldstreamfarm.net
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Evening Primrose  - Oenothera caespitosa 
Family: Onagraceae 
(Evening Primrose 
Family)

Identifying 
Characteristics: Rosette of 
lance-shaped basal leaves, 
perhaps slight toothed 
or lobed. Large stemless white flowers turn 
pale pink upon withering. Thick woody roots. 
Common evening primrose (O. villosa) is a tall, 
non-native yellow-flowered species up to 36 
in.; unlobed leaves; grows along roadsides. 

Uses: Edible, Medicinal

Notes: “Flourishes in warm sunny soil, 
especially, clay. As dusk deepens, the 
shimmering white flowers seem to glow from 
within. Having just opened, they will emit a 
delicate, sweet fragrance until noon the next 
day, enticing mostly long-tongued moths to 
seek the sweet nectar... Thick roots can be 
cooked as emergency food.” 

Riparian - Plant Index

Cattail - Typha latifolia

Family: Typhaceae (Cattail family) 

Identifying Characteristics: Common. 3-10 ft. Coarse creeping 
rhizomes, cylindrical pithy stems. Long, bright green, flat 
leaves, usually greater than 0.4 in wide. Parallel veined leaves 
indicate close relationship with other monocots like grasses, 
rushes and sedges. Male (top) and female flower spikes (below) 
packed tightly together on the stem, differing from less common 
narrow-leaf cattail (T. angustifolia), which has at least 2.5 in. 
separation between the two. Narrowleaf also has narrower 
leaves and early spring flowers with hairy bracts.

Uses: Food, Medicine, Insulation, Wildlife

Notes: “One of the most useful and versatile plants... Its dor-
mant, new root sprouts were about the size of your thumb and were crisp and tasty, being al-
most pure starch and edible, raw or cooked. Later when these sprouts had grown into new stems 
the remaining roots could have starch distilled out of them. The Greeks used the starch parts 
mixed with goose or hog grease to treat burns. The young seed heads when they are pencil size 
can be eaten like asparagus. The pollen of bloom heads can be mixed with cornmeal for a new 
taste effect. The old cattail stems and leaves make one of the best insulation materials. Farm-
ers have learned to use them to weave insulation mats to cover hot beds (compost). The leaves 
are full of tiny air pockets making them ideal for insulation. The fluffed out fuzz from the seed 
heads makes fine insulation to stuff jackets and vests...Nesting places for many birds.”
- Useful Native Plants of the Four-Corners States, George W. Kelly
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Water hemlock - Cicuta maculata var. 
angustifolia  

Family: Apiaceae (Parsley family)

Identifying Characteristics: Fairly common. 
Extremely poisonous, coarse herb 1.5 -6 ft. 
Hollow stems rise from a thickened, internally 
chambered base. Leaves similar to angelica’s. 
Leaflets lance-shaped and sharply toothed, 
arranged opposite each other on midrib. 
Very important distinguishing characteristic: 
secondary veins appear to end in notches 
between the teeth on leaf margins. A small fork sometimes extends into 
tooth. Oily yellow sap has unpleasant odor. 

Uses: Poisonous
Notes: “ Water hemlock retains the dubious honor of being the most 
poisonous plant in North America. A piece of its root the size of a 
marble can kill an adult in fifteen minutes and children have been 
poisoned when attempting to use the stems as pea shooters... “Leaf vein 
to the tip, all is hip. Leaf vein to the cut, pain in the gut.” 

Horsetail aka Scouring Rush - 
Equisetum arvense

Family: Equisetaceae (Horsetail family)

Identifying Characteristics: Common height 2-24”. Simple brown 
fertile stem is unbranched, topped with 
cone-like reproductive structure containing 
spores; dies after spores release. Only bushy 
green sterile stems remain, resembling a 
horse’s tail. Stems are jointed and hollow. 

Uses: Medicinal, Wildlife, Tools 

Notes: “Miniature forests of bushy horse-
tail stems look soft and green, but the il-
lusion quickly vanishes when you rub the 
silica-laden branches between your fingers. 
The high content of this scratchy miner-
al made this plant useful to pioneers for scouring cooking pots and 
utensils and to Native Americans for polishing pipes, bows and ar-
rows. Europeans also used horsetail in place of fine steel wool for the 
fine sanding and polishing of new furniture. Today, herbal pharma-
cologists tout the horsetail as one of nature’s richest sources of silicon 
in a form easily assimilated by the body.”Wild at Heart Field Guide

Photo Credit: oregonstate.edu

Photo Credit: Montrose press
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 Wild Iris - Iris missou-
riensis 

Family: Iridaceae (Iris 
Family)

Identifying Characteris-
tics: Found in wet mead-
ows, streambanks and 
seeps. Fairly common 8-10 
in. Ornate flowers with 
3 petal-like sepals curving downwards and 3 erect 
petals. Styles have evolved into 3 flattened pet-
al-like structures, furnished with expanded showy 
“crests” curling over the surface of the stigma. 

Uses: Medicinal 

Notes: “Wild Iris was used as a digestive remedy 
by Native Americans and small doses of a tincture 
made from the less toxic dried rhizome are still 
used today. Sores from staph infections have been 
treated with a poultice of the boiled and mashed 
rhizomes and iris-arnica oils are used for bruises.” 

Willows - Salix spp.

Family: Salicaceae (Willow family)

Identifying Characteristics: Soft reds and tawny 
golds of bare winter branches provide welcome 
color against the snowy landscape are the first to 
take on a fresh green blush in spring. Form thickets. 
Spread aggressively by underground stolons and 
suckers, sprouting from even the smallest piece 
of stem, which makes them valuable for erosion 
control. 

Uses: Edible, Medicinal, Revegetation, Wildlife

Notes: “inner bark of all willows has long been recognized as a food by native cultures and 
is considered safe to eat; however, not all species are palatable. According to the Alaska 
cooperative extension service, the leaves contain seven to ten times more vitamin C than 
oranges... Learning “which is which” among local willow species is definitely a challenge”.
 - Wild at Heart Field Guide

Willows are an ideal species for “coppicing”- Coppicing willow has been done for centuries 
to promote the growth of many smaller very vigorous canes.
The process of cutting or pruning all the canes or rods back to the base to promote many 
buds into growth provides basket makers with long whippy slender canes for their craft. 
Coppiced on a regular basis, willow can provide bio mass for heating homes, making 
charcoal for drawing and cooking, as well as for crafts.

Photo Credit: USDA Plants
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Grasses (Poaceae spp.) Sedges (Cyperaceae spp.) and Rushes (Juncaceae)

Notes: “These plants may all look like grasses, but they’re not! Most of usu-
ally overlook grasses, sedges, and rushes, which compared to show wild-
flowers, trees and shrubs, seem mind-bogglingly similar in appearance 
and hard to identify. Despite appearances, these are also flowering plants, 
although the flowers are tiny and inconspicuous. These three families are 
often referred to as the “graminoids”, meaning grass like plants, the com-
mon traits among them being radically small flowers, and parallel veined 
leaves...

Grasses, sedges, and rushes are of great ecological importance in con-
trolling erosion, revegetating disturbed land and providing food and cover 
for wildlife. “
 - Wild at Heart Field Guide

“Sedges have edges, rushes are round, and grasses are hollow 
with nodes up and down,” is an old botanical rhyme that may 

help you remember the main differences between them.

Image Source: Wild at Heart Field Guide
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EcologyWildlife
Birds
A day exploring RoFo Ranch in 
McElmo Canyon can provide 
a rich experience of encounters 
with local fauna. The winter 
mornings are filled with 
chattering from Dark-eyed Juncos 
fluttering along the saltbrush and 
willow along the edges of the 
hayfields. The spring will bring 
with it a migration of Swallows 
instead. Northern Flickers and Hairy Woodpeckers repetitiously tap the bark 
of Cottonwoods browsing for hiding insects. The Western Scrub Jays linger 
in the Juniper branches and Black-Billed Magpies with their beautifully 
colored long tails announce their presence in passing. Bush-tits, Vireos, 
and Canyon Chickadees will curiously greet you if you decide to hike up 
to the top of the canyon bluffs. You may catch sight of the resident Golden 
and Bald Eagles soaring above the Sleeping Ute Mountain. Or you may see 
the small American Kestrel or Prairie Falcon, hunting in the valleys below. 
Down by the creek is home to Spotted Towhees, warblers to come in spring, 
with more hummingbirds, Finches, Sparrows, Robins, Great Blue Herons, 
various waterfowl, and the now rare endangered Southwestern willow 
Flycatcher. At dusk, you may hear Great-Horned Owls and Screech Owls.

Mammals
Sighting mammals is a more rare experience except for the 
trained naturalist, tracker, or hunter. Setting up a wildlife camera 
trap can be a fun way to learn more about the mammals who 
likely call the canyon home.

Prairie Dogs, Mule Deer, Elk, Desert Cottontail, Chipmunks, 
Squirrels, Ringtails, Coyotes, Red Fox, Mountain Lion, Bobcat, 
Badger, Long-tailed Weasel, Mink, Beaver, Muskrat, Voles, 
Moles, Deer mouse, Shrews, Wood Rat, Striped Skunk, Raccoons, 
and more. 

Reptiles
Collared Lizards, Desert Spiny Lizard, Side-blotched Lizard, 
Eastern Fence Lizard, Tree Lizard, Rattlesnake, Bullsnake, Garter 
Snake, and more.

*Seek medical attention 
immediately if bitten by a 
Rattlesnake
*Young Rattlesnakes 
may be more deadly 
as they have not 
yet learned how to 
limit their venom output when biting

Photo Credit: Uncovercolorardo.com
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Part II

Human Context

Regenerative designs should enhance the opportunities for caring, conviviality, 
celebration, and face-to-face democracy... This is because they create the systems 
favorable to neighborliness, community cohesion, and buffering from hardships”

Regenesis Group
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“When the county was established in 1889, the ruins within its borders were thought to be of Aztec 
origin. Thus, Montezuma County is named after the Aztec emperor Montezuma II, and its county seat, 
Cortez, is named after the Spanish conquistador who vanquished him. Most of the county’s ancient 
Native American ruins are located in Mesa Verde National Park in the southeast and Canyons of the 
Ancients National Monument in the west. In addition, Hovenweep National Monument lies just over 
the county’s western border in Utah.”

Ancient Inhabitants
“As early as 2,200 years ago, the Mesa Verde region was inhabited by the Paleo-Indian ancestors of the 
Ancestral Puebloans who would leave their edificial legacy on the cliff sides. By the end of the sixth century 
AD the descendants of those Paleo-Indians, known to archaeologists as Basketmakers on account of their 
proficiency at that craft, began to settle on top of the mesa. Already part-time farmers, they found fertile soils on 
the southern flanks of the flattop where they could grow maize and other crops. They also began exploring the 
mesa’s many deep canyons, and found suitable shelter in stone pockets created by the freezing and thawing of 
the rocks and by water percolating through the mesa’s sandstone cap.

Although life on top of a 7,000-foot mesa without steel tools and other later technology must have been difficult, 
it was probably easier than anywhere else these Basketmakers had lived since they stayed. They built primitive 
dwellings called pithouses, and by the ninth century these had evolved into flat-roofed, multiple-room structures built on top of the mesa, their walls anchored by stone slabs and held 
together by a thick mud mortar.

By the tenth century these Ancestral Puebloans had converted the earlier pithouse design into their famous sandstone kivas—the large, one-room ceremonial structures typical of 
many Puebloan archaeological sites throughout Colorado and the Southwest. Ancestral Puebloans did not transfer these structural designs to the famous cliff sides until about the mid-
thirteenth century, when some event—climatic, cultural, or likely both—prompted the hasty construction of houses and kivas in the canyon alcoves.

Mesa Verde’s most famous and most photographed structure, the Cliff Palace, was finished sometime between 1260 and 1280, before a twenty-five-year drought decimated the food 
supply and possibly prompted the mass exodus from the mesa. By 1300 the Ancestral Puebloans had disappeared from the region. Although the drought certainly played a large role 
in the abandonment, it is still not entirely clear what combination of events in the late thirteenth century forced the Ancestral Puebloans to leave Mesa Verde.”

Learn more at: https://coloradoencyclopedia.org/article/montezuma-county



49

Anthropology

Utes
Ute peoples were present in the 
Four Corners region by 1300, and 
by 1500 southwest Colorado was 
occupied by a band of Utes called 
the Weenuche: the “long time ago 
people.” Although the Weenuche came 
to be the most dominant group, other 
groups of Utes—such as the Muache 
and Capote—as well as Navajo and 
Southern Paiute people also frequented 
the Four Corners area.

The Utes lived off the natural 
resources of Colorado’s mountains 
and river valleys, hunting elk, deer, 
jackrabbit, and other game. They 
also gathered a wide assortment of 
wild berries and roots, including the 
versatile yucca root. In the summer 
they followed game high into the San 
Juan Mountains, and in the winter 
they followed the animals back to the 
shelter of the lower river valleys, such 
as the Dolores.

Spanish Era
By the early seventeenth century, the northern frontier of New Spain pressed up 
against the lands of the Weenuche and other Utes in southwestern Colorado. The Utes’ 
relationship with the Spaniards was one of alternate raiding and trading. As early as 
1640 they had acquired horses from their European neighbors to the south. Horses 
allowed the Utes, who were already accustomed to ranging across vast territories, to 
cover even more ground in search of trade or larger populations of game such as buffalo. 
The horse also increased the value of river valleys, as Ute ponies could find ample forage 
there in winter.
Official Spanish exploration of the Montezuma County area began with the expedition of 
Juan de Rivera in 1765. Rivera’s mission was to have the Utes guide him to the Colorado 
River—then known as the Río del Tizón—and investigate rumors of silver deposits in the 
mountains.

In the summer of 1765 Rivera’s expedition reached the Dolores River near present-day 
Dolores, but Utes there warned him not to proceed any farther until the fall, when cooler 
weather prevailed. Rivera’s group headed back to New Mexico. In the fall Rivera again 
crossed the Montezuma County area on his way to the Dolores River.

Rivera’s expedition carved out a route for future traders and explorers. In July 1776, the 
Spanish friars Silvestre Escalante and Francisco Domínguez were dispatched to find an 
overland passage from Santa Fé to Monterey, California. After following Rivera’s old 
route through present-day Archuleta, La Plata, Montezuma, Dolores, and San Miguel 
Counties, Dominguez and Escalante pushed northeast into the Gunnison Valley and then 
northwest into Utah. In October a punishing blizzard forced them back to Santa Fé.

They had not found passage to Monterey, but Domínguez and Escalante had pushed 
farther into western Colorado than any other Spanish explorer. They were also the first 
Europeans to document the Mesa Verde region in 1776.

Explorers, Farmers, and Ranchers
The Montezuma County area belonged to 
Mexico after it won independence from Spain 
in 1821, but was ceded to the United States 
after the Mexican-American War (1846–48). In 
1859 an American expedition led by Captain 
John Macomb left Santa Fé and crossed the 
northern part of present-day Montezuma 
County. Macomb sought to map a railroad or 
wagon route through southwest Colorado, 
but found the terrain too difficult for practical 
construction of either. His expedition was 
the last official US military exploration of 
southwest Colorado.

The years after 1876 saw increased migration 
of Hispano ranchers and farmers from New 
Mexico into present-day Montezuma County. 
Most of these migrants opposed the opening 
of Ute lands to Americans, as they feared 
it would increase Anglo dominance of the 
area. Colorado historian William Wyckoff 
notes that “many Ute babies had Hispano 
baptismal godparents, and relations between 
the two groups were cordial.” The continued 
presence of Anglo-American, Hispano, and 
Native Americans led to the development 
of a rich cultural mosaic that persists to the 
present.

Peoples History Continued
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The US government brokered a treaty with Utes in 1868 that left the Native Americans a huge reservation encompassing nearly the entire western third of Colorado. But against the 
wishes of both the government and the Utes, prospectors soon filtered into the San Juans northeast of present-day Montezuma County. A few successful strikes in the mountains in the 
early 1870s led to the Brunot Agreement in 1873.

Under the agreement, the Ute leader Ouray agreed to cede the San Juan 
Mountains, including the eastern part of present-day Montezuma County, 
to the United States. The agreement also established the Southern Ute Indian 
Reservation south of the ceded territory for the Weenuche, Capote, and 
Muache Utes. 

Later, the Dawes Act of 1887 directed that reservation land be allotted 
to individual tribal members, but many Weenuches rejected the idea of 
allotment and preferred one large reservation. To that end, in 1895 the 
government established the Ute Mountain Ute Reservation out of the 
western edge of the Southern Ute Reservation. Weenuche Utes began 
settling the reservation in 1897, and they gained federal recognition as the 
Ute Mountain Ute Tribe in 1915.

Tension between whites and Utes in Montezuma County persisted despite 
the reservations. One common source of conflict was the tendency of 
white ranchers’ herds to stray onto the reservation. In addition, the federal 
government proved unreliable in furnishing supplies promised to the Utes 
in earlier treaties, so some Utes left the reservation to hunt. White ranchers 
often accused Utes of killing their cattle and committing other crimes. These 
tensions sometimes resulted in violence, such as when Utes killed at least a 
dozen ranchers in the spring of 1881, or when whites murdered a group of 
Utes at a campsite along Beaver Creek in 1885. That same year Weenuches 
burned the Genthner home on Totten Lake, near Cortez, and killed the 
family patriarch, though his wife and six children survived. Sporadic violence continued until the last major conflict in 1915, which left several Utes and members of a joint Anglo-
American-Mexican posse dead.

Despite these conflicts, Utes and non-native residents managed to coexist peacefully in Montezuma County after the turn of the century. In the first third of the twentieth century, many 
Utes found employment as cowboys or farmers. Today, the Ute Mountain Ute Tribe hosts guided tours of their homeland for visitors.

Sleeping Ute Montain at Sunset - Photo taken from Mancos State Park by Michael McMillan

Ute Mountain Ute Reservation
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The first permanent white residents in Montezuma County were miners who explored 
the Mancos Valley on the heels of the Brunot Agreement. In 1873 a small and bankrupt 
mining party consisting of Almarion Root, Alex K. Fleming, Robert Jones, and Henry 
Lightner found a deposit that would become the site of the Comstock Mine in the La 
Plata Mountains. The party was fortunate to run into Captain John Moss, who was 
scouting Colorado mining ventures for wealthy San Francisco bankers. Moss took some 
samples from the Root party’s find, which impressed his California sponsor.

Moss returned from San Francisco with his own party in July, finding and naming the 
Montezuma Valley. By July 1874, Moss had found an agreeable settlement site on the 
fertile lands of the Mancos Valley, and he decided to set up a town that could support 
mining operations in the mountains. The town of Mancos was incorporated in 1894. More 
white settlers arrived in the Mancos community over the next few years, and in 1877 the 
first settlers arrived in the Dolores River valley.

Montezuma County was carved from the western portion of La Plata County in 1889. A little more than a year later, the Rio Grande & 
Southern Railroad connected Mancos and Dolores, providing an important boost to the county economy.

In 1886 the town of Cortez was laid out by M. J. Mack, an engineer for the Montezuma Valley Water Supply Company. Construction on 
the town’s main irrigation ditch, which took water from the Dolores River, continued into 1887; in the meantime, the town’s first residents 
had to haul in their own barrels of water on wagons. On July 4, 1890, the first flowing water supplied the town’s few residences via a 
forty-foot flume.

By the late nineteenth century, ranching was the dominant economic activity in Montezuma County; nearly every homesteader had a 
cattle herd, and there were thousands of cattle ranging across the river valleys. Ranchers had also driven Native Americans off of grassy 
flattops such as Mesa Verde; in 1888 rancher Richard Wetherill discovered the Cliff Palace while chasing some of his herd.

Montezuma County’s ranching economy faded in the early twentieth century, however, as the amount of irrigated farmland increased 
and the creation of national parks and forest reserves reduced the amount of available grazing land. Spruce Tree House at Mesa Verde 

National Park
Image by Ken Lund

Cliff Palace at Mesa Verde National Park image by John Fowler

County Establishment
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At the turn of the century, the county’s economy began a transition from ranching to 
farming. The amount of irrigated land increased from 2,122 acres in 1889 to 27,176 acres in 
1909, while the number of farms grew from 261 in 1900 to 1,004 in 1910. Apple and peach 
orchards sprang up to the north and west of Cortez, in Lebanon and McElmo Canyon. 
McElmo Canyon peaches even took home awards at the 1904 St. Louis World’s Fair.

Cortez continued to grow in the early twentieth century. In 1908 the Clifton Hotel burned 
down, and owner Johnny Brown and his wife rebuilt it as the Brown Palace Hotel, which 
still operates today. By 1910 the town had 565 residents.

Construction of the county’s first major road, a highway that ran from Durango to 
Mancos, began in 1913 and was complete by 1919. By the 1920s Montezuma County 
had a population of about 7,000 and boasted more than 40,000 acres of irrigated land. Its 
agricultural bounty included alfalfa, corn, wheat, pears, cherries, apples, peaches, sheep, 
and cattle for beef and dairy.

To prevent the exploitation of timber and grass reserves, President Theodore Roosevelt 
created the San Juan Forest Reserve—along with many other reserves in Colorado—
in 1905. The government also created Mesa Verde National Park in 1906, Hovenweep 
National Monument in 1919, and Yucca House National Monument in 1923, bringing 
more of the county’s land under federal management. Mesa Verde National Park was 
expanded in 1911 via a land exchange with the Weenuche so it would include more of 
the famous cliff dwellings. County farmers largely supported the creation of new federal 
lands because it preserved their water supply; ranchers, however, viciously opposed these 
developments because they curtailed the amount of grazing land.

Along with the rest of the country, Montezuma County suffered during the Great 
Depression (1929–39), as production of nearly every agricultural commodity dropped 
sharply. After World War II, the county’s farms rebounded, and the economy added the 
new pillars of tourism and energy extraction. Spurred on by the uptick in automobile 
ownership, the number of visitors to Mesa Verde National Park more than tripled between 
1941 and 1953. Major oil strikes west of Pleasant View in 1948 and in nearby Aneth, 

Utah, in 1956 turned Cortez into a prominent supply center for the oil industry. Uranium 
prospecting also funneled money into Cortez during the 1950s.

The local oil and uranium industries spurred significant development in Cortez. The 
city got a new hospital in 1948. Main Street was paved in 1951, followed by several other 
streets in 1953–54. Two new elementary schools were added in 1950 and 1955. The first 
commercial planes arrived in the 1950s, and the first broadcast from the new local radio 
station, KVFC, hit the airwaves in 1955. With the energy industries fueling development, 
Cortez’s population grew from 2,680 in 1950 to 6,764 1960, an increase of more than 150 
percent.

The energy boom of the 1950s went bust in the 1960s, and Montezuma County became 
even more dependent on tourism. In 1992, the state designated Montezuma County as one 
of its Enterprise Zones—economically underdeveloped areas where businesses can receive 
tax breaks just for setting up shop. This allowed Montezuma County businesses to claim 
more than $7 million in tax credits and create 1,677 jobs between 1992 and 2013.

In the 1980s, the federal Bureau of Reclamation began building McPhee Reservoir on the 
Dolores River. When the project was completed in 1995, it irrigated an additional 35,000 
acres, 7,500 of which lay on the Ute Mountain reservation. The reservoir also provides 
Towaoc, Cortez, and Dolores with a long-term water supply.

Today
The federal government established Canyons of the Ancients National Monument in 
western Montezuma County in 2000, which brought the amount of land under federal 
management to about one-third of the county’s total. Tourism remains the main driver of 
the county economy, although the market value of its agricultural products has increased 
in recent years. 

Learn more at: https://coloradoencyclopedia.org/article/montezuma-county

Twentieth Century
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Learn more at: https://native-land.ca/

Ancestral Tribal Lands

“The Weeminuche Band inhabited the 
land along the western flank of the Rocky 
Mountains in the area of the present states of 
Utah, Colorado, Arizona, and New Mexico. 
Weeminuche homelands included all the 
lands that they normally protected and 
regularly traveled through. Weeminuche 
lands extended north of the San Juan River 
in what is now New Mexico and Utah to the 
San Miguel River in Colorado and the La Sal 
Mountains in Utah (Ute Mountain Ute Tribe, 
1985). The Continental Divide bounded their 
eastern range, and the Abajo Mountains in 
Utah marked their western boundary. These 
lines were vague in definite limits and bands 
of Utes and other tribes shared border areas. 
Ancestors of the Allen Canyon White Mesa 
Utes and Paiutes lived in the western part of 
Weeminuche territory in what is now eastern 
Utah and Arizona.”

The majority of the reservation consist of lands 
about 553,008 acres in Montezuma and La Plata 
Counties, Colorado and San Juan County, New 
Mexico.

Learn more: http://www.utemountainutetribe.com/
Land as Pedagogy
“How do we think about the land that we live on? When we think about land, we often see it as a large body that exists to host our needs as people, animals, and plants. It 
provides us resources that give us nourishment, and in turn we create our own ecosystems that revolve around it. In the ever-evolving conversation on environmentalism, 
the land is seen as something that must be protected and cared for; otherwise, there will be no more resources left. In Indigenous teachings, the relationship between 
humans and the land has always been discussed, as Indigenous people hold the land up as both a living being and as a teacher. ‘Living lightly’ on the land has always 
been emphasized as a means of minimizing environmental impact and ensuring a continued quality of life for future generations to come. Looking at the land from an 
Indigenous perspective means understanding that the land is a living being; this understanding both gives us insight into and increases our awareness of how we treat 
and interact with the land. From a classroom perspective, using the land as a teacher allows us to breathe life into the maps that we look at, as well as imagine the land 
that we live on in new and creative ways.  “

Towaoc means 
“Thank you” 

in Ute language
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% People of Color

Notice how the census data is recorded over the past twenty years. The recorded scales of 
percentage of White populations as compared to American Indian Population  is vastly 
different. The highest percentage areas (dark purple) of American Indian populations 

ranges from in the 50s ~ 11,000 and over the years decreases to ~9,000. Whereas the 
densest White populations range from ~5,000 - over 40,000.

Learn more and explore data at: https://ejscreen.epa.gov/mapper/
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Our vision is a mini version of Big Little Farm mixed with a summer camp vibe for friends and family. The development for people is limited to 
the base of the cliffs. For the fields, we hope to have more crop diversity than the hay that is there right now. A small, flourishing orchard with lots 
of heirloom varieties. Owls, bees and other animals that help bring the ecology back into balance (we have a lot of prairie dogs and marmots right 
now)  As for making money, we’d love the farm to cash flow and are open to a variety of ways we might do that. We love the idea of being able to 

grow food for the neighboring communities and the Cortez Sharehouse too.
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• Create a habitat where (edible and contributory) 
plants, animals, and humans all thrive and play 

important roles together. Where we are not ‘master’ 
farmers, but play a role in a natural system.

• Contribute to healthier soil (create biodiversity, etc), 
air (via carbon capture?), and water (use wisely and 

reduce reliance on city water/irrigation water).
• Stabilize hillsides and mitigate runoff and erosion

• Wildlife Habitat and Corridors

Challenges
• Success depends on experience and timely management

• Long-term commitment
• Increased complexity
• Financial investment

• Detailed record keeping

Risks
• Disease outbreaks and pests

• Soil fertility loss
• Crop loss

• Skilled labor
• Establishing markets

• Consider community connections and 
equitable contributions (community 

food sovereignty, school/farm 
interests, and education).

• Scalable over time with a “master 
plan” we can implement in stages  - 
Infrastructure, soil stabilization and 

improvement, long term plantings for 
screening and shade, food production 

(greenhouse size and site,  edible 
gardens, orchard, animal space, 

integration of each, etc)

Ecology
• Soil health and fertility
• Carbon sequestration

• Pest and disease suppression
• Pollinator and wildlife habitat

• Shade and wind protection
• Watershed replenishment

People
• Foster more abundance 
• Cultivate healthy space

• Closer relationships with the 
land

• Tuning into seasonal cycles
• Beautiful spaces
• Delicious foods
• Food-security

Economy
• Producing more food

• Draw in more agri-tourism
• Unique value-generating place 

to host work-shops
• Produce income from marginal 

farmland
• Diversified income and food 

security
• Higher land-use efficiency



58

Part III

Phases of Growth: Development Plans

“Work that regenerates addresses the unrealized potential inherent in the relationship between 
a given system and the larger systems within which it is nested. That is, it enables living 

systems to evolve by expressing their latent potential in the form of new value in the world. In 
this way, what exists now can move toward what could be in the future.”

Regenesis Group

Development
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Baseline Components

RoFo Ranch is approximately 
37.39 acres with around 12 

acres of current hay production. 
There are ~ 16 acres of Pinon-

Juniper woodland and 4-5 acres 
of riparian area. There is also ~ 1 
acre of high salinity soils we will 

call the rehabilitation area. 

Scale :    = 100’

Illustration courtesy of Solstice Sown Designs LLC. N
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Scale :     = 100’

Illustration courtesy of Solstice Sown Designs LLC. N

Current Systems

Water is piped west 
through the property 
in the main line 
which has several 
laterals leading to 
various risers across 
the property. The  2” 
risers and 4” risers 
that bring pressurized 
irrigation water from 
McElmo Creek. There 
are also well hydrants 
with 3/4” hose 
connectors.

This system is 
designed for hay 
production and 
effective at bringing 
water to the entire 
agricultural fields. 

Design Updates

Drip and micro-
sprinkler irrigation 
will allow for more 
targeted and effective 
irrigation of newly 
planted trees, shrubs,  
herbaceous perennials 
and wildflowers.

Drip irrigation with 
micro-sprinklers will 
be installed at each 
new landscape site 
and planting. 
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Scale :    = 100’

Illustration courtesy of Solstice Sown Designs LLC. N

“Earthworks, not drip-
irrigation systems, are the 
foundational strategy of 
water-conserving, sustainable 
landscapes, because earthworks 
that harvest direct rainfall 
can also harvest greywater, 
air-conditioning condensate, 
runoff, rainwater distributed 
from cisterns, and municipal 
water. No matter what type of 
water is harvested, earthworks 
reduce erosion, decrease 
downstream flooding, enhance 
storm water quality, and retain 
organic matter falling from 
plans, which increases soil 
fertility...”
- Rainwater Harvesting For 
Drylands and Beyond

“The potential for water 
harvesting is great - even 
in dry communities. A 
recent study found that 
average rainfall in the 
average urbanized section 
of the desert city of Tucson, 
Arizona, (12 inches or 305 
mm of rain per year) is 
equivalent to 74% of the 
total water supplied to those 
sections by the local water 
utility. “

“Soil with as little as 2% 
organic matter can reduce 
the irrigation needed by 75% 
when compared to poor soil 
with less than 1% organic 
matter.”

-Toby Hemenway
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Scale:     = 100’
  
Illustration courtesy of Solstice Sown Designs LLC. N

Existing Trails
Southern bluffs Trail
Some trails already exist at RoFo 
Ranch. The trail up the southern 
bluffs is steep hike but worth 
it for the beautiful view of the 
canyon and the ranch down 
below. This trail is rich with 
native high-desert plants and 
wildlife habitat in the pinon-
juniper woodland. The trail 
disappears near the top of the 
sandstone cliffs, however there 
are game trails that meander 
around the top of the property 
- following them you can reach 
the property boundary fence 
along Bureau of Indian Affairs 
Land. 

Establishing Trails
Trails established in the agricultural 
fields will follow the contours of 
the land and are designed to follow 
where your feet will naturally want 
to flow. They are meant  to provide a 
pleasant experience and offer choices 
to access points meander through 
various orchards, berry fields, to 
vegetable garden, camping sites, 
home site, entry landscape, or down 
to McElmo Creek. 

Northern Trail
This trail leads across a 
suspension bridge over 
McElmo Creek and into 
the northern canyon 
towards Bureau of Land 
Management lands. 
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Scale :                 = 100’

Illustration courtesy of Solstice Sown Designs LLC. 

Entry Landscaping

N

A Dynamic Welcome

Three separate growing beds filled with layers of 
succulents, ground-cover wildflowers, herbs, berry 
bushes, shrubs, and ornamental trees. 

The eastern bed will be the first visible bed upon arrival 
to the ranch, with a center piece maple, Serviceberry, 
clematis vine, and under planted with Nanking cherry, 
lavender, and a diversity of wildflowers - including 
Yarrow, Black-eyed Susans, Gallardia, Showy golden-
eye, Poppies, Lupine, Penstemon, and more. 

The south-eastern bed will include a New Mexican 
Locust, and raspberry brambles. The northern bed 
will be planted with a Southwest White Pine, Service 
berry, mints, Columbine, and a diversity of more shade 
loving wildflowers including, Echinacea coneflower, 
Snapdragons, Forget-me-nots, Shasta Daisy, Rocket 
Larkspur, and many more.
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Scale :                = 100’

Illustration courtesy of Solstice Sown Designs LLC. 

Design Goals

The presence of noxious weeds growing in the understory calls for 
some improvements in design and management. 

We will use sheet-mulching to build soil organic matter and a weed-
barrier. Layered cardboard, compost, and mulch will be seeded with 
a diversity of beneficial wildflowers to attract more pollinators and 
predatory insects. Apple trees will be planted with surrounding 
daffodils to deter pest rodents like voles. Mature Comfrey, Lupine, 
Borage, Rhubarb, Lemon balm, Thyme, Horseradish, Lovage, and Mint 
will be transplanted through the sheet mulch for multiple functions 
and benefits. Not only will these plants provide a wonderful herb 
garden, they will also have jump-start to out compete weeds, deter 
pests, and attract beneficial insects and pollinators. 

There will be supplemental plantings of native wildlife habitat species 
transplanted along the edges to create a natural border for the space. 
Siberian pea shrub, Buffaloberry, Serviceberry, Chokecherry, Aronia, 
Wild Rose, Grape to climb along the split-rail fence, and Elderberry.

The small orchard near the wall tent is home to a diversity of fruit - Fuji 
apple, Greengage Plum, two Red Haven Peaches, Red Jade Crabapple, 
two Montmorecey Cherry, and Rainer Cherry. 
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Scale :                 = 100’

Illustration courtesy of Solstice Sown Designs LLC. 

Similar to the small orchard, noxious weed management is a 
priority. Thus, we will take on a similar approach with sheet-
mulching and a diversity of multi-functional plantings.

The current road between the air-stream trailer and the building 
site will be cultivated into a flagstone pathway littered with 
succulents, sorrel, wildflowers like Lupine and Nasturtium. The 
path will diverge to the “front yard” gathering space which will 
be outfitted with a fire-pit and raised growing beds planted with 
combination fruit trees, pear, plum, and peach (multi-grated 
trees with four varieties of each fruit). The path will continue on 
to a open-window bar space nested under an espalier pear with 
Raspberry, Lavender, and Calendula. Moving on to the back door 
will reveal sprawling grape vines, mints, and the door surrounded 
by Lilac shrubs. 

The air-stream is currently planted with surrounding fruit trees 
and shrubs and will be under planted with Lupine, Nasturtium, 
Sorrel, native wildflowers, and bunch grasses. The space east of 
the trailer between the Cottonwood will be planted with more 
wildflowers and bunch grasses to suppress weeds. 

Design Goals
• Cultivating a private, comforting, dynamic, and functional garden space around the home-site 
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Scale :             = 100’

Illustration courtesy of Solstice Sown Designs LLC. 

Garden Plans
Design Components

• Windbreaks
• Hedgerow

• Fenced Vegetable Garden
• High-tunnel Greenhouse

Installation of the produce garden space will 
consist of building wildlife fencing and wind 
protection/predatory bird habitat on each 
side. The western windbreak will consist of 
Serviceberry, Alder, and Black Walnut. The 
eastern side will host a hedgerow of the prolific, 
delicious, and drought-tolerant Nanking cherry 
planted on a contour swale and berm. West of 
the hedgerow will be another windbreak made 
of Austrian Pine, Serviceberry, and Alder. 

Alders serve as a nitrogen-fixing species, which 
means they have bacteria living on their roots 
who are capable of breaking the bonds of the 
atmospheric nitrogen and making it available 
to other plants in the soil, thus “fixing” and 
helping to fertilize other species. 

The fenced garden will have gates large 
enough for a tractor if tillage is needed. 
The first year, the ground will be tilled to 
remove the sod and pasture, then seeded 
will a soil fertility building cover-crop mix. 
This seed mix will help suppress weeds over 
the growing season, reduce compaction in 
the soil, and feed the soil biology once it is 
tilled back in at the end of the season. A crop 
rotation schedule of can be established and 
beds moved into production when desired. 
A high-tunnel greenhouse helps with season-
extension and as a propagation house to 
nurse seedlings until they are ready to be 
planted out in the garden or landscape.

Soil-building Cover Crop Mix
7%    Berseem Clover                        4%    Forage Radish
10%   Hairy Vetch                              4%    Forage Turnips
20%   Spring Field Peas                     4%   Forage Collards
10%   Lentils                                       4%    Mustard
10%   German Millet                         2%    Flax
10%   Annual Ryegrass                     15%   Buckwheat
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After tamarisk removal, a riparian buffer can be established 
along the banks of McElmo Creek. Riparian buffers, or strips of 
permanent vegetation alongside a stream, lake, or wetland, are 
an agroforestry technique which provide a range of economic 
and ecological benefits. Successful implementation can produce 
income from marginal farmland, diversify income and food 
security from trees, shrubs, and other perennial plants that 
can be cultivated as food, fiber, and fodder. They also provide 
wildlife habitat and corridors, erosion stabilization, and help 
filter nutrients, pesticides, and sediment from runoff. 

The design of this riparian buffer incorporates a meandering 
path along the creek with layers of Wild plum, Alder, 
Cottonwoods, Serviceberry, Willows, Box Elder, Gambel 
Oak, Wavy Leaf Oak, Woods’ rose, Buffaloberry, and Golden 
Currant. The understory and other side of the path will be 
planted with a diversity of wildflowers, and space made for 
Junipers to regenerate. 

Nut Contour Orchard
The western field would be an ideal site to experiment with nut 
production and be planted out with Hazelnut, Black Walnut, 
Pecan, Chestnut, Mulberrie,  and Honey Locust. 

Riparian Buffer
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Scale :       = 100’

Illustration courtesy of Solstice Sown Designs LLC. 

Contour Orchards 
Contour Orchards
“Contour plowing is the farming practice 
of plowing and/or planting across a 
slope following its elevation contour lines. 
These contour lines create a water break 
which reduces the formation of rills and 
gullies during times of heavy precipitation, 
allowing more time for the water to settle 
into the soil.”

Purpose
This practice is applied to achieve one 
or more of the following:
♦ Reduce sheet and rill erosion.
♦ Reduce transport of sediment, other 
solids and the contaminants attached 
to them.
♦ Increase water infiltration

Considerations
“Several factors influence the 
effectiveness of contour farming to 
reduce soil erosion. These factors 
include: 10-year, 24-hour rainfall in 
inches; ridge height; row grade; slope 
steepness; soil hydrologic group; cover 
and roughness; and slope length. 
Cover and roughness, row grade, 
and ridge height can be influenced by 
management can provide more or less 
benefit depending on design...
Contour farming is most effective on 
slopes between 2 and 10 percent...
The closer the row grade is to the true 
contour, the greater will be the erosion 
reduction.”

Learn More: 
Https://www.nrcs.usda.gov/In-

ternet/FSE_DOCUMENTS/
nrcs143_026017.pdf

Operation and Maintenance
Maintenance needed for this practice 
includes:
• Performing all cultural operations 
between tree or vine rows on or near 
the contour
• Periodic inspection and repairs to 
runoff water outlets
• Protecting uphill and downhill farm 
roads from erosion
• Maintaining adequate vegetative 
cover to control erosion
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The Holistic Orchard
1. Lemon Balm
2. Horseradish
3. Lovage
4. Currant
5. Daffodil
6. Apple, Pear, Peach, or 
Nectarines
7. Comfrey
8. Buffaloberry, Lupine, or 
Alder (Nitrogen Fixer)
9. Siberian Pea Shrub 
(Nitrogen Fixer)
10. Mint or Marguerite

1 2

3

4
5

6

7

8

9

10

Illustration Courtesy of Solstice Sown Designs  LLC. 
Inspired and adapted from Michael Phillips’ Holistic Orchard
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Scale :    = 100’

Illustration courtesy of Solstice Sown Designs LLC. N

Considerations
A “working” master plan 
leaves room for the natural 
and necessary adaptations to 
the overall design plans. There 
will always be unforeseen 
circumstances. Allow for space 
to to adapt the design. 

Remember not to get so 
attached to the plan that you 
miss the amazing opportunities 
that nature unfolds before you. 

If you can let go, to a 
reasonable degree, the 
evolution of the design that 
emerges will likely be far better 
than anything you imagined. 

Evolving this complex whole 
farm design will take years to 
mature. Investment in setting 
up the regenerative systems 
in the short-term will yield 
exponential returns in the long-
run and greatly increase the 
overall property value. 

More than gaining equity 
in your investments, these 
systems will enrich the lives 
of you and your community, 
and the broader ecosystem for 
generations to come. 

Give yourself time, and 
patience, to let this ever-
evolving beautiful system 
continue to emerge. 
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Part IV

Caring for Your Landscape

“Regenerative practitioners do not think about what they are designing as an end product. They 
think about it as the beginning of  a process. Once they release it, it initiates its own process, 

continuing to design the world around it long after they have let it go. If designers contribute to a 
flourishing future, rather than one of diminishing prospects, how do they need to understand the 

world into which they unleash this unfolding process?”
Regenesis Group
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Monitoring what’s going on in your 
garden should be one of the most fun 
parts, besides eating the fruits of your 

labors. We encourage you to watch 
carefully throughout the development 

process in your own garden. The more you 
look, the more you will see, and the more 

you will learn and find inspiration in what 
is going on around you. Garden ecology is 

endlessly fascinating...”
Edible Forest Gardens, Vol II ,

Dave Jacke

The land is an ever evolving, adapting, diverse network of organisms and inorganic material. Being 
regenerative land stewards means that we are creating conditions for co-evolutionary processes to occur 
- so that not only people can adapt and flourish, but the rest of the ecosystem as well. Today, we are 
facing a more unpredictable climate - high temperatures, longer droughts, much larger rainfall events, 
and new diseases. To successfully integrate our designed systems into the larger systems in which 
they exist, we must practice careful observation and continually strive to become more powerful 
listeners. 

Our lifestyles and choices have the potential to create a more reciprocal relationship with the land that 
supports us.  The earth deals in a carbon market and the ongoing exchanges of energy in the form of 
consumption and waste are our most basic and primary interactions with the land each and every day. 
Any changes in land management, or disturbance by tillage, irrigation management, introduction of 
new species, will set the land and its inhabitants on a new course of evolution. 

Strive to make land-management decisions driven by a long-term commitment working and evolving 
with the land, informed by data, and best management practices from experienced professionals. 
Though ultimately, what it comes down to is - How intimately connected are you to the land? 
Fundamentally, this is our relationship with our primary provider that comes with give and take, 
understanding needs, boundaries, limitations, giving gifts, making compromises, and mutual respect 
and care. 

Landscape Evolution and Stewardship
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• Installing earthworks will change the hydrology of a site to allow 
more water and organic matter to be harvested passively.

• Irrigating with municipal water can increase salinity levels in soils 
and eventually leave soils infertile. 

• Planting new seeds will change the biochemistry in the soils, and 
attract or deter various animals or insects. 

• Ruminant animals influence seed germination through more soil 
contact in their hoof prints and deposit their excrement into the soil, 
influencing soil fertility. They browse on grasses and forbs, which 

shed their roots to deposit carbon from the atmosphere into the soil. 

Successful Establishment
Site preparation, installation, infrastructure certainly support 
successful establishment of ecological design. However, ongoing care 
and maintenance are the foundations of success in any relationship. 
Careful observation of plant health, soil health, irrigation practices, 
checking for early signs of disease and infestation, implementing 
integrated pest management strategies, fertilizing, mulching, 
weeding, pruning, and seasonal cutback will limit the risks of failure. 
In his book Paradise Lot, Eric Toesnmeier describes the four year 
cycle of establishing perennials, trees, and shrubs as “Sleep, Creep, 
Leap, Reap!”. The first year, the plants do not grow much and appear 
“asleep”. The second year, there is some noticeable growth, but they 
are “creeping” along. The third year (with continued care), the plants 
will “leap” with significant growth. And the fourth year, you can 
begin to “reap” some of the harvest-able abundance. 

Understanding that there are factors beyond our control, I cannot 
emphasize enough the importance of having timely and effective 
maintenance, care, and upkeep. As with our own health, prevention 
and healthy habits are the best way to avoid loss of life. However, 
when unavoidable circumstances do arise, and they will, taking 
action early is the most effective way to protect your investment in 
your land. For that to happen, careful observation must be a scheduled 
priority - routine walk-through, garden journal, and diverse support 
network of experienced professionals to advise decisions are 
essential.

Climate Resilience

Annuals
• One-year life 

cycles
• Replant each year
• Some will self-

seed
• Quick 

evolution and 
establishment

Perennials
• Multi-year life 

cycles
• Grow back 

stronger/bigger 
each year with 
proper care

• Long-term 
establishment

Shrubs
• Species specific 

life cycles

• Reproduction 
dependent 
on growing 
conditions

• 4-5 year 
establishment

Trees
• Species specific 

life cycles
• Reproduction 

dependent 
on growing 
conditions

• 4-5 year 
establishment

Plant Life Cycle Characteristics
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Plant Health, Performance, Behavior, and Production
How healthy do the plants look? Learn to recognize the difference between 
glossy leaves and vibrant color of a well-watered plant and the dullness of a 
water-stressed plant. Water well before plants wilt, for wilting is a sign you’ve 
let things go too far and damage has already occurred. 
 The color, gloss, and vibrancy typical of a plant provided with adequate 
moisture also indicate a plant with good nutrition. Look at the older leaves 
on the plants. Are the plants robbing from Peter to pay Paul, leaving the older 
leaves yellowing and dying to keep their growth going? Do unusual colors 
show in the leaves, whether the leaf as whole, along the edges, or in the leaf 
veins? Reddish, purple, or yellowing leaves may indicate nutrient deficiencies. 
 Notice how the various plant species perform and behave in the garden 
and how productive they are. What percentage have survived and established 
themselves? Is the plant a vigorous competitor strategist? Does it spread 
rapidly? Is it tightly bunching or more spread out? How’s the yield? The flavor? 
How do these compare to last year? To other patches or garden sites? Relating 
this information to climate records can help you choose species and varieties to 
keep, expand, or eliminate. 
 Keep an eye out for mushrooms in your garden, and identify the ones you 
find. Keep track of how your planted mushrooms are doing. Is the mulch wet 
enough? How punky are the logs or stumps? Is it time to start a new log so you 
don’t lose continuity of mushroom production?

What to watch
The possible range of observation to make in even a small forest 
garden is infinite. The essentials are much fewer. Here’s what 
you might need to monitor, at least informally, to manage your 
forest garden effectively. 

Climate
Keeping track of climatic factors such as precipitation, 
temperatures, and so on used to be a common activity of 
early settlers, whose lives and livelihoods depended on 
knowing local weather conditions. Many people recorded 
these observations in journals of one kind or another for later 
reference. Such information may help you understand why 
one species isn’t performing as well this year as last, or at least 
hypothesize about it...
Max/min thermometers are a fun way to gather such 
information. They record the high and low temperatures over 
whatever period you choose... A rain gauge is another cheap 
climate monitoring tool. Combining rain gauge data with soil 
observations can improve your decisions about when to irrigate 
and how much. Simple notes in a journal about frost timing and 
patterns, sunny and cloudy weather, and so forth can also help 
you stay in touch with your garden and your world. 
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Soil Quality
Last but not least, there’s the soil. At least half of your plants live down there, so dig 
soil pits at least once every year or two or three to check on soil conditions. Take 
samples for soil tests at least every two or three years, too, if not annually. This will 
help you amend the soil as necessary. Observe water movements to see whether your 
site-preparation work took effect. Does the soil drain faster than it used to? How is 
the soil’s aggregation, structure, consistence, and color? How deep do the roots go? Is 
the profile changing? Is the topsoil deeper? Is the subsoil looser?
  Edible Forest Gardens, Vol II , Dave Jacke

Insect Populations
Monitoring insect populations is an obvious need in a crop system. Many books discuss 
the pests of specific crops you’ll need to watch for. Check above and below leaves and 
on stems for insect eggs, aphid masses, and so on. Look for holes in tree stems with goo 
oozing out or small bits of wood piled up below. Slug trails, holes in leaves, and so on 
are also indicators - but so are increased population of ground beetles who eat slugs. 
Useful tools here include an insect sweep net, a kill jar, an entomologist friend, field 
guides, and a hand lens. Specific pests may require specific monitoring tools, such as 
pheromone traps, sticky balls, sticky paper, and so on. However, don’t limit yourself 
to monitoring pests. Watch the diversity of the whole system of which pests are a part. 
This may give you clues about pest dynamic, such as why a pest was worse at one time 
and not another, what some of the predators might be, and, if you watch carefully, how 
you can encourage those allies. 

Polyculture Behavior and Succession Trends
Observe how plants interact in polycultures. If you have 
the same polyculture design in several patches, compare 
how the patches behave. Does one species dominate? Do 
the different patches act the same or differently? Why? 
Do particular weeds tend to come up in one patch but not 
others? Can you think of unfilled niches in a polyculture, 
and species that might fill them usefully? How much 
disturbance does the polyculture need to stay balanced? 
Does the patch seem to be heading in the successional 
direction you intended?

Other Animals
Keep your eyes peeled for the other animals in the 
garden, or their signs including birds, amphibians, 
reptiles, and mammals. Notice where you see them 
and what they’re doing. Look for tracks, scat, holes, or 
chew marks. Listen for songs and sounds night and day. 
Research to find out more about the ones you find there. 
Ponder how you can encourage the ones you want and 
discourage the ones you don’t.
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“Water is the most important physical element of proactive establishment, yest excess water can do much damage... How much to water depends 
on factors such as kind of planting stock, soil type, the plant’s root-to-shoot ratio, temperature, humidity, wind, sunshine, season of planting, the 

plant’s drought and wetness tolerance, the availability of water and time, and so on. “

Trees and Shrubs
Remember that water needs are species dependent 
- so watering too much or too little depends on the 
type of plant. As a general practice, I install drip 
emitters to all the plants who need supplemental 
moisture to get established. Most trees and shrubs, 
even the drought-tolerant varieties will need 4-5 years 
of consistent moisture (roughly once a week for an 
hour) to successfully establish. 

A helpful method to determine if you need to water 
trees and shrubs is by moving the mulch aside, and 
sticking your finger up to the first knuckle, is it moist? 
If you can roll the soil into a loose ball, there is plenty 
of moisture. Be careful of over watering which can 
cause root rot from anaerobic soil conditions. 

Herbaceous Perennials
Typically the herbaceous perennials will 
need a full growing season (~3 months) 
of supplemental moisture to become 
fully established. However, be mindful 
of climate conditions(rain, desiccating 
winds, periods of drought) that could 
change water needs.

Learning How and How Much
Every site will have varying water needs, 
and it is your responsibility to learn best 
practices specific to your site.

I highly recommend learning how fulfill 
the water needs of you garden without 
automated timers first. Gaining a sense of 
the water needs of the various areas of your 
gardens is something that will have to be 
learned and earned through experience. 

Careful observation of site conditions (sun 
exposure, shade, winds, humidity, etc...) 
and plant responses will help inform your 
watering practices.

When to Water

Watering at dawn and dusk is best for 
plant growth. Watering at midday can 
also be wasteful with higher rates of 
evaporation and increases risk of leaf 

scorching - damaging plants. 

 Edible Forest Gardens, Vol II, Dave Jacke
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Plants must become our greatest allies in regenerative land stewardship, and they depend on the soil biology. Feeding the soil is the most effective 
way to create the conditions for healthy plants. Similar to cultivating our gut microbiome, creating a diverse soil microbiome will enhance the 

plants’ resilience to pests and disease. 

“You are what you eat, and you are 
what your food eats”

 Paraphrasing Michael Pollan

Soil Nutrients
Like we get our nutrients from what we consume, plants meet their nutritional 

needs through chemical exchanges with the soil, air, water, and sunlight. The three 
macronutrients plants depend on are Nitrogen, Phosphorus, and Potassium. 

N. Nitrogen
Nitrogen is essential for plant development, since it plays 
a fundamental role in energy metabolism and protein 
synthesis. Nitrogen is absorbed by the plant in the form 
of a nitrate. This macronutrient is directly related to plant 
growth. It is indispensable for photosynthesis activity and 
chlorophyll formation. Nitrogen is involved, above all, in 
the aerial zone, the part of the plant that a person sees. It 
promotes cellular multiplication. A nitrogen deficiency 
results in a loss of vigor and color. Growth becomes slow 
and leaves fall off, starting at the bottom of the plant.

P. Phosphorus
Phosphorus is involved in root growth, which it stimulates. 
In the aerial zone it favors flowering. Although phosphorus 
is also necessary during the plant’s growth period, it is 
much more involved in the flowering stage. Phosphorus is 
involved in transporting and storing energy. It improves 
the plant’s general state and increases the plant’s ability to 
withstand adverse climatological conditions. Phosphorus 
is essential in organic compound formation and the correct 
execution of photosynthesis. A shortage of phosphorous 
results in a late, deficient flowering, browning and 
wrinkling of the leaves, and a lack of vigor in general.

K. Potassium
Potassium is involved in the regulation of water and the 
transport of the plant’s reserve substances. It increases 
photosynthesis capacity, strengthens cell tissue, and 
activates the absorption of nitrates. Potassium stimulates 
flowering and the synthesis of carbohydrates and enzymes. 
This, in turn, provides an increase in the plant’s ability 
to withstand unfavorable environments such as low 
temperatures, and prevents withering. Therefore, a lack 
of potassium reduces plant resilience to dry spells and 
frosts or to a fungus attack. This, in turn, results in a 
lack of balance among other nutrients, such as calcium, 
magnesium, and nitrogen. When there is a potassium 
insufficiency, dark spots appear on the leaves.

“Macronutrients in Plants.” AGQ Labs USA, 23 Apr. 2019, agqlabs.us.com/macronutrients-in-plants/#:~:text=Macronutrients are essential for plant 
growth and a,fundamental role in energy metabolism and protein synthesis.
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“Not only is the soil composed of horizons that constitute the soil’s profile, but it also has small scale particles that constitute the basic building 
blocks of the soil in each horizon. We can characterize those particles as a body using the terms texture, structure, and consistence. These three soil 
characteristics determine many physical and biological properties in every soil layer. A soil’s color is a response to these physical and biological 
properties.

Texture
Soil texture results from the relative proportions of different-size mineral particles in the soil - 
Sand, Silt, and Clay. 

Structure
Soil structure, in this case, refers to the arrangement of the soil particles and how they 
aggregate. 

Consistence
Yes, soil scientists call it “consistence,” which is related to consistency. How compact is the 
soil? Official terms to describe consistence range from loose to friable (“spongy”) to firm to very 
firm. 

Color
Color is an indicator, not a determinant, of soil processes. Black or brown soils are high in organic matter... Gray soils indicate lack of oxygen, 
usually because of frequent or constant wetness, while reds, reddish browns, and yellows indicate well-aerated soils, where the iron is oxidized 
or turned into rust. Yellow and olive-colored soils are higher in aluminum or manganese than iron. White or generally lighter-colored soils 
usually indicate a leached condition. Distinct patches or spots of varying color, called mottles, show up in parts of the soil profile that alternate 
between wet, low-oxygen, and well-drained, higher oxygen conditions. “     Edible Forest Gardens, Dave Jacke

Image Credit: https://ag.purdue.edu/agry/agryclub/Pages/soil_textures.aspx
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What is IPM?

Integrated Pest Management (IPM) is an effective and environmentally sensitive approach to pest management that relies on a combination 
of common-sense practices. IPM programs use current, comprehensive information on the life cycles of pests and their interaction with the 

environment. This information, in combination with available pest control methods, is used to manage pest damage by the most economical 
means, and with the least possible hazard to people, property, and the environment.

The IPM approach can be applied to both agricultural and non-agricultural settings, such as the home, garden, and workplace. IPM takes 
advantage of all appropriate pest management options including, but not limited to, the judicious use of pesticides. In contrast, organic food 

production applies many of the same concepts as IPM but limits the use of pesticides to those that are produced from natural sources, as opposed 
to synthetic chemicals.

Set Action Thresholds
Before taking any pest control action, 
IPM first sets an action threshold, a 
point at which pest populations or 
environmental conditions indicate 
that pest control action must be taken. 
Sighting a single pest does not always 
mean control is needed. The level at 
which pests will either become an 
economic threat is critical to guide future 
pest control decisions.

Monitor and Identify Pests
Not all insects, weeds, and other living 
organisms require control. Many 
organisms are innocuous, and some are 
even beneficial. IPM programs work 
to monitor for pests and identify them 
accurately, so that appropriate control 
decisions can be made in conjunction 
with action thresholds. This monitoring 
and identification removes the possibility 
that pesticides will be used when they 
are not really needed or that the wrong 
kind of pesticide will be used.

Prevention
As a first line of pest control, IPM 
programs work to manage the crop, 
lawn, or indoor space to prevent 
pests from becoming a threat. In an 
agricultural crop, this may mean using 
cultural methods, such as rotating 
between different crops, selecting pest-
resistant varieties, and planting pest-free 
rootstock. These control methods can 
be very effective and cost-efficient and 
present little to no risk to people or the 
environment.

Learn More at: https://www.epa.gov/safepestcontrol/integrated-pest-management-ipm-principles#what

Control
Once monitoring, identification, and action thresholds 
indicate that pest control is required, and preventive 
methods are no longer effective or available, IPM 
programs then evaluate the proper control method 
both for effectiveness and risk. Effective, less risky 
pest controls are chosen first, including highly 
targeted chemicals, such as pheromones to disrupt 
pest mating, or mechanical control, such as trapping 
or weeding. If further monitoring, identifications and 
action thresholds indicate that less risky controls are 
not working, then additional pest control methods 
would be employed, such as targeted spraying 
of pesticides. Broadcast spraying of non-specific 
pesticides is a last resort.
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“There’s a directing order to my pruning mantra: Framework first, then the thinning; 
lastly see the fruit and how it grows. Nothing too mystical, but it’s a beat that me to task 
and includes all the important details. An intuitive pruner works in several years at 
once: seeing the fruiting prospects of the current year; training a new scaffold branch to 
eventually replace old wood; making a stubbing cut to encourage laterals farther back 
on a pole-like branch; visualizing how the sunlight will reach within the tree when the 
leaves are full; and providing good access when it comes time to pick the fruit. These 
things aren’t deliberately thought through as much as felt. Such oneness with the tree 
comes with years of experience and confidence. 

Approach each tree with an introductory intake of the breath. This meditative pause is 
when you take in the tree’s framework and overall shape. How does it fit in alongside 
its neighbors? Are some branches too low? Is the leader beyond reach? Are the scaffolds 
properly spaced? Where does a new branch meed to be developed to fill and empty hole? 
These questions answer themselves quickly in a well-worked orchard. Restoring years of 
neglect is another matter.” 

Remember and Prune for:
• Sunlight interception
• Good tree structure
• Future fruiting prospects
• Tree calmness

• Renewal (remove, dead, diseased, and 
damaged branches)

• Maintain a central leader with three 
scaffolds

• Thinning top down The Holistic Orchard, Michael Phillips

“A calm yet fruitful tree is the overarching goal of 
orchard pruning”
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Growing in the high desert at high elevations (5,000’ - 7,500’) will bring unpredictable frosts. In Mancos, we have had killing frosts (and even 

snow!) as late as June 23 and as early as September 8th. The climate variability creates difficult conditions for growing annual vegetables. Learning 
how to for high-tunnel greenhouses, caterpillar tunnels, or using row-covers are effective ways to extend your growing season and protect 

vulnerable crops. 
Greenhouses 
• Permanent structures
• Concrete foundation
• Insulation
• Polycarbonate sheet walls or glass
• High initial investment 
• Long lasting
*Rocky Mountain Permaculture Institute in 
Basalt, Colorado is famous for their climate 
battery greenhouses which create conditions for 
growing tropical plants like figs, bananas, or 
passion fruit. This is accomplished by moving 
hot air through perforated tubes buried in the 
soil and raising humidity levels. There are 
also geodomes 
manufactured in 
Pagosa Springs. 

High-Tunnels 
• Movable 

impermanent 
structures 

• Made with metal hoops
• Greenhouse plastic covers
• Side rollers for air flow
• Shade cloths
• Relatively inexpensive
• ~10-year lifespan on plastic
• Highly effective for season extension

Caterpillar Tunnels 
& Row Covers

• Larger hoops ~10-15’
• Agribon fabric covers
• Low cost for effective season extension 



Part V

 Appendix of Resources
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Local

• High Desert Conservation District (HDCD) - Cortez
• Colorado State University Extension (CSU Extension): Research Station at Yellow Jacket 
• Cooperative Extension Service (CES
• Colorado Weed Management Association
• Colorado River District
• Fish and Wildlife Service
• Tamarisk Coalition
• Natural Resource Conservation Service (NRCS)
• Bureau of Land Management (BLM)
• Bureau of Reclamation Bureau of Indian Affairs (BIA)
• Montezuma Orchard Restoration Project (MORP)
• Montezuma School to Farm Project (MSTFP)
• The Sharehouse (Cortez) - Laurie Hall
• The Good Samaritan
• Cliffrose Nursery - Ric
• Pleasantree Farm - Clay and Megan
• Ute Mountain Farm and Ranch (Towaoc)



Site Specific Information
Tamarisk Management
Salt-cedar or Tamarisk is a non-native introduced species that 
has become invasive across the southwest. They have become a 
conservation concern because of its vigorous growth in riparian areas 
and their high rates of transpo-evaporation(drinking up water and 
evaporating it faster than native species). 

Best practices for tamarisk removal and management for revegetation 
is a complex subject area with ongoing study. As with any regenerative 
design, the best management decisions are informed by current site 
conditions. 

Revegetation can be complex and achieved either “passively” or 
“actively” depending on specific site conditions. Before taking an 
“active” approach to revegetation, do a thorough assessment of the 
native plant populations already existing to determine if they will have 
a competitive chance at revegetation. 

Read a comprehensive study on Tamarisk removal to learn more:

Https://riversedgewest.org/sites/default/files/resource-center-
documents/BMP_for_reveg_after_tamarisk_removal.pdf

Image source:  Best Management Practices for 
Revegetation after Tamarisk Removal

84



85

AppendixEnvironmental Quality Incentives Program (EQIP)
The Environmental Quality Incentives Program (EQIP) provides financial and technical assistance to agricultural producers to address 
natural resource concerns and deliver environmental benefits such as improved water and air quality, conserved ground and surface water, 
increased soil health and reduced soil erosion and sedimentation, improved or created wildlife habitat, and mitigation against drought and 
increasing weather volatility.

How It Works
This voluntary conservation programs helps producers make conservation work for them.  Together, NRCS and producers invest in solutions 
that conserve natural resources for the future while also improving agricultural operations.

Through EQIP, NRCS provides agricultural producers with financial resources and one-on-one help to plan and implement improvements, or 
what NRCS calls conservation practices.  Using these practices can lead to cleaner water and air, healthier soil and better wildlife habitat, all 
while improving agricultural operations.  Through EQIP, you can voluntarily implement conservation practices, and NRCS co-invests in these 
practices with you.

Benefits
Some of these benefits include:

• Reduction of contamination from agricultural sources, such as animal feeding operations.
• Efficient utilization of nutrients, reducing input costs and reduction in non-point source pollution.
• Increased soil health to help mitigate against increasing weather volatility and improved drought resiliency.

Learn more at: https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/financial/eqip/



Conservation Stewardship Program (CSP)
Have you ever looked across your farm or ranch and thought about elevating your land management goals? Maybe we can help.
Together we can develop a plan tailored to your operation and your goals to help you increase productivity and protect the value of your land.

How It Works

Our Conservation Stewardship Program (CSP) helps you build on your existing conservation efforts while strengthening your operation.  
Whether you are looking to improve grazing conditions, increase crop resiliency, or develop wildlife habitat, we can custom design a CSP plan to 
help you meet those goals. We can help you identify natural resource problems in your operation and provide technical and financial assistance 
to solve those problems or attain higher stewardship levels in an environmentally beneficial and cost-effective manner. For example, we can 
look at ways to address the amount of soil lost; mitigate the impact of excess water; reduce the contribution of agricultural operations to airborne 
soil particles and greenhouse gas emissions; improve the cover, food, and water available for domestic and wildlife species; or promote energy 
efficiencies for on-farm activities. If you are already taking steps to improve the condition of the land, chances are CSP can help you find new 
ways to meet your goals.

Benefits
CSP is for working lands. It is the largest conservation program in the United States. Thousands of people voluntarily enroll in the program 
because it helps them enhance natural resources and improve their business operation.
CSP participants are seeing real results.  Some of these benefits include:

• Enhanced resiliency to weather and market volatility
• Decreased need for agricultural inputs
• Improved wildlife habitat conditions
Learn more at: https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/financial/csp/
Lear
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Educational Resources 
Books
Rainwater Harvesting for Drylands and Beyond - Brad Lancaster
Edible Forest Gardens - Dave Jacke
Gaia’s Garden - Toby Hemenway
Holistic Orchard - Michael Phillips
One Straw Revolution & Sowing Seeds in the Desert - Masanobu 
Fukuoka
The Resilient Farm and Homestead - Ben Falk

Organizations to Know and Follow
• The Soil Health Academy
• The Soil Food Web School
• Regrarians - Handbook on Regenerative Agriculture
• Holistic Management International - Livestock production
• The Land Institute
• The Regen Network
• Terra-Genesis International
• Regeneration International
• Occidental Arts and Ecology (Santa Rosa, California)
• Rainwater Harvesting for Drylands and Beyond (Tucson, 

Arizona)
• Ecological Landscape Alliance
• Society for Ecological Restoration (SER)

• Center for Invasive Plant Management

Climate
U.S. Climate Resilience Toolkit 
Https://toolkit.climate.gov/#steps

Fourth National Climate Assessment Report: 
Https://nca2018.globalchange.gov/chapter/front-matter-guide/

Biota of North America Program (BONAP): 
http://www.bonap.org/
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Solstice Sown Designs LLC was created in 2019 and is managed by Michael McMillan. Michael is an emerging professional 
ecological designer in southwest Colorado. Practicing professionally since April 2019, Michael is incrementally growing Solstice 
Sown Designs LLC to serve larger acreage agricultural properties to develop drought resilient and food producing landscapes. 
He has worked with a diverse range of clients developing residential vegetable and ornamental gardens, the Dolores River 
Brewery edible forest garden, custom irrigation for cattle ranching operations ~ 300 acres, and small farm and ranches ~35 
acres. He brings eight years of experience in horticulture, education, project management and design. 

He is passionate about developing bio-diverse, dynamic, multi-strata forest garden systems unique to the southwest bio-region. 
Michael is part of a regional effort to restore the historic orchard economy in Montezuma County in partnership with MORP by 
planting heritage fruit varieties, pruning, grafting, and educating about holistic orchard care. Living out his values for serving 
the community, he is a member of the newly formed Next Generation Advisory Board for the Montezuma Land Conservancy 
and also a naturalist educator at a local public charter school in McElmo Canyon teaching high desert ecology, primarily 

through nature awareness games.

Michael’s path has been winding, growing up in New Mexico and Colorado the youngest of three brothers. His upbringing included summers backpacking and 
moving up ranks in the Boy Scouts while learning outdoor and survival skills in the Rocky Mountains. Through college, he worked as horticulturalist for the 
parks department. Earning a B.S. in Environmental Science and B.A. in Spanish language from Regis University, his senior thesis 
was based on a grant-funded community composting and food-rescue effort to create a closed-loop food system in a North-Denver 
neighborhood and with the University.

Michael is a fluent Spanish speaker with experience living on a permaculture farm in Monteverde, Costa Rica while studying 
sustainability and tropical conservation biology. He continued engaging with Central American communities through scholarship 
travels to El Salvador, Guatemala, and Honduras. Prior to moving to Four Corners region, he has lived and worked in Ecuador, 
California, and throughout Colorado.

He finds purpose and joy in supporting others to connect with the land and become more responsible stewards.

About the Author
Solstice Sown Designs LLC


