MINUTES
Monolith Ranch Advisory Committee
January 13, 2022, 1:00 PM
(Via Zoom Meeting)
Members Present: Marius Favret, Amy Nagler, Carol Frost, Keith Rittle, Tony Hoch, Jayne
Pearce, Bill Brinegar
Members Absent:
Staff Present: Darren Parkin, Brooks Webb, Mike Lytle, Cindy Williams, Shawn Klein
Guests Present: Zach Iddings (Baer Livestock), Mindy Meade (WY G&F)
I.

II.

CALL OF ORDER
Meeting called to order at 1:02 p.m.
ELECTION OF OFFICERS
A. CHAIR
Nominations:
MOTION BY Nagler, seconded by Rittle, to nominate Favret as Chair.
Aye: 7
Nay: 0
Absent: 0
MOTION CARRIED.

B. VICE-CHAIR
Nominations:
MOTION BY Frost, seconded by Rittle, to nominate Nagler as Vice-Chair.
Aye: 7
Nay: 0
Absent: 0
MOTION CARRIED.

III.

REAPPOINTMENTS TO MRAC – Frost, Rittle

IV.

APPROVAL OF AGENDA
MOTION BY Frost, seconded by Nagler, to set the agenda.
Aye: 7
Nay: 0
Absent: 0
MOTION CARRIED.

V.

APPROVAL OF MINUTES – October 14, 2021
MOTION BY Nagler, seconded by Hoch, to approve the minutes of October 14, 2021.
Aye: 7
Nay: 0
Absent: 0
MOTION CARRIED.

VI.

PUBLIC COMMENTS
Mindy Meade from WY G&F noted she will be attending MRAC meetings in the future;
submitted proposals for funding; potential hunting on Goforth

VII.

GUEST SPEAKERS
A. Baer Livestock Annual Update – Zach Iddings (handout)
1. Hay Production
a. Snowpack
b. Fertilizer
c. Decrease in production
2. Summer Grazing
3. Winter Feeding
4. Projects
a. Hauling gravel, road base
b. Installation of cattle guards & pipe gates - $7,300 total cost
5. Headquarters Corral Improvements
a. Water trough replacement
6. Baer Livestock Services Provided
7. Items Still to Do
a. New water system in Pioneer Pasture
b. Compost from City of Laramie
c. Electrical service at HQ Corrals
d. Livestock water development proposal to City of Laramie
8. Questions/Comments
a. DU conceptual plan deadline 2022, may do a combined project at Pioneer
Pasture, more funding in budget next year, stock water, irrigation improvements,
wetland improvements, grant possibility, G&F funding

VIII. NEW BUSINESS
A. Review and Update of MRAC Management Plan (handout)
1. Do changes need to be made?
a. Active projects need updated; most items still accurate/relevant; minor changes
2. Should Council receive another presentation?
b. Work session prior to lease renewal. Development of lease may be first.
IX.

OLD BUSINESS
A. Pioneer Pasture Soils Report (handout)
1. DU report in September, current report is grim
2. Letter of thanks
MOTION BY Nagler, seconded by Frost, to draft a letter to thank Soils Department and
Meghan Kent for their work. Amy will volunteer to draft the letter.
Aye: 7
Nay: 0
Absent: 0
MOTION CARRIED.
B. Ranch Quarterly Report – Parkin

1. Snowpack
2. Council approved second power line from CP&L; construction 2022; mount will
be at Headquarters
3. DU was successful getting NAWCA grant for Phase 1; COL contributing $30,000
for Phase 2
4. May/June will be Goforth appreciation celebration
5. Water rights petitions in place; address Good Meadows in future

6. Dowlin diversion dam awarded to WWC; design complete 2023; possibility
moving upstream
7. Budget for Haul Rd.
8. Consumptive use update
9. Alfalfa production and planting next year
10. Solar on hold
11. Old wind tower on ranch is in disrepair and will need to come down
12. Mountain Cement is doing wind study on their property
13. Upcoming lease: lease renewal, housing, multiple groups interested in lease
C. Hunter Management Update – Brinegar (handout)
1. Great relationship with Baer Livestock
2. Hunter Management up for renewal in June
3. Hunting and permits
4. Future waterfowl hunting; future funding
5. Ownership/maintenance of Access Rd.
X.

NEXT REGULAR MEETING – April 14, 2022

XI.

ADJOURNMENT – 2:52 p.m.

VALIDATED:

Marius Favret, Monolith Ranch Advisory Committee Chair

Date

Cindy Williams, Monolith Ranch Advisory Committee Staff Liaison

Date

The signed document is on file.

• First Cutting Alfalfa: 577.82 Tons
– down 7.5%.
• Second Cutting Alfalfa: 290.65
Ton – down 46%.
• Grass Hay (All from
Headquarters) 545.17 Ton – 119%
of last years total but you will see
that we put up significantly less
Haylage.
• Grass Haylage (HQ and Hunziker)
2006 Ton – 49% of last years total.
Less haylage was harvested in
part because we put up more dry
grass hay.
• Grass Hay From The Goforth:
32.05 tons, harvested only in
areas where forage was too rank
and tall to be of any benefit by
grazing.
• TOTAL HAY PRODCUTION ON A
DRY BASIS: 2114.36 tons
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•

Tissue samples indicate that the
Alfalfa pivot may have run out of
Potash during second cutting.
The older the Alfalfa stand gets the
harder it is for the crop to compete
with weeds and gophers.
Pivot wheel rut filling may have
damaged plant roots adjacent to the
ruts.
On the meadows, we may not have
had that much less production but
rather we found a more accurate way
to measure the haylage as its
chopped and packed in a pile.
Our neighbors on the Bath Ranch
have done repairs and are working
harder to utilize their water so we
don’t quite get the tail water we
used to.

•

From mid April to mid August we grazed
228 head of steers on the pastures East
of Highway 287. Last year we turned out
305, but this year we rested the Railroad
Pasture. In a normal year we would have
stocked at least 250 head but we cut
back slightly because of the drought.
The east side of the ranch generally
receives more rain than the west.

•

From Early May to Late August we
grazed 296 head of steers on the
pastures west of Highway 287, including
the pasture leased from Mountain
Cement. This is drastically less than last
year (502) and is in recognition of the
drought. All of the Upland pastures were
used very sparingly because of the lack
of rain.

•

Additionally we grazed 66 head in the
Pioneer pasture for much of the Fall.

As of right now we are feeding 1575
head of weaned steer calves on the
meadows around the ranch. This is
about 1000 less than the last two
years at this same time. This is
primarily on account of the decreased
hay production.
• Currently the steers are consuming
approximately 26# per head per
day and grazing leftover feed along
the ditches and fence lines. This
Includes:
• 6300# of Grass Hay
• 5900# of Alfalfa
• 4000# of Corn
• 21,580# of Grass Haylage

• We got our dump truck back after a 2 year stay at another ranch north of
Cheyenne. We have hauled loads of gravels around nearly every water tank
west of the highway.
• Additionally we hauled 145 Tons of Road Base from Mountain Cement to the
road through the Big Meadow and 46 Tons to the Hunziker driveway.
• Lastly we have hauled 60+ loads of gravel and dirt into the HQ Corrals where
its been washed out by flooding and hauled out during manure cleaning.

The Year of The Cattle Guard
After many years of opening and
closing countless gates during our
daily feeding routine, we finally
completed a project we set out to
do nearly 5 years ago:
We purchased a stack of cattle
guards from Albany County Road
and Bridge that were in quite good
condition but perhaps not good
enough for county road travel
anymore…

• Madden Welding in Laramie added side wings and gates to close when the
snow drifts over the cattle guards, plus did any necessary repairs.

• This fall Baer Livestock crew installed the cattle guards as well as a pipe gate
for cattle movement adjacent to each cattle guard.
• Cattle guards were installed on top of 2’x2’x16’ concrete block foundations
creating a solid base and simple design for cleaning them out “down the
road.”
• We hauled gravel to dress up the roadway to each cattle guard.

In Total We Installed Four Cattle Guards:
• One replaced the undersized and poorly
placed cattle guard on the main driveway
into the Ranch HQ.
• One was added on the second HQ driveway.
• One was added on the fence line between
the Big and Titus Meadows.
• One was added on the road between the
Corner and Middle Meadows.

•
•
•
•
•
•

Albany County Road and Bridge - $1060 for used cattle guards.
Madden Welding and Repair - $2358.50 for repairs and additions to cattle guards.
Croell Concrete Products - $2184.80 for concrete base blocks.
Murdochs - $996.37 new pipe gates installed next to cattle guards.
Todd Logging - $424 for 50 new fence rails used between gates and cattle guards.
Capital Lumber - $289.24 for construction lags and fasteners.
Total Materials Cost: $7312.91, paid by Baer Livestock. We will seek
reimbursement through the work order budget.
Additionally the City of Laramie furnished the back hoe for all installations.
Baer Livestock furnished a skid steer, post auger, jumping jack etc.
Baer Livestock contributed approximately 200 hours to this project, sourcing
materials, installing the cattle guards and re-connecting the fences when finished.

• The 30+/- year old Ritchey water trough located in the fence line between what
we call the “Sick” pen and the corral where we water and catch our horses, had
outlived its usefulness. It was unable to be turned off for maintenance or
winterization. Its concrete foundation was failing and was unlevel causing the
water to spill out in high wind.
• As we have done many times in the past half dozen years, Darren and Zach
agreed that Baer Livestock would contribute the labor if the City would furnish
the materials.
• As a secondary benefit: New stock troughs are much more energy efficient.
WHY WOULD BAER LIVESTOCK VOLUNTEER FOR THIS WHEN LIVESTOCK WATER IS
THE CITY’S RESPONSIBILITY ACCORING TO THE LEASE?
Baer Livestock is happy to provide this service because:
• We get input on what materials are used and how they are installed.
• We get to target and complete projects before they are an emergency repair.
• We understand that controlling expense is important to the City and we have
crew with sufficient skills to complete these projects and only hire expensive
contractors where necessary.
BOTTOME LINE: This is a $5000 capital improvement that cost the City less than ½.

• Begin Planning and Exploring Funding for installing a new water
system in the Pioneer Pasture so we can completely eliminate
“water gap” stock watering directly from the river. Completion
Date Goal: Fall of 2022
• Conduct Maintenance on the headquarters corral including
hauling in fill dirt into areas it has been slowly removed by
flooding and annual cleaning. Completion Date Goal: Fall of 2021
• Install new, wider cattle guard on headquarters driveway as well
as on the feed road between Big and Titus meadows.
Completion Date Goal: Fall of 2021
• Continue to pursue spreading City of Laramie Compost on the
pivot and certain meadows if available.
• Continue to pursue an additional electrical service / meter near
the cattle working facilities at the headquarters corrals through
Darren Parkin and Carbon Power and Light.

• If I recall correctly the July Monolith Ranch Advisory Committee Meeting didn’t
happen because there wasn’t going to be a quorum.
• Baer Livestock was unable to make a presentation at the October Meeting.
Darren and Zach have had some back and forth conversation about this project.
• We have an understanding that funding avenues need to be explored carefully,
especially if they overlap with Dowlin Diversion funding sources.
• Additionally Darren made it known that simply connecting a new livestock well
and pumping equipment on to Carbon Power and Light may not meet City of
Laramie’s standards for renewable energy.

All parties involved have a vested interest in doing away with the stock water gaps.
Whether its fencing Labor by Game and Fish, Livestock straying stress to Baer
Livestock, TMDL and Water Quality concerns, Angry Fisherman etc.
• To move forward we need to define a solution that meets goals and standards.
• Next is to secure funding during 2022 and early 2023.
• Possible construction… Fall of 2023.

Please Feel Free To Contact Us Anytime
Questions, Tours, Project Updates…
Zach Iddings – Baer Livestock Operations and Monolith Ranch Manger.
(307) 760-3837 – Cell

Zach@BaerLivestock.com - Email
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Agenda
Management Plan
• Management Goals and Objectives
• Long Term Goals and Objectives
• Overview and Management Plan Areas
Active Projects
• Goforth Reservoir
• Tri-State Substation
• Hunter Management Area
• Future Grants for Land/Facility Improvements
Conclusions
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Management Goals & Objectives

• Maintain and maximize water rights for eventual transfer to City for municipal use to
meet future City needs. (Dowlin Ditch, Pioneer Pasture)
• Explore potential development of groundwater. (East of 287)
• Rehabilitate all unused water rights. (Pioneer Pasture, Goforth)
• Consider leveraging tradable upland land toward protection of Casper Aquifer
Protection Area. (East of 287, Savory Pastures)
• Consider leveraging tradable land or purchase of additional land toward consolidation of
Dowlin Ditch water rights.
• Prioritize lease, transfer, or exchange of land over sale. (For example, Tri-State
Substation vs. Mountain Cement)
• If land is sold, retain access rights (if desirable and feasible) and ensure there will be no
detrimental impact on water rights.
• Preserve and/or expand open space to connect with other publicly owned land while
improving water rights. (Pioneer - UW Stock Farm, BLM/State sections)
• Continue current ranching operations so long as it is the best option to 1) maintain the
consumptive use plan so as to maximize the City’s water rights and 2) realize a revenue
return to the City, thereby offsetting the cost to maintain the water right.
• Preserve and protect access to the Laramie River and protect riparian/wetland areas,
and irrigated meadows. (WY Game and Fish access)

Long Term Goals & Objectives
• Retain select lands for preservation of open space and to provide possible public
recreational opportunities.
• Use City of Laramie Parks & Recreation Master Plan as basis for future recreation
initiatives. (Parks and Rec Master Plan, p. 321)
• Provide for compatible public use, both in activities and intensity of use.
• Regularly re-evaluate and review potential for uses beyond the current ranching
operation, such as solar, wind, community agriculture, wildlife habitat,
recreation/tourism, residential, business and/or industrial applications.
• In evaluating plans for individual parcels, consider implications to the value and use
options for the other parcels and to the ranch as a whole.

August 2017
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Parks and Rec Master Plan
Hypothetical Recreational Uses

August 2017
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Property Overview

August 2017
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Management Plan Areas
As a starting point, the ranch can be divided into five areas based
on use, physical, and other characteristics, as follows:
•
•
•
•
•

East of 287
Goforth Reservoir
Savory Pastures
Dowlin Irrigated
Pioneer Pasture

August 2017
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Management Plan Areas – East of 287
Highest potential for
development of groundwater
(high production municipal wells)
Good groundwater potential in
general and soil quality makes
this a logical area for
development (County Comp
Plan)
Portions could be traded for
more sensitive Casper Aquifer
properties
Preserve Simpson Springs area

August 2017
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Management Plan Areas – Goforth

Development of Harney Creek
surface water resource (Goforth
Reservoir) – plans are in motion
with Ducks Unlimited proposal
Possible development of 287
Pasture—between the UPRR and
US 287

August 2017
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Management Plan Areas – Savory Pastures
Poor access
Poor groundwater potential
Clay and salty soils
Best used for grazing and
hunting

August 2017
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Management Plan Areas – Dowlin Irrigated
This is the core area for the
purchase of the ranch
Dowlin water rights will be
transferred to municipal use
Important to keep water delivery
system in good shape and use it
Laramie River frontage, but with
poor access

August 2017
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Management Plan Areas –Pioneer Pastures
Currently the only public
access—managed by WY Game
and Fish
WWDC funds could be used to
repair ditch and rehabilitate
water rights
Pioneer Pasture soil requires
extensive amendment for
productive agricultural use

August 2017
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Active Projects
•
•
•
•

Goforth Reservoir
Tri-State Substation
Hunter Management Area
Future Grants for Land/Facility Improvements

Projects – Goforth Reservoir
Goforth Reservoir dam breached
with 1980’s flooding,
compromising the water rights
associated with Harney Creek
Ducks Unlimited is rehabilitating
the dam and building a series of
embankments and gates to
enhance irrigation
Baseline bird survey performed
in June
City provided $30,000 seed
funds, total project cost is
estimated at >$700,000
The Goforth project will
maximize surface water rights
August 2017
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Projects – Tri-State Substation
Tri-State Generation and
Transmission Association is
negotiating a lease agreement
with the City of Laramie to
construct a 5-acre sub-station
off River Ranch Road
Tri-State is proceeding with
planning and permitting,
construction could commence
as early as this fall

August 2017

Monolith Ranch Advisory Committee

16

Projects – Hunter Management Area
Hunter Management Area (HMA)
lease renewed
WY Game and Fish continues to
manage the program
Facilitates public access and
promotes recreation
Law enforcement presence
Additional deer permission slips
issued this year to reduce
elevated populations attracted by
the alfalfa field

August 2017
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Projects – Future Grants for Land/Facility
Improvements
Wyoming Water Development Commission Small Water project grants
(up to $35,000) to support facility improvements to enhance ongoing
ranch operations and long-term property value
The current lessee may provide grant matching funds for these projects
Laramie Rivers Conservation District will be the sponsor on these
applications and will provide assistance with their development
Potential improvements include:

• Thompson and Simpson Pasture stock watering
• Pioneer Pasture canal and distribution rehabilitation (maximizes use of water
right)

August 2017
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Conclusions
MRAC Management and Long-term Goals and Objectives should be
adopted by Laramie City Council
MRAC Management and Long-term Goals and Objectives are the first
step in developing a land use plan for the Monolith Ranch
MRAC desires close involvement in the selection of any outside
consultant hired for developing a land use plan
MRAC desires close involvement in land use planning

August 2017
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Assessment of Salt-Affected Soils at Monolith Ranch, Laramie, Wyoming

Written by Meghan Kent, M.S. Student
Advised by Karen Vaughan, Associate Professor of Pedology
University of Wyoming Department of Ecosystem Science and Management
October 29, 2021

Assessment of Salt-Affected Soils at Monolith Ranch, Laramie, Wyoming

Soil salinity and sodicity are a global land management issues restricting productivity in arid
regions. Pioneer Pasture, a city-owned parcel on the western side of Laramie, Wyoming, presents
signs of salt-affected soils including a visible salt crust and halophytic plant communities.
Mapping of the extent of salt-affected soils and determining the origin of the salts became critical
to determine land management actions. During the summer of 2020, Electromagnetic Induction
(EMI) and traditional soil sampling techniques were used to determine the extent and type of salt
affectedness. Soils collected were then analyzed for texture, pH, electrical conductivity, sodium
absorption ratio, organic matter content, and nutrient concentration. EMI survey showed areas of
salt-affected soils throughout the extent of the field, but largely concentrated in the northern half
of the area. Lab analysis of soils collected during survey revealed most soils to be saline or salinesodic. More than 80% of samples were found to be salt-affected, within saline-sodic soils being
most common. Based on parent material and profile horizonation, salts are believed to have
originated from the parent material and were catalyzed by a history of irrigated hay production and
seasonal flooding. Due to the large area of salt-affected soils and complexity of remediation,
alternatives to attempted remediation are recommended.
Abbreviations: EC: electrical conductivity; EMI: electromagnetic induction; SAR: sodium
adsorption ratio; ESP: exchangeable sodium percentage; AB-DTPA: ammonium bicarbonatediethylenetriaminepentaacetic acid; %OM: percent organic matter.
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Introduction
Soil salinity and sodicity issues are widespread problems globally with more than 23% of
cultivated soils suffering from challenges related to elevated salt concentrations (Shahid et al.,
2018). Nearly 50% of irrigated land globally shows evidence of salt-affected soils (Weil &
Brady, 2016). Salinization is expected to increase in the future due to problems including rising
sea level, rising temperatures resulting in increased evaporation, and the increased need to apply
irrigation water (Shahid et al. 2018). Salinization predominantly occurs in arid and semi-arid
regions (Shahid et al., 2018; Havlin et al., 2016) when evapotranspiration is greater than
precipitation, resulting in salts accumulating at the soil surface and root zone (Havlin et al.,
2016). Primary causes of soil salinization under the above climactic conditions include (i)
weathering of parent materials and rocks, (ii) rising water table levels, (iii) exposure to saltwater
through ocean proximity, (iv) application of poor quality irrigation water or irrigation
mismanagement, and (v) excessive application of salts through the use of fertilizers (Havlin et
al., 2016).
Salt-affected soils are classified as saline, sodic, or saline-sodic (Figure 1). Saline soils are soils
with high levels of soluble salts sufficient to adversely affect plant growth. Sodic soils have
adsorbed excess sodium ions, resulting in degradation of soil structure (Havlin et al.,
2016). Saline-sodic soils have properties of both sodic and saline soils. Salt-affected soils
typically lead to decreased crop production due to the osmotic effect of salts in the soils reducing
water availability to plants, micronutrient toxicity, and ion imbalances resulting in increased
energy consumption to maintain metabolic processes (Havlin et al., 2016). In rangeland settings,
high soil salinity prohibits growth of ground covers except for those with high salt tolerance such
as alkali grass and tamarisk (Blaylock, 1994).

2

Figure 1. Categories of salt-affected soils and plant communities adapted to thrive in these
conditions.
Salt expression in soil morphology
Salt-affected soils often contain a salic or natric horizons. A salic horizon is 15 cm or thicker, has
an accumulation of sodium salts, and an electrical conductivity equal to or greater than 30 dS/m
in water extracted from a saturated paste (Soil Survey Staff, 2014). A natric horizon has several
defining characteristics, but generally can be identified by clay illuviation which has been
accelerated by sodium (Figure 2) (Soil Survey Staff, 2014). Sodium affects soil structure through
clay dispersion, aggregate structure degradation, and loss of macroporosity (Weil & Brady,
2016). Na-induced dispersion causes reduced infiltration, reduced hydraulic conductivity, and
surface crusting.
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Figure 2. Schematic of the formation of a compacted natric horizon(left) and platy soil structure
observed in Pioneer Pasture at Monolith Ranch (right).
Pioneer Pasture at Monolith Ranch
The Monolith Ranch was purchased by the City of Laramie in 1981 primarily for the accruement
of the Dowlin water rights. Currently, the Pioneer Pasture is leased to Baer Livestock and used as
part of their commercial cattle operation. It is also a Hunting Management Area with Wyoming
Game and Fish. The Pioneer Pasture is part of the Pioneer Canal/Lake Hattie Irrigation District.
Prior to city purchase, hay production was the main use of the Pioneer Pasture and irrigation
water was used from the Laramie River. For the last three years, the City of Laramie has
restarted the use of irrigation in some ditches in the pasture. Management goals for the Pioneer
Pasture include increased forage quality and increased aesthetics (D. Parkin, personal
correspondence, July 15, 2020).
Observation on the Pioneer Pasture revealed a diversity of wildlife and plants. Seasonal ponding
resulted in wetland microhabitats, as well as deep prairie in two distinct regions of
the pasture. Numerous bird species were found in the pasture including Swainson’s hawk, redwinged blackbird, grackle, prairie falcon and others. Other parts of the pasture were
characterized by a high density of greasewood, low grass cover and large amounts of animal
holes. Jackrabbits, prairie dogs, field mice and pronghorn are common.
Through correspondence with Dr. Larry Munn, emeritus professor of pedology at the University
of Wyoming who has conducted significant survey of the area in the past, some history and
knowledge of the soils of Monolith Ranch has been ascertained. The Monolith Ranch is
underlain by marine shale with Cretaceous-age sea salt (Lageson & Spearing, 2015). These salts
become mobilized by seasonal snowmelt flooding (L. Munn, personal communication, April
3, 2020). The pasture is currently irrigated with water from the Pioneer Canal, which has been
assessed to be water of good quality from the Laramie River. Munn asserts the issue of salinity in
the pasture is resultant of 140 years of flood irrigation water interacting with the marine shale
bedrock, which releases salts into the soil.
In arid climates, succession after disturbance such as post-irrigated salinity can be a lengthy
process. One study found the succession process from irrigated field to sagebrush in arid
climates took as long as 100-140 years (McLendon, Naumburg & Martin, 2012). Investigating
secondary succession in Wyoming rangelands over 60 years, Samuel & Hart (1994) found that

4

plant communities were still not re-established. Based on this, Pioneer Pasture is likely still in
the succession process.

Figure 3. Soil map of the Pioneer Pasture area of Monolith Ranch from SoilWeb. Pioneer Pasture
outlined in green. Map unit information is presented below.
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Table 1. Soils map unit information for Pioneer Pasture (Figure 3) from SoilWeb (USDA-NRCS,
2021).
Map
Percent of Pioneer
Unit
Map Unit Name
Acres
Pasture
Symbol
120
Bosler-Borollic Camborthids complex, 0 to 8 percent 43.4
11.1%
slopes
155
Elkol-Gerdrum family, overflow complex, 0 to 3
75.1
19.2%
percent slopes
167
Grenoble-Gerrard complex, 0 to 3 percent slopes
43.1
11.0%
178
Kiltabar-Tismid complex, 0 to 3 percent slopes
101.0
25.7%
185
Luvar-Stylite-Diamonkit complex, 1 to 8 percent slopes 19.1
4.9%
203
Redrob, frequently flooded-Grenoble-Redrob complex, 110.5
28.2%
0 to 3 percent slopes
Totals for Area of Interest

392.2

100.0%

Kiltabar-Tismid complex soils, mapped as the predominant soil order for the northern half of
Pioneer Pasture, are soils belonging to the Tismid and Kiltabar series. Tismid soils are Fineloamy, mixed, superactive, frigid Ustic Natrargids. These are deep, well-drained soils on fan
terraces, alluvial flats, cuesta dipslope, and fan aprons (Soil Survey Staff, n.d.). This soil contains
salts more soluble than gypsum, high lime content, and thick clay films. This soil would be
expected to be moderately saline to strongly saline, with electrical conductivity (EC) between 8
to 16 mmhos/cm. These soils have a maximum Sodium Adsorption Ratio (SAR) of 40.
Kiltabar soils are Fine-loamy, mixed, superactive, frigid Gypsic Aquisalids (Soil Survey Staff,
n.d.). These are very deep, somewhat poorly-drained soils on alluvial flats, drainageways, and
areas adjacent to playas and intermittent lakes. They contain disseminated carbonates, masses of
gypsum and salts more soluble than gypsum, and often present surface accumulation of salts.
This soil is strongly saline, with EC ranging from 28 to 90 mmhos/cm. These soils have a
maximum SAR of 40.
Redrob soils, mapped as the predominant soil order for the southern half of Pioneer Pasture, are
fine-loamy over sandy or sandy-skeletal, mixed, superactive, calcareous, frigid Fluvaquentic
Endoaquolls (Soil Survey Staff, n.d.). These are deep, somewhat poorly drained soils on
floodplains or terraces with high lime content and a mollic epipedon. This soil would be
expected to be non-saline or very slightly saline, with electrical conductivity between 2 and 8
mmhos/cm. These soils have a maximum Sodium adsorption ratio of 5.
Based on the soils mapped by USDA-NRCS throughout Pioneer Pasture (Soil Survey Staff,
n.d.), it would be expected to find more salt-affected soils in the northern half of the pasture with
less salt-affected soils closer to the river. A fine-scale mapping effort was conducted to
determine if soils classify as saline, sodic or saline-sodic. The natric horizons present in
the Gerdrum and Tismid soils series, as well as the calcareous nature of
the Elkol and Redrob series, could affect management decisions in the future for the remediation
of the salt-affected soils.
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Objectives
The objectives of this research are to assess the extent and degree of the salinity issues in the
Pioneer Pasture at Monolith Ranch. This assessment will include the following:
1. Mapping of salt-affected soils on Pioneer Pasture;
2. Classifying the soils as saline, sodic or saline-sodic;
3. Hypothesizing the cause of salinity problems on Pioneer Pasture; and
4. Providing recommendations for improvement and future management.
Methodology
Field Sampling of Soil Salinity
A field-scale survey of Pioneer Pasture was conducted using electro-magnetic induction (EMI).
This method of survey is more rapid, less intrusive, and more cost-effective than traditional soil
sampling methods. However, whereas traditional soil sampling is constrained to a depth of 10 cm
from the surface, the depth of EMI penetration depends on soil texture. The depth of EMI
penetration is unknown and variable across the surveyed area.
Kriging interpolation was chosen to model the spatial distribution of EC values across pioneer
pasture. Kriging interpolation is a geostatistical method that predicts values for unknown points
using a given point’s distance from a known value (O’Sullivan & Unwin, 2010). Kriging
interpolation is an accepted tool used to model spatial distribution of salinity in soils (Triantafilis
et al, 2001; Nie et al, 2021; Abdennour, 2019; Eldeiry & Garcia, 2012). For this project, bilinear
interpolation was used. 10 classes were chosen using Natural Breaks.
Based on the results of the EMI survey, four zones of salinity severity were created. Zone 1
contains the soils expected to be least salt-affected while zone 4 contains soils expected to be
most salt-affected. The four zones were based on evenly dividing the range of EC soil values
found during survey, which ranged from approximately 0 dS/m to 115.8 dS/m, to represent the
areas of lowest and highest salinity. Over 386,000 data points were collected, and so the zones
were divided to have an even number of points in each. Each zone contained approx. 96,500 data
points.
Using these zones, samples were then collected from each zone to verify the accuracy of the EMI
survey. A total of 69 samples were collected from the pasture to a depth of 10 cm. Seventeen
samples were collected from zone 1, 18 from zone 2, 14 from zone 3 and 14 from zone 4.
Additionally, 4 random samples were selected from areas that presented visual signs of salt
accumulation.
Soil profiles were excavated in each of the four zones identified using EMI in Pioneer Pasture.
Profiles were dug using an excavator to a depth of approximately 150 cm, to the point of refusal
or to the water table. GPS coordinates were documented from each soil profile excavation. Soils
from one side of each profile were described using standard techniques and sampled by genetic
horizon (Soil Survey Staff, 2014). The locations selected were anticipated to be representative of
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soils in the given EC range. Because they were representing the lowest half of EC values
surveyed, profiles 1 and 2 were expected to be non-salt affected. Representing the upper half of
EC values surveyed, profile 3 and 4 were expected to be salt-affected.
Lab Analyses
Before attempting to remediate salt-affected soils, it is critical to assess the following soil
conditions: pH, EC, solution and exchangeable cations and anions, soil texture, and CaCO3
content (Havlin et al., 2016). This information is used to classify the soil as saline, saline-sodic,
or sodic. This classification determines the necessary actions to remediate and manage these
soils. The differences between the types of salt-affected soils are summarized in Table 1.
Table 2. Classification of saline, sodic, and saline-sodic soils (adapted from Havlin et al., 2014).
Electrical conductivity (EC), exchangeable sodium percentage (ESP), sodium absorption ratio
(SAR).
Classification EC (mmhos/cm)
Saline
>4
Sodic
<4
Saline-Sodic
>4

soil pH
<8.5
>8.5
<8.5

ESP %
<15
>15
>15

SAR
<13
>13
>13

Alkali crust color Soil structure
white
normal
black
poor
white and black normal or poor

Basic soil characterization included particle size analysis using the pipette method (Soil Survey
Laboratory Staff, 2014), Organic Carbon using dry combustion (Soil Survey Staff, 2014), bulk
density using the clod method (Soil Survey Staff, 2014), calcium carbonate using titration(Soil
Survey Staff, 2014), and pH and Electrical Conductivity from a 1:1 soil:water slurry (Soil Survey
Laboratory Staff, 2014). Nutrient concentrations were measured using Ammonium bicarbonatediethylenetriaminepentaacetic acid (AB-DTPA), and are reported in parts per million. Sodium
Absorption Ratio were calculated from SAR = Na+/((1/2(Ca2+ + Mg2+))1/2, with Na, Ca and
Mg concentration in meq/L (Soil Survey Staff, 2014).
Results & Discussion
Spatial Distribution of Salinity
Spatial distribution of soil salinity aligned with what is expected of a desert shrubland (Knight et
al, 2014). Areas of high salinization were predominantly in local depressions, or playas, where
seasonal ponding and evaporation resulted in increased salt concentrations of the soil. EC values
across Pioneer Pasture were variable with localized high and low zones (figure 6). Areas of high
and low electrical conductivity throughout the property, but higher EC values were more
common in the central region of the property.
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Figure 6. Kriging interpolation map of electrical conductivity across Pioneer Pasture. Electrical
conductivity represented in dS/m. Only the areas represented by dark green would be expected to
have non-saline soils.
Comparing the EC values for EMI survey data and surface (0-10 cm) sample data for nonrandom samples at any given location, 70.7% (46 of 65) of classifications agreed between the
two methods. 23.1% (15 of 65) of samples did not meet the EC threshold for salinity during EMI
survey but exceeded this threshold during lab analysis. 6.1% (4 of 65) met the EC threshold
during EMI survey but did not meet the threshold during lab analysis. Most error occurred in
Zone 2 soils, which included locations where EMI survey showed EC to be around the threshold
for soil salinity designation (4 dS/m).
By zone, zone 4 was the most reliable while zone 1 was the least reliable. Discrepancy in
measured EC was most prevalent in soils measured at a low EC during EMI survey. False
negatives occurred at predicted ECs from 1.0 to 2.5 dS/m. False positives occurred at predicted
ECs from 3.7 to 7.8 dS/m. Zone 1 had a 44.4% false negative rate (8 of 17). Zone 2 had a 38.9%
(7 of 18) false negative rate and 5.5% (1 of 18) false positive rate. Zone 3 had a 20% false
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positive rate (3 of 15). Zone 4 soils had a 0% (0 of 14) error rate when comparing the two
sampling methods.
Discrepancy between EMI survey EC and EC of sampled soils can be attributed not only to the
difference in soil penetration between the two methods, but additionally due to a change in soil
moisture between collection periods. Soil moisture influences measured soil EC (Doolittle,
Peterson and Wheeler, 2001; Serrano et al, 2012). EMI survey was conducted in June and July
2020, while soil sample collection occurred in August. The soils in August were noticeably drier
than in June and July. In June, some areas of the pasture were flooded.
Surface Sample Characteristics
Soils sampled within Pioneer Pasture were predominantly sandy loam with a median pH of 8.3.
Of soils sampled, the median electrical conductivity (EC) was 10 dS/m and the median Sodium
absorption ratio (SAR) was 19.5 resulting in most soils classifying as saline-sodic. Median
organic matter content of the soils was 1.8%.
Soil Texture
Soil texture is determined by particle size of the soil represented by percentage sand, silt and
clay. Clay is the smallest particle size and sand is the largest. Particle size affects multiple
aspects of soil properties including water retention and cation exchange capacity.
The predominant surface soil texture for Pioneer Pasture is sandy loam. Non-saline soils had a
higher sand percentage than saline or saline-sodic soils, meaning they had a coarser texture and
likely have better water drainage (Figure 7). Species including blue grama grasses and big
sagebrush need soils with higher sand content to thrive due to improved drainage and aeration of
these soils (Knight et al, 2014).
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Figure 7. Soil textural triangle with Pioneer Pasture texture classification according to salinity
classification. Points represent 69 0-10 cm soil samples collected across the extent of Pioneer
Pasture.

Figure 8. Percent sand, silt, and clay by salinity classification for Pioneer Pasture.
Saline-sodic soils mostly classified as sandy clay loam (Figure 7). Saline-sodic soils had higher
clay percentages than saline or non-saline soils; 27% compared to 13.5% and 14% respectively.
However, there was no statistically significant difference found between non-saline, saline or
saline-sodic soils in terms of soil texture. Saline soils had more silt than did non-saline or salinesodic soils, 28.5% compared to 21% and 17%, respectively, although these values were no
statistically significant.
pH
pH affects characteristics of the soil including nutrient availability and microbial community.
Many rangeland soils in the western United States are alkaline due to the arid climate (Knight et
al, 2014). Wyoming soil pH tends to range from 7.0 to 8.5 on average (Belden, 2019).
Median pH of the soils sampled at Pioneer Pasture was 8.3. While pH ranged from 6.7 to 8.9,
most soils sampled fell between 8.0 to 8.5 (Figure 9). At this pH, many macro and micronutrients are limited in availability to plants even if they are abundant in the soil. Plant
availability of nitrogen, phosphorous, calcium, manganese, iron, copper and zinc can be expected
to be limited by pH in soils at Pioneer Pasture (Havlin et al, 2016).
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Figure 9. pH of Pioneer Pasture soils by salinity classification.
No significant difference was found between the non-salt-affected, saline, and saline-sodic soils
based on pH. Saline soils and non-saline soils had nearly the same pH, with a median of 8.0.
Saline-sodic soils had a higher median pH at 8.5, but also had greater range and encompassed
both the highest and second-lowest pH values for the pasture.
Soil Salinity and Sodicity
Electrical conductivity (EC) is a measurement of soluble salts present in a soil. Median EC of 010 cm grab samples collected was 10 dS/m with a range of 0.3 to 84.3 dS/m. Most samples were
between 2.2 and 21.5 dS/m. Areas of high EC largely occurred in depressions across the field. A
soil with EC above 4.0 dS/m is considered to be saline.

12

Figure 10. Distribution of soils classified as non-saline, saline, or saline-sodic in Pioneer Pasture.
Median Sodium Adsorption Ratio of the collected soils was 19.5 with a range of 0.5 to 110.6.
Most samples were between 3.5 to 33.8. A soil is considered to be sodic if it has a SAR above
13. It is considered saline-sodic if it has an EC above 4.0 dS/m and a SAR above 13.

Saline

Saline- Sodic

Sodic

Figure 11. SAR (sodium adsorption ratio) and EC (electrical conductivity) of grab samples
collected. Samples below 13 SAR and below 4 dS/m EC are non-salt-affected.
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Of the samples collected, most soils presented as saline-sodic (56 of 95). 18 soils presented as
saline, and 21 presented as non-saline. Soils collected from Zone 1 and Zone 2, the two lowest
EC zones, had equal distributions of non-saline, saline, or saline-sodic soils. 20% of soils in
Zone 3, the second highest EC zone, were non-saline. 53% were saline-sodic and 27% were
saline. 100% of samples collected from Zone 4, the highest EC zone, were saline-sodic.

Figure 12. SAR (sodium adsorption ratio) and EC (electrical conductivity) of 0-10 cm grab
samples by zone.
Saline, sodic and saline-sodic soils require different reclamation techniques. Saline soils can be
flushed with low-salt water to leach salts below the root zone, but this is not true of sodic or
saline-sodic soils. In saline-sodic soils, leaching salts from the soil will cause exchangeable
sodium ions to hydrolyze and increase the pH of the soil and shifts the soil to a sodic soil, rather
than remediating the problem (Havlin et al, 2016). Additionally, sodium in sodic and saline-sodic
soils can cause dispersion of clay colloids, preventing infiltration. Based on the frequency of
saline-sodic soils in Pioneer Pasture, flushing the soils with low-salt water is not recommended.
Remediation techniques for sodic and saline-sodic soils is dependent upon more factors
including lime and gypsum content of the soil. In sodic and saline-sodic soils with low calcium
carbonate, exchangeable sodium must be reduced to remediate the soil. This is accomplished by
replacement with positive calcium ions through the application of gypsum (Havlin et al, 2016). If
calcium carbonate is already present in the soil, the needed amendment is an acid or acid14

forming material. This will dissolve the calcium carbonate to produce positive calcium ions
which will replace the positive sodium ions (Havlin et al, 2016).
Nutrients
Table 3. Nutrient values for 0-10 cm samples across Pioneer Pasture in ppm.
NO3- P
K
Zn
Fe
Mn Cu
Ca
Mg
N
Mean
5.15 19.93 297.74 .95
23.35 2.50 2.12 418.52 1276.19
Std
8.37 13.48 153.50 1.07 23.25 2.12 1.24 231.55 2169.73
Dev
Min
.1
0
0
0
0
0
0
14.0
4.86
Max
53
62
726
7.823 128
9.19 5.83 1008
9270
Median 2.1
17.2 308
.61
15.5 2.09 1.98 456.91 394.88

Na
5277.64
8769.40
18.39
44531
2096.68

All nutrient concentrations were adequate for dryland production. However, pH limits plant
uptake of some nutrients although they are abundant in the soil. Soil pH changes the form of the
nutrient in the soil, which changes the solubility of the nutrient. pH also affects the microbial
community present in the soil. These microorganisms are essential to the decomposition of
organic matter, making nutrients available for plant uptake. (Reitsma et al, 2011; Havlin et al,
2016; Msimbira & Smith, 2020). Plant availability of nitrogen, phosphorous, calcium,
manganese, iron, copper and zinc can be expected to be limited by pH in soils at Pioneer Pasture
(Havlin et al, 2016).
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Figure 13. Nutrient availability determined by soil pH. Figure from Reitsma et al., 2011.
Nutrient concentrations were similar throughout the four zones, with zone 1 expected to be the
least salt-affected and zone 4 expected to be the most salt-affected. Salts commonly found in
saline soils include sodium chloride, calcium chloride, potassium chloride, gypsum, magnesium
sulfate, and sodium sulfate. Zones 2, 3 and 4 had higher sodium concentrations than zone 1.
Zone 4 had the highest sodium and magnesium concentration. Across all samples, sodium and
magnesium were found to covary with r2= .86, indicating that a salt with both of these elements
is likely in the soil. One example of these minerals is bloedite, Na2Mg(SO4)2•4H2O.
Macronutrients
Nitrogen, phosphorous and potassium are the three macronutrients vital to plant growth. Median
Nitrogen content of the soil was 2.1 ppm. This was the lowest concentration of the
macronutrients tested. Nitrogen is easily leached from a soil profile and is often a limiting
nutrient in terms of plant growth. Median Phosphorous content of the soils sampled was 17.2
ppm. Median Potassium content of the soils sampled was 308 ppm, which was significantly
higher than all other nutrients in the soil. Potassium is often high in Wyoming soils because it is
not easily leached from a profile (Knight et al, 2014). This can cause the formation of potassium
chloride, which contributes to salinity in soil (Havlin et al, 2016).
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Figure 14. Mean macronutrient concentration by electromagnetic induction (EMI) predicted
salinity zone.
Micronutrients:
Although not needed in large quantities for plant growth, micronutrients are still essential in
plant nutrition. Zinc, iron, manganese, copper, calcium, magnesium and sodium were measured
during soil testing. Sodium, calcium and magnesium were the most abundant micronutrient in
the soil, with concentrations higher than those of nitrogen or phosphorous. Excluding these three
micronutrients, iron had the greatest concentration of the micronutrients in all zones. However,
iron availability is likely limited by the high pH of the soil.
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Figure 15. Micronutrient concentration by zone with salts excluded. Units are in parts per million
(ppm).

Figure 16. Salt concentration by zone. Units are in parts per million (ppm).
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Soil Organic Matter
Soil organic matter (SOM) is important because it improves permeability, water-holding
capacity, aeration, and resistance to compaction. Average soil organic matter for soils in
Wyoming is less than 2% (Belden, 2012).
For Pioneer Pasture, the median soil organic matter content was 1.8%, with a high of 7.6% and a
low of 0.1%. Organic matter content was generally highest in the saline soils, although there was
not a significant difference found between non-saline, saline or saline-sodic soils in terms of
organic matter content.

Figure 17. Percent soil organic matter (%OM) based on salinity classification of the soil. Box
plots show median values (solid vertical line), 50th percentile values (box outline), 90th
percentile values (whiskers), and outlier values (circles, data falling outside 1.58 times the
interquartile range above or below the upper or lower quartile).
Lime
Lime, CaCO3, is reported as low (0-1%), medium (1-2%) or high (>2%). Percent free-lime is
important for remediation of salt-affected soils. In sodic and saline-sodic soils with low lime
content, calcium is added to the soil to reduce exchangeable sodium ions. If the soil has a high
lime content, the soil needs an acidic amendment to produce calcium ions from the present lime.
For all soils sampled at Pioneer Pasture, 68% were reported as having high lime content and 32%
were measured as having low lime content. Samples of high and low lime content were closely
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interspersed geographically, which could complicate remediation of these soils. This lime
originates from the parent material, but soil forming processes cause the lime to be more
prevalent in some parts of the soil than in others. One factor in this is the vegetation on the
pasture. In arid rangeland systems, limited water availability constrains the density of vegetation
on the landscape and results in areas of bare soil between shrubs or grasses. Soil properties can
be expected to differ between the bare soil and the vegetated soil in part due to erosion, root
channels and nutrient uptake, and plant litter adding to the soil organic matter (Weil & Brady,
2016). Soils under shrubs and grasses can be expected to have lower pH and higher mineral
weathering than bare soils.
Soil morphology
The four soil profiles excavated were chosen to represent the profile of soils within a given zone,
with profile 1 selected from zone 1, profile 2 from zone 2, and so on. Based on sample data,
profile 3 and 4 were saline-sodic. Based on EC, profile 1 was slightly saline. Only profile 2 was
non-salt affected.
In the salt-affected soils, salts were detected at high levels through the extent of the profile. This
suggests that salt concentrations in soils across the pasture are also detectable throughout the
extent of the soil profile, rather than being a superficial issue. This supports the theory that the
salts are released from the parent material.
Soil profile 1
Soil profile 1 is an arid-land soil with a thick organic-rich surface, subsurface accumulation of
sulfites, gypsum, clay and calcium carbonate, and coarse-textured lower half of profile. This soil
is classified as Fine-loamy, mixed, superactive, frigid Ustic Haplargid (Soil Survey Staff, 2014).
This is consistent with the Tismid soil series (Soil Survey Staff, n.d.). It has both a calcic and
argillic endopedon. There is a lithologic discontinuity occurring at the top of the 2Bk and at the
top of 3C horizons, indicating multiple alluvial soil-forming events. Based on EC, this soil is
slightly saline throughout most of the profile although the salinity extent of this profile is not
sufficient to substantially limit plant growth. The 2BC and 2C horizons are non-saline. For this
profile, SAR data was found to be unreliable and has been excluded. Profile 1 was predicted to
be non-saline with an EC of 1.1 dS/m during EMI survey.
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Figure 18. Soil profile excavated from Zone 1 with horizonation and general horizon boundaries
overlain (left). Soil texture, pH, electrical conductivity (EC), sodium absorption ratio (SAR),
lime (CaCO3 class; as low [0-1%], medium[1-2%] or high [2%]), and soil organic matter
percentage are presented by genetic horizon.
Soil profile 2
Soil profile 2 is an arid-land soil with thick organic-rich surface, subsurface accumulation of
calcium carbonate, and coarse-textured lower half of profile. This soil is classified as Fine-loamy
over sandy or sandy-skeletal, mixed, superactive, frigid Ustic Haplargid (Soil Survey Staff,
2014). It has a calcic endopedon. There is a lithologic discontinuity occurring at the top of the
2Bk2 horizon. Based on SAR and EC, this soil is mostly non-salt affected. Near the middle of
the profile, horizon 2Bk2 meets the EC threshold to be classified as saline. It was predicted to be
non salt-affected with an EC of 3.4 dS/m during EMI survey.
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Figure 19. Soil profile excavated from Zone 2 with horizonation and general horizon boundaries
overlain (left). Soil texture, pH, electrical conductivity (EC), sodium absorption ratio (SAR),
lime (CaCO3 class; as low [0-1%], medium[1-2%] or high [2%]), and soil organic matter
percentage are presented by genetic horizon.
Soil profile 3
Soil profile 3 is an arid-land soil with organic-rich surface and subsurface accumulation of clay,
sodium, gypsum, and sulfides. It is classified as Fine, montmorillonitic Ustic Natrargids (Soil
Survey Staff, 2014). It has an argillic, gypsic, natric endopedon. It shows signs of mono-sulfides
formed under saturation. There is a lithologic discontinuity at the top of the 2Btnyy and 2Btse
horizons. Based on SAR and EC, this soil is saline-sodic throughout its profile. It was predicted
to be salt-affected with an EC of 7.1 dS/m during EMI survey.

Figure 20. Soil profile excavated from Zone 3 with horizonation and general horizon boundaries
overlain (left). Soil texture, pH, electrical conductivity (EC), sodium absorption ratio (SAR),
lime (CaCO3 class; as low [0-1%], medium[1-2%] or high [2%]), and soil organic matter
percentage are presented by genetic horizon.
Soil profile 4
Soil profile 4 is an arid-land soil with thin surface horizon and subsurface accumulation of clay,
sodium, gypsum, and sulfides. It is classified as Fine, montmorillonitic Ustic Natrargids (Soil
Survey Staff, 2014). It has an argillic, natric, gypsic endopedon. A salt crust was visible on the
top of the soil at the time of excavation. The presence of sulfides was detected in the soil. Based
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on SAR and EC, it is saline-sodic throughout its profile. It was predicted to be salt-affected with
an EC of 8.4 dS/m during EMI survey.

Figure 21. Soil profile excavated from Zone 4 with horizonation and general horizon boundaries
overlain (left). Soil texture, pH, electrical conductivity (EC), sodium absorption ratio (SAR),
lime (CaCO3 class; as low [0-1%], medium[1-2%] or high [2%]), and soil organic matter
percentage are presented by genetic horizon.
Texture
Soil profiles 1 and 2 became more coarse-grained with depth. Profile two experienced a
significant increase in sand content, from approx.. 50% at the surface to nearly 100% at a depth
past 150 cm. Profile 1 experienced an increase in silt content compared to clay content, although
sand content stayed approximately the same throughout the profile. Profile 3 and 4 become
slightly more fine-grained with depth. Profile 3 had a slightly decrease in sand content from the
surface with depth and an increased in silt content. Profile 4 had a decrease in silt content with an
increase in clay content although sand content stayed approximately the same.
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Figure 22. Soil texture expressed as percent sand, silt or clay by depth.
pH
There was no dominant trend for pH change based on depth. In profile 1, pH decreased
significantly from approx.. 125 cm to 150 cm of depth. pH of profile 2 increased with depth
compared to the surface. In profile 3 and 4, pH changed very little with depth. Profile 2, the non-
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saline profile, was the only soil to have a pH below 8.0 at its surface although this pH increased
to above 8.5 at 50 cm of depth.
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Figure 23. Change in pH with depth for each profile.
Depth of Salinity
As mentioned previously, profiles 1 and 2 were expected to be non-saline based on EMI survey.
However, upon testing the soils from the profiles dug, profile 2 was the only non-saline profile.
Profiles 1, 2 and 4 all met the classification for saline-sodic.
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Of the profiles sampled, classification as salt-affected or non-salt-affected did not generally
change with depth. Profile 1 had lower EC in its surface horizon than the underlying horizon. EC
from profile 1 decrease until from the second horizon until the bottom horizon, around 150 cm of
depth. SAR was not included for profile 1 because it was found to be unreliable. Profile two
reached the threshold to be considered saline at a depth of 70 cm. Profile 2 exhibited increased
SAR in the second and fourth horizons. SAR was lowest for profile 2 at the surface of the soil.
Profile 1

Profile 2

Profile 3

Profile 4
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Figure 24. Change in salinity with depth for each profile. Electrical conductivity (EC) and
sodium absorption ration (SAR) are presented.
SAR and EC consistently decreased with depth for profile 3, going from an EC of 40 dS/m at the
surface to approx.. 20 dS/m at a depth past 150 cm. Profile 4 experienced an increase of
approximately 10 dS/m in EC from 0 to 75 cm, with EC remaining relatively stable at this point
to the depth of the profile. SAR for this profile remained relatively stable throughout the soil
profile at approx.. 35.
Of salts tested for, sodium and magnesium were present in significantly higher quantities than
any other salts or micronutrients throughout the soil profiles. Sodium and magnesium co-varied
in the profile samples with r2= .93, suggesting a high degree of a mineral containing both
elements such as a sodium magnesium sulfide. This agrees with the finding of covariance
between magnesium and sodium across the 0-10 cm grab samples.
Profile 1

Profile 2
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Figure 25. Salt concentration for each profile by depth. Units are in parts per million (ppm).
Nutrients
Of the profiles sampled, nitrogen concentrations were relatively static throughout the soil profile
except for profile 3, where nitrogen experienced an increase in Nitrogen in the lowest horizon.
Phosphorous also increased in this section.
Potassium content was significantly higher through the majority of the profile for all four profiles
than Nitrogen or Phosphorous. Potassium experienced a steady decline until approximately 100
cm of depth in all profiles. In profile 2, the potassium concentration at 150 cm was nearly the
same as the potassium concentration at the surface of the soil. Iron was the most predominant
micronutrient for all 4 profiles.
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Figure 26. Macronutrient concentration, in ppm, for each profile by depth.
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Figure 27. Micronutrient concentration, in ppm, for each profile by depth.
Soil Organic Matter (SOM)
Organic matter generally decreased with depth in the profiles sampled. In profile 1, organic
matter decreased at a near-linear rate until a depth of approximately 150 cm, at which point the
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organic matter content was higher than at the surface of the profile. Profiles 2, 3 and 4 all
declined in organic matter from surface to the bottom of the sampled profile.

Figure 28. Soil organic matter percentage (%OM) for each profile by depth in cm.
Future Considerations
1. Cease irrigation of Pioneer Pasture
Because many of the soils classified as saline-sodic and had high clay content, water
retention in these soils is very high. During excavation of the soil pits, the soil was found
to be waterlogged at depth. Leaching salts is not feasible in these soils unless an
extensive drainage system were to be installed. Because the soils are known to overlay
salt-laden shales, irrigating the pastures and increasing moisture content of the soils
increases the amount of salts released from the bedrock into the soil profile. Irrigating the
pasture will likely lead to an exacerbation of the salinity issue rather than relieving it. A
significant drainage system would need to be installed throughout the pasture, and the
sodicity issue would need to be addressed before then extensively flooding the field with
this drainage in place (Soil Survey Staff, n.d.).
2. Investigate cessation of cattle-grazing leases and instead lease for sheep-grazing

31

One of the stated management goals was to increase forage quality. While improving
forage quality for cattle may be difficult, the quality of forage for sheep may be higher
than it is for cattle on the pasture in its current condition. Sheep grazing is used as a tool
to utilize and manage saline lands under the correct conditions (Masters et al, 2006).
Whereas cattle grazing is primarily grasses, sheep utilize more forbs and shrubs (Scasta,
2014). Sheep are able to tolerate many species of plants that are poisonous to cattle, and
saltbush has been found to be beneficial to weight maintenance in sheep (Pearce, Norman
and Hopkins, 2010). If sheep graze saltbush in Pioneer Pasture, this may decrease the
amount of saline litterfall from these plants returning to the soil system. A range
specialist would need to be consulted about the feasibility of this management option.

Figure 29. Beef and sheep grazing habits. Figure from Scasta, 2014.
3. Install public interpretive signs
While the salt-affected pasture may look of little value to the naked eye, Pioneer Pasture
serves an important role both in winter range for wildlife as well as bird habitat during
the spring when it is flooded. Emphasizing the ecological importance of Pioneer Pasture
and providing information about the geologic history causing Pioneer Pasture to be
affected by salt crusts and halophytes could decrease the negative public perception of
the area. Installing an interpretive sign or kiosk at the entrance to Monolith Ranch, at the
dirt pull-off on the east side of the property and/or at the parking lot will educate the
public about the value of the pasture.
4. Continue monitoring of salinity conditions
Improving the soil condition of this pasture will take significant time. Continued
monitoring of salinity conditions, whether through EMI survey or traditional soil
sampling, should occur at the same time of year every time it is done and be repeated so
that the progression of the field can be understood. Little change can be expected from
year to year, but long-term monitoring may reveal significant change in field condition.
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The Monolith Ranch Hunter Management Area 2021
The Monolith Ranch Hunter Management Area is open to hunt antelope in Hunt Areas 44 or 37 and
white-tailed deer (on City of Laramie property ONLY) in Hunt Area 77 during the specific species seasons
as published in the current Game & Fish Commission Regulations:
 Archery Antelope Hunting Access: (apply starting the second Monday in July)
 Hunt Area 44 (Type 1 & 6 licenses)
 Unlimited number of permission slips will be issued for August 15 - September 14.
 Hunt Area 37 (Type 1 & 7 licenses)
 Unlimited number of permission slips will be issued for August 15 - September 19.
 Firearms Antelope Hunting Access: (apply July 12 – August 2 for permission slip drawings)
 Hunt Area 44 (Type 1 & 6 licenses)
 Thirty (30) permission slips will be issued for September 15 – 30.
 Unlimited number of permission slips will be issued for Sept. 20 – October 31.
 Hunt Area 37 (Type 1 & 6 licenses)
 Fifteen (15) permission slips will be issued for September 20 – 30.
 Fifteen (15) permission slips will be issued for October 1 - 14.
 White-tailed Deer Hunt Area 77 Hunting Access: (apply July 13 – August 3 for permission slip drawings)
 Fifteen (15) permission slips will be issued for any whitetail (Type 3) hunting Oct. 1 – Dec. 31.
 Fifteen (15) permission slips will be issued for doe/fawn (Type 8) hunting only Nov. 15 – 30.
 Twenty-five (25) permission slips will be issued for doe/fawn (Type 8) hunting only Dec. 1 – 31.
 Each hunter must have a permission slip and a vehicle pass to the specific hunter management area
and species they are hunting. Anyone without Department permission shall be subject to trespass
charges.
 Non-hunting/ non-permitted persons may assist in game retrieval on the HMA as long as they
are accompanying a permitted hunter and do not possess a bow or firearm.
 One permission slip will allow a hunter with multiple licenses to hunt additional animals of the
same species, provided the permission slip is less restrictive than the license (IE, additional
doe/fawn antelope licenses may be filled by a holder of a single “any” antelope permission slip,
but a buck white-tailed deer may not be taken by a “doe/fawn” permission slip holder.)
 Persons may not scout or trespass outside their designated hunting access period.
 Hunting species not listed on the permission slip, or other activities such as preseason scouting
and antler hunting are prohibited.
 You may receive either a Monolith or a Spiegelberg Ranch HMA antelope permission slip, NOT
BOTH.
 Violation of Ranch Rules by a hunter will result in denial of their access permission to the Hunter
Management Area in subsequent years.
 Hunters must maintain proper safety procedures regarding firearms. Hunters must maintain a no
hunting or shooting zone within two hundred (200) yards of any building and around all other designated
areas. All firearms shall be unloaded while in vicinity of all vehicles and buildings.
 Hunters are urged to use lead-free ammunition on City of Laramie property.
 Motorized travel is allowed on designated roads ONLY.
 Roads open to vehicular travel will be marked with a white arrow.
 Use or construction of blinds is prohibited.
 No overnight camping or campfires are allowed. Do not litter. Close all gates behind you.
 Abide by all signs and posted areas. Do not shoot in the direction of livestock, buildings, roads, fences,
windmills, stock tanks, or any object other than the animal you are hunting.
 Do not damage fences, range improvements, or harass livestock. Livestock has the right of way.
 Report all wildlife violations by calling 1-877-WGFD-TIP (1-877-943-3847). Future hunting
opportunities depend on hunter compliance with all ranch rules as well as Game and Fish laws and
regulations.
 If you harvest an animal on deeded land, deposit the landowner coupon in the drop box or mail to:
City of Laramie
PO Box C
Laramie, WY 82070

RJDB
619 South 8th
Laramie, WY 82070

Stephen Roberts
PO Box 14
Laramie, WY 82070

The Monolith Ranch Hunter Management Area 2021

The Hunter Management Program, as part of the Wyoming Access Yes Program, manages hunters on
large sections of private lands and, by doing so, preserves hunting opportunities for hunters. A Hunter
Management Area (HMA) may refer solely to private lands or a combination of private, state trust, and
federal lands within ranch boundaries.
The Monolith Ranch HMA is located about two miles south of Laramie on property belonging to the City of
Laramie, the Don Bath Ranch, and Steve Roberts. As part of the Hunter Management Area agreement, a
unique set of Ranch Rules is created cooperatively with the landowners. It is the hunters’ responsibility to
know, understand and comply with all Ranch Rules and Game and Fish Commission Regulations. Hunters
agree to comply with these rules in order to access the Hunter Management Area. Failure to comply will
likely result in fines and/or the termination of access privileges.

ONLY DESIGNATED ROADS are open to motorized travel. Designated roads are
defined as “only established roads marked as open by a Department white arrow sign.”

Please remember to place your
landowner coupon in an HMA
drop box or mail it to the
appropriate landowner
immediately after harvest!
The Wyoming Game & Fish Department commends
these landowners for their contributions to habitat,
sound wildlife management, and hunter access. Hunters
should abide by the ranch rules and respect the
landowner and the land for continued access
opportunities. Remember, we are guests on their
property.
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Species allowed to hunt: Antelope, White-tailed Deer

See Ranch Rules for More Information and Restrictions
Hunter Management Area rules apply only to those lands enrolled in the HMA.
This map is for visual use, assistance and general location only, does not represent a survey, and is not to be used for legal conveyance. Hunt Area boundaries are approximate, consult Game and Fish
Hunting Regulations for descriptions and restrictions. Access to these private lands for any commercial activity must be gained by contacting the individual landowner(s) directly.

