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Welcome To New Mexico

| am very pleased New Mexico was
chosen to host the 2009 Conference
of the National Cooperative Soil
Survey in New Mexico.

The Soil Survey has always been an
important tool in our efforts to
conserve soil, water and other
natural resources. New Mexico
participated in the earliest days of the
Soil Survey Program undertaking a survey of the Pecos
Valley in 1898 - fourteen years before its statehood. Soil
Surveys are important because it is upon the soil that we
plant our crops, grow our livestock, and raise our
families.

New Mexico truly is the “Land of Enchantment”. It is a
state rich in diversity of landscapes, climate, natural
resources, and people. We appreciate this chance to
share a bit or our lives in the land we call home. During
your stay here, please take the opportunity to visit some
of the scenic beauty and cultural offerings of the state. If
in a restaurant and asked the question, “Red or Green?”
simply reply “Christmas”. They will smile and know what
you mean.

Cooperative partnerships are essential to success in
resource  management in New Mexico. Challenges
posed by complex patterns of land ownership, limited
water resources, and diverse cultures are best answered
when we work together. The National Cooperative Soll
Survey is one of our oldest and most dynamic
cooperative efforts to help us protect and enhance our
natural resources.

DENNIS L. ALEXANDER
STATE CONSERVATIONIST

Crescit Eundo — “It Grows As It Goes” — New Mexico
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The 2009 NCSS Conference Tours

We are pleased to be able to schedule three tours for the 2009 National
Cooperative Soil Survey Conference in Las Cruces, NM. The tours are
designed to highlight the soil survey process from beginning to end
emphasizing the contributions of partners in development of a complete
product for the users.

The Sunday tour of the White Sands Missile Range begins with the
broad view of the geologic, geomorphic and climatic setting in which soil
surveys are conducted and soils products developed. We will be looking at
the parent materials and the processes which have brought them to the land
surface where soil forming processes have acted upon them over the millennia
to shape and alter parent material into soils we map. We will look primarily at
tectonic, geomorphic and hydrologic processes which redistribute the raw
materials across the landscape and act to alter their composition.

The Tuesday tour of the Jornada Experimental Range and LTER
consists of three mini-workshops. Workshop 1 will highlight soil-geomorphic
relationships developed during Desert Soil-Geomorphology Project conducted
from 1957-1972, but study continues today with additional research, synthesis
of ideas, and extrapolation of concepts across additional landscapes and
geologic settings using the latest analytical techniques and climate modeling.
Workshop 2 will present the techniques of Ecological Site Description and
State and Transition Model development developed through collaborative
efforts of the USDA Jornada Experiment Station, New Mexico State University
and other researchers to identify the stable plant communities in the
Chihuahuan Desert, and the changes in state and the transition thresholds
brought about by disturbance. Workshop 3 is a demonstration of multi-scale field
methods to document the effects of management and disturbances on dynamic soil
properties according to the newly released interagency Soil Change Guide: Procedures
for Soil Survey and Resource Inventory.

The Wednesday afternoon Agronomy Tour at the Anthony Pecan Farm
consists of four demonstration or discussion stations which emphasize
management of soil health and long term sustainability. Processes used
include the inventory for status of dynamic soil quality parameters; analysis of
crops for nutrient uptake, analysis of irrigation water chemistry, and organic
nutrient inputs for the development of management plans which optimize
yields, maximize irrigation efficiency, and reduce deleterious impacts to water
quality, and all the while maintaining soil health for long term sustainability.
The stations include an overview of soil health, discussion of crop, soil, and
water analysis, demonstration of the Soil Quality Test Kit, and discussion of
maximizing irrigation efficiency through proper selection of irrigation systems,
soil moisture monitoring, and irrigation water management.
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General Precautions and Considerations

Exposure --You are in a desert!

The climate in the Chihuahuan Desert can be dangerous if you are not aware of or
prepared for it. Your body may not be acclimated to the combination of altitude, low
humidity, and high temperatures. You may not feel the effects of sun exposure,
dehydration, and altitude until you are already in serious medical trouble. Please follow
these easy safety tips to assure your continued enjoyment of New Mexico:

* Drink plenty of water — drink frequently and before you become thirsty -
approximately 1 gallon per day in summer
* Minimize sun exposure on bare skin — wear a wide brimmed hat, long sleeve

shirt, long pants, lightweight, loose fitting clothing, and durable protective
footwear; use sunscreen lotions of SPF 30 or stronger

* Eat frequent light meals — avoid greasy and high protein foods

* Take a siesta — rest frequently, retreat to shade, and avoid strenuous activity
in the heat of the day

* Avoid alcohol and caffeine which dehydrate the body

*

Inform someone if you suddenly become dizzy or ill

Flora and Fauna
Many species of plant and animal in the desert utilize protective systems to
deter predation, including thorns, spines, fangs, and stingers. Watch where you step and
what you brush up against. Succulent plants and tender leaves are always protected by
spines and thorns. Snakes, spiders, and stinging insects take protection in shady areas
under rocks, limbs, and structures.

White Sands Missile Range- UXO and Photography

White Sands Missile Range is a secure military facility used for weapons testing since
1945. The weapons tested are designed to kill the enemy and destroy machinery and are
very effective at both. Precautions have been take to avoid known ordinance testing
areas, but accidents and misplaced explosives can be found anywhere on the range. Do
not pick up, step on, or go near anything that looks suspicious. Report any sighting to the
tour leader. Please watch the UXO briefing video at
http://www.wsmr.army.mil/videos/uxo-brief.wmv .

For the purposes of national security, no unauthorized photography is permitted. You
risk seizure of equipment and imprisonment for violation. Even photos taken by authorized
personnel are screened by military security personnel.

Jornada Experimental Range (JER)

The Jornada Experimental Range and Long Term Ecological Research Station is an
active research facility with numerous experimental plots, sensor packs, data loggers, and
livestock. Please be wary to avoid damage to experiments, and angering ruminate
megafauna.

Agronomy Tour - Anthony Pecan Farm
The Diaz Family has graciously hosted numerous workshops, demonstrations, and
training exercises for NRCS on their Anthony pecan farm. We value their friendship and
support.
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White Sands Missile Range Tour
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2009 NCSS National Conference
White Sands Missile Range Tour Itinerary
Sunday, May 10, 2009

Tour Departure
Location: Corbett Center, New Mexico State University
Estimated Time of Departure: 7:15 AM
Travel Time to First Stop: 7:15 — 7:55 AM
Purpose:
o Brief summary of day’s events

o Photography restrictions
0 Load NCSS tour group onto buses

Stop 1
Location: San Augustine Pass, Dona Ana County, NM
Estimated Time at Location: 7:55 — 9:00 AM
Travel Time to Second Stop: 9:00 — 10:15 AM
Purpose:
Unexploded Ordinance and Photography briefing

History of White Sands Missile Range
Geologic History and Formation of the Tularosa Basin

O o0Oo0o

basin floor
o Landforms at Stop 1

Enter White Sands Missile Range at Small Missile Range gate at 9:20 AM
Stop 2

Location: Selenite Banks, Sierra County, NM, White Sands Missile Range

Estimated Time at Location: 10:15 AM — 11:25 PM

Travel Time to Third Stop: 11:25 — 12:00 PM

Purpose:

o0 Gypsum Parent Material Sources
o Formation of Selenite Crystals

Soils, Temperature and Moisture Regimes and Ecological sites from pass to
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o Display of pedogenic gypsum samples and other gypsum precipitates
0 Soils and Ecosites of piedmont and northern Alkali Flat
o Landforms at Stop 2

Stop 3
Location: White Sands Missile Range Dune Field, Otero County, NM,
Estimated Time at Location: 12:00 — 1:30 PM
Travel Time to Fourth Stop: 1:30 — 1:40 PM

Purpose:

Lunch

Dune Types

Water table influence on Dune Formation
Soils and Ecosites of Dune Field

Munsell White Page

Landforms at Stop 3

O O0O0OO00O0

Stop 4
Location: White Sands Missile Range Alkali Flat, Otero County, NM,
Estimated Time at Location: 1:40 — 2:40 PM
Travel Time to Fourth Stop: 2:40 — 3:40 PM

Purpose:

Deflation Events on the Alkali Flat

Ground Water and Salinity

Gypsum Interps in Open and Closed Basins
Soils and Ecosites of Alkali Flat

Landforms at Stop 3

O O0O0OO0O0

Stop 5
Location: Fault Scarp, Dona Ana County, NM,
Estimated Time at Location: 3:40 — 4:40 PM
Travel Time to Corbett Center: 4:40 — 6:00 PM
Purpose:
0 Discuss Fault Systems in Tularosa Basin
0 Soils and Ecosites of Piedmont and Fault Scarps
o0 Landforms at Stop 5

Leave White Sands Missile Range at Small Missile Range gate at 5:10 PM

9
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Piedmont Vegetation

\EM Lppgars

Honey Mesquite (Prosopis glandulosa)

; ;5: . 7 ) " : : m FiN %% 5 _‘.'.-. - 5 .’- : A
Bush Muhly (Muhlenbergia porteri) Four-Wing Saltbush (Atriplex canescens)
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TULAROSA, OTERO COUNTY, NEW MEXICO

Weather station TULAROSA is at about 33.10°N 106.00°W. Height about 1388m / 4554 feet above sea level. Source: TULAROSA data derived from
GHCN 1. 966 months between 1908 and 1989

Average Rainfall

Jan | Feb |Mar Apr |[May Jun | Jul 'Aug Sep Oct Nov Dec | Year
mm 1291 123} 11.3| 9.2| 120 185 40.8| 43.4| 376 22.7 129 16.3 2505
inches 05 05 04 04 05 07 16/ 17 15 09 05 06 9.9

24-hr Average Temperature

Source: TULAROSA data derived from GHCN 1. 917 months between 1908 and 1987

Jan | Feb | Mar | Apr May ' Jun Jul | Aug Sep | Oct Nov | Dec | Year
°C 57 7.8 108 151 198 247 260 251 218 16.2 9.7 57 158
°F | 423| 46.0 514 59.2 67.6 76,5 788 772 712 612 495 423 604

CLOUDCROFT, OTERO COUNTY, NEW MEXICO

Weather station CLOUDCROFT, OTERO COUNTY is at about 32.95°N 105.73°W. Height about 2639m / 8658 feet above sea level. Source:
CLOUDCROFT, OTERO COUNTY data derived from NCDC Cooperative Stations. 38 complete years between 1931 and 1987

Average Rainfall

Jan |[Feb Mar Apr May Jun | Jul  Aug Sep Oct Nov Dec Year
mm 43.7 446 425 19.2 26.4|50.4 1429 136.1 74.3 46.0 30.5 46.8 704.3
inches | 17 18 17 08 10 20 56 54 29 18 12 18 277

24-hr Average Temperature

Source: CLOUDCROFT, OTERO COUNTY data derived from NCDC TD 9641 Clim 81 1961-1990 Normals. 30 years between 1961 and
1990

Jan | Feb | Mar | Apr May ' Jun Jul | Aug Sep | Oct Nov | Dec | Year
°c | -08 01 25 6.8 108 152 157 148 125 82 3.0 0.1 7.4
°F | 30.6| 322 36,5 442 514 594 603 58.6 545 46.8 37.4 322 453

© Copyright 1996-2008 Buttle and Tuttle Ltd. All Rights Reserved. Web Design and Programming by Robert Hoare.
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Figure 1-1
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Figure 1-13
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Gypsum Forms

e A s '||:|_1‘:H'j:n:t_" -.'x_h"f-
Gypsum Coats and Selenite Crystals

Vertical laminar cap along prism faces Gypsum hests
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Gysum Forms

Petrogypsic Gypsified Rhizoliths

Vertical Needles (Satin Spar) Selenite Crystals
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Dune and Alkali Flat Vegetation

ghi e iy
lodine Bush (Allenrolfea occidentalis)

Gypsum Grama (Bouteloua breviseta) Inland Saltgrass (Distichlis spicata)
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Geology of White Sands

Chapter 4. Dune Systems

http://www.nps.gov/archive/whsa/Geology%200f%20White%20Sands/Chap04/Chap04%20Main.html

Introduction:

White Sands has many features in common with other dune fields around the world. In addition
to a similarity of process and product due to the importance of wind in shaping the landscape,
it also consists of a number of terrain types common to all eolian systems. The dune facies
encompasses of all the myriad types of dunes found around the White Sands. The interdune
sediments are deposited in the sheltered areas between dunes. Interdune sediments have
very different sedimentary features than dunes, and process regimes are so different from
those of nearby dunes, that they have been recognized separately by geologists; even though
they evolve interdependently surrounding dunes. The third important eolian sediment group is
sand sheets. These are widespread, flat-bedded deposits that are commonly found at the
margins of many dunefields. The fourth sediment group, which is also found at White Sands is
the eolian sabkha. Eolian sabkha deposits form when dry sand is blown across damp surfaces
near water table, particularly in evaporitic settings such as White Sands. Sabkha deposits are
common on the alkali flat and on the margins of Lake Lucero, and are also found in some open
places within the dunefield. In addition there are important terrain types at the White Sands
that are not formed by wind - for example the playa sediments of Lake Lucero and fluviatile
sediments of streams that onto the playa and into the dune field. Additionally, there are striking
erosional terrains around the monument that testify to the forward movement of dunes or even
the removal of significant portions of the landscape by wind scour. Our method in the next
series of chapters is to discuss these basic terrain types one by one, after reviewing certain
basic aspects of sand and dune movement, and the gypsum sand. We hope to provide some
facts about the origins and growth, internal architecture, sedimentary features and current
process regimes of the various terrains of the White Sands.

Sand movement

Sand movement by wind is a complex process involving several styles of grain movement by
wind that occur more or less simultaneously (Bagnold, 1941). The process most easily
observed is saltation, the bouncing of sand grains near the sand surface, sometimes in
streamers. A second component of the sand drift process is surface creep. Surface creep is
the jerky forward movement of larger grains that are too heavy to be lofted by the wind, but are
jolted forward when struck by smaller flying grains. The third manner in which smaller sizes of
sand moves is by suspension. Suspended grains are so small that they are carried along
without returning to the ground once they are thrown into the air by saltating grains or direct
wind scour. Some of the suspension population is merely dust, which is carried far into the
atmosphere and far away from the dunes. One of the reasons dune sand is so well sorted is
the narrow size range of sand that wind can move under most conditions - usually grains up to
.5 mm or so in size. Larger grains are too heavy to be moved by wind and are soon left behind,
the silt and clay size fractions are either removed to the atmosphere or settle into sheltered
places such interdunes.

23
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Dune Growth and movement.

Dune growth and movement is a result of sand flow on and around a dune during periods
when the wind is strong enough to move sand (for dry sand this threshold is about 15 mph).
Dunes are constantly changing shape in response to changes in wind velocity or direction.
Dunes grow when more sand drifts onto them from surrounding areas than is removed
downwind. During storms, sand flows over all parts of the dune. Sand that flows over the
center parts of the dune settles on the upper part of the slipface as grainfall deposits formed by
settling in the lee of the dune. When the sand accumulates to a certain thickness or angle (the
angle of repose: about 32 degrees) it becomes unstable and slides down the slipface. This
process, known as avalanching is the basic mechanism of forward advance of most of the
bedforms at the Monument. It is clear that some sand that drifts on to the dune from upwind
can move past this dune and not become trapped in the slipface. Thus, this dune lives in a
continual balance between sand loss at the arms and sand entrapment on the slipface.

One curious aspect of dune growth concerns the relationship of the slipface to the windward
slope of the dune. T the highest point on the dune is not at the top of the slipface, but upwind,
on the dune crest. Clearly, in this bedform, the dune crest deposits, which consist of ripple
strata have grown higher than the slipface. Thus, part of the key to the upward growth of this
bedform may lie in the ability of the ripples on the top of this dune to trap oncoming sand, as
well as in the ability of the slipface to store it.

Origin and nature of the gypsum sand

White Sands is extraordinary in that most of the eolian deposits are composed almost entirely
of gypsum sand. The geologic origins of this sand are discussed in Chapters 1 and 2, but it is
useful to briefly review here the physical nature of the sand and it's proximal sources.

Generally speaking, average sand sizes grow finer from upwind (near lake Lucero) to
downwind across the Monument. The fining of sand downwind reflects the breakdown of the
gypsum crystals through weathering as well as rounding and breakage to smaller sizes
through saltation impact.

Gypsum, with a specific gravity of 2.32 g/cm3 is slightly less dense that quartz, which has a
specific gravity of 2.65 g/cm3. Despite this difference, which makes gypsum slightly easier
than quartz for the wind to move, we could find no major difference between the behaviour of
gypsum and quartz either in habit of transport by wind, or in the way in which dunes are
formed. One significant difference does become evident after sand is deposited, however.
Because gypsum is much more soluble in water than quartz, early cementation of the dune
and other sands at White Sands is widespread. This occurs in two main ways; (1) solution by
rainfall, followed by drying (light meniscus cement between grains) or precipitation due to
evaporation at the top of the capillary fringe (heavy, pervasive cement) (Schenk and Fryberger,
1988). This may slow dune migration rates, or perhaps change the shapes of dunes slightly
due to resistance to scour of windward slopes. It may also affect rates of eolian down cutting of
source areas to feed new sand to the dunefield. However, the similarity between the eolian
deposits and processes at White Sands and other dunefields formed mainly from quartz is
quite striking, in the author's experience, while differences are subtle.
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The present study as well as those of AlImendinger (1971) and Almendinger and Titus (1973)
indicates that the primary source of sand for the dune field both in past and present is re-
cycling of gypsum crystals from deposits of Pleistocene Lake Otero. Secondary sources
include recycling of sand from older dunes and much smaller quantities of freshly precipitated
gypsum formed by precipitation from the shallow groundwater table.

Dune types at the Monument

Most of the freely moving dunes at the Monument are of the barchanoid type that develops a
major slipface transverse to a single dominant wind direction and moves in that direction -
which is from the southwest at White Sands. Barchanoid dunes are one of the several major
classes of dune morphology known to exist generally. Two other important types are known as
linear dunes (elongate dunes that form in parallel rows) and star dunes (star shaped in plan
view) are not known to exist at White Sands. Linear dunes develop in bimodal wind regimes,
and star dunes in complex, multidirectional wind regimes (Please see Schenk, 1990, for a very
readable summary of dune forms and wind regime from a worldwide perspective, and Chapter
9 for summary of dune forms and wind regime). Although the wind regime at White Sands is
not perfectly unimodal, the winds sufficiently dominated by the single southwest mode that
barchanoid forms dominate the landscape.

Sand roses that summarize effective wind directions through the year for White Sands, based
on wind data from Holloman Air Force Base located at the eastern boundary of the Monument.
These roses illustrate that the strongest and most common winds are from the southwest,
although there are significant flows from the north-northwest and southeast as well at various
seasons of the year. There are a number of subtypes of the barchanoid family present at White
Sands including barchans, barchanoid ridge and transverse ridge dunes (McKee, 1966).
Barchan dunes have curved slipfaces and two horns extending downwind, with proportions in
plan view much like a horseshoe. Barchanoid ridge dunes have a longer slipfaces that are
sinusoidal in plan view, thus forming a more laterally continuous bedform. Transverse ridge
dunes have slipfaces that are relatively straight and continuous. All these types migrate
downwind through the erosion of the windward slope deposits and deposition on avalanche
faces and lateral horns or extensions.

Another type of dune which has transverse affinities is the dome dune. Dome dunes,
however, have no slipfaces most of the time. They have long been considered embryonic
forms, that evolve downwind into barchanoid types with slipfaces; and indeed are found most
commonly at the upwind margins of active dune field.

In addition to freely moving dunes, White Sands also has many tracts of dunes partially
anchored by vegetation. Parabolic dunes have an actively migrating central mass and long
arms that extend upwind, as opposed to shorter arms of the barchan that extend downwind.
Also, there are much smaller dunes that do not move called coppice dunes that represent
sand accumulating within and around small shrubs or grass. Usually, when the plant dies, the
sand blows away and may or may not survive as a dune. Another unusual dune type at White
Sands is the lunette dune, so named because of its shape when associated with small lakes.
Lunette dunes form in the lee of lakes, and assume the shape of the shoreline, which is the
immediate source of sand for construction of this immobile bedform. Of course, if the shoreline
is not roughly circular in shape lunette dunes can grow quite elongate, however the shape is
quite distinctive. They often in a semi-arid setting, and are commonly partially vegetated. Most
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of the lunettes at White Sands appear to be older than the present active dune field, and have
been somewhat reduced by weathering. However, they are easily visible on aerial
photographs. These dunes seem to be non-migratory, perhaps due to stabilization by
vegetation.

Sedimentary features of the dunes

The principal small-scale sedimentary features of the dunes include various kinds of primary
and secondary laminations and bedding, as well as an internal structure reflecting growth, then
partial erosion followed by renewed growth. The most common small-scale features are known
as primary stratification. The two most common primary eolian stratification types are
avalanche and ripple strata. Avalanche strata are formed when sand slides down the slipface
of the dune after accumulating at the top and over-steepening past the natural angle of repose
for dry sand. These strata are often an inch or more in thickness and rather massive, with drag
structures that give evidence of shearing. Sometimes they are inversely graded due to rise of
finer grains through the turbulent mass of sand that is sliding downhill. If the sand is damp at
the time of avalanching, blocks of cohesive damp sand may be seen in trenches or on the
slipface. Ripple strata are formed as one ripple migrates over another, preserving part of the
ripple in front of it. Ripple strata are nearly always expressed as fine, thin laminations that are
rather straight. Each thin ripple stratum is separated from the next by a thin layer of fines that
accumulated in the trough of the ripple. These thin strata are known as pin-stripe laminations
and are quite distinctive of eolian deposits.

The internal stratification of the dunes at White Sands was studied by McKee (1977) in a
classic study that has been used worldwide by students of sand dunes. The light cementation
typical of the gypsum dunes in the main dune mass made it possible for U.S Army, who helped
McKee on this project, to bulldoze clean, flat cuts in several directions that revealed in
extraordinarily complete detail the internal structure of the major dune types at White Sands
Long, steep crossbeds typify the internal structure of barchanoid dunes with large slipfaces.
Crossbedding and main bounding surfaces present in the main and cross trenches for barchan
and transverse ridge dunes.

Rate of dune advance

Rates of dune advance at White Sands were measured by McKee and Douglass (1971) who
measured dune advance rates using stakes in front of the dunes from 1962 to 1968, as
summarized in Table 4-1.
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Table 4-1: Rates of movement determined by measurements of distances of aerial

photographs
Average rate
Type of dune Dune number of movement
ft/year

Dome 2 24

11 33

1l1la 38

12 36
Transverse/Barchanoid 3 5
ridge

4 4

13 9

14 12
Barchan 5 10

6 9

15 7
Parabolic 7 7

8 2
Eastern margin 16 0
Parabolics

17 5

The data in Table 4-1 show that the dome dunes at the upwind end of the field are the fastest
moving bedforms. As the field is crossed from upwind to downwind, rates of dune migration
slow, partly because bedforms become larger, and vegetation becomes more abundant.
Moreover, McKee (1966) felt that some the force of the wind diminished from southwest to
northeast due to interference by the dunes themselves. Crabaugh, et. al (19 ) also measured
rates of barchanoid dune advance along two transects along the wilderness trail to the alkali
flats. Average rate of dune advance on the transect at the edge of the Alkali flats was 7 feet
per year (average of 3 dunes). Along the second transect located about ¥2 mile into the field
dune advance rates were 4-5 feet per year (average of 8 dunes).

McKee and Douglass (1971) also documented the pace of sediment accumulation at the base
of a barchan dune illustrating the episodic nature of eolian accumulation, with single
avalanches intertonguing at weekly intervals with ripple deposits deposited more slowly by
crosswinds.
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The \Whire Sands of couthern Mew Mexico form the largess fleld of gypoum dunes in the warld. The
juxiaposstion of several dilferent types of dunes willan the feld has long been recognized and has generally
Been attributed to changes in the rate of <and rrancport aomee the duns field. Howewer, Stoven Fryberger
IFrvlrerger, 506G, 2003 Geology of While Sands Mational Monumenl web page wwowLnaliire g gov]
weologparksiwheal | recently hypoibedeed, however, that a primary comirol is groundwater salinity, The
White Sands dune hield is underlam by saline waters, Fryberger proposed that parabalic dunes could Torm in
topographic highs that accumulated a lens of fresher water derived from predpitation. Water with lower
saliniry allowed vegeratian to grow, and stabilired the sand except lor vhe active noses of the parabolic duner.
Thit tmdy it a rem af thar hypathesis A omdy mansser wat eaabliched acraes the baundary benwvesn
parabolic and barchan danes. Groandwater and soll at six sites wene sampled during December, 2004 and
March, May, and June af 2005 Two sites wene ectabliched in the parabaobic field, twa in the barchans and hwa
i U trangition zome between Uvem
Groundwaler was Tound o be Ihiee Hmes more sline 0 the barchan ared. Conductviy and chlonde
devreased acmoss the iransiton mane. A GPS mopographic survey revealed two abrupt inpographic steps. one at
the bounday between tie barchans amd the transitbon zome amd 2 second at the edige of the parabsslic feld A
second, larger topographic s1ep was lound outside the study area defining a higher parabolic dune fiekd.
Theese daca indicare rhar Fryberger's (2000) hyparhecie ¢ cormeer and groundwarer it conrrolling the dune
field maorphalogy.
The dune fiedd did not begin 1o Brm until the Mid-Holocene (G500 years agol. A compilation of dates thows
thal the parabuolic dune fiehd has probably been stable for the last 3500 years. In contrast, the barchan area
hat bt recently deflancd and sxpoted 2000 year old sdiment near the sirface,

0 2008 Elsewier BV, All nghts resered

1. Introd i i

groundwater chemidry Blluences the fimation of dilferent types of
dunes {Fryberger, 2003}, The theory suggests that vegetarion forms on

The White Sands form the largest Geld of gypsum dunes in the
world (Talmadge, 1933; Mckes, 1966, Mckee and Douglass, 1971
McKee and Moiola, 1975; Schenk and Fryberger, 1988) (Fig. 11 The
dunes cover over 400 k' of the Tularosa Basin of souihern New
Mexico where they are contained entirely within ‘White Sands
MNational Monumesint and White Sande Missile Rangs (Mckes, 1966)
McEes {19GG) first described the variety of dunes within the White
Samcls, rasvging oo dome dures abing e upaind meegin o harchan
and complex barchanoid ridges in the cepter of the dune sea, o
parabolic dunes along the downwind margin. He ascribed the
transitions in types of dune to a decreasing rate of sand transport
fromm weit to east acrods the dune fisld. A recent hypothesis suggests

* Lorresponding aathor. Tel: o1 915 M40 S50,
E-rud sl Liglond®alep sl (RP Laeglonl).

T1E0-5550% ~ we lond malter © J00H Elaeved BY. All nghts pedenved
dod; 1L 106 pevmenph. 20080 L0230
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thunes only where precipitation creates a lens of (resh water within the
sand. The vegetation stabilizes the landscape and forms the parabolic
dune field at White Sands. Where the topography & lower and
interdunes are just above the basinal saline groundwater, vegetation is
restricted amd greater rates of sand tansport ocour and barchan dunes
develap, This gudy = a e of Frybsrger's (2000) hypotheds. We

combined a topographic survey with groundwater chemistry to asssss
il grouncwater slinily increased with lower (opography.

2 Seiiing

The White Sands cover the west-central portion of the Tularosa
Basin, a north=south mending extensional basin within the Rio Crande
Rili. The basin is topographically closed amd has a restricied ground-
waner outler. Groundwater discharges into the Hueoo Basin 1o the
souith, however, rates of discharge are slow enoigh that the wiler
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Hg 1 Location of White Sands dune febd Kectangle shows (ke location of hg, 2.

tahle is pear the surface (Mclean, 1905, Basabilvazo e al, 1994)
Evaporation in a series of lakes and playa lakes during the Guatermary
formed dense brines, and resulted in the deposition of evaporites
(Allmendinger, 1971, 1972,

Important solian stuches have been condwcted 1 the While Sands,
beginning with the seminal work of MoKiee { 1966), Kumerous sudies
have focused on the sedimentary sructures in the dunes {Talmadge,
1933; Gould, 193%; Jomes, 1959; McKee and Douglass, 15971; McKee and
Moiok, 1975; Sunpson and Loope, 1985 Fryberger ef L, 1988; Sweel and
Kocurek, 19590; Frank, 1994; Frank and Kocurek, 1994, 1996}, These studies
documented largely unidinectional winds from the southwest that have
iransporied the gypsum sand to the nocibeast, burying the basin (looe.
Mcker [1966) documented mpd migrabion of (e dumes slong (e
uprwind margin of the field and inferred that decreasing transport of sand
resudeed in the distribution of types of dunes. It has long been recognined
hat dedlation of salt crystals from playa lakes and older evaporite beds
Ias provided the sand for the dunes (Allmemdinger, 1971, 19721,

Mare recently, the concept has been developed in which the dunes
accupy a large dedlation basin from which the dune sands have been
excavaied. Langford {2002, 20003 ) comcluded that the dune field filled a
shallow depressizn eroded nto the Noor of pluwal Lake Otero in the
early Holocene, The dune field itsell was inferred o have been formed
almost entirely during the mid-Holocens, Furthermore, the sources of
eolian sand were inferred io be a combination ol active playa lakes amd
eroded Lake Otero gypsum beds that were exposed dunng Mid-
Holocene deflation. Fryberger (2003 and Langford { 2002, 2003 noted
that the predominant sources of sand were along the upwind margin
of the dune field. Fryberger (2007) provides a detailed map of the
dilferent types of dune at White Sands that illustrates the changes that
ocowrred since the original 1965 Mckee studies.

21. Croancvwater and enlion morphology

Several researchers have discussed the importance of shallow
growendwater as a factor in depasiion af Wihite Sands, MoKes [ 1566)
and Allmendinger {1971 deseribed the interactions betwesn gypsum
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crystallizarion on the playas and inferdunes and inferred thar the
dunes were continususly mourished by gypsum that erystallized in
flooded areas. Schenk and Fryberger (1988 ) noted the shallow water
table in the duse feld and described how modsiure and cenventation
wilh sall reduced e avadabadity of sand Toe transport by wind
Sdnapson { 19873) and Simpson and Loope { 1985) describe thin sets of
eolian cross strata, preserved beneath interdunes in the barchan area,
that have been preserved through episodic rise of the water table,
winch statulized the sand in Che capallary (ringe,

More recently, Fryberger {2003) in his excellent online summary of
the dune feld, desribed how the shallow groundwater interacs with
colian morphology to shape the dune [eld. He presented data by
Crabaugh( 1994 that shows aconelation between the rleol evaporabion
amd] depth to the water table, with the water table dropping farther bedow
the surface during the hot summer months Kocurek ef al (2007)
concluded that climatically inlluenced rises and Lalks in the waler tabde
detemunesd whether acowmmalatvon, bypass, or dellatwon ooourmed willun
the dune field In any case, deflation is slow hecause of cementarion of 1he
intendune, and the intérdunes ane not prolific sources of sand.

3. Geomorphology

Fig. 2 shows the marphology of the central White Sands erg and the
lewcations of data collected For Lhis paper. The iypes of eolian dunes wen
classihed wsing hield observations and aemal photographa. Then. nogth-
south trending lines show the inferred boundaries between different
geomorphic regimes Our interpretations generally Tollow those of
Fryberger { 2007 ) who shows harchans o the west anel parabedic dunes
to the east, with a gradational boundary. We have delineated a segment
of that gradational boundary as the transition zone (Fig. 21

1.1 Berchan aren

The barchan area, distinctive in its sparse vegetation and widely
spaced, rapadly magrating barchan dunes (Frgs, 2 amd 1) that apgsear ax
isalated harchans and ridges of linked en echelon harchans. The
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Fiz. 2. Aerial phatograpkic map showing the morpholegy of the central part of t ke White Sands White areas are dures ard darker patches represent vegetacion and modsture in the
it aheat The calansd regend chow the stents of Belds of Gffevens sypes of dsnct. The mare widely spaced orescentic harchans ane baind o the center Welll idevelagand
paraseilic dunes are visise (o ihe easl, The iraestian @nne separaies harhan dumes fmm (ke parasolic dunes. The onlored spuaees indicace (ke sample sioes in each area and (ke
nurabers dorrecpond to the iie numbens in abegetel Bpares. The blee dot show the kcationd and ofe- chgrma radiocardon chlendar year ranges of radsocarbon Qmphed The
assnckated ped numbsers show the sample pamisers. frmm Takle | The parple dens thow the Incatines af 051 dates. The red ard plek dors shew the kocations of poiets alang the GFS
ebevathinn sunvey SRawn in Fig. 11 This digitald aerial phosngraph was provided by White Sands Natianal Moausent and condtnacted by EDAL 1996

barchan chanes migrate ar annual rates of 1 o4 mper year (MoKee and
Douglass, 1971; Crabaugh, 1994 ). Anmeal reactivation surfaces suggest
that the recent average is approximately 1.5 m per year based on
trenching and maps of dune migration {Kocurek et al, 2007), The
dunes are devoid of vegetation. This has been ascribed 1o the rapid
rates of erosion and deposition, which prevent the establishment of
yvoung plants. The dunes are spaced 50 to 100 m apart and are
sepaniled by (lat interdune surfaces,

Two types of interdunes are commnn in the barchan areas;
erosional interdunes and evaporitic interdunes, Erosional interdunes
formwhere the cemented toes of dune foresets and adjacent interdune
strata are evoded by the wand (Fryberger, 2003) Early cementation
near the water able by gypsum cements these sirata After dune
migration, the parially cemented strata are exposed w erosion
{Fryberger. 20031 More common are (he evaponitic interdunes that
express sall erystallization at the surface and expose salt ridges and sali
polyons {Fryberger, 2005 ), Salo cruses are formsd within the upper 0.5
10 5 cm, consist of inrerlocked salt crystals, and create a hardened crust
that can resist ecdian evosion (Fig. 3% In areas of intense evaporation,
growth of sali crystals coeates a moagh surface with shallow pans
separated by irvegular salt ridges {(Fryberger, 2003, These sall crusts
change with precipitation and svaporation and may it times be sasily
eroded. Salt crusis are ephemeral phenomensa, related o the high ates
of evaporation from a shallow water table. Below the salt crust, algae
and lichen grow as part of a biotic soil crest (Shields et al., 19571

The sparze vegetation largely consises of 2 variety of grasses, which
include alkali Sacaton (Sporobolus airvides) and Litle Bloe Stem
{Schizochyrium scoporinm). Other plants inclede Ephedra (Ephedn
trifurcal, Soaptree yucca (Yucoo eftal, Squaw Bush (Khus trilobata),
Skefetonleal Goldensye (Vigulera stencleba), and Sand Verbena
{Abrenia angustifohia)

34

3.2, Transiion Ione

East of the barchan dunes a rransition sone contains dunes with
both convex and concave stipfaces (Figs. 2 and 4} Farches of barchan
dunes and parabolic dunes are found, a5 well as ridges with sinuous
slipfaces. The rransition zone s most easily dilferentiated from the
barchan zone by the appearance of vegetation in the interdunes. The
dunes also become more closely spaced (10 (o 50 m apart).

Topography of the rransition area is more iregular than the
harchanoid area. A few remmants of stabilized dunes create an
undulating topograply across which the barchan dunes and the
active noses of parabolic dunes migrate, The amouant of vegelation on
the active dunes varies, wirth isolated paraholic dunes being the most
vegerated (Fig 4) Vegeration on the dunes is dominated by large
shirubs, predominantly squaw bush and yucca

Vegetation ocoupyving the interdunes is similar (o the barchanoid
area, although Ir Is much more abundanc. An increase ocouwrs in the
proportions of Soapiree yucea (Y elota) and grasses. A fragile,
elllovescent crust covers large portions of the interdunes (Figs. 3
and 41 Biadic soll crusis are mimmal, forming thin, widely scatiened
parches. More of the inerdunes are covered by mobile sand than in
the barchan areas, where the interdunes are covered alinost enmtively
with cemented samd or sali crusis.

1.3, Porabolic ares

The topography of the parabolic dune area is the imegular surface
of a vegetated dune held. Areas of mobde sand are restricied to
isolated parabolic dunes and ridges consisting of laterally amalga-
mnated parabolic dune noses. The entire surface is irregular on a variety
of scales from 10 cm mounds o 2 m ridges formed by the arms of
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Fig. 1. Froons of the Rarckan Area. Aerual phomgraph of the eascere margie nf (e barchar area shoaing gramecries ol danes and ir:ealines. The moee wiilely spaced dares noour i
ke harchae ares Dack pabehes in the Baschan atea e mostt tand io intendured. FRoto 1996 courtedy of Whate Sapds National Monumest Photepraph of inteddune and dune at
tarchan sive 1. Noce the relarive pawdoy of vegetacian. The dure s appenaimanedy 3 m from the viewer ard grasies ane 60 cm all. Frogioral lesendune (afrer Frybengee 2007 showing
B carugations kelt by migrating dune s Radged contain Fner grabesd wind nipphe depasics Phatograph showeng detad of st elBonesoenoe in the evapanite intendune a2 BarchanSate |

parabolic dunes (Fg. 5. As parabolic dune noses migrate dovwmaind,
the Manks are stabilized, creating stabilized arms that extend to the
point of origin of the dune.

The surfaces between ihe mobile parabolic noses are stabilooed by
vegetation and soil crusts. in comtrast (o salt crusts, biotic soil crusts
are fong lived features that are commeon to stabilized dunes and
vegetated eolian sands in the southwestern United States [Shields et
al, 1957; Johansen, 19697 L At White Sands, biotic crusts fsem the upper
Hhto 20 cm of the sail in parbolic interdunes. The surface of the st
is darkened and covered walh micro-lopography in the [orm of
pinvnacles composed of algae bound with Hohen Glamenis {Shields e

al, 19657}, The organisms bind the surface of the sand. and mobile sand
graing are largely absent.

Mobile sand consists of a few widely scatted 2 to 3 mm patches of
sanel on a thick biotic soil crusi. Several authors have noted e
decrease in the abundance of mobile sand. McKee (19066 and Mokee
and Douglass (1971) suggested that this dramatic decrease in mobile
sand was responsible for the change from barchancid to pambolic
dune forms. Any moving sand between the dunes would be strikingly
visible against the matted surface formed by the soil crusts. Mokee
[ 1966) poted Uil diines mdgrate moe slowly (i i e barchiin area

(Fg 5}

Hig. 4 Phatos ol tbe Gansatem sone. Aenad photograph of the (ranutmn toee showang desely spaced barchar snd parabol duses. & hegher preposton of white anveget abed matsle
warad eccurs in the dapes compased o the harchae aed pasabolic areas in Fig 3 and 5. Pheto. 1006 coarvesy of Whize Sands Nazional Moramsenl. Meotograph showing the chasaccer of
darats s intendite ie Lbe lraniiloe mee The whale sarsd between grass champn e the iptenbene n mobale cobas sand
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Fig 5 PRatod of the parabalic area. A Arnad photagraph of the upeind edge of the parabolic dane area and adpaning Tracsition Zone. The vegetatonn oocuns on The parabolic dusnes

Diarloer areas berween dunes are vegetaced intendunes. Phot, 196 counesy of Whice Sands National Menument. B Photograph

b character of danes and inzerdunes in the

paratalic rane. The whice duee ie the hackpmand is 150 m froe the viewer and 4 m tall. Gray stabibeed dunes m the middle grourd are vepetased ard have awell developed sal oras

The parabolic area has a more diverse suite of vegetation than the
harchan and rransition areas. Here, Sagebrush {Arremiso eridentara),
grisses.and Four-wiiged Salibxish (Atriplex conesscens) work togetler
o stabilize the wings of the parabolic dunes.

4. Methodds
4.1, Study sites and somple collection

Six sires were established o interdunes along a 5 km leng ransect:
twio in the barchan, two in the parabolic and two in the transition zone.
The sites were 2 m by 2 m plois in which borings were drilled io the
wiater able duning every visit, Each site was located in a topographic
loww in the interdunes to mininize boring depths, and the water table
whas shallower than 1.9 m at all sites. Because the hypothesis of a
freshwater lens in the parabolic dunes requires a topographic high, two
GFS transects were created in the dunes to define the wpography.
These rransects occupied the same interdune lows and passed thiough
at beast one of the study sites in each type of dune.

Sediment and water samples were collected from 7.6 om diameter
auger borings at each of the s sites [ Fg. 2 ). Samples wene collected on
December Z3rd, 2004, March 23rd, 2005, May 2od 2005, and Jume 3151
2006, All amplis were collected during a dngle day, to avold temporal
changes between measurements Soil samples were collecied using
an tnpact hammer which collected 76 oo amd 15,2 con core intervals.
Continuous samples were collected from each boring. Where loss from
the sampling tube prévented collection of 2 continuous core, spaced
samples were collected at 10 to 15 cm intervals. In some borings,
Tnguefaction of te sad bomegenized this interval and prevented
sampling of the basl 100 30 e A total of 112 soil samples were
collacted: X7 in December, 36 in March: 31 in May; and 28 in june,

Once the warer table was reached, a groundwater sample was
collected using a baller. Additional water samples were collected using
a baler [rom two 9 m deep observation wells in the barcdhan area
during exch sampling visit. This allowed comparison of the ground-
witer in the borings with the deeper groundwater. Water samples
were (ested on site for dissolved oxygen using a YSI 56 MPS
temperature, pl, Comductivity Dissolved Oxvgen Probe, The probe
was calihrated prior 1o each sampling campaign, using Conductiviry
and PH standards, Testing of standards with the calibrated probe
indicates precision of O0% The results for dissolved oxygen were
somewhat erratic and may have been influenced by agitation duning
the boring process (see Kose, 2006), These values hovever, did oo
impact the salinity and aré 0ot reported herein, The sample was then
botiled for analysis of water chemisiny.

36

4.2, laboratary analysis

Damp soil samples weie weighed and doed o oan oven al 50 °C
wntil weight loss ceasedd wsing the procedure of Porta (199381 10 was
assumed that the soluble salis in the moia samples had homogenized
by the time the samples reached the lab, 30 only one sample was
collecied from each 10 to 15 om core tube. The samples were then
weighed again to obtain modsture content. Special attention was paid
to the samples during drying. Too much beat too fast could dehydrate
the gypsum crystals and change the density of the sample [Porta,
1998, Gravimetric molsture content was measured using the
miethods of Blake {1965).

Soil salinity was estimated by conductivity using the methods of
Bowler and Wilcox {1965, Ten grams of dnied sample wene mixed
with 100 ml of distilled water to axtract soluble salts The salt solution
wis filteree through Whatman 42 (24 p) filter paper (0 remove
contributions to salinity resulting from clay and other parteculates
suspended in the solution, Conductivity was measured on the fltened
saline solution using the V51 meter.

The cationic and amonic chemustry of soil and groundwater
sarples were measured with 4 Diobex IC-600 ton chiomategraphi
Triplicate samples were run every five samples and blanks were run
every five cmples to document precizion (1% Calcium, sodium,
magnesium, hihum, and potassium standacds were wsed to calibrate
cations. Sulfate, chlonde, nitrate, apd Ouworide anions wene measured.
Concentrations of ions were recorded in mg/L The amounts for the sofl
samples were then converted tomg of salt per kg of <oil by dividing by
the weight of the sl { 10 g} weed lor the extract and multsplying by the
vodume of distilled water wsed (o extract amd dilute e salt prios w
analysis, Triplicate samples and standards provided estimates of
acouracy of 1-5 mg/L. Four sediment and three water analyses were
lost because of malfunctioning of the isn chromatograph.

5. Results
5.1 Salinity

A dramatic decrease in salimity, a estimated by conductivity from
the barchans o the rransition zone ecourred inall sampling periods
{Fig. 6) The groundwater conductivity has a mean of 8.24 and
216 deciSiemens per meter [d5) in the barchan areas versus 4,18 d5
in the adjacent transition area. The mean groundwater conductivity
decreased (0 271 d5 and 249 dS in the parabolic sites (Fig. 6]
Litele change in salinity occurred from winter to sumimer at the sites
{Fig- 7% The conductivity meter was calibrated using a TS standard
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A B Coeduct RCY meahsrdments whene mude of waler damphed from of the o thady aited docated in Fig 2 The haschan cited ahow significanthy higher coaductivaess than the
transition and parssolic vites. The hoxes show e saridand deviation ard the bars show ike 955 confidence sierval im (ke data Black dots are measnsrementis, in the onder of the

onllection date, wilh the DecemSer samples on the beft e Jare sampiles op 1he right.

{TDS mg/l=070140.26 FC pSjene; r=098L This relaiionship pro-
vided TDS estimates of 5000 mg/l in the barchan arca and 1600 mg/l
in the parabalic area, Much of the change in salinlty resuls from
increases in chloride in the barchan area (Fig. 8L Chioride increased
from a mean of 127 mgll in the parabolic area o 630 mg/l in the
Transition area to 1455 mg/l in the barchan area (Fig. &),

5.2 Depth to groundwater

Covunghwater was reachied at shallow depths Chroughaout the ball-
veur of sampling i all areas (Fiz. 91 The depth o the waler lable was
mieasured by lowering a measuring stick until it reached the water
visible in the bomom of sach boring. The measured level i, therefore,
thee water table, and nol 4 capillary ringe in the gypsum sand. Water
depth increased by approsimately 4 meter from winler (0 sunier.
Depth to water averaged abour 53 cm throughout the sampling ssason
within the barchan area {45 cm=80 cm The water table withan the
trandibion aréa averaged 63 om bat Muctuated Between 30 cn and
100 cm. In the parabolic area, the water table fluctuated between
20 con and 120 e and averaged 135 ooy Fryberger (2003 presented

|

Dacambar ~ barch

Juna

My

Fig. 7. Conduciivity of growndwater amples groaped by colleciion daie showing the
lack of seanoral change. Neie the segeegatmn setweer parabolic ard the aiber siies
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data by Crabaugh {1994) that shows similar tremds. Mean annual
precipitation is only 23 cm (Fryberger. 2003) with the greatest
precipitation aocurring in the late summer and early fall. Evaparation
is muech greater than precipitation with almost 25 cm of monthly
evaporation in the summer {Crabaugh, 1994; Fryberger 2003). Depth
to thee water table is strongly cornelated with evaporation, with the
warter table dropping during the hot dry summer months.

Light rainfall fell during the sampling period totaling enly 6.35 e,
Mo precipitation fell within the two weeks prior o each site vitt
except for the May 2od sampling when 0.76 cm accumubated duning
ihe week prior Lo e sampling {Fiig 10)L The greal majorty ol the
precipitation {4.9 cm) fell between the December and March sampling
trips. This period coincides with a nge of the waner table by 5 to 50 ¢m
at the barchan and the adjacent iransition site [Fig. 91

5.3 Flnotion trantects

530 Methods

A GFS survey was conducted using Trimble Pro-XR and 400055
€S units to determine whether topographic changes might allow the
formation of a freshwater lens Data were differentially comecied
wying the White Sands Base station. The vertical precision ol the Fro-
KR wis within 70 con over most of the survey areic The survey quality
AD(KEs instrumient was used at mone widely spaced points that wene
collected in a survey across the dune field that had 5-10 cm of vertical
predision. Point samples were collected at 10 m intervals in the low
precson suivey and at approsmately 100 m intervals 1o the hagh
precision survey, The lowest points in each interdune were selactively
occupled to help define this topopraphy. Together, the surveys allowed
us o define the lowest interdune surface within the study area
(Fg. 11,

5.3.2. Results

The implication of Frybergers {2007 theory is that the interdune
surfaces within the parabolic dune areas should be topograptucally
Biglver thian those in the barchan dunes, thus allowing a perched
fresh-water lens that supports vegetation and controls dune
momphology.

The lowest elevations of the interdunes in the barchan area deline
a4 topographic Mar with a stope of Q0002 at approximately 1206 m
elevation (Fig. 11} An abrupt 2 m topographic rise occurs at the
bounddary with the transition area and a secomd 2 mrise at the edge of
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the parabolic area. Therefore, the barchan area is 3.5 to 4 m lower than
the lowest parts of the parabolic area.

The longer CFS rransect defines the overall topography of the dune
field, Connecring the lowest interdunes provides a slope 1o the east of
0.001. The landforms of the dune fizld are evident in the topographic
profile, The Alkals Flat, to the west of the dune feld, s an irregular
surface with no detectable slope in our GFS measurements, The parts

bay
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of the Alkall Flat nearest the dune field contaln large areas ol erosional
interdunes, exposing relict dume foresets thal are now being eroded
(Fryberger, 20081 The western margin of the dune field is a
topographic high that contains the largest dunes in the dune field
This large mound is termed the central dune ridge (Fryberger, 2003)
and has been interpreted as an aggradational mound formed by
deflation off the adjacent Alkali Flat {Langford, 2003). Dunes within
the central ridge are cdosely spaced, and, therefore, interdunes in the
ceniral dune ridge are narrow. The interdunes are either erosional
mierdunes of dry miterdunes covered in wind nppled, actively
blowing sand. The lowest interdunes are topographically high. IF the
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elevations of the waler-table-inleenced interdunes i the adpacent
barchan and Alkali Flai are connecred by a sloping line, the lowest
interdunes in the ridge are 1 to 3 m higher (Ag. 11}

East of the central dune rdge lies the beginning of our study area.
The wadely spaced barchans le in a lopograping low belween Lhe
central dune ddge and the parabolic dunes io the east. Within the
study area, two abrupt 2-m slevation changes ocour in the interdune
surlaces within the transiton areas amd deline the begpinnmg of 4
(opographc bigh thal composes Lhe parabaolic dunes, An even lirger,
4-mi rise in the interdune surface i found just @ast of the study area,
Beyond this the dune (ield continues to nse o its topographic high,
aloig its eastem mango. A sand shewt dopes geatly to Ui east away
from (he dunes. Examamabion of the lopograptec nse witlin the
parabolic area shows that it separales a more active part of the
parabolic dunes. in which we conducted our study from a higher,
myire stable portion, with mome witely spaced parabolic dunes (Figs. 2
and 111

B Ages of surfaces

Recent dating provides estimates of the relative ages of the vanous
surfaces in the dune fetd (Fig. 2). Optically Stimulated Luminescenoe
[DSL) dates and radiocarbon dates ace avail able from a varety of spurces.
OSL dlates record the burial of sand, and provide ages ol eolian migration

39

or aggradition. Radiocarbon dates come [rom 4 vanely ol sourmoes and
dare different features within the Monument.

One intnguing O5L date obtained by Steven Stokes, published by
Fryberger (20403 ), provided an age of 6500 years BP for ihe leading
edge of the dune lield {Rg. 2L Additonally, a rediocarton date from
the north of the study area provides a minimum age for eolian
accumilation of 5840 years BP { Langford. 2003} This date was from a
lake that Toroeed when a stoeam was damimed by the dune Geld
Together, these dates indicate thal e dune Hield achieved its present
sige snon alter s formation in the middle Holocene, The preserved
lacustrine landscape, coversd with scattersd gypsum sand sheets east
of the dune Geld, indicates that the location of the dune oot has ool
changed substantially i the last G000 years.

A suite of radiscarbon dates collected on prehistoric hearths by the
Monument Staff provide estimates of surface stability rather than
dune mobility, and show bao main regions of the parabolic dunes
(g 21 The samples were collected from hearths onginally con-
structed on the tops of eolian dunes, Thie heat from the fires converted
the gypsum sand of the dune into a hard plaster, firming an erosion-
resistant surface. Migration of the dunes [elt the hearths as remnani
tops of pedestals, capped by the plaster. Many pedestals have multiple
hearths that were resccupied at different times. These multiple
hearths wene not sampled $0 a8 to eliminate the possibility of mixing
of carbon of diferent ages Two to fve gram samples were collecied
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Tabde 1
Rl aitonn ages, feown Camiples colledted in S purabols area

Bet anabyic sample Maerial Capve rinnal Caberir age |
Number tadioadte age () Kaege (W)
Bela Tru2ud Charcodl frem Hearth 970 40 OF UG-G
Beta- TR0 Charcral frsm Heanth 1650+ 40 RP 1570 1520
Bata 179295 Charcoal bromn Hearth 2210440 B9 1320-2150
Reta CTOAME Chaicoal fiem Hearth 3540+ 40 RP THD-TT0
Dot PO297 Charcoal from Hearh 200240 BP G00-850
Heta TIUZNE Charcoal fiom brarlh  7HD &40 WP TIB-E
Beta TG Charcoal from Hearth 3430240 BF 2002660
Beta- TTI00 Charcoal rem Hearth 3390+ 40 BP JG6ED-A580
leta- T7U30L Chascoal from Hearth  DG0240 B -
Deta- 179302 Charcodl fiem Hearth 3130240 B9 1300-1350

froem ten hearths for cadiocarton dating {Table 1], The samples wens
sent 1o Beta Analytic for AMS radiocarbon dating, Samples were acid
washed o remove dispersed carbonate and were analyred using
standard AMS Techniques.

The radiocarboiy dated pededtals mark the locations of parabolic
dunes within the stable parabolic eld, In most cases, the active dunes
can sl be located by [ollowing the parabolic arms (rom the dated
pedecral. The radioearban dates ars, tharafom, minfmum daes for ths
stability of different pans of the parabolic area,

Initipd Stabdlization Model

The leacing edpe of the dune fiedd is 2 relarively active dune ridpe.
Thee hisarths along the ridge provided dates approximately 1000 years
old, whereas, dates on preserved surfaces within the higher parabolic
surface provide dares as old as 3700 years BP. This suggests a
manimum age of 1500 years BP lor stabilzation of the higher parabolic
surface, just exst of the study ared

Kocurek ec al. (3007} has demonsrraged at beasr spicodic solian
aggradation through the Late Holocene. An O5Ldate from near the end
of the Alkali Flat trail, reported by Fryberger {2003 ), and a date from the
harchan area, reported by Kocurek et al {2007 ] both provide ages of
2100 years BP at approximately 1 m below the surface. This indicates
an accumudation of eolian sediment at a rate of 50 cmy 1000 years over
the Last 2000 years.

6.1, Mtespretation of dles

The higher parabolic surface, east of the study area. is a landscape
al least 3500 years old. The parabolic landscape stabilized within the
first three thowsand years of the White Sands dune field. Because the
traces of the parabolic moses avenciated with the older dates are dearly
visible in the stabilized and vegetated landscape, this surface must be
#ven older than the radiscarbon dates fnom the dunes. The barchan
area is being actively reshaped today as 15 evidenced by the migrating
dupes and erosional mierdune land scape. The 2100 BP dates 1 m
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below the surface in these areas suggests deposition is al least an
episalic process i Uis area amd Phe surface has aggraded {Kocurek ef
al, 20071

Two dilferent interpretations of the history of the White Sands are
possible given e exisiing dala, Une possible history 15 ihal he entire
dune field was initially a topographic high with a surfece that sloped
to the west with a surface approximately following the dashed Ene n
Fig. 17. In this model {Fig. 12, the barchan area flls a hollow that was
creatid subsequently by deflation of the westem part of the dune
field, The very gently sloping water-table defined surface and abrupt
[opraraphac step al its dowmsand edige, sugpest the level of at least the
downwind edpge of the barchan area may have been shaped by
dellation. Projecting the lower interdune surfaces (rom the higher
parabolic area traces a surface that lies about 3 m above the parabolic
area and meerges with the current imierdune surfices at the upwind
edge of the dune held {dashed line in Fig. 110

Some evidence, both regionally and tocally, exists [or (s scenano
{see langford 2003, and Fryberper, 2007, for Quarsenary emdinon-
mental histories . The erosional shorelines that are west of the dune
field documment at twe least major episodes of lowenng ol the watler
table associated with deflation of the playa foos (Langfond, 2008 )
Similar emosion events in playa floors have been documented at 4000
and 2000 years BP in the Lake Estancia Basin to the Norih (Bachbuber,
1982; smith and Anderson, 982 Allen, 1991 ). Within the region, at
least [oar major episodes of eolian adivity and landscape instability
hawve been docwmented. Episodes of eolian erosion and deposition are
documented ar approximarely 2200 and 1100 years BP, a5 well as
historically across the Tularnsa Basdn, including areas just south of the
White Saancls {Blair et al, 1956 Monger, 1995; Buck. 1996; Buck amd
Moger, THE).

An aliernative interpretagion i that the opography of the dune
foebd has been sirmilar Lo that of the present day, with a barchan area
Iovweer than that of the adjoining dune ridge and parabalic areas. In this
scenano, linle change has ococurmed in the locations of the dune ypes
over Lime and the barchans (il 2 depression that has gradually been
filling throughout most of the history of the dume fiedd.

Kocurek: et al {2007} provide data that constrain these models
They presented O5L dates [rom a core in the barchan area that were
52060 BF at 3 m and & m below the surface, and 2100 BF at 1 m below
the surface. Kocurek et al. [2007) also present trenchies inwhich they
document the preservation of eroded eolian strata beneath upwind
Interdunes and succeeding dunes, They conclude that this decuments
bedform climb, In which dunes climb as they migrare relative to a base
bevel. This indicates that the dedlation event in the ficst scenanio must
have occurred either between 6500 BF and 5200 BF, or to shallower
than 5 m below the present day surface berween 5200 BPF and
3300 B,

7. Discussion and conclusions

Froan L beginnings of eolian studies, researchiers have attemgied
tor dliscern the controle on the occurrence of different types of salian
dunes within ergs. Several authors have noted the importance of wamd
regumes, wath larger andd more complex dunes [ormang in regions wath
mare variable ransporting winds (Fryberper and Dean, 199%9; Lan-
cavter, 18871989 ). Lancaster | 1995 ) discussed the importance of duns
of draa size as a factor, noting that small dunes are casily shaped by
seasonal winds, whersas larger forms can have contribations foom
mare comglex, leng-termwined patterns, Parabolic dunes i particular
are sljasil by U vesgetation o s o e disnes (Wiaon ot al, 19873)
At White Sands, several authors have pointed to changes in the rate of
sand tramsport (Mckee, 1966, Mokee and Meiola 19751 However, the
role of groundwater in chaping morphology has not been explored,
except as a limiting [actor in the depth of erosion.

This study suggests that at White Sands the abowe factors are
infheenced ot only the presence of a shallow groundwater table, but

also lt5 salimty. Accumulation ol a tepographic high composed of
eolian sediments allows accumulation of precpiation, which in lum
allows growth, Farabolic dunes form in the stabilized
eolian sand above the reshwater lens, whereas barchan dunes form
in areas dellaied (o the saline groundwater fable. The posiiive
feedback between eolian mobility and vegetation resadis in a setting
with two equilibrium siates; vegeisted amd active. The abrupi

boundary between active and stabilized eolian settings observed at
White Sandde i consiztent with a2 water @alinity conteol on the solian
landscape,
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The Holocene history of the White Sands dune field and influences on
colian deflation and playa lakes

Richard P. Langford*
Departmant of Geologieal Sciencer. University of Texas ar El Paso, 1 Pazs, TX TPPE5-0553, USA

Ahbsiraet

White Sands Mational Monumen: i the world's largest gypsum dune feld. The dunes are dovwnwind of a2 20-m-deep, 19-kmwide
deflation basin containing large playa lakes. Today, the gypsum zand is derived from the edge of the deflation basin, next to the dune
field, rather than the alkali Hat and playa lakes, where gypsum erystals are fommng. Three erosional shorelines mark wetter episodes,
when playva lakes formed in the deflation basin, Sucoessively, vonnger shoretines formed within older ones as the basin despensd, but
wias nol widened by deflation. The modern shoreboe 15 formung around Lake Lucero Playa, The oldest shonelios, termed L, 5
degraded and formed near the Flastocmme-Holocene transtion, Deflation from the L1 w0 the L2 shoreline cut throngh Pleistocenc
bedded evaponites and probably marks mitiation of the dune feld. This event was belore 55840 yr BP, based on radiocarbon dates.
Thas reinfloness an evolving consmsis thatl epeodes of deflation have charsctermead desert basing in the sotuthvwestern United States.,
Reponal deflation events have been dated ot T0O00 and 4000 yr BP. The shorehnes imply the Wiate Sands dune field was created 1n
short epeodes and the modern dune beld may nol represent conditions dunng expansion of the dine =5
) 2002 Ebevier Sacace Ld and INQUA. All rights reserved.

1. Background and gealogical history For aver 30 yr important results have come [from
stndies of the White Sands, beginning with the seminal
White Sands MNational Monument, in the south- work of McKee (1966). Numerous studies have focused
western United States, is the largest field of gypsum on the sedimentary structures in the dunes (Talmadge,
dunes in the world (Talmadge, 1933; McKee, 1966; 1933; Gould, 1939; Jones, 1959; McKee and Douglass,
MeKee and Douglass, 1971; MeKee and Maiola, 1975; 1971; MeKee and Moiola, 1975; Simpson and Loope,
Schenk and Fryberger, 1988) (Fig. 1). The dunes cover 1985; Fryberger el al., 1988; Sweet and Kocurek, 1990;
over 400 km” of the Tularosa Basin of southern New Ahlbrundt et al, 1994; Frank, 1994; Fronk and
Mexico, where they are containel entirely within White Kocurek, 1996). These studies documented a prevailing
Sands Mational Monument and White Sands Missile wind regime from the southwest that hos transported the
Ranpe {(McKee, 1966), The Tularosa Basin s a norih pypsum sand to the northeast, burving the basin floor,
south trending extensional basin that formed as part of Various dune types are found within the White Sands.
the Rio Grande Rift. The basin is topographically closed Dome dunes are found along the upwind margin of the
and has a restricted groundwater ountlet. Groundwater dune field (McKee, 1966). Transverse and barchanoad
discharges into the Hueco Basin to the south of Lake forms form the core of the dune feld, and are flanked 10
Lucern, however, discharge rates are slow enotigh that narth, south and downwind by exténsive felds of
the water lable s near the surface at Lake Lucero parabolic dunes. McKee (1960) documented rapid
(McLean, 1975; Basabilvazo et al., 1994), forming dense migration of the dunes along the upwind margin of
brines and resulting in the deposition of evaporites in a the feld and inferred that decreasing sand transport
series of lakes and playa lakes during the Quaternary resulted in the distribution of dune types.
(Allmendinger, 1971, 1972). The gvpsum has been It has long been recognized that deflation of salt
reworked into a large Geld of white gvpsum dunes. crystals from playa lakes and older evaporite beds has
provided the sand for the dunes (Allmendinger, 1971,
1972). More recently, the concept has been developed
ToTel: + 1.015-747.5068; fux: + 1-015-747.5071, in which the dunes occupy a large deflation basin, from
E-manll address: Inngfordiigeo wiep sdu (KF. Langford) which the dune sands have been excavated. Steve

1080-6152/02/% - see front matier @ 2002 Flsevier Science Lid and INQLUIA. All nights reserved
PI:S1040-6182(02)00133-7
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Fig 1 Lowation oeap of Whits Sands Matsmal Mosument dhowing the elationship of the gypam cnd dunes 1o Lake Luceso and the alkali fan. A

10 A shows the focation of the topographic croa section in Fig. 4,

Fryberger has developed this concept and proposed il
during discussions in the fGeld (Fryberger, pers. comm.,
2000). 1 observed what appeared to be relict shorelines
surrounding the deflation basin, and these are the
subject of this paper.

L. Geologic setting

Sincies of the Tularosa Basin sontheast of the While
Sands have concentrated on the windblown sands,
alluvial fans and associated soals (Blar et al,, 199 LIS
Bureau of Lamd Management, 1990; Buck, 1996). This
waork has provided a peneral Quaternary environmental
histary of the Tularosa Basin. Dunng the early- and
mid-Pleistocene, the Rio Grande deposited sediment
across the southern half of the basin. This deposition
terminated early in the mid-Pleistocene, and a stable
surface, known as the La Mesa surface, formed. Large
parts of the basin floor have remained unmodified since
the mid-Pleistocens (Buck, 1996), Faults have offset the
La Mesa surface in several locations, and windblown
sands have accumulated, burving this old soil (Buck,
1996).

21 Lake Chero

Only in the central part of the basin did significant
deposition continue through the late-Plestocene and
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Holocene (Seager et al, 19687; Herrick, 1904), Hers
pluvial Lake Otero extended scross the width of the
basin during the latest Pleistocene (Herrck, 1904;
Kotlowski, 1958; Seager, 1960; Seager e al, 1987). A
shoreline formed at 1216 m clevation during the latest
Pleistocene (Seager e al, 1987), Additional shorclines
formed ot elevations of 1210 and 1207 m in isolated sub-
hasins of Lake (hera (Fig. 2). Better-preserved sedimen-
tary siructures m these  lower-glevation  shorelnes
suggest they are vounger than the highest shoreline.
These shorelines may be Iatest Pleistocene, bazed on ape
estimintes described below for the erosional shorelines.

2.2 Holocene plavas

At least 20 plava lakes fill basing that are incised into
the sediments of Lake Otero. Lake Lucero, the largest of
the plavas, lies upwind of the dune ficld. Lake Lucero
plava consists of three sub-basing in the shape of an L.
The surface of the lake is a crust of white powdery
gypsum with patches of halite, Below this crust are to
10-cm-thick beds of clay, pypsiferous clay, and coarse
gypaum crvstalz, Several additional plava lakes with
features similar to Lake Lucero are found to the north
(Fig. 2). The playas are aligned with o topogrphic bow
that follows the most active basin-bounding normal
fault along the western margin of the Tularosa Basin,
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Surface waters apparcotly do not contribute much
dissolved zalt to Lake Lucero (Allmendinger. 1971,
1972; LeMone, 1987). Instead, ground-water brines
leaching from bedded evaporites around the basin
margin are likely to be important sources. These
conclusions are supported by several studies in Lake
Lucera and other areaz south and east of the White
Sands (McLean, 1970a, b; Allmendinger, 1972; McLean,
1975, Myers, 19383, Cruz, 1985, Myers aml Pinckley,
1987; Sutton et al., 1988; Myers and Sharp, 1989, 1992;
Basabilvazo et al., 1994).

The gypsum crystals do not generally form through
evaporation of surface water (Allmendinger, 1971)
Instend, evaparation at the surface drives wicking af
saling water from the shallow water table, 1 3 m below
the surface (Allmendinger, 1972). Gypsum crystallizes as
a fine efflorescence and small crystals at, and below the
surface, but above the water table (Allmendinger, 1972),

23 Alkali Flar

Between the dunes and the playa lakes lies the Alkah
Flat, an extensive, desolate, amd largely unvegetated
expanse. Patches of blowing gypsum sand lie within salt
flats (sabkhas), and areas of seattered Mesguite (Pro-
sopyis) and Salt Brash (Atriplex), Sails and vegetation
are best developed on the castern side of the Alkali Flat
and sall pans are concentrated 1o west, near the plava
lakes, Mear the White Sands Monument, the flal is
restricled 1o clevations below 1200 m clevation. The
alkah fiat is not developed near Lake Lucere, whers
parabolic gypsum dunes bury a lopographic high almost
adjacent to Lake Lucers (Fig. 1.

3. FErosional shorelines

An erosional shoreline surrounds modern Lake
Lucera Playa (Fig. 1A). This shoreline is partially buried
beneath aggrading plava muds and salts, but forms a
well-defined escarpment except at the northern end of
the playa. The base of this erosional shoreline escarp-
ment iz the plava surface, and is almost horizontal, The
escarpment’s irregular height results from differences in
how deeply the plava has eroded into the adjacent
hillssdes. Depositional features associated with the
shoreline are rare. Poorly defined gravel lags form
one- to two-clast-thick stripes extending parallel to the
shoreline escarpment near the mouths of some alluvial
fans, Topographic profiles were made across the
shorslines using a hand-level, tape, and staff. Ower 50
measurements were laken across each of the shorelines
and generally show a smooth, steeply sloping segment
that may overlis a more gently inclined toe-slope. The
profiles on the Lake Lucero Shoreline have maximum
slopes that range up to 30 40° in poorly consolidated
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Lake Otero sediments. Higher slopes are associated with
resistant limestone and evaporite beds.

Erosional shorelines are created by the erosive activity
of waves when the plava is flooded. In many plava lakes
this eroded material is reworked to form depositional
shores. However, in Lake Lucero almost all of this
material iz either reworked into the lake interior or
deflated away by the wind. The base of the erosional
shoreline marks the level of flooding of the playa.

Two similar erosional shorelines are evident on the
hillslopes above the modern playva (Fig. Z). The eleva-
tions of all three playas were measured using a survey
quality Trimble 3100 GPS unit with an elevation
accuracy  of approximately 10em. Elevations werne
converted o MAD 83 datum to match the topographic
maps of the anea. The lowest of the shorelings occurs at
an elevation of approximately 1191 m, some 5.5 m
above the surface of Lake Lucero. A second shoreline
is located ar approximately 1200 m elevation, 14.5m
above the surface of Lake Lucero, These shorelines can
be correlated at approximately the same elevation
around almast the entirely of the present Alkali Flat
(Fig. 2). These higher shorelines define either relict
playas, marking stages in deflation of the Alkali Flat,
or shorelines marking lake-level high stands associated
with the modern Lake Lucero. The evidence described
below indicates that the first interpretation @ cornect,
and that the shorelines mark playas that formed
between stapes of deflation that eroded the Alkal Flat
and Lake Lucero to their present clevations.

The lower erosional shoreling (1191 m) & marked as
the L2 shoreline and the upper shoreline (1200 m), the
L1 shoreline on Fig. 2. The L2 shorcline i almost
identical in morphology to the shoreline surrounding
Lake Lucern. Both of the shorelines have escarpment
heights ranging up to 25m amd slopes in Otero
sediment that mnge from 307 to 407 The upper, L1
shoreline is o subtler feature, with slopes of 6 107 in
Otero lake sedimenis. The escarpment iz also much
more gullicd and eroded. Based on morphology, i
appears that the L1 shoreline 15 older, whereas the 1.2
and Lake Lucero shorelines are similar in age. Dating of
the shorelines are difficull, because they are largely
erosional and few deposils that might contamn datable
material are preserved.

Erogsion exposes older lacustrine sediments of Lake
Mero in all of these shorelines (Fig. 3). Lake Otero
sediments inclade laminated clavs and silis, laminated
gypaiferous marls, limestones, and massive sills contain-
ing large gypsum crvstals, These sediments are exposed
in gullies at elevations below 1215 m. Similar sadiments
are found at higher clevations and must represent
deposits of pre-Lake Otera Pleistocene lakes. The
lnmination and prevalence of evaporites indicates
deposition on the floor of a permanent or semi-
permanent saline lake.
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Fig. 3. Plolographs illistrating shorelinss and asocain feaiuwre: (A) The shoiehze of Lake Lucero showing ihe erosomal evaanpuent, which
approxmately 1.5 m high at ihas locaton. Standpipe m the foreground s an observabion well, Chypsum arystals evoded from Lake {Hero sediments m
the shoreline gliol in the sun; (H) e LD sscarpment, 7 mabove Lake Lusero. Mole the similanty i appearance and the fal, wave-cull bemch m the
foreground; (C) the L1 shorehne sscurpment shows up as (e eroded (omground continues ol thes elevation s o bght streak extemding simeously io
Ihie background on (ke pght-hand gde. A1 e lef, just below hie Bediock ol the San Andocs Mountang i s promment [l searp; (D) Lake Oieio
sedimpaits; ailts, wands, and bmestones exposed near the L1 sscarpunt. Misd cracks and sofl sediment delomsation are evident along with dark
Eyprum crystals m the masive upper bed; (E) eroded Lake Otero sediments showmg the bonzontal bedding and the labaral extent of these deposits,

Lake Lucero i3 shown in the backgiound.

A vertically exaggerated topographic profile across
Lake Lucero and the White Sands dune field shows the
extent of dellation. Lopped wells within the White Sands
Dune ficld indicate that the base of the colian gypsum
gand lies below the Lake ©nero shoreline and slopes
gently Lo the west (Fig. 4). At the western edge of the
dune figld, the eroded, older lake muds are exposed, just
above the 11 shoreline (Figs. 2 and 4). The L1 and L2
shorelines define an extensive, 20-m-deep  deflation
basin, with relatively steep sides,
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4. Interpretations

The horizontal beds of lacostrine Lake (Oero
sediments are key features in understanding the history
of the White Sands because they define a relatively low-
reliel Pleistocene lake floor. The photographs in Fig. 30
and E illustrate the bedding in these sediments and show
relict islands of thiz older sediment preserved within the
deflation basin. Thus, the topography of the basin
below the Lake Otero Shorelines is largely a product of
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Fig 4. Cross ssetion from A 1o A (locstion shown on Fig 1) showing
the elovations of the Lake Lucero, the L1 and L2 shorelimes and ihe
Lake (Hemo shorehne Also showm B the coniacl betwesn the
windblown gyvpsum sand asd Otero lscusirne sediments, as deter-
mingd from outérop and well descripioni The pholographs are
relledied light phote-miciographs of gyprwm saml from ibe samples
near each end of the transecl shown m Fig. 5. Node bladed, iwinned
and poodly fiested crvstals in the upwind (Befl) sample a3 opposed 1o
the blvoky fromted graami in il downaimd sampls

Post-Otero Erosion. The L1 and L2 erosional shorelines
mark times when plava lakes formed during this
deflationary process. Hecause the L1 shoreline iz largely
preserved, deflation has deepened the Alkali Flats, but
ot Widened it

Mast previous authors have noted that there are two
sources of gvpsum sand, deflation of the Alkali Flat
and Lake Lucero (Allmendinger, 1971; LeMone, 1987,
1994), Allmendinger (1971) noted that the water table
lies below the surface of Lake Lucero, and stated that as
evaporalion procecds, waler s wicked up and evapo-
rated mear the lake surfoce 1o precipitate salts, which are
deflated to produce duncs downwind of the plava.
Allmendinger (1972) also deseribed a pypsum crystal-
bearing laver that extends 9 m above the surface of Lake
Lucero amd indicated that deflation of this Plestocens
Lake sediment produced most of the White Sand Dunes.
LeMone (1957) concurred and emphasized the impaor-
tance of this gypsum layer. Both the potential sources
dezcribed by Allmendinger (1972) can be associated with
active dunes (Fig. 2). Several patches of parabolic dunes
extend downwind from Lake Lucero, paniallv burving
the L1 and L2 shorelines. However, the main mass of
the White Sands dune held begins abruptly near the L1
shoreline (Figs. 2 and 4). The top of the gypsum bed
described by Allmendinger (1972) hies between the L
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and 1.2 shorelines and within 1.5 km of the edpe of the
dune fckl.

Samples of eolian sand collected along transect A-A
from the edge of the dune field show that the source of
the White Sands dunes is probably the margin of the
deflation basins along the L1 shoreline (Figs. 4 and 5).
This is consistenl with deflation of the gypsum unit
described by Allmendinger (1972). The sand samples
were collected from active wind npples on the windward
sides of dunes, | m above the elevation of the adjacent
interdune. Mean grain size decreases downwind over a
distance of 4 km (Fig. 3). In addition to the gmin size
decrease, there 5 a change from wunfrosted angular
gypsum blades at the upwind edge of the dunes to
rounded and frosted grains (Fig. 4). The irregular
gypsum blades must have experienced little transport.
While some gypsum may be denved from distant parts
of the Alkal Flit, both the gran see amd juvemle forms
sngpest that the primary source 15 near the 1.1 shoreling.

5. Timing and significance of the L1 and L2 shorelines

The relationship of the L1 shoreline w the Whte
Sands provides important information about the genesis
of the White Sands dunes. Previous workers have
described deflation of the White Sands as a continuous
process  (Allmendinger, 1971, 1972; LeMone, 1987).
However, the deflationary events bounded by the L1,
L2, and Lake Lucero shorelines indicate episodes of
much more rapid deflation than s occurring today.
Dating the L1 and L2 shorelines will constrain the
history of the White Sands dune [eld.

Because the gvpsum-bearing interval lies below the L1
shoreline, it is unlikely that a large dune feld had
formed until the deflation event between the L1 and L2
shorelines. ™o datable materials have been found so
far on the L1 shareline. Thus, archealogy was used ta
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estimate the age of the shoreline. A search of the
archeological database at White Sands Mational Monu-
ment shows Folsom culture sites just above the elevation
of the L1 shoreline, but not within the 1.1 deflation basin
(Eidenbach, pers. comm., 2000. Department of Arche-
ology, Mew Mexican State University at Alamogorado,
Mew Mexica). This suggests that the L1 shoreline can he
dated to younger than the 98000 10E00yr BF range of
Folsom activity (Hayones et al., 1992, Ingbar, 19492),
Local Folsom sites are widely scattered and the absence
of a site below the L1 shoreline may be due to other
factors. The L1 deflation basin, however, lies within an
area containing several Folsom localities and a Latest
Pleistocens 'earlicst Holocene age for the L1 Shareline
matches it degradation and stratigraphic  position
below the penultimate Lake Otero Shorelines. This
suggests there was a deflationary event. near the
Pleistocene Holocene transition, that carved the defla-
tion basin in which the dune field is located.

Deflation of the LI and Lake Lucero basins must
have occurred afler the establishment of a Playa Lake at
the 1.1 level. The only dates available come from Lost
River Plava i the nodheast comer of the Monumeni
(Fig. 1}. Radiocarbon dates collected from the sediments
below Lost River Playa have provided dotes of (1750
and 5840 vr BP) (Monger and Gallegos, 1997), The Lost
River Playa filled a deflation basin when the advancing
dune field dammed the stream lowing on the bottom of
the bagin. Lost Kiver Plava has erosional shoralines
similar im slope to the L2 and Lake Lucero. This
suggests that the growth of the White Sands dune field,
and incision 10 the L2 shorcline may have occurred
before 6000 vr BP, This matches existing dates from the
region,

Several studics have linked playa deflation to hydro-
logic changes associnted with increased aridity (Jacob-
som, 198%; Rosen, 1994; Dutkiewice el al., 2000), Playas
generate dense brines that sink below them. When water
evaporates [aster than the rate of surface and ground-
waler influx, the brines sink faster than they form and
the water table below the playa lowers, in these
conditions, playas can deflate until they reach the maoist
zone above the water table (Jacobson, 1988, Rosen,
1994),

Climatic evenls are increasingly identified with plava
basin deflation and eolian sand generation in the region,
Recent work in the Lake Estancia Basin, north of the
Tularoza Basin has identified two episodes of deflation
in the mid-Halocens which created that playa (Bachhuber,
1982; Smith and Anderson, 1982; Allen, 1991; Rowe
et al., 1995}, The oldest was approximanely 7000 yr ago,
and the second evenl was approximately 4000 yr ago.
Each deflation event resulted in excavation of a deflation
basin, and the two events are separated by an erosionnl
shoreline, Lunettes formed downwind of the plava
during deflation. South of the White Sands, the
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Tularosa Basin also records episodes of colian trans-
port and deposition between T and 4000 vr ago
{Buck, 1996). These deposits are correlated to limes
of increased aridity recorded in soil carbonate isotopes
{Buck and Monger, 1995).

Hydrologic and sotope studies indicate thm playa
deflation 15 linked to arid climatic events (Jacobson,
1988; Rosen, 1994). It 15 templing to correlate incision of
the L2 deflation basin to the 7000 vr BE ard climate
event and the 4000 yr BP event to deflation of the Lake
Lucero Basin, However. it premature to assume this
specific correlation given the bk of dates. The L1 to L2
event and growth of the White Sands dune field can be
azcribed 1o the mid-Holodene, based an the radiocarban
dates from Lot River Playa. However, the incsion of
the Lake Lucero Basin has not vet been dated and may
have occurred anytime within the lasy 7000 yr.

Because the sand within the dunes is derived from the
margin of the Alkali Flat, it is evident that only show
deflation of the Alkali flats is ocourring today, During
deflationary episodes, for example, deflation from the
L1 to the 1.2 shorehnes, the gypsum sand supply must
have been greally enhanced. The shorehne lustory
described above implies that, while taday the dune field
is actively migrating and & receiving a lmited sand
supply from the Alkali Flat, the majority of the growth
of the White Sands dunc fickd must have occurred
during short-lived more and climatic evenls when the
deflation basin was being deepensd. We can now
identifly three of these events. One probably predated
the dune fiekd and cocurned at the end of the Pleistocens
resulting i deflation to the L1 shoreline. Two more
cvents, the carlicst ca, 7000 yvr BP, formed the dunc ficld
and deflated to the L2 and Lake Lucero shorclines,
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SUMMARY GEOLOGICAL MAP, TULAROSA BASIN
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Tuesday Tour

i

Jornada Experimental Range and LTER

The mission of Range Management Research at the Jornada Experimental
Range is to produce new knowledge of ecosystem processes for development of
technologies for monitoring, assessment, remediation and management of desert
rangelands. This knowledge has application to hundreds of millions of acres of
public and privately owned rangeland in the United States. Remediation is both
the cessation of rangeland degradation, if occurring, and the restoration of land
resources through the use of economically and ecologically appropriate
technologies. Extensive interagency efforts involving the National Science
Foundation, the Department of Interior, other USDA agencies, non-government
organizations, and many universities in both agricultural and biological sciences
augment the in-house research program. International agreements on three other
continents extend this mission to the one-third of the world that is rangeland.

The science program traces back to field research initiated by the U.S.
Department of Agriculture in 1912 when the 78,000 ha Jornada Experimental
Range was first established by Presidential Executive Order.

As a site within the National Science Foundation's Long-Term Ecological
Research network, these activities are built on strong collaborations with other
institutions and agencies interested in deserts, desert agriculture, desert ecology,
and the management of desert rangelands. Our program is embedded within a
larger research context in the Jornada Basin, the surrounding region, and in
other deserts around the nation and the world where USDA, New Mexico State
University, and our collaborating scientists work on objectives central to this
mission or related topics.
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Tour Schedule

Each person will stay on the same bus for the morning, early- and late-afternoon
tours. Each bus will go to a different workshop during each tour period. Everyone
will be able to attend all 3 workshops if they stay with the same bus all day.

Tuesday schedule

7:30 - 7:45 Orientation and board buses
7:45 Depart for Jornada
8:30 - 10:45 Morning tour Workshop 1 -- Desert Project/Gypsum

Workshop 2 -- Ecological Sites
Workshop 3 -- Dynamic Soil Properties

10:45 Depart for Headquarters
11:00-11:45 LUNCH
11:45 Depart for next tour
Early afternoon
12:00 - 2:15 tour Workshop 1 -- Desert Project/Gypsum

Workshop 2 -- Ecological Sites
Workshop 3 -- Dynamic Soil Properties

2:15 Depart for Headquarters

2:30 - 2:45 BREAK

2:45 Depart for next tour

3:00 - 5:15 Late afternoon tour Workshop 1 -- Desert Project/Gypsum

Workshop 2 -- Ecological Sites
Workshop 3 -- Dynamic Soil Properties

5:15 Depart for Headquarters

5:30 - 6:30 Social at Headquarters

6:30 - ?? Bar-B-Que dinner at Headquarters
8 - 8:30ish Drive to Las Cruces
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Workshop 1 - Desert Project and Gypsiferous Soil

Stop 1 San Agustin Pass Overview: (Top) Desert Proje location with respect to Basin
and Range Province and Jornada Experimental Range (Bottom).
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] By Comaes - BB - AT (R ) - DPAFT - W ity et

Chihuahuan Desert in yellow based on an aridity index (la) < 10, where la = Annual ppt
(mm)/(annual temp (°C) + 10).
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Desert Project Overview at TWest: Block diagram showing landforms and subsurface
geology of Desert Project and Jornada Basin LTER research areas. Soil profiles to be
viewed on Tuesday tour will be at TWest, ESD, and Jornada Exp Range Headquarters.
After Monger et al. 2006. Regional setting of the Jornada LTER. p. 15-43. In K.
Havstad, et al., eds. Structure and function of a Chihuahuan Desert ecosystem: the
Jornada Basin Long Term Ecological Research site. Oxford Univ. Press, Oxford.
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Schematic diagram of diagnostic carbonate morphology for the stages of carbonate accumulation in the two morphogenetic
sequences (left below). Stages are descnibed (nght below), including stages WV and VI not shown n diagram.

Carbonate Morphogenetic Stages Definitions of Carbonate Morphogenetic Stages

Diagnostic carbonate morphoelogy

Stage Gravelly sequence! Nongravelly sequence

I Thin pebble coatings, continuous Few” filaments, masses, or
im last part of stage. faint coatings.

I Continuoas pebble coatings, Few to comm-on
some interpebble masses. nodules or masses.

Il  Many interpebble masses; Many nodules and mtern odular
plugged horizen® develops in masses; plugzed horizon develops
last part of stage. in last part of stage.

IV  Laminar horizon over- Laminar horizon owver-
lying phogeed horimon. kying phugged horizon.

V' Very strongly cemented to indurated with > 1 cm thick lemina; may
conftain pisoliths and have vertical faces and fractures coated with
laminated carbonate.

VI Indurated with multiple generations of recemented laminae, breccia,
and pisofiths.

“Few <2, common 2 o < 20, many =20 or greater pescent of area covered.

‘;Ptu;gedhcqiam oonians 50 percent or more pedogenic carbomsabe (by vol).

Desert Project Overview at TWest: Morphogenetic stages of pedogenic carbonate
accumulation. Modified from Gile, L.H., Peterson, F.F., and Grossman, R.B., 1966,
Morphological and genetic sequences of carbonate accumulation in desert soils: Soil
Science, v. 101, no. 5, p. 347-360
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Table of Geomorphic Surfaces: The age of a geomorphic surface and its soils is considered to
be the same. On a constructional surface, for example, all would date from the approximate time
that sedimentation stopped and soil development started.

Geomorphic surface

Carbonate stage

Estimated soil age

Valley border Piedmont slope Basin floor Nongravelly Gravelly  (years B.P. or epoch)
materials materials
Coppice dunes Coppice dunes Whitebottom Historical (since 1850 A.D.)
Lake Tank present to 150,000
Middle to late Holocene
Fillmore Organ 0,1 | 100 - 7,000
Il | | 100(?) — 1,000
] | | 1,100 - 2,100
| | | 2,200 - 7,000
Leasburg Isaacks’ Ranch Il I, 1l Latest Pleistocene
(10,000 — 15,000)
Butterfield Baylor 11 1] Late Pleistocene
(15,000 — 100,000)
Picacho Jornada Il Petts Tank 11 1, 1Iv Late to middle Pleistocene
(100,000 -250,000)
Tortugas Modoc 1 v Late middle Pleistocene
(250,000 - 500,000)
Jornada | Jornada | Jornada | 11 v Middle Pleistocene
(500,000 — 700,000)
Dofia Ana \V4 >700,000
Buried surfaces and soils 700,000 - 2,000,000
Lower La Mesa ", v Middle to early Pleistocene
(780,000)
JER La Mesa Vv,V Early Pleistocene to Late
Pliocene (780,000-2,000,000)
Upper La Mesa \% Late Pliocene

(2,000,000 — 2,500,000)
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Desert Project Overview: Landform profiles in the Desert Project. Top profile is of
intermontane landforms. Bottom profile is of river valley landforms. From Gile, L.H., Hawley,
J.W., and Grossman, R.B. 1981, Soils and geomorphology in the Basin and Range area of
Southern New Mexico—Guidebook to the Desert Project: New Mexico Bureau of Mines and
Mineral Resources, Memoir 39, 222 p.
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TWest Micromorphology of calcic horizon showing progressive magnifications of areas
located with arrows. Top shows biogenic carbonate in the form of a calcified filament.
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TWest Profile Description
USDA NRCS Pedon Description

PEDON DESCRIPTION

Print Date: 07/20/2005
Description Date: 06/07/2004

Describer: C. Monger, R. Burt, D. Sprankle, G. Cates, W. Shoup, R.
Kraimer, V. Anne

Site ID: SO4NM013-001

Site Note:
Pedon ID: 04NM013001
Pedon Note:

Lab Source ID: SSL

Lab Pedon #: 04N0942

Soil Name as Described/Sampled: T-WEST

Soil Name as Correlated:

Classification: Fine-loamy, mixed, superactive, thermic Ustic Haplargids
Pedon Type:

Pedon Purpose: research site

Taxon Kind:

Associated Soils:

Physiographic Division: Intermontane Plateaus
Physiographic Province: Basin and Range Province
Physiographic Section: Mexican Highland

State Physiographic Area:
Local Physiographic Area:

Geomorphic Setting: alluvial flat
basin floor

Upslope Shape:
Cross Slope Shape:
Particle Size Control Section: 30 to 80 cm.

Diagnostic Features: ochric epipedon 0 to 18 cm.
argillic horizon 30 to 150 cm.
calcic horizon 62 to 183 cm.
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Country:
State: New Mexico

County: Dona Ana

MLRA: 42 -- Southern

Desertic Basins, Plains, and

Mountains
Soil Survey Area:
Map Unit:

Quad Name: Taylor Well,
New Mexico

Location Description:
Legal Description:
Latitude:

Longitude:

Datum: NAD83

UTM Zone: 13

UTM Easting: 336268
meters

UTM Northing: 3598627
meters

Primary Earth Cover:
Secondary Earth Cover:

Existing Vegetation:
honey mesquite, Yucca,
black grama

Parent Material: Igneous
Bedrock Kind:

Bedrock Depth:

Bedrock Hardness:

Bedrock Fracture Interval:

Surface Fragments:
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A1--0 to 10 centimeters; brown (7.5YR 5/4) crushed fine sandy loam, dark yellowish brown (10YR 3/6) crushed,
moist; 13 percent clay; weak fine platy, and weak medium platy structure; very friable, slightly hard, nonsticky,
nonplastic; common fine roots throughout and common very fine roots throughout; common fine dendritic tubular and
common medium dendritic tubular pores; strong effervescence, by HCI, 1 normal; abrupt smooth boundary. Lab
sample # 04N05151

A2--10 to 18 centimeters; light brown (7.5YR 6/4) crushed sandy clay loam, brown (7.5YR 4/4) crushed, moist; 24
percent clay; moderate medium subangular blocky structure; very friable, moderately hard, slightly sticky, moderately
plastic; common very fine roots throughout; common fine dendritic tubular and common medium tubular pores; strong
effervescence, by HCI, 1 normal; clear smooth boundary. Lab sample # 04N05152

BA--18 to 30 centimeters; light brown (7.5YR 6/4) crushed sandy clay loam, strong brown (7.5YR 4/6) crushed, moist;
24 percent clay; moderate medium subangular blocky structure; friable, moderately hard, slightly sticky, slightly
plastic; many fine roots throughout and many very fine roots throughout; common fine dendritic tubular and common
very fine tubular and common very fine vesicular pores; 1 percent fine threadlike carbonate masses on faces of peds;
1 percent subrounded 2- to 5-millimeter igneous rock fragments; strong effervescence, by HCI, 1 normal; clear
smooth boundary. Lab sample # 04N05153

Btk1--30 to 50 centimeters; brown (7.5YR 5/4) crushed sandy clay loam, brown (7.5YR 4/4) crushed, moist; 26
percent clay; moderate medium subangular blocky, and moderate fine subangular blocky structure; friable, hard,
moderately sticky, moderately plastic; common fine roots throughout and common very fine roots throughout;
common fine vesicular and common very fine dendritic tubular and common very fine tubular pores; 15 percent
distinct clay films on all faces of peds; 1 percent fine dendritic carbonate masses on faces of peds and 1 percent fine
threadlike carbonate masses on faces of peds; 3 percent subrounded 2- to 20-millimeter igneous rock fragments;
strong effervescence, by HCI, 1 normal; clear smooth boundary. Lab sample # 04N05154

Btk2--50 to 62 centimeters; reddish yellow (7.5YR 6/6) crushed sandy clay loam, strong brown (7.5YR 4/6) crushed,
moist; 32 percent clay; weak medium subangular blocky structure; friable, hard, very sticky, very plastic; common
very fine roots throughout; common very fine vesicular and common very fine tubular pores; 8 percent faint clay films
on all faces of peds; 4 percent fine threadlike carbonate masses on faces of peds and 1 percent medium cylindrical
carbonate masses infused into matrix along faces of peds; 2 percent subrounded 2- to 20-millimeter igneous rock
fragments; strong effervescence, by HCI, 1 normal; clear smooth boundary. Lab sample # 04N05155

Btk3--62 to 87 centimeters; pink (7.5YR 7/3) crushed clay loam, strong brown (7.5YR 4/6) crushed, moist; 30 percent
clay; weak medium subangular blocky, and weak fine subangular blocky structure; firm, hard, moderately sticky,
moderately plastic; common very fine roots throughout; common very fine tubular pores; 5 percent faint clay films on
all faces of peds; 25 percent medium irregular carbonate masses on faces of peds; 7 percent subrounded 2- to 20-
millimeter igneous rock fragments; violent effervescence, by HCI, 1 normal; gradual smooth boundary. Lab sample #
04N05156

Btk4--87 to 110 centimeters; pink (7.5YR 7/3) crushed sandy clay loam, brown (7.5YR 5/4) crushed, moist; 30
percent clay; weak medium subangular blocky structure; very friable, very hard, moderately sticky, moderately plastic;
common very fine roots throughout; common fine dendritic tubular and common medium dendritic tubular and
common very fine tubular pores; 2 percent faint clay films on all faces of peds; 15 percent medium irregular carbonate
masses on faces of peds; 10 percent subrounded 2- to 20-millimeter igneous rock fragments; violent effervescence,
by HCI, 1 normal; gradual smooth boundary. Lab sample # 04N05157

Btk5--110 to 150 centimeters; pink (7.5YR 7/3) crushed gravelly sandy clay loam, pink (7.5YR 7/4) crushed, moist; 24
percent clay; moderate fine subangular blocky structure; friable, extremely hard, moderately sticky, moderately
plastic; few very fine roots throughout; common fine tubular and common very fine vesicular pores; 2 percent faint
clay films on all faces of peds; 35 percent medium irregular carbonate masses on faces of peds; 34 percent
subrounded 2- to 20-millimeter igneous rock fragments; violent effervescence, by HCI, 1 normal; gradual smooth
boundary. Lab sample # 04N05158

Bk--150 to 183 centimeters; pink (7.5YR 8/3) crushed gravelly sandy clay loam, pink (7.5YR 7/4) crushed, moist; 23
percent clay; moderate medium subangular blocky structure; friable, very hard, slightly sticky, slightly plastic; very few
very fine roots throughout; common medium tubular pores; 85 percent coarse irregular carbonate masses in matrix;
60 percent subrounded 2- to 20-millimeter igneous rock fragments; violent effervescence, by HCI, 1 normal. Lab
sample # 04N05159
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PSDA & Rock Fragments

Depth
Layer (cm) Horz
04N05151 0-10 Al
04N05152 10-18 A2
04N05153 18-30 BA
04N05154 30-50 Btk1
04N05155 50-62 Btk2
04N05156 62-87 Btk3
04N05157 87-112 Btk4
04N05158 112-150 Btk5
04N05159 150-180 Bk

Bulk Density & Moisture

Depth
Layer (cm) Horz
04N05151 0-10 Al
04N05152 10-18 A2
04N05153 18-30 BA
04N05154 30-50 Btk1
04N05155 50-62 Btk2
04N05156 62-87 Btk3
04N05157 87-112 Btk4
04N05158 112-150 Btk5
04N05159 150-180 Bk

Prep

n n n no no nuo no non

Prep

n n n n n no no noon

-1-
(----- Total - - ----
Clay Silt

< .002

002 -.05

3Alala

179 311

220 253

26.9 25.6

29.2 26.6

39.3 242

378 242

321 275

326 319

33.0 301

-1-

(Bulk Density)
33

kPa
(--gem®---)
3B1b

1.48

141

1.35

1.46

1.44

1.40

1.53

1.52

1.55

51.0
52.7
475
44.2
36.5
38.0
40.4

355
36.9

Oven

Dry

3Bl1c
1.55
1.50
1.44
1.56
1.59
1.53
1.63
1.58
1.69

-3-

4-

5-

(--Clay---)

Fine
<

.0002

5.4
5.4
9.2
12.2
15.3
11.8
8.9
6.6
8.3
-3-
Cole
Whole

Soil

0.016
0.021
0.022
0.022
0.034
0.030
0.021
0.013
0.029

CO3
<

.002

2009 NCSS Conference

-6- -7- -8- -9- -10-
(----Silt----- ) (- Sand-----
Fine Coarse VF F M C
.002 .02 .05 .10 .25
-.02 -.05 -.10 -.25 -.50 -1

% of <2mm Mineral Soil - - - ------------------
3Alala 3Alala 3Alala

12.7 18.4 16.9 17.2 12.

115 13.8 14.5 17.9 14.

12.3 13.3 11.7 16.8 12.

13.3 13.3 12.3 13.1 11.

13.8 10.4 9.5 11.7 9.2

154 8.8 9.6 11.7 9.6

19.6 7.9 8.2 12.5 8.9

25.1 6.8 8.6 11.2 9.0

235 6.6 9.8 12.7 8.5

-5- -6- -7- -8-
—————— Water Content - - ---------)

10 33 1500 1500 kPa

kPa kPa kPa Moist
——————— pctof<2mm------------)

3C1b 3Clc 3C2ala

19.0 16.4 8.1

20.2 17.3 9.3

21.8 18.7 10.3

21.3 18.8 10.7

24.2 20.7 12.6

23.8 20.6 10.2

19.1 16.4 7.9

19.9 17.1 7.1

19.5 17.5 8.4
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9 3.9
6 5.6
6 57
8 58
55
6.7
6.8

5.0
4.7

Ratio

AD/OD

3D1

1.028
1.032
1.033
1.035
1.038
1.029
1.021
1.017
1.020

3Alala 3Alala 3Alala 3Alala 3Alala

-12- -13- -14-  -15-  -16-

——————— ) ( Rock Fragments (mm))
VC (-------- Weight - - - - - - - -
1 2 5 20 1-
-2 -5 -20 -75 75

------- % of <75mm - - - - - -

0.1 34
0.1 38
0.7 36
1.2 32
0.6 27
0.4 28
4.0 32
1.7 27
1.2

-10- -11- -12- -13-

WRD Aggst

Whole  Stabl (- - Ratio/Clay - -)

Soll 2-0.5mm CEC7 &ggo

cm®em?® %

0.12 0.91 0.45

0.11 0.73 0.42

0.11 0.54 0.38

0.12 0.51 0.37

0.12 0.39 0.32

0.15 0.30 0.27

0.13 0.24 0.25

0.15 0.17 0.22

0.14 0.16

-17-

>2 mm
wt %
whole
soil
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Carbon & Extractions

Depth
Layer (cm) Horz
04N05151 0-10 Al
04N05152 10-18 A2
04N05153 18-30 BA
04N05154 30-50 Btk1l
04N05155 50-62 Btk2
04N05156 62-87 Btk3
04N05157 87-112 Btk4
04N05158 112-150 Btk5
04N05159 150-180 Bk

Pedon ID: S0O4NM-013-001
Sampled As

Prep

n nu o nuo nuo nuo nuo nn

USDA-NRCS-NSSC-National Soil Survey Laboratory

pH & Carbonates

Depth
Layer (cm) Horz
04N05151 0-10 Al
04N05152 10-18 A2
04N05153  18-30 BA
04N05154  30-50 Btk1l
04N05155  50-62 Btk2
04N05156  62-87 Btk3
04NO5157 87-112 Btk4
04N05158 112-150 Btk5
04N05159  150-180 Bk

0
)
o

n n n n no nuo nuo noon
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6-  -7- -8 -0

(---Dith-Cit Ext - - -)  (-----

-10-

-11-

-12-

Al

0.13
0.12
0.11
0.10
0.09
0.06
0.04
0.03

Fe Al Mn Al+¥2Fe ODOE Fe
(----mmee - %of<2mm-------------- )
4G1 4G1 4G1 4G2a 4G2a
0.8 0.1 tr 0.16 0.02 0.07
0.7 0.1 tr 0.15 0.03 0.07
0.7 0.1 tr 0.14 0.03 0.07
0.7 0.1 tr 0.14 0.02 0.07
0.5 tr tr 0.12 0.02 0.07
0.3 tr -- 0.09 0.01 0.04
0.2 tr -- 0.06 0.01 0.03
0.1 -- -- 0.05 tr 0.03
0.1 -- -- 0.05 0.01 0.03

( Dona Ana County, New Mexico )

-1- -2- -3- -4- -5-
(----- Total - - - - - ) Org CIN
C N S Cc Ratio
(----- % of<2mm------ )
4H2a 4H2a 4H2a
1.06 0.092 0.01 9
1.08 0.061 0.01 10
1.53 0.045 0.01 10
1.60 0.050 0.01 9
271 0.039 0.01 13
4.08 0.019 0.01 21
5.09 0.016 0.01 11
6.56 0.007 0.01 20
5.76 0.003 0.02 71
-1- -2- -3- -4- -5-
(R R pH----------
CaCl,
0.01M HO Sat
KCI 1:2 11 Paste  Sulf
4Cla2a24Cla2al4Clala2
7.9 8.4
8.0 8.5
7.9 8.5
7.9 8.4
8.0 8.4
8.0 8.5
8.0 8.5
8.2 8.6

8.4 8.6 8.3

0.03

Fine-loamy, mixed, superactive, thermic Ustic Haplargid

Pedon No.

-6- -7- -8-

(- - Carbonate - -)
As CaCO3

<2mm

4Elalalal

18
31
41
54
46

67

<20mm <2mm
NaF (=== %

-10-

(- - Gypsum - - -)
As CaS0,*2H,0 Resist

-11-

<20mm ohms

-1

cm

-13-

217.6
218.9
165.5
169.6
104.0
60.7
30.5
20.2
19.4

-15- -16- -17- -18-

(- - - Na Pyro-Phosphate - - -)
Si C Fe Al Mn

4G3

0.07 - - -
0.07 - - -
0.07 - - -
0.07 - - -
0.06 - - -
0.05 - - -
0.03 - - -
0.02 - - -
0.04 - - -

Print Date: Jul 29 2005 3:28PM
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Stellay (Ustic Caleiarad) Water content, including run-in water,

Illustration of the importance of run-in water in TWest vicinity. After Herbel, C.H., Gile, L.H.,
Fredrickson, E.L., and Gibbens, R.P., 1994. Soil water and soils at soil water sites, Jornada
Experimental Range. L.H. Gile and R.J. Ahrens (eds.) Soil Survey Investigations Report No.

44. Soil Conservation Service, Lincoln, NE.
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Gypsum Profile at JER Headquarters: From Herbel, C.H., Gile, L.H., Fredrickson, E.L., and
Gibbens, R.P., 1994, Soil water and soils at soil water sites, Jornada Experimental Range. L.H.
Gile and R.J. Ahrens (eds.) Soil Survey Investigations Report No. 44. Soil Conservation
Service, Lincoln, NE.

244

USDA-501il1 Conservation Service

Pedon Warrative Description

S0il Series: Wink, deep gypsum phase

Clasgification: Coarse-leocamy, mixed, thermic Typic Calciorthid

NSSL ID#: 90P0495

Scil Survey #: S590MM-013-004

Location: The SE1/4NE1/¥W1/4 section 33, T.195., R.2E., in the
former exclosure at Headguarters. This exclosura has
been dismantled and the rain gauwge has been moved to
ancther site at Headguarters. AR5 personnel indicate
that the sampled pedon s wvery close to the former
location of the scil moisture blocks.

Elevation: 4320 ft, 1317 m

Landform: Ridge side sloping 2% to the east

Geomorphic Surface: Eolian analogue of Jornada II, late phase?
Parent Material: Late phase Jornada IT (?) sand

vegetation: Dropseed, scaptree yucca, fourwing saltbush
Described By: L.H. Gile

Date: Jan. 25, 1930

So0il surface: A layer of loote reddish sand occurs over most of
the surface,

C=—0 to 9 cem; stratified pinkish gray to light brewn (7.5Y¥YR
6/3) loamy sand; brown (7.5YR 4.5/3) moist; massive but with
horizantal cleavage to thin and medium lenses; generally soft,
with some lenses separated by soft fine granules or loose,
single-grain material; few and common fine roots; 90FP2734;
strongly effervascent; abrupt smooth boundary.

Ab==9 to 18 am; brown (7.5YR 5/2.5) leoamy sand; dark brown
(7¥YR 3.5/3) moist; wvery weak medium subangular blocky
structure; slightly hard, very friable; few fine roots;
90F2737; strongly effervescent; clear wavy boundary.

Akb--18 to 30 cm; pinkish gray to light brown (7.5YR 6/3)
loamy sand; brown to dark brown {(7.5YR 4/3) noist; wvery weak
medium subangular blocky structure; slightly hard, very
friakle; few fihe roots; 90P273B; wvery few carbonate
filaments; strongly effervescent; clear wavy boundary.

Bklb--30 to 42 cm; pinkish gray to light brown (7.5YR 6.5/3)
fine sandy loam; brown (7.5YR 5/3.5} moist; weak medium
subangular blocky structure; slightly hard and hard, very
friable; few fine rocts; 90P2739; very few filaments; strongly
effervescent; clear wavy boundary.
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EX2b--42 to 58 cm; pinkish gray to light brown {7.5YR 6.5/73)
fine sandy loam; brown (7.5YR 5/3.5) meoist; weak mediunm
subangular bleocky structure; slightly hard and hard, friable,
few fine roots; 90P2740; few carbonate filaments; strongly
effervescent; clear wavy bocundary.

Bk3b--58 ta 78 cm; pinkish gray to pink (7.5YR 7/3) fine sandy
loam; brown (7.5YR 5/3.5) moist; weak medium subangular hlacky
structure; slightly hard and hard, friable; few fine roots;
S0P2741; few carbonate filaments; strongly effervescent; clear
wavy boundary.

K2b==78 to 101 com; pinkish gray to pink (7.5YR 7.5/3) sandy
clay loam; pinkish gray to light brown (7.5YR 6&/3) moist;
cccurring as nocdules and as internodular K-fabric, with lesser
amount of 7.5YR 9/2 and 8/2; moderate medium subangular klocky
structure; hard and very hard, firm; very few fine mottles;
strongly effervescent; clear wavy boundary.

Kib—-101 to 117 cm; pinkish gray to pink (7.35YR 7.5/3) sandy
clay leam; pinkish gray to light brown ({7.5YR 6/3) molst;
these colors occur as carbonate nodules and as internodular K-
fabric with lesser amount of 7.5YR 672, 872, and 6.5/3;
moderate medium subangular blocky structure; very hard, firm;
very few fine roots; 90P2743; few medium vellow and brownish
yellow (10YR 7/6. &/6) mottles; strongly effervescent; clear
wavy boundary.

Bkh==117 to 127 cm; pinkish gray to light brown (7.5YR 6.5/3}
sandy <clay lecam; brown (7.5YR 5/3) moist; weak medium
subangular blocky structure; fine yellow and brownish yellow
(LOYR 7/6, &/6) mottles and streaks; strongly effervescent;
aprupt smooth kboundary.

t=-=127 to 136 cm; white {10¥YR 9/2) sandy lcam; very pale brown
{10YR 8/3} moist; weak medium and coarse subangular blocky
structure; very hard, firm; no reots; 30P2745; some parts
noncalcarecus, other parts weakly or strongly effervescent.
This material appears to be primarily gypsum, and needs
further study. It may ke partly or wheolly of lacustrine
origin.
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Distribution of soil carbonate (inorganic carbon) at the global scale and in the Desert Project
(Bottom), from Gile, et al. 2007. A 50" anniversary guidebook for the Desert Project. U.S.

Dept. of Agriculture, Natural Resources Conservation Service, National Soil Survey Center,
Lincoln, NE. 279 p.
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HoO + €O
200, + HyO + CaSi0; - Ca** + 2HCO, + Si0, ()
Catt + ZHCOy > CaCy + COs + HaO CaCO; + HoUO; == 2HCO5 + Catr
Ebelimen-Lrey Reaction Dissolution-Reprecipitation Keaction

Carbon Sequestration by Soil Carbonate: A Classification System. After Monger and Martinez-
Rios 2001. In: R.F. Follett et al. (eds) The Potential of U.S. Grazing Lands to Sequester Carbon
and Mitigate the Greenhouse Effect. CRC Press, New York.
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Workshop 2: Ecological Sites

Workshop Summary

We will discuss concepts for ecological sites, state-and-transition models (STM), and the kinds
of data that can be collected to support soil-site correlation and STM development. Specifically,
we will focus on the Sandy (MLRA 42.2) ecological site. The Sandy site has a rich source of
data and is a relatively well-understood example of a fairly complex ecological site. Thus, it
illustrates many of the issues and dynamics that will be observed in ecological sites across the
U.S.

Specifically, we will discuss the following points:

e Soil-site correlation groups several similar soil map unit components within a single
ecological site; to do otherwise would result in too many classes.

e Alternative states occur on similar soil profiles and thresholds separate these states.
Thresholds are caused by feedbacks between biological and soil-surface processes that
tend to produce large differences in ecological conditions.

e Any representative of a soil map unit component correlated to an ecological site will be
observed in one of several states of the STM. Soil components correlated to an ecological
site should be capable of existing in any of the states of its STM. Nonetheless, certain
soil components will more often be observed in some states than others. This is because
soil components exhibit gradational variation in soil climate at a regional scale and in
properties that affect plant resource availability and therefore the likelihood of a
transition to an alternative state.

e States are best regarded as being composed of patches that represent distinct functional
units. Recognizing the proportions of patches can help visualize states in the field.

e Data should be collected across a broad extent to develop an ecological site concept and
STM. We will discuss the three tiers of data collection and demonstrate a version of the
“Tier 1” traverse method (see Bestelmeyer, B. T., A. J. Tugel, G. L. Peacock, Jr., D. G.
Robinett, P. L. Shaver, J. R. Brown, J. E. Herrick, H. Sanchez, and K. M. Havstad. 2009.
State-and-transition models for heterogeneous landscapes: A strategy for development
and application. Rangeland Ecology and Management 62:1-15).

e Inthe process of discussing the traverse method, we will learn about three new

“Pedoderm and Pattern Class” indicators that reflect soil surface processes and vegetation
spatial arrangement that are useful for describing ecological states.
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Note the patterns in the Google image (Quickbird satellite) and locations for the stops.
Stop 1. Black grama grassland (reference state and reference phase).
Stop 2. Shrub-encroaching state A (black grama/bunchgrasses).

Vista 1. The “scrape site”; an experiment to measure what happens when all vegetation is
removed from a Sandy soil.

Stop 3. Mesquite shrubland (incipient stage).

Stop 4. Shrub-encroaching state B (bunchgrasses; Sporobolus flexuosus, S. contractus, Aristida
purpurea, Eragrostis lehmanniana [invasive], remnant Bouteloua eriopoda). Soil pit present.
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A. MLRA 42.2: Sandy Ecological Site

Summary

Distinguishing soil features: Loamy sand to sandy loam surface with a calcic or petrocalcic
horizon and/or an argillic or cambic horizon featuring some clay increase with depth. Petrocalcic
horizon, when present, is > 50 cm deep.

Landscape features: Sand sheets; relict basin floors, sand-buried piedmont slopes.

Related ecological sites: Shallow sandy has a petrocalcic horizon < 50 cm and Deep sand does
not have a calcic, cambic, or argillic horizon. Sandy often exists as a fine mosaic with Shallow
Sandy. Mesquite coppice dunes (torripsamments) are sometimes correlated to Deep sand (c.f.
soil series in Hennessy et al. 1983b, 1985) but dunes actually represent a soil component of a
state of the Sandy site.

Dominant soil taxa: Calciargids, Petrocalcids, Haplocalcids, Petroargids, Haplocambids, not
shallow, usually coarse-loamy and non-gravelly.

Common series: Yucca, Harrisburg, Berino, Wink, Onite, Hueco, Nations, Pajarito, Pendero,
Pintura, Rotura, Bucklebar, Cacique, Mohave.

Reference state: Historical plant communities were dominated by continuous black grama
(Bouteloua eriopoda) mixed with other grasses, especially dropseeds (Sporobolus spp.).
Representatives of the reference state are still common. Spatial variation in vegetation within the
state may be governed by slight variations in soil texture of the A and/or B horizons within the
site. For example, dropseeds may increase as soils become coarser. Continuous heavy grazing
coupled to drought periods can lead to loss and fragmentation of black grama plants and
increasing representation of dropseeds, threeawns (Aristida spp.), and snakeweed (Gutierrezia
sarothrae) within this state. Black grama recovery is driven by recruitment from stolons into
bare gaps. Scattered adult honey mesquite (Prosopis glandulosa) may be present.

Transitions: Year-long continuous grazing during multi-year periods of summer or spring
drought can cause severe reduction, fragmentation, or total loss of black grama. Loss of black
grama and increasingly large bare ground patches allow wind and water erosion. Feedbacks to
grass mortality ensue. Recovery by stolons is increasingly difficult as black grama patches
become isolated and inter-patch areas erode. Climatic conditions are seldom suitable for black
grama recovery and establishment by seed is limited in this species. Concurrently, honey
mesquite can be introduced (or is present) and expands due to one or more of the following
processes; spread of seed by livestock, climatic events favorable to establishment, reduced
competition for soil water, and reduced fire frequency. Continued heavy grazing on remnant
grasses, perhaps exacerbated by native rodent and lagomorph herbivores and competition with
shrubs, leads to loss of grasses in shrub interspaces, interspace erosion, and the formation of
mesquite dunelands.

Alternative states:
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Black grama-limited state: Black grama patches surrounded by a matrix of bunchgrasses/
subshrubs. During droughts, bunchgrass cover declines considerably leading to patchy erosion.
Black grama does not recolonize eroded bunchgrass patches. Few adult mesquite.

Bunchgrass grassland: Black grama is absent or represented by a few relict plants. Sheet and
wind erosion is common and continuous. Few adult mesquite.

Shrub encroaching/black grama: Black grama is usually patchy, mesquite are common with a
mixed age structure or with many smaller mesquite suggesting a recent establishment event or
ongoing recruitment and competition with grasses.

Shrub encroaching/bunchgrass: Bunchgrasses, subshrubs, or mesquite may be dominant; black
grama may be present as a few isolated relict patches. Mesquite are common with a mixed age
structure or with many smaller mesquite suggesting recent establishment or ongoing recruitment.
Mesquite cover may be high, but loss of soil from shrub interspaces is moderate.

Mesquite shrubland: Mesquite are dominant with significant coppicing around shrubs and
deflation in shrub interspaces. Soil loss and redistribution is significant.

Patch types composing states:

Black grama (stoloniferous grass): Often densely vegetated with small interspaces and persistent
in drought if minimally disturbed by grazing; accumulates soil deposits (usually has a thin C
horizon); may have abundant BSCs. May include scattered Ephedra and Yucca.

Bunchgrass/subshrub: Densely to sparsely vegetated often with large interspaces, soil surface
often moderately eroded and with platy structure. May include scattered Ephedra and Yucca.

Lehmann’s lovegrass (invasive/fire-tolerant): Densely vegetated, often intermixed with
bunchgrasses on moderately eroded soils, similar to bunchgrass patch.

Barren/ephemeral forb: Sparsely to non-vegetated, often observed with Croton after rains.
Moderately to deeply eroded, platy soils

Barren/eroded: Usually non-vegetated with a hard, often cemented, subsoil exposed at the
surface that may be overlain with thin sheets of sorted sand.

Mesquite/non-buried: Mesquite plant and area below its canopy, often featuring a thin O horizon
and grasses such as Setaria leucopila. Often associated with high levels of pedoturbation by
rodents.

Coppice dune/mesquite: Mesquite plant and accumulated soil deposits forming a thick C
horizon. Litter abundant. Coppice may harbor other shrubs (Atriplex) and bunchgrasses.

Restoration: Restoration from mesquite shrubland and shrub-dominated states has generally been
unsuccessful. Use of herbicide within shrub-encroaching states is believed to have promoted
persistence of grass cover, although shrub regrowth is generally observed (i.e., these states are
resilient). Black grama recovery within black grama-limited and bunchgrass states has not been
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observed, although recent high-rainfall years have led to increases in black grama cover within
these and shrub-encroaching states.

State-Transition model: MLRA 42.2; Upland sandy site group: Sandy

Black grama |44 | Black grama 3a, Black grama
Soaptree yucca Bunchgrasses P Mesquite
’ «
&~ 3b Shrub-encroaching (A)
R Bunchgrasses
g Black
ack grama 4a 61
Black grama grassland
7}
1a| Tip 4b Bunchgrasses Mesquite
v Mesquite (Saltbush)

Iy Iy

1 1
Bunchgrasses|_ _ _ Snakeweed i 1
Black grama il Black grama v A4

o 5a Mesquite Mesquite
Black grama-limited grassland Bunchgrasses Bunchgrasses
21 5b | Shrub-encroaching (B) Mesquite shrubland
Bunchgrasses P
(Snakeweed) N 8
Bunchgrass grassland

la. Grazing in drought periods, black grama fragmentation. 1b. Unknown, possible role for extreme wet periods
2. Black grama extinction due to heavy grazing in drought, soil erosion.

3a. Mesquite seed introduction with black grama fragmentation, lack of fire. 3b.Shrub removal

4a, 5a. Mesquite seed introduction or mesquite release from biological constraint. 4b, 5b. Shrub removal

6. Heavy grazing, drought causes black grama extinction, greater opportunities for mesquite expansion, wind
erosion/deposition from adjacent shrublands

7. Heavy grazing or ORV disturbance, bunchgrass loss, wind/sheet erosion, soil truncation

8. Mesquite removal coupled to soil stabilization, nutrient addition, seeding during wet periods.

9. Unknown, possibly via reseeding in extreme wet periods
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Black-grama dominated state

Black grama, soaptree yucca, dropseeds
threeawns. No mesquite in immediate area.
*Black grama cover and stature is high

« Small patches of bare ground,

covered with litter and BSCs.
«Berino-Buckelbar map unit,

Jornada Experimental Range, Dona Ana Co.

*Black grama, threeawns, snakeweed, few
mesquite.

*Black grama cover and stature is low

* Large patches of bare ground,

unprotected by litter and eroding.
*Wink-Harrisburg map unit,

Jornada Experimental Range, Dona Ana Co.

Shrub encroaching state A

*Black grama common, but fragmented
Several size classes of mesquite

*High bare ground cover despite recent
high rainfall, moderate erosion.

Berino taxadjunct, CDRRC, Dona Ana Co.

Shrub-encroaching state B

*Snakeweed, some threeawns, many mesquite
*Grass cover very low, no black grama

* Note evidence of wind erosion, litter
accumulations in small depressions

*Wink Harrisburg map unit, Dona Ana Co.

*Mesquite, some snakeweed

*No grass cover in interdunes, some dropseeds
associated with mesquite coppices

« Soil surface indurated and rich in

carbonate, exposed roots.

*Copia-Nations complex,Fort Bliss, Otero Co.
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Catalog of states and community pathways

Black grama grassland: The reference plant community is dominated by black grama. Dropseeds
(Sporobolus flexuosus, S. cryptandrus, and S. contractus) are often secondary dominants,
intermixed with black grama or occurring as discrete patches. Bush muhly (Muhlenbergia
porteri) and threeawns (Aristida spp.) are other common grasses. Soaptree yucca (Yucca elata),
longleaf ephedra (Ephedra trifurca), and sand sage (Artemisia filifolia) are common shrubs.
Scattered, adult mesquite (Prosopis glandulosa) can be present. This state is defined by the
capacity of black grama to persist indefinitely (e.g. some permanent quadrats on the Jornada
Experimental Range). The caespitose, bushy growth form of black grama cover stabilizes the
sandy soil surface, leading to low erosion rates relative to the cover of other bunchgrasses
(Paulsen and Ares 1962). Soil stability is sometimes reflected in biological soil crusts that
proliferate in bare interspaces surrounded by black grama. Extensive black grama grasslands are
believed to have established during the Little Ice Age, the most recent minimum of which was in
the mid-1800s. Currently, black grama grasslands are sustained by vegetative reproduction (often
from stolons) into small (usually <50 cm) bare interspaces. Reproduction by seeding is believed
to be rare under current climate (Jackson 1928, Nielson 1986) so black grama grasslands are
sometimes considered relict vegetation (in MLRA 42.2) in which mortality typically outpaces
reproduction. Mesquite establishment within this state is not significant. Fires may or may not be
an important reason for low mesquite recruitment and it is not clear why mesquite recruitment is
limited.

Black grama plants maintain carbohydrates in their tillers and stolons (vegetative
reproduction structures) above ground throughout the winter (Miller and Donart 1979). Thus,
this species is preferred in winter months and declines with increasing stocking rates (Holechek
et al., 1994). In addition, black grama’s dominant mode of local colonization is via stolons and
stolon establishment is vulnerable to trampling and drought (Nelson 1934, Wright and Van Dyne
1976). Heavy grazing results in an increasing relative cover of dropseeds, threeawns, or
snakeweed. It is also possible that in coarser soils, such as loamy sands, dropseeds tends to
exhibit high cover relative to black grama irrespective of grazing pressure. Two seasons without
summer rains will also lead to black grama decline (Robert P. Gibbens, personal
communication). Grasses such as dropseeds and threeawns are thought to be more sensitive to
drought than black grama (Herbel et al. 1972) but can recover more rapidly via seeding.
Snakeweed or dropseeds may become dominant within this state due to grazing effects as long as
the capacity of black grama to recover after cessation of grazing is not compromised. An even
distribution of black grama plants capable of reoccupying areas between plants via stolon-based
reproduction is suspected to be a prerequisite for resilience of this state. Gibbens and Beck
(1987) and some unpublished records from the USDA-ARS Jornada Experimental Range, Las
Cruces, NM provide evidence for recovery of black grama from dropseed dominance at a local
scale (1 m?). Campbell and Bombarger (1934) indicate that black grama can recover in areas
dominated by subshrubs such as snakeweed (Gutierrezia sarothrae).

Diagnosis: Black grama is dominant and/or cover is continuous, canopy can exceed 60%. There
is evidence of black grama reproduction by stolons. Large basal gaps (> 2 m) are typically not
more than 30% of line, gaps often covered with biological soil crusts. Pedoderm Class = WP or
PDB; Resource Retention Class = 1-2; Soil Redistribution Class = 0-2. Litter cover is abundant.
Soil stability values range from 4-6. There are no mesquite or a few, scattered adult individuals
(< 1% cover).
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Transition to black-grama limited state (1a): Disturbance and death of black grama plants
across large areas (due to grazing and trampling), possibly in concert with climate change, is the
trigger of the transition. Once black grama plants are reduced to widely-scattered patches they
are incapable of reestablishing dominance via vegetative reproduction (the threshold).
Subsequent loss of soil fertility by moderate erosion may contribute to the threshold and the
persistence of the black grama-limited state. Wright and VVan Dyne (1976) noted that the effects
of cattle trampling may be more important than the effects of grazing per se. Furthermore, those
authors found an effect of grazing on only loamy sands suggesting that relatively minor
variations in soil texture may determine the sensitivity of black grama to grazing. Herrick et al.
(2002) suggest that loss of litter cover, plant cover, and perhaps biological soil crusts leads to soil
degradation that creates an unfavorable environment for black grama. In particular, the loss of
soil carbon that maintains microbial populations and soil moisture at rooting depth may be an
important mechanism (Jerry Barrow, personal communication). Increases in threeawns seem to
be an especially ominous indicator of a transition, although it is unclear why. According to the
review by Howard (1987), Aristida purpurea is favored by winter-spring precipitation, is animal
dispersed, is disturbance-adapted, and is usually unpalatable. Thus, the variety of processes
postulated to reduce black grama may all favor this grass.

Key indicators of approach to threshold: Increases in bare ground, decreases in litter cover and
black grama cover, increasing distance between black grama plants, decreased soil surface
resistance to erosion, decreases in soil organic matter, increases in disturbance-adapted grass
species (including threeawns and fluffgrass [Dasyochloa pulchella]).

Transition to the shrub-encroaching state (3a): Fragmentation of black grama can co-occur
with accelerating establishment of mesquite shrubs. Some investigators believe that shrub
invasion is facilitated by reductions in black grama (i.e., the trigger). On the contrary, Herbel and
Gibbens (1996) suggest that mesquite expansion can occur within apparently intact black grama
stands. It is possible that the latter pattern emerges when the propagule load to an intact site is
very high due its proximity to adjacent mesquite-dominated areas. Alternatively, mesquite
propagules are typically present as seeds but are able to achieve maturity in the absence of fire. If
the competition hypothesis is true, selective herbivory on black grama with continued grazing
promotes establishment of mesquite. If the fire hypothesis is true, then the reduction of fire
frequency associated with the loss of fine fuels promotes mesquite establishment. If the small
animal shrub herbivory hypothesis is true, then the elimination or reduction of mesquite seedling
predators promotes mesquite establishment, independent of grass cover. If the dispersal
hypothesis is true, then once introduced, mesquite may expand despite cessation of grazing. It is
likely that several of these processes work in parallel or in different instances. Widespread
establishment of mesquite within fragmented, black grama grasslands constitutes a threshold
because mesquite are unlikely to die over a management timeframe.

Key indicators of approach to threshold: Same as for transition 1a if the competition hypothesis
is true. If the fire hypothesis is true then a reduction of black grama annual production and litter
cover are indicators. If the dispersal hypothesis is true then there are no suitable indicators, other
than the presence of potential seed vectors (i.e. livestock) and their connection to a seed source (a
mesquite-invaded area).

Black grama-limited grassland state: Black grama has been reduced to a subordinate component

of the plant community and dropseeds and threeawns dominate. Black grama often exists as
discrete, widely-distributed patches in a matrix of bunchgrasses and subshrubs exhibiting
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substantial bare ground cover and high connectivity. Evidence of erosion is common, larger
black grama patches are often elevated by several inches relative to the surrounding matrix.
Snakeweed may achieve dominance for long periods because it is less palatable than the grasses.
Furthermore, once snakeweed attains a high density, some feel that allelopathic (Tirmenstein
1999) or competitive effects may inhibit the growth of grass populations. Jameson (1970),
however, failed to document any competitive suppression of snakeweed on black grama. Climate
(Campbell and Bombarger 1934), fire (McDaniel et al. 2000) and beetle herbivory (Crossidius
spp.; Thompson et al. 1996) may regulate patterns of snakeweed abundance. Because snakeweed
IS a cool-season plant, it tends to increase in response to increases in winter-spring precipitation.
It is not clear why black grama does not recover over long time periods. It is possible that
the rate of expansion of remnant black grama patches is very slow and tiller establishment from
stolons is difficult in large, bare interspaces. Reduced soil quality due to erosion and loss of soil
organic matter in large bare interspaces, unfavorable microclimate (high heat, low soil moisture),
or rodent/lagomorph herbivory on grasses at patch edges may contribute to this limitation.
Following the drought of the 1950s, black grama basal cover increased from 1957-1977
on the Jornada Experimental Range but dropseeds often increased at a greater rate and became
dominant or co-dominant (Herbel and Gibbens 1996). This pattern may be consistent with black
grama reproductive limitation in this state. In either black grama or bunchgrass (snakeweed)-
dominated communities, soil stability may be considerably lower than in the black-grama
dominated grassland state.

Diagnosis: Black grama cover is fragmented and canopy cover is lower than that of
bunchgrasses. Black grama often occurs as discrete patches. Mesquite plants are uncommon.
Evidence of erosion is common, including pedestalled plants, water flow patterns, and small
blowouts. Pedoderm Class = WP; Resource Retention Class = 3-4; Soil Redistribution Class = 2-
3.

Transition to bunchgrass grassland state (2): The local extinction of black grama is caused by
heavy grazing in combination with drought.

Key indicators of approach to threshold: Fragmentation of remnant black grama patches,
decadence of remnant black grama plants, pedestalling or sand burial of black grama plants, lack
of black grama reproduction (stolon production).

Transition to shrub-encroaching state (4a): Accelerated mesquite establishment may occur
years after black grama reproduction has become limited and/or black grama dominance
declines. Environmental conditions are likely to be suitable for mesquite establishment within
the black-grama limited state. Thus, only the presence of a mesquite-seed vector or climatic
conditions favorable for establishment is required for this transition to take place.

Key indicators of approach to threshold: There are no suitable indicators, other than the presence
of potential seed vectors (i.e. livestock) and their connection to a seed source (a mesquite-
invaded area).

Restoration to black grama grassland state (1b): Black grama has been observed to survive in
certain patches on the Jornada Experimental Range through the drought periods (R. P. Gibbens,
personal communication). Understanding what properties distinguish these patches from areas
where black grama has declined may hold important clues to preventing grassland degradation
and restoring black grama. Methods for reversing the transition are currently unknown. It is
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possible that black grama patches could expand via vegetative (stolon) reproduction to reoccupy
a site during a multi-year period of high summer rainfall over several decades.

Bunchgrass grassland state: This state is characterized dominance by bunchgrasses (threeawns
or dropseeds) or snakeweed. Lehman’s lovegrass (Eragrostis lehmanniana) has recently begun
to increase in abundance within representatives of this state. Black grama is absent or
represented by very few relict patches. Mesquite are present but are uncommon. Erosion by wind
and water may be significant in this state. The absence of black grama leads to large fluctuations
in grass cover between high and low rainfall periods as bunchgrasses die off and reestablish.

Diagnosis: Absence of black grama plants or a few scattered individuals. Canopy cover is highly
variable. Mesquite is uncommon. Pedoderm Class = WP; Resource Retention Class = 3-5; Soil
Redistribution Class = 3.

Transition to shrub-dominated state (5a): Similar to 4a. Bunchgrass cover is highly variable,
so shrubs often dominate the aspect and function of the site once they spread.

Restoration to black grama grassland state (9): Intensive restoration (e.g., re-seeding, re-
planting) techniques are not known to be successful or practical. Climatic conditions would need
to be suitable for seed production in adjacent areas and establishment from seed.

Shrub-encroaching states (A and B): Mesquite recruitment is common and many young mesquite
are present. On soils with > 5% gravel content, some creosotebush (Larrea tridentata) may
expand as well. In some cases, accelerating mesquite establishment occurs in continuous or
patchy black grama grassland (Shrub-encroaching/black grama state A). In other cases, mesquite
expands after significant black grama degradation has already occurred and bunchgrasses are
dominant (Shrub-encroaching/bunchgrass state B). It is believed that black grama loss
(transition 6) and increases in shrub density eventually occur unless grazing rest and/or shrub
control is applied (e.g. Hennessy et al. 1983b). Where mesquite densities are highest (>20%
canopy cover), black grama tends to absent (Shrub-encroaching/bunchgrass state B).

Mesquite plants may be very small and difficult to detect with casual observation.
Although fire may Kill small (< 1.5 yr old; Wright et al. 1976) mesquite, it is unlikely that fire
return intervals are sufficiently short to remove mesquite from a grassland if mesquite seed flow
to a grassland is significant. Livestock and native animals, particularly coyotes (Canis latrans),
are common vectors of viable mesquite seeds (Kramp et al., 1998). Thus, it is likely that
mesquite seedlings are a normal component of black-grama-dominated grassland but are
suppressed by fire, small mammal herbivory, and/or competition in the black grama-dominated
state (Brown and Archer 1999). Areas of high mesquite density tend to exhibit fragmentation of
black grama grass due to competition, heavy grazing, or rodent herbivory. There are no data
available, however, that relate grass reproduction to levels of invasion. Valentine (1936),
however, indicates that beyond a height of 1-2 feet, mesquite begins to exclude grasses from
around plant bases. Mesquites may provide cover and nest sites for rodents (e.g. kangaroo rats)
and lagomorphs (jackrabbits, cottontails) that increase herbivory on black grama adults and
seedlings (Campbell 1929, Bestelmeyer et al., 2007). If black grama reproduction is limited, it
may be rapidly extirpated with grazing and interactions with shrubs and only bunchgrasses may
remain to stabilize soils (transition 6).

Within shrub-encroaching state B, bunchgrass cover can be highly variable. Depending
on shrub density, herbaceous production may exceed shrub cover in wet years whereas in other
years shrubs and subshrubs such as snakeweed are clearly dominant. Shrub canopy cover may
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exceed 40% but coexist with a substantial cover of bunchgrasses (10%). We do not understand
the causes of variation in grass and shrub densities within this state.

Within this state, brush control using herbicides (e.g. 2,4,5-T) resulting in at least a 30%
mesquite Kill can result in increases in grasses (Herbel et al. 1983). Gibbens et al. (1992)
suggests that the duration of mesquite suppression typically lasts 20-30 years before mesquite
densities return to (or surpass) pre-treatment levels. It is therefore valid to regard herbicide use
within the shrub-encroaching states as within-state management, rather than restoration to
grassland.

Diagnosis: Mesquite are common and usually conspicuous. Many small mesquite indicate recent
recruitment and a recent transition to this state. Black grama cover is substantial, but often
fragmented by bare ground, in Shrub-encroaching state A. Bunchgrasses may be dominant or
sparse, depending on recent climate, in Shrub-encroaching state B. Canopy cover and indicator
values are highly variable.

Restoration to black grama grassland, black grama-limited, or bunchgrass grassland states
(3b, 4b, 5b): Mesquite removal via herbicide use (typically via clopyralid and triclopyror) or
physical means in the early phases of mesquite establishment might be able to circumvent (or
significantly delay) mesquite expansion. Mesquite removal coupled with high grass cover could
be used to shorten fire return intervals and control mesquite if fire governs grassland resilience.
The successful use of fire in black grama grasslands, however, depends strongly upon the size of
mesquite and probably on post-fire precipitation patterns that favor black grama recovery (Drewa
and Havstad 2001). At this point, it is unclear if fire can be effectively used as a management
tool to promote black grama dominance. Increased black grama cover following mesquite
removal and high rainfall years might preclude mesquite recovery via competition, although this
has not been observed. Neither fire nor competition is likely to keep mesquite from recovering in
black-grama limited or bunchgrass grassland cover levels. If climate or mesquite seed
availability alone is responsible for transitions 3a, 4a, or 5a, transitions to grasslands may be
impossible.

Transition to mesquite shrubland state (7): Fragmentation or loss of remaining interspace
plant cover due to heavy grazing and/or drought leads to increasing erosion and redistribution of
soil to shrubs (Schlesinger et al., 1990) or out of the site (Gillette and Monger 2006). Erosion
leads to loss of remaining grasses due to soil destabilization, exacerbated by increasingly
concentrated rodent and livestock herbivory on grasses. The factors responsible for the
apparently great variation in the occurrence of this transition are unknown. Variation in
landscape position and soils currently correlated to this site may be responsible. Soils with well-
developed clay-rich horizons tend to form hardpans after erosion and soil truncation. Soils
without strongly contrasting horizons may retain the capacity to support grasses (usually
dropseeds) even after erosion. In some rare instances, as yet not understood, perennial grasses
and mesquite may coexist within the shrub encroaching state with high cover values (e.g., both >
10% canopy cover) with no apparent progress to mesquite duneland.

Key indicators of approach to threshold: Continued loss of grass cover, evidence of increased
bare ground and connectivity of bare ground, and evidence of wind and sheet erosion (e.g.
pedestalling, blowouts, or the accumulation of caliche chunks and stones at the surface).

Mesquite shrubland: Mesquite are dominant and intershrub areas are typically eroded with a
sparse vegetation cover of annual plants and subshrubs. Wind-eroded soil accumulates on
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mesquite to form coppice dunes (or nabkas; Langford 2000) over time. Perennial grasses,
restricted to bunchgrasses, may be observed only during the wettest periods. In other periods,
grasses cannot colonize interdunes due to the instability of the substrate, high soil surface
temperatures (Hennessy et al. 1985), or low nutrient availability. Rodent and rabbit herbivory on
grass seedlings may be important where other physical factors are not limiting. In some cases,
mesquite does not dominate and erosion to B horizons (e.g. sandy clay loams) leads to
dominance by snakeweed and saltbush (Atriplex canescens). In some cases, soil truncation
exposes clay- and carbonate-rich subsoil that is very hard and does not permit plant
establishment.

Differential mortality or recruitment and growth of mesquite shrubs occur in response in
wind erosion, leading to the formation of “mesquite streets” oriented in the direction of erosive
winds (Gillette et al., 2006, McGlynn and Okin 2006). The mesquite streets are especially
hostile for vegetation establishment due to sand abrasion and deposition. Thus, even though
mesquite interdune soils have not been shown to exhibit reduced plant-available soil water
(Herbel and Gibbens 1987, Hennessy et al. 1985) or a loss of organic matter (Hennessy et al.
1985) relative to a grassland state, erosion processes may constrain grass recovery. Herbivory by
native mammals may also be an important constraint.

Coppice soils are more or less homogenous to depths of a meter or more and are often
classified as Pintura or Copia soil series. This soil classification has prompted some investigators
to refer to these dunes as Deep sand ecological sites. Deep sand sites occur naturally and support
a distinct plant community, so it is preferable to consider recently-formed coppice dunes as a soil
element of the mesquite shrubland state. Perennial grasses and other shrubs, especially saltbush,
can colonize dune soils because of the greater availability of water there (Hennessy et al. 1985).

Diagnosis: Mesquite is dominant. Coppice dunes from over time, and range from 0.5-3 m high
(depending on age and depth to caliche). Bunchgrasses are usually rare or absent; when present
they are often restricted to coppice dunes. In extremely wet years, dropseeds may colonize
interdunes where impermeable horizons have not been exposed. There is often evidence of wind
erosion and deposition including extreme pedestalling, plant burial, highly sorted sand, ripples,
and an exposed B horizon in interdunes. Pedoderm Class = S, SP, or CEM; Resource Retention
Class = 5; Soil Redistribution Class = 4b.

Transition to bunchgrass grassland (8): In principle, it may be possible to kill mesquite,
redistribute or add soil nutrients, and stabilize soil during periods favorable to the germination of
bunchgrasses, perhaps in conjunction with seeding. The use of municipal biosolids may aid in
restoring soil fertility (Walton et al. 2001).

B. Three tiers of data collection
Tier 1: Low-intensity, extensive survey (traverse)
e Explore relationships among states, soils, landforms, climate, and land-uses across the
MLRA or LRU.
e Develop or rapidly verify ecological site and state concepts
e Rapid soil, plant, and indicator collection (30 minutes) at arbitrary or stratified-random
points

Tier 2: Medium-intensity inventory (transecting or stratified inventory)
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e Develop quantitative statistical relationships between the properties of states and
soils/landforms across a broad extent.
e Quantitative descriptions of state-soil relationships across the MLRA or LRU at
stratified-random points
e Plant cover estimated ocularly or measured precisely; soil mini-pit characterized (1-2
hours).

Tier 3: High intensity characterization

e Detailed quantification of vegetation, pedoderm, and soil profile properties for
representatives of alternative states, particularly the reference state.

o Allows tests of resilience mechanisms postulated in STMs and allows properties to be
generalized via maps of states.

e Plant cover via line-point intercept, production, dynamic soil properties, soil pit at
random points within state units or within carefully-selected representatives (several
hours).

C. Forms used for Tier 1 and Tier 2 data collection

In the pages that follow we offer a “Pedoderm and Pattern Class” form developed for Tier 2
use. In addition, we use a Soil form to characterize the soil profile and a Plant Data form in
Tier 2. These are available at http://usda-ars.nmsu.edu/esd/esdResources.html. Finally, we
present an example of the Tier 1 “ESD Traverse” form, which we will use in the field.
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ESD Pedoderm and Pattern Classes (assessed for X m plot)

State
Site: Plot: & Co: MLRA: LRU:
Investigators: | Date: Location:
UTM Datum m or
& Zone: Easting: Northing: Elev: ft |SMU:
select  'Dom Biol
Pedoderm Class in X m one  Crustor VC Notes

S = Soil; pedoderm is characterized by bare mineral soil and none of the classes below.

SA = Well-formed or distinct structural aggregates at the soil surface and no other class below (well
aggregated, stable soils).

WP = Weak physical or biological crust; can be disrupted by rainfall, none to few cyanobacterial sheaths
dangling from ped, no darkening from cyanobacteria.

SP = Strong physical crust; usually platy or massive (structure not disrupted by rainfall), no substantial
biological component.

CEM = Cemented pan exposed at surface

SC = Salt crust of fine to extremely coarse evaporite crystals or visible whitening on the soil surface; may
include biological components.

PDB = Poorly developed biological crust assemblage, many cyanobacterial sheaths, may be slightly dark,
can include other functional/structural groups (algae, lichen, moss).

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

CB = Cracking or curling, rubbery algal crusts, with or without lichen.*

EP = Erosion pavement; a concentration of rock fragments at the soil surface caused by erosion and
removal of finer soil material; individual fragments may be displaced during runoff events.

DP = Desert pavement; a concentration of closely packed and polished rock fragments at the soil surface,
embedded in a vesicular crust.

D = Duff; partially and fully decomposed plant & organic matter; above the A horizon.

“List 1-2 dominant biological crust functional structural groups from this list: Cyano (Cyanobacteria), LC (Lichen Crust), M (Moss), LV (LI

(VC) should be noted when present

Resource Retention Class in X m (choose one)

cm

verwort), A (Algae). Vesicular crusts

1. Interconnected grass cover or dense bunchgrasses and surrounding round bare patches <30cm

2. Grass cover interconnected and surrounding round/oval bare patches 30-___cm across

3. Grass cover fragmented by elongate bare areas to ___ cm wide but bounded in plot

4. Grass cover fragmented by elongate bare areas to __ cm wide that cross through the plot

5. Bare ground interconnected in several directions and isolated grass patches up to cm

6. Bare ground interconnected with scattered or no grass plants

Notes:

Soil Redistribution Class in X m (check erosion and/or deposition observed)

Eros Depo

0. No evidence of erosion or deposition.

1. Minor soil redistribution.

2. Patchy soil loss and deposition?.

3. Moderate soil loss across the plot and patchy sediment deposition.

4. Extensive, deep soil loss and/or deep depositions.

a. Erosion with exposed subsoil (little deposition).

b. Erosion with exposed subsoil coupled with patchy sediment deposition.

c. Extensive sediment deposition.

Notes:

2 Depositional mounds are formed by the settling of sediment transported by wind and/or water movement; mounds can occur on or behind obstructions to flow or where flow

speeds are reduced.

3 Confirm deposition within a soil pit. Recently deposited material is usually seen as a thinly or finely stratified soil surface with alternating thin layers of varying textures; lacks

structure.
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1. Interconnected grass cover or dense
bunchgrasses; and surrounding bare patches <30cm

2. Grass cover interconnected and surrounding
round bare patches from 30-___cm

3. Grass cover fragmented by elongate bare areas
to__ cm wide but bounded in plot

4. Grass cover fragmented by elongate bare areas to
__cm wide that cross entire width of plot

5. Bare ground interconnected in several directions
and isolated grass patchesupto___ cm

Soil Redistribution Class Definitions
0. No evidence of erosion or deposition.

1. Minor soil redistribution. Evidence includes narrow, elongate, sometimes tortuous, water flow patterns, and litter movement indicating loss of thin
soil layers and thin soil deposits from wind or water. No noticeable thinning of the A horizon and soil movement occurs within a matrix of

vegetated/stable soil.

2. Patchy soil loss and deposition. Evidence includes small pedestals, soil lines on rock fragments, terracettes, water flow patterns, litter dams,

wind scouring, small (e.g., < 10 cm tall) depositional mounds®. A horizon thinned in discrete patches within a matrix of vegetated/stable soil. Note
approximate size of eroded patches. Sediment source may be on or off of the plot.

3. Moderate soil loss across the plot and patchy sediment deposition. Evidence includes prominent pedestals, soil lines on rock fragments,
gravel lag, water flow patterns, rills, and depositional mounds suggesting significant soil loss and/or deposition from eroded areas. Noticeable thinning
of A horizon across plot with patches of stable/vegetated soil and patchy sediment deposits. Sediment source may be on or off of the plot.

4. Extensive, deep soil loss and/or deep deposition. Evidence includes scarps/scarplets, prominent pedestals, rills, gullies, extensive wind

scouring, exposed roots, large (e.g., > 20 cm tall) depositional mounds, and buried plants indicating substantial depositionz. A plot is often embedded
in an extensive area of erosion and deposition and expresses one of the following (choose only one below):

a. Erosion with exposed subsoil (little deposition) . Prominent pedestals, often with decadent or dead plants, and rills/gullies exposing subsoil
horizons. Usually associated with fluvial processes.

b. Erosion with exposed subsoil coupled with patchy sediment deposition. As above and includes sediment accumulation (e.g., coppice dunes)
intermixed with areas of eroded soil. Usually associated with a mix of fluvial and eolian processes.

c. Extensive sediment deposition. Sediment sheets continuous across plot, usually indicated by buried plants/stones or hummocky surface. May be
hard to detect without excavation. Sediments originate from outside of the plot. Rills may be present. Associated with fluvial or eolian processes.
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References for Workshops 2 and 3

An abbreviated ecological site description is provided. For a complete description:
http://esis.sc.eqov.usda.gov/Welcome/pgReportlLocation.aspx?type=ESD

ECOLOGICAL SITE DESCRIPTION

ECOLOGICAL SITE CHARACTERISTICS
Site Type: Rangeland

Site Name: Sandy
Site ID: R042XB012NM _ -

Major Land Resource Area: 042 - Southern Desertic Basins, Plains, and
Mountains

Physiographic Features

This upland site occurs on alluvial fans, fan piedmonts, fan remnants or fan terraces between the foothills of
mountains and the floodplains. These fans are often dissected by small arroyos. Slopes range from 1 to 8 percent. It
occurs on all exposures. Elevations range from about 4,500 feet above sea level to 5,500 feet.

Climatic Features

This site has an arid climate with distinct seasonal temperature variations and large annual and diurnal temperature
changes characteristic of a continental climate. Precipitation averages 8 to 10 inches annually. Deviations of 4
inches or more from the average are quite common. Fifty percent of the precipitation is received from July to
November, which is the dominant growing season of native plants. Summer precipitation is characterized by high-
intensity, short-duration rainstorms. Winter precipitation averages less than one-half inch per month, usually in the
form of rain. There are occasional snowstorms of short duration. Temperatures vary from a mean monthly average
of 77 F in July to 34 F in January, with a maximum of 104 F and a minimum of -10 F. The average last killing frost
in the spring is April 15 and the average first killing frost in the fall is October 28. Frost-free season averages 185
days. Temperatures are conducive to native grass and forb growth from March through November. Spring winds of
15 to 40 miles per hour are common from February to June.

Influencing Water Features

Representative Soil Features

These soils are deep to moderately deep. The surface textures are sandy loam, gravelly sandy loam, gravelly fine
sandy loam, fine sandy loam, gravelly loamy fine sand. The subsoil textures are sandy clay loam, sandy loam,
gravelly loam, or gravelly sandy loam. The substrata are loamy fine sand, fine sandy loam, very cobbly loam,
gravelly sandy loam, or gravelly loamy sand. The soils are usually calcareous throughout.

Plant Communities
See Workshop 2 and 3

Ecological Dynamics of the Site
See Workshop 2

Ecological Site Interpretations (animals, hydrology, recreation, products)

Supporting Information (associated and similar sites, references, approvals)
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Stop 1
*** Primary Characterization Data ***
Pedon ID: SO1INM-013-001 ( Dona Ana, New Mexico ) Print Date: Apr 22 2009 12:18PM
Sampled As o Jerl
USDA-NRCS-NSSC-Soil Survey Laboratory ; Pedon No. 01NO517
PSDA & Rock Fragments -1- -2- -3- -4- -5- -6- -7- -8- -9- -10- -11- -12- -13- -14- -15- -16- -17-
(----- Total - - - - - - ) (--Clay ---) (----Silt----- ) (- Sand------------ ) ( Rock Fragments (mm))
Clay Silt Sand Fine CO3 Fine Coarse VF F M C VC (-------- Weight - - - - --- - ) >2 mm
< .002 .05 < < .002 .02 .05 .10 .25 .5 1 2 5 20 1- wt %
Depth .002  -.05 -2 .0002 .002 -.02 -.05 -.10 -.25 -.50 -1 -2 -5 -20 -75 75 whole
Layer (cm) Horz Prep O R E R % of <2mm Mineral Soil - - - ------------------------ ) (------- % of <75mm - - - - - - ) soil
3Alala 3Alala 3Alala 3Alala 3Alala 3Alala 3Alala 3Alala 3Alala
01N02927 0-1 C1 S 6.5 9.3 842 22 2.0 7.3 124 380 278 59 0.1 - - - 72 -
01N02928 1-7 c2 S 7.0 7.8 852 27 1.8 6.0 117 359 300 75 0.1 - -- - 74 -
01N02929 7-17 A S 108 116 776 3.6 1.0 3.2 8.4 147 342 228 58 0.1 - -- - 63 -
01N02930 17-27 Btk1 S 129 104 767 4.9 2.3 3.4 7.0 11.0 302 261 9.2 0.2 - -- - 66 -
01N02931 27-44 Btk2 S 131 104 765 55 29 4.1 6.3 9.0 305 282 82 0.6 - - - 68 -
01N02932  44-65 Btk3 S 172 116 712 73 45 4.8 6.8 8.9 265 270 83 0.5 tr tr - 62 tr
01N02933 65-87 Btk4 S 246 116 638 86 135 6.5 5.1 7.7 281 217 57 0.6 8 36 19 84 63
01N02934 87-105 Bkm/Bt S 235 157 608 81 13.7 9.0 6.7 8.5 240 177 82 24 14 35 10 80 59
01N02935 105-130 2Bkm S 140 175 685 46 9.9 100 75 109 277 213 65 21 7 27 47 92 81
01N02936  130-157 3Bk1 S 119 180 701 37 8.0 9.0 9.0 115 252 222 70 4.2 2 22 65 95 89
01N02937 157-187 3Bk2 S 9.3 228 679 33 5.5 107 121 200 271 124 338 4.6 5 26 55 93 86
01N02941 87-105 Bkm S 15 47 11 - 73
01N02942 87-105 Bt S - - - - -
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Bulk Density & Moisture

Layer

01N02927
01N02928
01N02929
01N02930
01N02931
01N02932
01N02933
01NO02933
01N02934
01N02934
01N02935
01N02935
01N02936
01N02936
01N02937
01N02937
01N02941
01NO02941
01N02942

Depth

(cm)

0-1
1-7
7-17
17-27
27-44
44-65
65-87
65-87
87-105
87-105
105-130
105-130
130-157
130-157
157-187
157-187
87-105
87-105
87-105

Horz

C1

c2

A

Btk1l
Btk2
Btk3
Btk4
Btk4
Bkm/Bt
Bkm/Bt
2Bkm
2Bkm
3Bk1
3Bk1
3Bk2
3Bk2
Bkm
Bkm

Bt

Prep

1-

-2

(Bulk Density)

33
kPa

(--gem?--9)
DbWR1 DbWR1

1.50
151
151
1.53
1.64

1.56

1.71

Oven

Dry

1.55
1.54
1.55
1.59
1.73

1.60

1.72

3-

Cole
Whole
Soil

0.011
0.007
0.009
0.013
0.009

0.002

14.1
13.3
15.4
20.0
17.3

17.4

18.2

DbWR1 DbWR1 3C2ala

11.6
11.1
14.8
15.7
16.1

21.4

16.2
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33
kPa

11.5
10.5
12.2
14.9
15.5

20.2

15.6

93

1500
kPa

3.0

3.1

51

5.1

5.2

6.6

8.4

8.4

8.9

8.7

9.3

8.7

8.4

1500 kPa Ratio
AD/OD

3D1

1.010
1.010
1.018
1.016
1.017
1.021
1.020
1.018
1.020
1.016
1.018
1.018
1.016
1.012
1.029
1.020
1.021
1.016
1.022

-10-

WRD
Whole
Soil

cm®em?®

0.10
0.08
0.11
0.13
0.06

0.05

0.02

-11-

Aggst
Stabl
2-0.5mm

%

3Flala

32
15
22

-12-

-13-

(- - Ratio/Clay - -)

CEC7

1.09
0.97
0.95
0.71
0.66
0.56
0.34

0.30

0.31

0.31

0.56

1500 kPa

0.46
0.44
0.47
0.40
0.40
0.38
0.34

0.36

0.64

0.73

1.00
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pH & Carbonates

Layer

01N02927
01N02928
01N02929
01N02930
01N02931
01N02932
01N02933
01N02934
01N02935
01N02936
01N02937
01N02941
01N02942

Depth
(cm)

0-1
1-7
7-17
17-27
27-44
44-65
65-87
87-105
105-130
130-157
157-187
87-105
87-105

Horz

C1
c2

A
Btk1
Btk2
Btk3
Btk4
Bkm/Bt
2Bkm
3Bkl
3Bk2
Bkm
Bt

KClI

i)
@
©

n nu 0o nuo nuo no no nnnnonon

1:2

H,O
1:1

-4- -5-
Sat
Paste  Sulf

4Cla2a 4Cla2a 4F2

7.5
7.6
7.7
7.7
7.8
7.8
7.8
7.8
8.0
8.0
7.9
7.9
7.8

7.9
8.1
8.1
8.2
8.2
8.2
8.2
8.2
8.3
8.2
7.9
8.2
8.2

7.2

7.7
7.7
7.9
7.8
7.7

2009 NCSS Conference

-6- -7- -8- -9- -10-  -11-
(- - Carbonate - -) (- - Gypsum - - -)
As CaCOs3 As CaS0,*2H,0 Resist
<2mm <20mm <2mm <20mm ohms
NaF Y e ———— ) cm?
4Clalal4Elalalal 4E2alalal
10.0 1
10.0 1
10.3 2
10.5 5
10.6 5
10.6 5
10.7 21 22
10.7 33 41
10.8 38 39 --
10.8 50 62 -
10.7 46 55 2
10.7
10.7
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Stop 3
Pedon ID: 95NM013003 ( Dona Ana, New Mexico ) Print Date: Apr 22 2009 12:25PM
Sampled As : Yucca Coarse-loamy, mixed, thermic Typic Calciargid
USDA-NRCS-NSSC-Soil Survey Laboratory ; Pedon No. 95P0455
PSDA & Rock Fragments -1- -2- -3- -4- -5- -6- -7- -8- -9- -10- -11- -12- -13- -14- -15- -16- -17-
(----- Total - - - - - - ) (--Clay---) (----Silt----- Y- - Sand------------ ) ( Rock Fragments (mm))
Clay Silt Sand Fine CO; Fine Coarse VF F M C VC (-------- Weight - - - - - - - - ) >2mm
< .002 .05 < < .002 .02 .05 .10 .25 5 1 2 5 20 1- wt %
Depth .002 -.05 -2 .0002 .002 -.02 -.05 -.10 -.25 -.50 -1 -2 -5 -20 -75 75 whole
Layer (cm) Horz Prep § """""""""""""" % of <2mm Mineral Soil - - - - - - - - - - e e e oo oo oo (------- % of <75mm - - - - - - ) soil
3A1 3A1 3Al1 3A1 3A1 3A1 3A1 3A1 3A1 3A1 3A1 3B1 3B1 3B1
95P03343 0-5 A S 104 114 782 4.3 7.1 11.3 371 262 33 0.3 tr tr - 67 tr
95P03344 5-18 Btk1 S 8.9 10.6 80.5 2.1 5.0 5.6 105 387 286 25 0.2 tr -- - 70 --
95P03345 18-31 Btk2 S 123 112 765 2.6 4.3 6.9 9.4 348 274 42 0.7 1 tr -- 67 1
95P03346 31-48 Bk21 S 213 158 629 132 94 6.4 9.6 273 210 3.7 1.3 tr 1 - 54 1
95P03347 48-65 Bk22 S 186 141 673 105 8.2 5.9 109 309 213 34 0.8 1 tr - 57 1
95P03348 65-85 Bk31 S 158 136 70.6 7.5 8.2 5.4 114 326 223 33 1.0 1 tr - 60 1
95P03349 85-114 Bk32 S 133 137 730 4.8 8.4 5.3 114 335 238 36 0.7 1 1 -- 62 2
95P03350 114-141  Bk33 S 133 123 744 6.4 5.9 10.9 333 254 3.9 0.9 1 tr - 64 1
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Bulk Density & Moisture

Layer

95P03343
95P03344
95P03345
95P03346
95P03347
95P03348
95P03349
95P03350

Carbon &

Layer

95P03343
95P03344
95P03345
95P03346
95P03347
95P03348
95P03349
95P03350

Depth

(cm)

0-5
5-18
18-31
31-48
48-65
65-85
85-114
114-141

Extractions

Depth

(cm)

0-5
5-18
18-31
31-48
48-65
65-85
85-114

114-141

Horz

Btk1l

Btk2

Bk21
Bk22
Bk31
Bk32
Bk33

Horz

A
Btk1
Btk2
Bk21
Bk22
Bk31
Bk32
Bk33

w O nu nu u nu nu un

Prep

n n n n no nuo nuon

-1- -2- -3-
(Bulk Density) Cole
33 Oven Whole
kPa Dry Soil
(--gem®--)
-2- -3- -4-
————— Total - - - - -) Org
N S C
%of<2mm-----
6Alc
0.29
0.27
0.28
0.25
0.09
0.04
0.04
0.02

2009 NCSS Conference

-4- -5- -6- -7- -8- -9- -10- -11- -12- -13-
----------- Water Content - - - --------) WRD Aggst
10 33 1500 1500 kPa Ratio Whole  Stabl (- - Ratio/Clay - -)
kPa kPa kPa kPa Moist AD/OD  Soll 2-0.5mm CEC7 1500 kPa
———————————— % of <2mm------------) cm®em?® %
4B2a 4B5 8D1 8D1
4.4 1.011 0.84 0.42
4.2 1.011 0.81 0.47
5.1 1.012 0.68 0.41
6.9 1.013 0.34 0.32
10.8 1.012 0.35 0.58
5.3 1.012 0.41 0.34
5.2 1.012 0.50 0.39
5.8 1.013 0.56 0.44
-6- -7- -8- -9- -10-  -11-  -12-  -13- -14-  -15- -16- -17- -18-
(- - - Dith-Cit Ext - - -) (-~ - - Ammonium Oxalate Extraction - - - - - - ) (¢ - - Na Pyro-Phosphate - -
Fe Al Mn Al+Y2Fe ODOE Fe Al Si Mn C Fe Al Mn
() —————————————————— %of<2mm---------------- mg kg‘1§ —————— % of <2mm-----
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pH & Carbonates

Layer

95P03343
95P03344
95P03345
95P03346
95P03347
95P03348
95P03349
95P03350

Depth
(cm)

0-5
5-18
18-31
31-48
48-65
65-85
85-114
114-141

Horz

Btkl

Btk2

Bk21
Bk22
Bk31
Bk32
Bk33

Prep

w nu 0O nun n n nu n

2009 NCSS Conference

-1- -2- -3- -4- -5- -6-
—————————————————— PH------cccennnnany)
CacCl,
0.01M H,O Sat
KCI 1:2 11 Paste Sulf NaF
4Cla2a 4Cla2a 8Clb
7.9 8.5
7.9 8.5
7.8 8.4
7.8 8.3
7.8 8.3
8.0 8.5
7.9 8.7 8.2
8.0 8.7 8.1
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Stop 4
Berino, taxadjunct

Fine-loamy, mixed, superactive, thermic Typic Petroargids
Particle Size Control Section: 39 to 89 cm.

Diagnostic Features: ochric epipedon 11to 22 cm.
cambic horizon 22t0 39 cm.
argillic horizon 39to 123 cm.
calcic horizon 72 to 200 cm.

petrocalcic horizon 123 to 143 cm.
Soil Survey Area: NM690 -- Dona Ana County Area, New Mexico. Map Unit: BJ -- Berino-Bucklebar
association

Landform: Relict basin floor
Parent Material: Aolian sands over mixed alluvium of the Rio Grande River
Elevation: 4316ft, 1315m

C1--0 to 6 centimeters; yellowish red (5YR 5/6) broken face loamy fine sand, yellowish red (5YR 4/6) broken face,
moist; 5 percent clay; strong thick platy structure, and strong very thin platy structure; friable, slightly hard,
nonsticky, nonplastic; common fine roots and few very fine roots; many very fine irregular pores; noneffervescent,
by HCI, 1 normal; abrupt smooth boundary.

C2--6 to 11 centimeters; yellowish red (5YR 4/6) broken face loamy fine sand, reddish brown (5YR 4/4) broken
face, moist; 8 percent clay; strong very thick platy structure, and moderate medium subangular blocky structure;
very friable, slightly hard, nonsticky, nonplastic; common fine roots and few very fine roots; few fine tubular and
many very fine irregular pores; very slight effervescence, by HCI, 1 normal; abrupt wavy boundary.

Ab--11 to 22 centimeters; reddish brown (5YR 5/4) broken face loamy fine sand, reddish brown (5YR 4/4) broken
face, moist; 9 percent clay; weak medium subangular blocky structure; very friable, slightly hard, nonsticky,
nonplastic; common medium roots and few very fine roots; many very fine irregular pores; strong effervescence, by
HCI, 1 normal; clear wavy boundary.

Bwb1--22 to 39 centimeters; strong brown (7.5YR 4/6) broken face fine sandy loam, reddish brown (5YR 4/4)
broken face, moist; 11 percent clay; weak coarse subangular blocky structure; very friable, slightly hard, nonsticky,
nonplastic; few medium roots and few very fine roots; many very fine irregular pores; 1 percent subrounded igneous
rock fragments; violent effervescence, by HCI, 1 normal; clear wavy boundary.

Bwhb2--39 to 53 centimeters; strong brown (7.5YR 4/6) broken face fine sandy loam, reddish brown (5YR 4/4)
broken face, moist; 13 percent clay; weak very coarse subangular blocky structure; very friable, slightly hard,
slightly sticky, nonplastic; few very fine roots; many very fine irregular pores; 1 percent subrounded igneous rock
fragments; strong effervescence, by HCI, 1 normal; clear wavy boundary.

Btkb1--53 to 72 centimeters; strong brown (7.5YR 4/6) broken face fine sandy loam, reddish brown (5YR 4/4)
broken face, moist; 18 percent clay; moderate very coarse subangular blocky structure; friable, slightly hard, slightly
sticky, slightly plastic; few very fine roots; common very fine irregular and few very fine tubular pores; 10 percent
fine threadlike carbonate masses throughout; 2 percent subrounded igneous rock fragments; violent effervescence,
by HCI, 1 normal; clear wavy boundary.

Btkb2--72 to 86 centimeters; yellowish red (5YR 5/6) broken face sandy clay loam, yellowish red (5YR 4/6) broken
face, moist; 24 percent clay; weak very coarse subangular blocky structure; friable, slightly hard, slightly sticky,
slightly plastic; few very fine roots; few very fine tubular and common very fine irregular pores; 15 percent medium
irregular carbonate masses throughout; 1 percent subrounded igneous rock fragments; violent effervescence, by HCI,
1 normal; clear wavy boundary.

Btkb3--86 to 123 centimeters; reddish yellow (5YR 6/6) broken face loam, yellowish red (5YR 5/6), moist; 22
percent clay; weak very coarse subangular blocky structure; friable, slightly hard, slightly sticky, slightly plastic;
few very fine roots; few very fine tubular and common very fine irregular pores; 10 percent fine spherical carbonate
nodules throughout and 35 percent very coarse irregular carbonate masses; 2 percent subrounded igneous rock
fragments; violent effervescence, by HCI, 1 normal; abrupt wavy boundary.
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Bkkmb--123 to 143 centimeters; pink (7.5YR 8/3) broken face, pink (7.5YR 7/4) broken face, moist; weak very
thick platy structure; weakly cemented; moderate excavation difficulty; 2 percent subrounded igneous rock
fragments; violent effervescence, by HCI, 1 normal; clear irregular boundary.

Bkkb--143 to 162 centimeters; pink (5YR 8/3) broken face sandy loam, pink (7.5YR 7/4) broken face, moist; 16
percent clay; moderate coarse subangular blocky structure; firm, hard, nonsticky, nonplastic; few very fine irregular
pores; carbonate, finely disseminated throughout and 22 percent medium spherical carbonate nodules throughout
and 15 percent coarse irregular carbonate masses throughout; violent effervescence, by HCI, 1 normal; clear
irregular boundary.

Bkb--162 to 200 centimeters; 90 percent pink (5YR 8/3) broken face and 10 percent yellowish red (5YR 5/6) broken
face sandy clay loam, 90 percent light reddish brown (5YR 6/4) broken face and 10 percent reddish brown (5YR
4/4) broken face, moist; 22 percent clay; moderate medium prismatic structure, and moderate coarse subangular
blocky structure; firm, hard, slightly sticky, slightly plastic; carbonate, finely disseminated throughout and 5 percent
fine spherical carbonate nodules throughout and 15 percent fine threadlike carbonate masses throughout and 8
percent coarse irregular carbonate masses throughout; violent effervescence, by HCI, 1 normal.
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Pedon ID: SO9NM013001

Sampled As

Berino

USDA-NRCS-NSSC-National Soil Survey Laboratory

*** Primary Characterization Data ***

( Dona Ana County, New Mexico )
Fine-loamy, mixed, superactive, thermic Typic Petroargid

; Pedon No. 09N0343

2009 NCSS Conference

Print Date: Apr 17 2009 12:37PM

PSDA & Rock Fragments -1- A -5- -6- -7- -8- -9- -10- 41- -12- 13- -14-  -15-

(----- Total - - - - - - ) (--Clay---) (----Silt----- ) (e Sand------------ ) (Rock Fragments (mm) )

Clay Sit Sand Fine CO, Fine  Coarse VF F M c Ve § """" Weight

< 002 05 < < .002 02 .05 10 25 5 1 2 5 20

Depth 002  -05 -2  .0002 .002 -02 -05  -10 -25 -50 -1 2 5 20 75

Layer (cm) Horz Prep (-------mmmmmmm e % of <2mm Mineral SOil = = - - == - === - s m e e E """"" % of <75mm

3Alala 3Alala 3Alala 3Alala 3Alala 3Alala 3Alala 3Alala 3Alala
09N02008 0-6 c1 S 69 36 895 3.9 0.7 2.9 123 453 305 12 0.2 . - -
09N02009 6-11 c2 s 88 55 857 4.1 11 44 16.3 445 235 13 0.1 - - -
09N02010 11-22 Ab S 96 56 84.8 4.6 - 1.8 338 113 422 292 20 0.1 - - -
09N02011 22-39 Bwbl S 104 52 844 51 13 1.8 3.4 130 434 268 1.1 0.1 - - -
09N02012 39-53 Bwb2 S 120 58 822 6.1 2.1 2.1 3.7 9.9 385 305 3.0 0.3 - tr -
09N02013 53-72 Btkbl S 160 66 774 76 3.2 3.1 3.5 115 346 267 41 0.5 tr - -
09N02014 72-86 Btkb2 S 260 90 650 111 106 56 3.4 7.6 336 196 36 0.6 tr - -
09N02015 86-123 Btkb3 S 238 98 664 9.1 108 6.9 2.9 9.6 275 265 24 0.4 tr - -
09N02016 123-143 Bkkmb S 174 208 618 52 107 147 61 121 273 181 35 0.8 1 tr -
09N02017 143-162 Bkkb S 153  17.4 673 42 8.5 129 45 11.8 310 213 30 0.2 tr - -
09N02018 162-200 Bkb S 162 188 650 54 6.2 138 50 104 308 202 33 0.3 tr tr -
Bulk Density & Moisture -1- -2- -3- -4- -5- -6- -7- -8- -9- -10- -11- -12- -13-

(Bulk Density) Cole [CEEE R Water Content - - - - - ----- - ) WRD  Aggst

33 Oven Whole 6 10 33 1500 &;’20 Rato  Whole Stabl (- - Ratio/Clay - -)

Depth kPa Dy  Sol kPa kPa  kPa  kPa  Moist ADIOD Sol  205mmCEC? 50

Layer (cm) Horz Prep (---gcm?®---) ; """""""" potof<2mm.------------ cm®ecm®%

DbWR1 DbWR1 DbWR1 3C2ala 3D1 3Flala
09N02008 0-6 c1 s 2.8 1.006 6 077 041
09N02009 6-11 c2 s 3.3 1.007 6 0.80 038
09N02010 11-22 Ab s 154 158  0.009 6.9 42 1.009 004 12 082 044
09N02011 22-39 Bwb1 s 152 157 0011 7.8 4.4 1.009 005 11 064 042
09N02012 39-53 Bwb2 s 147 155 0018 8.7 5.0 1.010 005 10 062 042
09N02013 53-72 Btkb1 s 141 148  0.016 104 6.1 1012 006 14 056 038
09N02014 72-86 Btkb2 s 143 151 0018 130 89 1.016 0.06 8 041 034
09N02015 86-123  Btkb3 s 158 166  0.017 121 81 1.014 006 9 035 034
09N02016 123-143 Bkkmb S 157 165  0.017 137 91 1.012 007 93 033 052
09N02017 143-162  Bkkb s 143 151 0018 162 83 1012 011 90 039 054
09N02018 162-200  Bkb s 137 144 0017 193 90 1014 014 81 0.47 056

100

-16-

75

7
69
74
71
72
66
57
57
50
56
55

-17-
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Pedon ID: SO9NM013001

Sampled As

Berino

USDA-NRCS-NSSC-National Soil Survey Laboratory

2009 NCSS Conference

*** Primary Characterization Data ***

( Dona Ana County, New Mexico )

Pedon No. 09N0343

Fine-loamy, mixed, superactive, thermic Typic Petroargid

Print Date: Apr 17 2009 12:37PM

Carbon & Extractions -1- -2- -3- -4- -5- -6- -7- -8- -9- -10-  -11-  -12- -13- -14-  -15-  -16- -17- -18-
(----- Total - - - - - ) Org CIN (---Dith-CitExt---) (------ Ammonium Oxalate Extraction - - - - - - ) (- - - Na Pyro-Phosphate - - -)
Depth (03 N S (03 Ratio Fe Al Mn Al+Y2Fe ODOE Fe Al Si Mn C Fe Al Mn
(R %of<2mm--------------on 1
Layer (cm) Horz Prep (-=---- % of<2mm------ ) 3 mgkg~ (------ % of <2mm - - - - - )
4H2a 4H2a 4H2a 4Gl 4Gl 4Gl 4G2a 4G2a 4G2a 4G2a 4G2a
09N02008 0-6 C1 S 0.20 0.026 0.02 5 0.3 - - 0.04 tr 0.02 0.03 0.02 345
09N02009 6-11 c2 S 0.21 0.001 0.01 121 05 - - 0.05 0.01 0.02 0.04 0.02 448
09N02010 11-22 Ab S 0.37 0.044 0.01 4 0.4 - - 005 001 0.02 004 0.02 403
09N02011 22-39 Bwb1 S 0.47 0.018 0.01 8 0.4 tr - 005 0.01 0.02 004 002 354
09N02012 39-53 Bwb2 S 0.61 0.047 -- 5 0.5 - - 0.06 0.01 0.02 0.05 0.02 326
09N02013 53-72 Btkbl S 091 0.047 tr 5 0.4 tr - 0.06 001 002 005 0.03 322
09N02014 72-86 Btkb2 S 2.06 0.035 0.01 6 0.4 - - 005 001 002 005 0.03 204
09N02015 86-123 Btkb3 S 2.37 0.010 tr 12 0.3 - - 0.04 tr 0.01 0.03 002 155
09N02016 123-143  Bkkmb S 413 0.020 0.01 5 0.2 - - 0.04 0.01 0.01 0.03 0.02 16.6
09N02017 143-162  Bkkb S 352 - 0.02 0.2 - - 0.02 tr 001 001 o001 73
09N02018 162-200 Bkb S 2.84 0.030 0.02 3 0.2 - - 0.02 tr 0.01 0.02 002 93
pH & Carbonates -1- -2- -3- -4- -5- -6- -7- -8- -9- -10- -11-
|
(; """""""" PH---mmmmmmeee s (- - Carbonate --) (- - Gypsum - - -)
CaCl, As CaCOj3 As CaS04*2H,0 Resist

Depth 0.01M H,O Sat <2mm <20mm <2mm <20mm ohms

Layer (cm) Horz Prep KCI 1:2 1:1 Paste Oxid NaF (------------ %o---mmmmmm - cm?
4Cla2a 4Cla2a 4F2 4Elalalal 4E2alalal

09N02008 0-6 C1 S 7.7 8.3 1
09N02009 6-11 c2 S 7.8 8.5 1
09N02010 11-22 Ab S 7.8 85 2
09N02011 22-39 Bwb1 S 7.8 85 3
09N02012 39-53 Bwb2 S 7.8 8.4 3
09N02013 53-72 Btkbl S 7.9 8.4 6
09N02014 72-86 Btkb2 S 7.8 8.5 15
09N02015 86-123 Btkb3 S 8.0 8.7 8.1 19
09N02016 123-143 Bkkmb S 8.1 8.5 8.3 34 -
09N02017 143-162 Bkkb S 8.3 8.6 8.4 28 -
09N02018 162-200 Bkb S 8.4 8.6 8.4 23 -
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Available water holding capacity (AWHC) of two morphologies of petrocalcic horizon
compared to non-carbonate AWHC of three soil textures. Error bars represent sample standard
deviations (adapted from Duniway et al. 2007).

Duniway MC, Herrick JE, Monger HC. 2007. The high water-holding capacity of petrocalcic
horizons. Soil Science Society of America Journal 71 : 812-819.

Additional References

Herrick, J.E., J.W. Van Zee, K.M. Havastad, L.M. Burkett, and W.G. Whitford, 2005.
Monitoring Manual for Grassland, Shrubland and Savanna Ecosystems.
http://usda-ars.nmsu.edu/monit assess/monitoring.php

Tugel, AJ., S,A. Wills, and J.E. Herrick. 2009. Soil Change Guide — Procedures for Soil Survey
and Resource Inventory.
http://soils.usda.gov/technical/soil_change/index.html

Ecological Site Information System (ESIS).
http://esis.sc.egov.usda.gov/

Ecological Site Description, Sandy (42D). Site ID: R042XB012NM.

Rangeland Database.
http://usda-ars.nmsu.edu/monit assess/monitoring.php
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Workshop 3
Dynamic Soil Properties Demonstration

How this Workshop Will Be Run

After the Introduction, split into 3 groups and go to Station 1, 2, or 3.
At the end of 30 minutes, move to the next station.

Everyone goes to each station once.

If time is available at the end, revisit any station.

Station 1. Plot Design and Pedoderm Features
Station 2. Soil Profile and Soil Samples
Station 3. Vegetation Sampling

Workshop Summary

The purposes of this workshop are to 1) discuss the soil survey vision for documenting dynamic
soil properties and soil change and 2) demonstrate field methods used in a comparison study. The
Soil Change Guide: Procedures for Soil Survey and Resource Inventory provides a detailed
description of how to conduct a comparison study for a phase of a soil map unit component. The
outcome is an inventory of management-dependent soil properties at multiple scales. The
procedures apply to all land uses. We will demonstrate data collection procedures on rangeland
and provide examples of summary data that can be developed from a project. The new soil
survey data will be used to meet customer needs, including:

Products for agency programs and planners to help recommend and evaluate practices.
Products to educate the public about how soils change in response to human activity.
Information to assist in quantifying the benefits of conservation systems.
Interpretations for use by decision makers to help identify and protect lands at risk of
irreversible change (e.g. erosion, salinization, contamination, sulfurization).

e Soil survey data and interpretations to support sustainable land management, including
maintenance or improvement of soil quality, soil function, and ecosystem services.
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Introduction and Sampling at Multiple Scales 30
min
Karl Hipple, Nat. Ldr, Soil Interpretations

Larry West, Nat. Ldr, Soil Research and Laboratory
Arlene Tugel, Soil Scientist, NRCS

What is the Current Situation?

Many soil properties have changed and can change as a result of management or natural factors
such as drought, interacting with land use. Furthermore, changes in dynamic soil properties can
affect the land manager’s ability to meet productivity, economic and environmental goals. With
information about management effects on the soil, managers can select and apply sustainable
practices. With a better understanding of how soils change, policy makers can develop programs
to limit undesired change. Soil survey customers need information about dynamic soil properties
and ecosystem change for many purposes. These include:

Plan for long-term productivity and sustainability,

Protect and restore ecosystem functions and services provided by soil,
Design monitoring plans and interpret assessments for resource condition,
Predict land use and management effects on soil, and

Adjust management practices for changes in near-surface conditions.

Currently, national soil survey databases include soil property information for relatively static
soil properties, such as texture. The databases also include properties affected by management,

such as soil organic matter. The databases do
not, however, distinguish the values of soil
properties according to their land use,
management system, ecological state, or plant
community. In other words, they do not include
the dynamic soil property information that is

Dynamic soil properties are soil properties
that change within the human time scale
(centuries, decades or less). Examples
include soil organic matter, bulk density,
pH, EC, and infiltration rate.

needed by customers. Capturing information
about changes in soil and communicating it to a wide variety of audiences will require new
procedures and new technologies for soil survey.

What is the Vision?
In NRCS, soil change is a part of the new soil survey. The soil change vision and mission
statements are as follows:

Enhancing the National Cooperative Soil Survey data and products with
information about soil change and its consequences.

The soil survey of the future will inventory and predict soil change over the human
time scale, determine the mechanisms, and interpret the consequences of those
changes.

The Soil Survey Division has a strategic plan to incorporate management-based information in

soil survey databases. The emphasis is on soil change within the human time scale. In addition to
improving the accuracy of existing information, new soil survey data will be used to:

e Build a point data set of management-dependent properties (build DATABASES).
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e Determine what is attainable (set PLANNING goals).
e Interpret soil function (predict consequences of soil change for PLANNING).
e Establish benchmark soil values (support MODELS that extend or simulate data).

How will We Get It Done?

There is a basic long-term strategy for achieving the objectives. Data will be collected on
replicated plots on the same kind of soil, stored in a point database and summarized for specific
management systems. The summarized data will be used to build a dynamic soil properties data
set and interpretations for benchmark soils. Using simulation models and other extrapolation
methods, information in the point data set will be applied to other similar soils and then used to
populate the soil map unit database (aggregated database) for Web Soil Survey and the Soil Data
Mart. NCSS participation is needed in research, development and testing for methods and new
interpretations.

What Procedures will We Use? Sow. Crawce Guoe:
Procedures are now available. The Soil Change Guide: Nt e Rt
Procedures for Soil Survey and Resource Inventory, Version
1.1 (Guide) is designed primarily for soil survey update
projects on benchmark soils. It can also be used for ecological

site inventory work.

http://soils.usda.gov/technical/soil change/index.html

The Guide describes how to conduct a comparison study for a
phase of a soil map unit component. Instructions are provided
for project planning, data collection, data analysis, and storage. The Guide is not intended to be
used as a monitoring guide, although some of the field methods are useful for monitoring.
Projects conducted according to the Guide will provide important information about soil quality
and soil function.

The Guide was developed by the Natural Resources Conservation Service, the Jornada Experimental Range of the
Agricultural Research Service, and the National Park Service in cooperation with the Forest Service and Bureau of
Land Management. Procedures were field tested by soil survey, field, and state offices and cooperators during
several pilot projects.

What is the Minimum Data Set?

Building the dynamic soil properties point data set for the nation requires a consistent,
standardized approach. In order to ensure comparability of data, a core set of soil and vegetation
properties, called the minimum data set, will be included in each project. The minimum data set
of dynamic soil properties were selected by a group of over 40 people using five criteria (Table
1). Each project also includes properties that are important for interpreting dynamic soil
properties and may be relatively stable (e.g., soil horizon thickness, particle size distribution,
properties used in lieu of texture, rock fragments, CEC, and mineralogy).
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Table 1. Minimum Data Set and Criteria.

Dynamic soil properties
Organic C

pH

EC

Bulk density/soil porosity
Soil Structure

Aggregate stability (wet)

Total N

Soil Stability Test Kit

Criteria
The properties should be sensitive to disturbances or management. The
properties could recover within a few hundred years in the absence of
anthropogenic disturbance or under proper management, or the change may
be nearly irreversible.
The relationships between the properties and the processes or functions they
reflect should be clearly defined (Figure 1).
They should be relatively insensitive to daily or seasonal fluctuations in
environmental conditions of moisture, temperature, and light, or such
fluctuations are well-understood and can be quantitatively predicted.
They should be easy to measure accurately and precisely by different people
and by the same person at different times.
The cost and time, both in the field and the laboratory, to obtain the required
number of measurements is low.

Figure 1. Functions and their Relationship to Important Dynamic Soil Properties.

Stable

medium for A horizon thickness

plant growth

/~/ Organic C

Particulate organic mattel

N
rologic ‘ eCEC
K

K
%"‘:‘t Aggregate stability

Bulk density

Nutrient
cycling

Infiltration

What are Supplemental and Experimental Properties?

Properties in addition to the minimum data set can be included in a project. Some supplemental
properties are functionally important for some but not all soils (e.g., SAR, forest floor carbon).
Other supplemental properties do not meet all the criteria for the minimum data set, often for
reasons of cost or reproducibility of the measurement. Infiltration is an example. Experimental
properties are generally difficult to interpret or they are from a method is not standardized. A
number of biological properties are considered experimental. Additional research is needed to
simplify methods and help interpret many of these properties.
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Table 2. Supplemental and Experimental Soil Properties.

2009 NCSS Conference

Soil Property

Soil horizon:
chemical, carbon and
biological measures

eCEC, mineral CEC

KCI-Al
CaCoO;

SAR

C:N ratio (Organic
C:Total N)

Plant available P
Total ions (lon resin
capsules)

Potentially
mineralizable N
POM (Total, POM-C
and POM-N)

Active C

Active C kit (field)
Microbial biomass-C
B-glucosidase

Other

Soil horizon:
hydrology
Saturated hydraulic
conductivity (by
horizon)
Amoozemeter
Ponded infiltration,
single ring
Water retention

Pore size distribution

Other

Other field measures

Dry aggregate stability

Pocket penetrometer
Impact penetrometer

Modified singleton
blade

Torvane

Albedo, bare soil
Soil temperature

Other

Forest floor

Forest floor (O
horizon), mass

Forest floor (O
horizon), total C

Forest floor (O
horizon), total N

Forest floor (O
horizon), OM (loss
on ignition)

Downed wood, total
mass

Downed wood, total C

Downed wood, total N

Downed wood, OM
(loss on ignition)
Other

Vegetation properties will be measured where a plant community is present. Minimum data sets
for use on rangelands and forest lands are provided in the Guide. Supplemental or experimental
properties can be added.

What is a Comparison Study?
A comparison study is a project in which two or more different management conditions on the
same kind of soil are compared. Primary features of a comparison study are listed below.

Documents spatial variability at two scales.

Integrates soil and vegetation data collection. Methods are tailored to each land use.
Uses a minimum data set of functionally important soil and vegetation properties.

Uses the space-for-time substitution technique. We infer that differences between a
reference state and some other management system represent changes in soil properties
over time.

What Scales Are Included?
The sample design for a project includes two spatial scales in the standard method.

e Capture regional-scale variability across the MLRA or other region (entire extent of the

soil map unit).
e Capture fine-scale variability on plots.

107



Guidebook to Field Tours

2009 NCSS Conference

Multiple plots for each management system are selected from the entire MLRA (minimum of 5).
Soil sample locations are randomly or systematically placed on each plot (minimum of 5). Data
are summarized by plot, and plot means are summarized for each management system sampled.
Then the means for management systems are compared.

What are the Soil, Ecological Site and Ecological State at this Plot?

The soil is Berino, taxadjunct, a fine-
loamy, mixed, superactive, thermic Typic
Petroargid.

Berino, tax. is correlated to the Sandy
Ecological Site in MLRA 42D (MLRA 42,
Southern Desertic Basins, Plains and
Mountains).

The ecological state is a shrub-encroached
bunchgrass grassland.

Data collected from this plot will be compared to data for the “reference state,” a black grama
grassland (see Ecological Site Workshop). Additional information about the ecological site, the
state and transition model, and a representative soil profile will be provided during tour stops in

the Ecological Site Workshop.

Reference State This Plot
Black Grama Grassland Shrub-encroached Bunchgrass Grassland
Summary of 3 plot means Summary of 1 plot
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Station 1. Plot Design and Pedoderm Features 30
Arlene Tugel, Soil Scientist, NRCS min
Dave Lightle, Agronomist, NRCS

Instructions for plot layout and methods to collect information for the pedoderm (the air-soil
interface) are described in the Soil Change Guide.

1. Plot configuration

The plot is the primary sampling unit for a project (Figure 2). The plot should be large enough to
capture variability in the plant community but not so large that it encompasses more than one
kind of soil. The standard method for grasslands, shrublands and savanna ecosystems uses a 20m
by 20m plot. Smaller plots can be used, but the same size plot should be used for the entire
comparison study. Plot elements include:

e Vegetation transects for line-point and gap observations,
e Subplots for woody and herbaceous production, and
o Replicate soil sample locations (minimum, 5/plot).

Figure 2. Flags are used to mark production subplots and soil sample locations (see star).

G2 @ G5 @ Baseline, 20 m long

+—¢ Transect, 20m long

I | E| ] ] |:| Herbaceous production subplot, 1m-sq

3[4

Woody production subplot, 100m-sq

woc

G# Stratum soil replicate ID*
i\( Soil sample location, dynamic soil property

@ Soil sample location, full pedon description

D D D D D O Soil stability subsample

Soil sample location with 3 soil stability
QO o o ithi
samples within 25 cm x 25 cm square
G1(@s G4 [ p q
: == == * Example: G1-G5 for grass stratum; or S1-
om 5m 10m 15m 20m S5 for shrub stratum; etc.
Transect 1 2 3 4 5
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2. Soil Sample Location Figure 3.
A 25cm x 25cm plot is placed adjacent to

the transect tape and the flag (Figure 3).

Soil samples are collected on one side of

the tape and vegetation data on the other 15m 1.25m Lom
to avoid trampling problems. < o g
o -]
Measurements at each soil sample (]
location include: o -
|
Soil  pocket @
e Bulk density and soil samples 10T _penetrometer
(demonstrated at Station 2). o
e Soil stability
e Penetration resistance
e Cover and
e Pedoderm classes.

3. Cover and pedoderm classes

Cover over the 25cm x 25cm area is described by assigning a code for the dominant type of
vegetation in the canopy (NC = no canopy, PG = perennial grass, AG = annual grass, F = forb,
Sh =shrub, T =tree). The cover code can be used to group and analyze soils data for similar
cover types. Soil surface features such as physical, chemical or biological crusts, rock pavement,
and duff are described by assigning the dominant pedoderm class observed at the soil sample
location. Pedoderm classes are used to describe the air-soil interface and reflect resistance to
erosion as well as conditions affecting infiltration.

4. Penetration resistance
A pocket penetrometer is used to measure the penetration resistance of the soil surface. This
measure is useful for characterizing physical crusts.

5. Soil stability

The soil stability test is conducted to provide information about soil structural development,
resistance to erosion, and biological activity. It is part of the minimum data set. Three samples
each are collected of the surface 2-3mm and the sub-surface (2-2.5cm) and analyzed using the
field soil stability kit (Herrick et al., 2005). A stability class of 1 thru 6 is assigned to each
sample. Class 6 has the greatest stability and resistance to erosion. Soils with low subsurface
values have low resistance to erosion after a physical disturbance.

6. Data summary--Pedoderm

e Soil pedoderm class at the 25cm x 25cm soil sample location: WP, weak physical or
biological crust, which can be disrupted by raindrop impact.

e Soil surface stability of the shrub-encroached bunchgrass grassland ecological state is
lower than the reference state (black grama grassland). Soil sub-surface stability is very
similar. Low stability values indicate low resistance to erosion.

e Control charts (Figure 4) of soil stability allow easy comparison of the bunchgrass state
(dashed red line) to the reference state.
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Figure 4. Control Charts for Two Ecological States: Surface and Subsurface Soil Stability.

Legend
Each box plot shows high and low plot means as well as mean and median of 3 plots for the black
grama grassland state. Solid line = median. Dashed line = mean.
Long horizontal lines indicate high and low plot means of the reference state.
Dashed red line represents 1 plot mean for the shrub-encroached bunchgrass state.

Surface Soil Stability Sub-surface Soil Stability

6 6

5 - 5
o | fTTTT""7 (]
= =
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1.9
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1 1
Black grama Bunchgrass Black grama Bunchgrass
Station 2. Soil Profile and Soil Samples 30
Cindy Stiles, Research Soil Scientist, NRCS min

Susan Andrews, Soil Ecologist, NRCS

Standard Methods and the Minimum Data Set

The standard methods for soil horizons are shown at this station and include: detailed description
of significant soil features that affect movement of water and root growth, penetration resistance,
bulk density, and sample collection for laboratory analyses. These methods are completed at
each soil sample location on a plot. The properties of the minimum data set that are obtained for
soil horizons include: organic C, pH, EC, bulk density/soil porosity, soil structure, aggregate
stability (wet), and total N. The following methods, described in the Soil Change Guide, are
used to collect this information.

1. Profile Description

Soil descriptions in the context of DSP sampling are observations that assist in determining
horizon thickness, soil morphology, and site variability. At each of the soil sample locations
marked by flags within the standard plot layout, a pit is excavated adjacent to the 25 cm x 25 cm
soil sampling plot along the transect line. This pit, which is excavated to a depth of 50 cm, is
described in detail similar to characterization pits. Following the standard methods in the NRCS
Field Book for Describing and Sampling Soils, the genetic horizons are assessed for color, field
texture, rocks and fragments, structure, ped and void features, consistence, roots and other
special features, and boundary clarity. Information is entered on a standard description sheet (or
a tablet PC) and should include georeferencing as well as the appropriate soil sample location
identification symbol.

2. Penetration Resistance
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This method uses the pocket penetrometer to collect a set of measures on the profile face. These
measures ostensibly detect layers that inhibit root penetration and water infiltration and are in
support of observed trends made in the soil description. A ruler marked with ten depth intervals
(3 cm increments) is hung on the pit face and four measures are made at each depth across the
horizon. Because of the wide range of conditions experienced in the pit, moisture status, the type
of penetrometer tip and the calibrated spring class used for the measure must be recorded for
each measurement. This is an experimental method.

3. Bulk Density

Bulk density sampling for DSP is done primarily using the core method, sampling the whole
horizon. Horizon thickness is indicated by a rubber band placed around the core. Horizons that
are deeper than the length of the core must be divided into two depths and each sampled to
complete the entire process. The depth to the top of the soil (ring height) is measured at four
locations around the outer circumference of the ring prior to removing the sample from the soil.
Once removed from the horizon, samples are transferred to tightly sealed bags and field moisture
content is determined off-site. Bags must be clearly labeled with appropriate redundant labeling
as described in the Soil Change Guide. Samples are collected for each horizon, with additional
samples taken for the biologically active upper portion of the A horizon (e.g., 0-2, 2-5, 5-10 cm).
The base of the last soil core should be equivalent to the standard depth of 40 cm. If there is a
surface O horizon, the base of the last core should be 40 cm below the mineral soil boundary.

4. Soil Samples

Bulk soil samples are necessary for analytical procedures that may be performed in the local soil
survey office or other lab (e.g., Soil Survey Laboratory). Samples are taken from each horizon,
collecting materials within the whole depth of each horizon and coinciding with bulk density
core collection. Soil materials scraped away from the core can be scooped to the large soil pan,
where it is then mixed and transferred to a labeled bag. Labeling follows the DSP convention as
described in the Soil Change Guide. Recommended minimum sample size is about three quarts
(1500 g).

5. Data summary—Soil horizons

Soil samples were collected for prescribed depths (0-1, 1-5, 5-18, 18-50cm) on black grama
plots. Data for the reference state (black grama grassland) is a mean of 3 plot means. For the
shrub-encroached bunchgrass community, only one plot was sampled; samples were collected
and analyzed by horizon and then converted to prescribed depths.

In a non-statistical comparison, we observe the following: the bunchgrass state organic carbon is
lower and bulk density and sand content are higher than for the reference state.

Table 3. Plot Average of Selected Soil Properties for the Shrub-encroached Bunchgrass
Ecological State. Summary of 5 soil sample locations.

Average Bulk Estimated CaCO; Soil Particle Size (%) Aggregate
thickness density organic Equivalent Pipette stability
(cm) ((g/em®)  carbon* (%) (%) (%)
Horizon Clay Silt Sand
C 6 1.53 0.26 0.2 9.0 5.8 85.2 3.2
Ab 11 1.58 0.20 0.1 9.7 5.7 84.6 5.8
Bwb 33 1.53 0.18 0.6 111 4.7 84.3 5.2

*Estimated organic carbon is Cyya — Ceacos-
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Table 4. Summary Soil Data for Two Ecological States.

DSP Demo Plot

Reference state Shrub-encroached
Black gramat bunchgrasst

Variable Depth Mean Std. dev Mean
Soil Stability Surface 4.6 0.93 14
Sub-surface 1.6 0.44 1.9

Bulk Density 0-1 n/a n/a 1.57
(g * cm-3) 1-5 1.49 0.02 1.53
5-18 1.55 0.03 1.56

18-50 141 0.04 1.53

% Carbon (organic) 0-1 0.44 0.02 0.29
1-5 0.30 0.02 0.27

5-18 0.34 0.05 0.20

18-50 0.32 0.04 0.18
Soil Carbon (organic)  1-5 18 0.1 17
(Mg C * ha-1) 5-18 6.9 0.9 4.1
18-50 14.4 0.9 8.8
Soil Carbon (organic)  1-5 1.0 0.1 0.9
(t C * acre-1) 5-18 3.8 0.4 2.3
18-50 8.0 0.4 4.9
%Clay 0-1 5.7 0.5 8.2
1-5 6.3 0.6 8.4
5-18 8.4 1.2 9.6

18-50 11.8 2.4 11.2
%Silt 0-1 10.4 0.9 5.8
1-5 10.0 0.5 6.0
5-18 10.5 11 55
18-50 104 0.9 4.7

%Sand 0-1 83.9 1.3 86.0
1-5 83.7 1.0 85.5

5-18 81.1 2.2 84.9

18-50 77.8 3.2 84.1

T clay, silt, sand by hydrometer. F clay, silt, sand by pipette.

Figure 5. Box Plots for Two Ecological States: Selected Properties.

Legend
Each box plot shows high and low plot means as well as mean and median of 3 plots for the black
grama grassland state. Soil line = median. Dashed line = mean.
Dashed red line represents 1 plot mean for the shrub-encroached bunchgrass state.
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Station 3. Vegetation Sampling 30
Curtis Talbot, Range Management Specialist, NRCS min

Laura Burkett, Range Technician, ARS

Standard Methods and the Minimum Data Set

The standard methods for vegetation are shown at this station. The minimum vegetation data set
for grassland, shrubland, and savanna ecosystems, as described in the Soil Change Guide,
includes total canopy (foliar) cover, canopy cover by functional group, bare ground, litter cover,
biological crust cover, rock fragment cover, canopy gaps, basal gaps, and annual herbaceous
production. Annual woody production is collected for plant communities with woody species.
Three field methods are used to collect these data. Data can be recorded on a paper form or a
tablet PC.

1. Line-point Intercept

This method is used to collect data for total canopy (foliar) cover, canopy cover by functional
group, bare ground, litter cover biological crust cover, and rock fragment cover. It is relatively
rapid to conduct and requires good plant ID skills. It records the presence or absence and kind of
cover for a set of specific points along a transect. The results are used to describe soil-water-
vegetation relationships (especially in reference to erosion and infiltration) and changes in
species composition.

2. Gap Intercept

This method is used to collect data for canopy and basal gaps. It is relatively rapid to conduct
and requires no plant ID skills. It measures the percentage of line covered in gaps of
predetermined sizes in the vegetative community. The minimum gap size observed is 20 cm,
and can be adjusted if needed. The results are used to interpret the potential for wind and water
erosion, as well as susceptibility to exotic plant invasion.

3. Herbaceous Plant Production — Double Sampling

This method is used to collect data for annual herbaceous production. It is relatively slow to
conduct and requires good plant ID skills. It is based on the establishment of verified weight
units, the estimation of number of weight units, and then the destructive sampling of a subset of
the estimated plots to validate the estimations. The results are used to describe the community
composition, productive capability, energy flow, and herbivore carrying capacity.
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4. Supplemental or Experimental Methods

Additional questions regarding vegetation could require data collection methods in addition to
the minimum data set (Table 5). Other methods can be proposed to provide other required data
or to increase the efficiency of data collection. New methods would initially be conducted along

2009 NCSS Conference

with the standard methods. However, it is conceivable that once a thorough validation is
complete, additional methods may be adopted as standards.

Table 5. Methods and Properties: Grassland, Shrubland and Savanna Ecosystems.

Minimum data set (June, 2008)

Field protocol or
method

Used for

Property

Line-point intercept

Canopy and basal gap
intercept (transect)

Plant production-
herbaceous. Double
sampling method

Plant production-woody

Resource retention class

Soil redistribution class

Pedoderm/ Soil Crust
class

Soil-vegetation relationships,
cover and extent estimates,
properties affecting air-soil
interface functions (resistance
to erosion, infiltration, etc.)

Wind erosion and exotic plant
invasion (canopy); water
erosion risk and; infiltration

(9ap)

Annual production, soil-
vegetation relationships

Annual production, soil-
vegetation relationships

Resource retention, soil-plant
interactions, grass
fragmentation, shrub
encroachment

Current or past erosion,
resource redistribution

Resistance to erosion,
biological crust development

Total canopy (foliar) cover (%)

Canopy (foliar) cover by plant functional group (%)

Canopy cover by functional group (%) (not foliar)

Bare ground (%) (no canopy over no soil cover)

Litter cover (%)

Biological crust cover by functional group (%)
(moss, lichen, dark cyanobacteria, light
cyanobacteria)

Rock fragment cover

Canopy gaps by size (%)

Basal gaps by size (%)

(Gap sizes: 25-50, 51-100, 101-200, 201-500, 500-
1000, >1000)

Annual herbaceous production

Annual woody production

Resource retention class

Soil redistribution class

Pedoderm/crust class

Supplemental or experimental properties

Belt transect

Detection of changes in species
with low cover or density, esp.
woody/invasive species

Plant density
Plant density by size class

Plant species richness

Precise estimates of species
richness

Species richness

Vegetation structure

Indicator of habitat cover

Visual obstruction
Foliage height diversity

Tree density

Populations too widely dispersed
for belt transects

Plant density
Plant density by size class

Riparian channel vegetation
survey

Documenting vegetation change
along streambanks

Canopy (foliar) cover (%)
Cover by functional group (%)

Riparian channel and gully
profile

Where channel morphology is
expected to change or gullies are
deepening or recovering

Width-depth ratio
Bank angle
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Figure 6. Control Charts for Two Ecological States: Selected Functional Indicators
Derived from the Line Point Intercept Method.
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Legend

Each box plot shows high and low plot means as well as mean and median of 3 plots for the black
grama grassland state. Solid line = median. Dashed line = mean.
Dashed red line represents 1 plot mean for the shrub-encroached bunchgrass grassland state.
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21.

21.

20.

20.

19.

% Bare
Ground

Cover (from LPI)

71.59

71.0

70.5

70.01

69.5-

69.01

68.5+

%
Canopy

5.6

5.5

5.4

5.3

5.2

51

5.0

Table 6. Plot Average of Canopy and Basal Gaps for Two Ecological States. Mean values
are for 3 black grama grassland plots and 1 shrub-encroached bunchgrass plot.

Canopy Gaps Basal Gaps (cm)
25-50 51-100 101-200 >200 25-50 51-100 101-200 >200
cm cm cm cm cm cm cm cm
Ecological state
Black grama % of
Line 13.4 17.6 13.6 3.1 13.0 22.3 30.2 189
Bunchgrass % of
Line 6.5 20.6 23.9 28.1 6.9 24 26.3 324
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Table 7. Annual Production and Foliar Cover for Two Ecological States.
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Annual production (%)

Cover, foliar (%)

Ecological state

Black Grama
Grassland

Shrub-encroached
Bunchgrass

Black Grama
Grassland

Shrub-encroached
Bunchgrass

Source of data

Ecosite
description,
aggregate data

1 plot
mean

Summary of 3 plot
means

1 plot
mean

Species

Black grama

26

58.8

Spike dropseed

17

22.0

Sand dropseed

0.8

Mesa dropseed

0.6

Bush muhly

Bristlegrass

w

Cane bluestem

Avrizona cottontop

Tobosagrass

w

Threeawn

~

2.7

4.6

Blue grama

Low woollygrass

14

Lehmann lovegrass

3.0

Mexican panicgrass

Vine mesquite

Longleaf jointfir

Soaptree yucca

0.6

Sand sagebrush

Fourwing saltbush

Winterfat

Broom dalea

Plains pricklypear

7.0

Broom snakeweed

3.7

Mesquite

1.1

0.4

Croton

I TNCY [N

0.2

Buckwheat

Spurge

Globemallow

4.6

Desert marigold

Touristplant

Redstem stork’s bill

Dwarf desert peony

Milkvetch

Lamsquarters

Herb Sophia

Russian thistle

Threadleaf ragwort

Silverleaf nightshade

0.1

4.0

Other forbs

0.5

Annual grass (unident.)

0.3

Fuffgrass

0.2

Dead grass (unident.)

0.2

Desert holly

0.2

Dead shrub (unident.)

0.1
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Wednesday - Agronomy Tour

Pecan trees are native to the Mississippi River Valley and probably
first arrived in New Mexico along with American settlers around the
turn of the 20th century. Fabian Garcia, the first director of the New
Mexico Agricultural Experiment Station, planted some of New
Mexico's first pecan trees in the Mesilla Valley in 1913. Many of these
original trees are still standing at New Mexico State University's
Fabian Garcia Horticultural Science Center.

(http://aces.nmsu.edu/ces/pecans/pecan-history.html)
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Role of Soil Health Promoted

Continued suceess of agricultural systems in our world

i5 dependent upon the ability 0 mamtam soil health and
manage water resources through conservation planning,
according to New Mexico NRCS agronomists, water
quality specialist, and soil scientists. And, they are out to
increase understanding of the role conservation planning
plays in the maintenance and improvement of soil healih,

“Conservation planning sceks to take soil health and
productivity from ifs current level and monage it to achieve
its full potential,” said Ken Scheffe, state soil scientist.
“One of the most powerful wols to deliver soils information
to farmers, ranchers, conservationists, and homeowners is
the Web Soil Survey which ig on the Intemet.”

The Weh Sail Survey puts local soil maps, descnptions,
data, and suiability ratings into the hands of users,

Another source of information NRCS New Mexico is
making available to land and water users, i its efforts to
continually provide more and better information, is the
Integrated Water Management Handbook. This handbook
ineorporates materials that emphasize the effects of tillage,
irngation, and nutnient and pest management upon long
term sl productivity, This information was used this past
summer for trming session for conservation planners and
MRCS paitners.

In addition. NRCS New Mexico has acquined soil guality
test kits so its local field and sonl survey offices con assess
soil conditions for farmers and ranchers, and offer options
and recommendations for improving soil health. Because
recogmizing soil health indicators 15 so important, NRCS
Mew Mexico 15 also scheduling workshops for farmers and

ONRG

Katural Resources
Comprvaten Servie

120
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ranchers this vear to provide hands-on demonstrations of
soil -.-..‘lmp]ing. Il.:aillmg. and evaluation of soil conditions.

“Gilobal reduction in agrcultural productivity due to soil
crosion and degradation, depletion of irrigation water
supphes, and competing land uses 15 puiting a squeces

on eapacity to meet inercasing world-wide demand for
food and fiber,” said Scheffe. “Even when looking at the
local picture. to continually succeed as producers we must
mauntan 501l health and manage water resources through
conservation planning.”

Integration of needed conservation practices and
management assures water quality. soil quality, and overall
ceosysiem health is maintained

For more information about the Web Soil Survey and
Integrated Water Management Handbook go 1o www,
NILARCEWSdD. GOV

The USDA ks 2n equal opportunity provider and emgloyer,
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Station 1- Soil Health and Soil Quality - A National Perspective

USDA-NRCS and Soil Quality at the National Level /\
What is Soil Quality?

Soil quality is defined as ‘the capacity to function’ (Karlen et al., *
1997). Dynamic soil quality refers to the effects of management

practices on soil function. Soil or ecosystem function is defined in

various ways. Some important soil functions (or services) include:

water and solute retention and flow, physical stability and support; retention and cycling
of nutrients; buffering and filtering of potentially toxic materials; and maintenance of
biodiversity and habitat (Daily, 1997). Although dominated by soil scientists, the study
of soil quality is largely an ecological endeavor due to its ultimate concern with
ecosystem function.

Historically, productivity is has been used as the only measure functional performance.
However, in highly managed systems, this function could be subsidized with external
resources to the point where it is not actually indicative of the ecosystem’s health or
soil's true ability to function. Larson and Pierce (1991) argued that soil quality should no
longer be limited to productivity, inferring that the sole emphasis on productivity may
have contributed to soil degradation in the past. Soil quality (SQ) assessment is one
area of agricultural research that attempts to estimate performance of multiple essential
soil functions (e.g., Larson and Pierce 1991; Doran and Parkin, 1994; Andrews et al.,
2004).

In order to address the emerging need to address the full spectrum of soil functions at

the national level, NRCS created the Soil Quality Institute 1995-1994; then March 1995,
the National Soil Quality Technology Development Team was formed.

121



Guidebook to Field Tours 2009 NCSS Conference
The NRCS National Soil Quality Technology Development Team (SQ NTDT)

Background
Our Vision
Healthy ecosystems built on a foundation of well-functioning, high quality, productive
soils

Our Mission

Cooperate with partners in the development, acquisition and dissemination of soil
guality technology and training to help people conserve and sustain our natural

resources and the environment

Soil is the foundation for other natural resources. The quality of soil directly impacts
water and air quality as well as food quality; indirectly, it affects wildlife habitat and
animal and human health. The concept of soil quality and the understanding of how
soils function to enhance other resources and provide ecosystem services have the
potential to raise the bar for natural resource conservation by recognizing these
interactions and managing for them. Dynamic soil quality must be understood as
human-induced soil change and interpreted within the context of inherent soil properties
and management history. The complex issues affecting soil quality require a
multidisciplinary approach to include soil scientists, ecologists, agronomists, range
specialists and others. The main contributions of soil quality to soil science, soil survey
and resource conservation are:

e Recognition of the importance of dynamic soil properties, especially soil carbon, and
indicators of soil function that move beyond managing for “T.”

e Promotion of soil function and ecosystem service concepts can lead producers to
reduce costly and limited petroleum based inputs, including fuel use and effective
pest and nutrient management strategies.

e Bringing soil biology to the fore (on par with soil chemistry and physics), providing a
more complete picture of soil properties and processes.

e The focus on dynamic soil change exemplifying the need for land use- and
management-specific interpretations for soil properties (i.e., a soil change properties
database as part of NASIS)

e The application of ecological concepts, such as function and thresholds, allowing for
a view of soils as a vital part of ecosystems, including limits to soil resistance and
resilience.

e Provision of a holistic framework for decision making and conservation planning at
multiple scales and land uses.

e The creation and dissemination of simple tools for assessment and monitoring, such
as the Health Card, SQ Test Kit or Soil Management Assessment Framework, and
simple models, such as the Soil Conditioning Index (SCI), and practice-based
eligibility tools, such as the Conservation Management Tool.

0 comparing alternative practices or systems
o allowing for quantification of conservation practice effects, and
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o providing measurable targets for resource quality criteria and remediation.

National Soil Quality Team Partners and Customers

To accomplish our mission the SQ NTDT will partner with universities, organizations
and agencies to develop and accelerate transfer of soil quality technology and training
to facilitate natural resource conservation and promote ecosystem health. Our primary
customers are NRCS field office and state offices. National Headquarters, other
agencies, universities and the public are also assisted as requested. Internal partners
include (but are not limited to) other Technology Development Teams and National
Technology Support Center staff, National Soil Survey Center, Resource Inventory and
Assessment Division, Ecological Sciences Division, Plant Materials Centers, National
Geospatial Data Center, State Staffs and local field offices. External partners include
universities, ARS, SWCS, National Park Service, Forest Service, and others.

Technical Excellence:

Technology acquisition and development are needed to improve NRCS technical
capacity in resource assessment (for program eligibility and accountability),
conservation technical assistance, and program implementation. The Soil Quality Team
(SQT) will pursue technologies in five main areas: 1) resource assessment models; 2)
in-field assessment tools; 3) soil dynamic properties inventory; 4) adoption of soil-
building practices; and 5) conservation planning tools. The development of any and all
such tools must be accompanied by validation and calibration efforts to uphold
NRCS’s reputation for scientifically-defensible technical excellence.

1) Resource Assessment Modeling: Additional efforts are needed in modeling
conservation practices and practice interactions to predict changes in soil, water and air
quality and the economic impacts thereof.

e Conservation Effects Assessment: is needed to improve NRCS program funding
accountability. The Soil Quality Team will help with model interpretation for the
Conservation Effects Assessment Project (CEAP), as the co-lead for the National
Soil Quality Assessment Project. These efforts have several potential
applications in addition to their planned practice effects assessment, including:
creation of a dynamic soil properties database, provision of baselines for CSP
enhancement standards, and development of guidelines for residue harvest.

o Collaborate with Soil Science and Resource Assessment Deputy Area on the
development of interpretation curves for EPIC model output.

o0 Collaborate with USDA-ARS on the testing and development of the Soil
Management Assessment Framework (SMAF), a tool for site-specific soil
assessment. ARS has adopted the tool as part of its Soils National Program
(202). It was designed for use with measured soil properties, as such has
potential for use with CSP enhancements and the watershed portion of
CEAP. It is being modified for use with model output for the national level
CEAP.

e Assessment of NRCS Carbon Modeling Needs: Currently, NRCS is using or
pursuing the development of at least 5 different carbon models. These various
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groups are not in communication with each other. The agency would be better
served if model development was done after careful assessment of needs and
uses. The SQT will lead a consensus building project to identify NRCS’ carbon
modeling needs, culminating in a white paper, in collaboration with the Air Quality
and Atmospheric Change NTDT and others.

e Development and Validation of Program Eligibility Tools: The SQT is currently
collaborating on the development of the Conservation Measurement Tool, which
will serve as an eligibility tool for the Conservation Stewardship Program. The SQ
NTDT is also collaborating on two CESUs with university partners: 1) to help
validate the tool by comparison with measured and modeled data and 2) to
capture farmer’s perceptions of understandability, fairness and equity of the tool.

e The SQ NTDT with explore partnerships with the Land Institute, Rodale Institute
and Dakota Lake Research Center for improving the crop diversity index model
for improving soil function. Improving crop diversity will reduce chemical inputs.

2) In-field Assessment:
The soil quality test kit is one of the most used products of the former SQ Institute. The
simple, in-field tests contained in the kit make it attractive for field office use. It has
value as an educational tool to demonstrate to landowners the impact their
management choices have on soil function. These assays can also be used to evaluate
guality criteria for not only soil, but also water, air, and wildlife (soil biota). However,
since the kit was first developed, new methods have emerged with potential to greatly
enhance the value of the kit for: field staff tools for assessment and land-owner
education; Resource Quality Criteria; CSP enhancement measures; soil survey/dynamic
properties database additions; criteria for practice standard revisions (e.qg., tillage
standards); and restoration assessment tools. The SQT will investigate these methods,
and when appropriate, accelerate their development to include transfer of this
technology to field and state offices.

e Collaborate on the development of an in-field carbon assessment too with

agency and university partners. Promising technologies include:

o Permanganate Oxidation (Active C) methodology development

0 decomposition incubation strips

o Solil Color via data mining

e Investigate in-field indicators for water relations, to improve the functionality of
pedo-transfer functions being developed by NSSC staff, to include:

0 Explore adaptations to the Cornell Infiltrometer (for surface) and
Amoozemeter (for subsurface) as in-field measures of infiltration and/or
aggregate stability.

o Collaborate on the development of an in-field dry aggregate stability as an
indicator for wind erosion potential

e Collaborate on the development of in-field enzyme assays for biological activity
and active carbon

e Partner with National Park Service, Plant Materials Centers, Manure
Management NTDT and others on the development of soil quality assessment
tools and methods for restoration and remediation.

3) Soil Change and Dynamic Soil Properties Database Development: The NSSC has
been charged with development of a dynamic properties database. This is needed
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because the ranges found for various soil properties encompass all land uses, making
them so broad as to render them meaningless in many cases. Current research shows
that different soils under similar management become more similar over time, due to
human management acting as a sixth soil forming factor. Soil quality is concerned with
soil change as a result of management. The appropriate design and implementation of
the database will require input from soil quality experts.

e The SQ NTDT will collaborate with SSD as part of their DSP Leadership and
Technical Leads teams for:

¢ identification of resource concerns related to near-surface properties in-
field sampling methodology development

e database design, and

e property interpretations, among other needs.

e The SQ NTDT will take leadership responsibility for the development of a cross-
section working group for the Soil Science Society of America to explore
knowledge gaps in soil change technology and information.

e The SQ NTDT is also co-lead in the development of a Soil Change Working
Group for the National Cooperative Soil Survey, meeting for the first time at the
Las Cruces Conference.

4) Adoption of Soil-building Conservation Practices: Basic practices for improving soil
quality, such as Tillage & Residue Management, Conservation Crop Rotations, and
Cover Crops, are well known but often underutilized. Barriers to adoption of these
technologies vary by practice, region and individual land manager. Often the barriers
are economic or social, such as attitude, traditional bias, perceived costs, length of
return on investments, or land tenure. Other barriers include lack of knowledge about
the specifics on how to implement the practice, e.g., dealing with cold, wet soils,
irrigation systems (furrow), managing residues, planters, seeding rates, planting dates,
and rotations etc. Opportunities and challenges in dryland and irrigated cropland,
organic agriculture, pasture, rangeland, urban, prairie, and forested systems should be
explored. The SQT will partner with researchers in soil science, agronomy, social
science and economics to investigate and eliminate these barriers to adoption via
applied research collaborations; on-farm trials; marketing; and other techniques as
needed. This will be accomplished primarily via technical collaborations on
Conservation Innovation Grants and via updates to the following guidance documents:
o National Practice Standards, in which soil conservation or soil quality is a
purpose (or a consideration), in collaboration with the National Agronomist
o Conservation Practices Physical Effects document via review for
appropriate consideration of soil quality criteria

5) Conservation Planning Tools: Currently, NRCS works toward maintaining or
enhancing soil quality through the use of RUSLE?2 technology, to meet T. While this is
an important part of soil conservation, our efforts could be improved by adding tools that
consider soil carbon, such as the Soil Conditioning Index (SCI). The Soil Quality Team
will work to streamline consideration of soil quality in conservation planning by:
e Collaborating with Programs Deputy Area to report the outcomes of new CMT or
other assessment tools.
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e Continually evaluating new practices for their effect on soil quality and
accelerating the development of new standards, when appropriate. One example
is roller-crimper technology.

e Accelerating the development and use of crop diversity indices for cropland.

e Collaborating with ARS on the development of guidelines for residue removal.
DOE and associated industries currently plan to use corn stover and wheat straw
as cheap feedstocks for bioenergy production. The removal of these crop
residues has major potential to degrade the soil. Development of guidelines for
this practice may help reduce this problem.

What are the current challenges to SQ?
1) How to Assess Soil Quality at Different Spatial Scales

Across many disciplines, there is recognition that complex spatial and temporal
dynamics must be addressed for effective resource assessment and management (e.g.,
Christensen et al., 1996; Herrick et al., 2002). Systems approaches and hierarchical
organizational tools can help scientists and managers deal with complexity in soil
ecosystems (Carter et al., 2003). According to Norton (1992), hierarchical
environmental management is necessary because, “Processes are not related equally
but unfold in systems within systems, which differ mainly regarding the temporal and
spatial scale on which they are organized.” Using a hierarchical systems approach may
also help soll scientists relate dynamic soil changes to broader system outcomes, such
as changes in air or water quality.

All systems exhibit hierarchical organization (Allen & Starr, 1982; O’Neill et al., 1986;
Stephens and Hess, 1997). C.R.W. Spedding (1988), one of the earliest adopters of
systems thinking in agriculture, offered the following definition:

“A system is a group of interacting components, operating together for a common
purpose, capable of reacting as a whole to external stimuli: it is unaffected directly
by its own outputs and has a specified boundary based on the inclusion of all
significant feedbacks.”

Ellert et al. (1997) and Gliessman (1998) argue that an understanding of these system
interactions and properties is prerequisite to effective agroecosystem management. (If
you question the validity of this approach for soil science, substitute the word ‘soil’ for
‘system’ in the above definition.)

While there has been much debate about whether hierarchies are a human construct or
a true phenomenon (Allen and Starr, 1982), the ability to organize our thinking into
spatio-temporal units has clear benefits for research, inventory, and management,
including understanding soils, their position in the landscape, and the changes with time
under a variety of land use and management practices.

Hierarchical systems constructs can naturally navigate the complex issues of scale, in
large part because temporal and spatial scales usually coincide. Spatially larger
processes often require longer time periods compared to spatially smaller ones. Ellert
et al. (1997) define the relationships between spatial and temporal scales for a variety of
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soil systems, subsystems and components, illustrating this proportionality between
space and time for soils.

As a result of this relationship, different management approaches or practices may
require different levels of systems analysis for assessment of sustainability or quality.
For example, soil biophysical processes are often defined at the field level, while
rotational cropping might be assessed at a field or farm level using a time scale at least
equivalent to the rotation length. Filter strip systems probably need to be assessed at a
watershed or regional level at a time scale long enough to allow species establishment
and account for precipitation variability. Microeconomics would be properly addressed
at the farm level. A watershed or regional level analysis would be appropriate to
examine macroeconomic sustainability (Lowrance, 1990).

2) Soil Quality Interpretations

We recognize sustainable management practices as site- or system-specific.

Therefore, conservation alternatives must be compared for each system at a variety of
hierarchical levels. Because appropriate scale is essential to assessment, inventory,
and management of system processes and functions, many authors suggest a systems-
based approach to understanding and managing agroecosystems (Hart, 1984;
Lowrance et al., 1987) and the inherent soil properties that comprise their foundation
(Carter et al., 2003).

Ellert et al. (1997) conclude that using a systems approach: 1) places soil within a larger
ecosystem; 2) recognizes a broad array of support services or soil functions (beyond
crop production); 3) incorporates humans as internal controllers; 4) allows for multiple
management goals including production, conservation and aesthetics; and 5) uses
integrative science to identify possible pathways to sustainability. It is necessary to
utilize these approaches such that each hierarchical level of an agroecosystem, from
soil to region, is adaptively managed to meet the multiple goals of conservation
ecosystem sustainability.

a) Assessment and Inventory Methods

One way to interpret soil properties as indicators of soil function is through the use on
non-linear scoring curves. Non-linear scoring techniques involve the use of curvilinear
algorithms with an x-axis representing a site-specific range for the given indicator and a
y-axis representing performance of ecosystem function (Karlen and Stott, 1994). This
type of scoring is used widely under various guises in economics as utility functions
(Norgaard, 1994), multi-objective decision making as decision functions (Yakowitz et al.,
1993), and systems engineering as a tool for modeling (Wymore, 1993). The NRCS-
NSSC'’s National Soil Information System (NASIS) also uses a non-linear scoring
system as part of its fuzzy logic backbone. This method requires in-depth knowledge of
each indicator’s behavior and function within the system.

Many researchers have used non-linear scoring to quantify the effects of management
on soil function. Andrews and Carroll (2001) used scoring curves to compare
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alternative poultry litter amendments to fescue pastures. Karlen et al. (1998) used
weighted scores to assess land coming out of the Conservation Reserve Program
(CRP). Hussain et al. (1999) also used scoring curves to compare tillage systems.
Yakowitz et al. (1993) used non-linear scoring to compare the overall effects of
alternative farming systems. Inventory will be assess in depth during the soil change
field trip and therefore not specifically addressed here.

b) Field —Scale Site-specificity or Tool Transferability

Some efforts have been made to assess the site-specificity and transferability of scoring
curves. For example, Hussain et al. (1999) and Glover et al. (2000) adjusted the index
weighting and indicator threshold values to be applicable to their respective systems.
Andrews and Carroll (2001) also shifted the expected ranges for indicators between
sites.

A tool under continued development, the Soil Management Assessment Framework,
was shown to improve the interpretation ability of scoring curves (Andrews et al. 2004).
As before, the shape of an indicator’s scoring curve (or algorithm) is dictated by the
relationship between the indicator and the soil function. However, the expected range
for each indicator is determined using site-specific factors, such as crop, climate or soll
type. Changes in expected range due to site-specific differences result in automatic
parameter shifts in the scoring curve (Figure 1).

Comparisons of scored indicators’ ability to explain variation in performance outcomes
for four case studies across the U.S. were performed. Results showed good ability of
the scored indicators to represent (often difficult to measure) performance outcomes.
For example, scored indicator-endpoint regressions for the lowa case study had R
results of 0.99, 0.84, and 0.61 with sedimentation in surface water, atrazine applied, and
crop yield, respectively (Andrews and Karlen, manuscript in preparation). This test
seemed to confirm that the new scoring method was capturing intended information
about the soils’ performance of ecosystem functions. It has been used in various studies
since then as well (e.g. Cambardella et al., 2004; Karlen et al., 2006; Wienhold et al.,
2006;). This tool has also been used to interpret model data for CEAP (Potter et al.,
2006). Next steps include new curves for additional soil properties (Wienhold et al.,
review; Stott et al., in review), potential application of the method for dynamic soill
properties interpretation in soil survey, and further use in the CEAP efforts.

Website and Excel format versions for the scoring framework are available for review
(contact S. Andrews at susan.andrews@gnb.usda.gov). An interactive website is still
under construction but can be viewed and tested at http://soilquality.orqg .
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Station 2 - Soil, Water, and Plant Analysis in Conservation
Planning

New Mexico Sustainable Agriculture
Producer Guide

The Natural Resources Conservation Service,

formerly the Soil Conservation Service, works \Q; N RCS
hand-in-hand with the American people to THE USDA IS AN EQUAL OPPORTUNITY Natal Ry
conserve natural resources on private lands. PROVIDER AND EMPLOYER
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Purpose of NM Integrated Water Management Handbook:
http://www.nm.nrcs.usda.gov/technical/handbooks/iwm/nmiwm.html

Irrigation water management is an integral part of a complete farming system of soil, water, air,
plant, animal, and human resources. The New Mexico Integrated Water Management
Handbook is intended to be user friendly for use by planners with producers. It provides
guidance on “how-to” evaluate and understand site-specific field conditions, including chemical,
biological and physical. This enables us to evaluate and implement best management
practices/approaches for cropland management within an integrated farming system.
Considering how the farm fits into broader watershed management (e.g. off-site effects and
resource opportunities) is also essential to problem-posing and problem-solving resource
management success.

The Natural Resources Conservation Service provides technical assistance for producers in all
aspects of cropland conservation, including irrigation water management (e.g. installation of
irrigation water management practices, water measuring, irrigation scheduling, irrigation system
design, reduced cultivation), and nutrient management (e.g. soil, water, and plant nutrient
analysis, developing basic nutrient budgets, and determining appropriate fertilizer and manure
applications). Other technical assistance areas have included agronomic-related practices and
management such as reduced tillage, crop rotations, green manure crops, cover crops, salinity
and integrated pest management. This Handbook provides guidance on understanding and
improving soil quality, water quantity/quality, air quality, nutrient and salinity management, crop
yield and quality, irrigation water management, integrated pest management. It also provides
guidance on reducing overall on-farm energy use, inputs, production costs, pest incidences,
pumping costs, as well as soil and water losses. The end result targets becoming a more
economical, sustainable farming enterprise, including resource efficient and resource
conserving.

The key approach to achieving integrated sustainable management is to think system
(ecosystem, whole farm, and watershed), think critically (connect the dots), actively seek
resource opportunities, emphasize technology “exchange” vs. “transfer” with other producers
and partners, plan creatively and flexibly, and focus on keeping energy flow through the
integrated system. A reemphasis on biological factors is also necessary since recent agriculture
has essentially forgotten biological, but rather focused on chemical and physical factors.
Improving soil quality is key to improving soil, water, air, plant, and animal resources. Case
studies, field trials, demonstrations are all important approaches for technology exchange.

This Handbook is intended for use by planners with producers, so individual producers are
strongly advised to work closely with their local chemical consultants, crop consultants,
extension specialists, and the Natural Resources Conservation Service on any subject covered
in the Handbook. We hope that the Handbook will assist water users in reducing water
guantities used, energy use and costs for crop production, and the opportunity for ground and
surface water contamination. The greater the understanding we have of our soil, water, air,
plant, and animal resources, the better will be our ability to build healthier, sustainable
communities.

Linda Scheffe, 2008
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Potential Benefits of Integrated Water Management

Water resource:

e Conserves surface and
ground water supplies

e Protects surface and
ground water quality

e Substantial reduction in
irrigation labor costs

e Significant increase in
irrigation application
efficiencies (higher
yields)
Reduced pumping costs
Potential detrimental
effects of water quality
(pH, salinity & sodium)
on plants and soils are
properly assessed and
managed for

e Irrigation water losses
through evaporation,
runoff and deep
percolation are
minimized

Soil resource:

e Improved soil quality is
possible because of
increased biomass
production (more crop
residues are produced)

Reduced soil erosion
from both water and wind
Proper assessment,
management and
prevention of Saline,
Saline-Sodic and Sodic
soils is attained

Reduced use of soil
amendments

Reduction in water-
logged soils

Reduced leaching results
in higher nitrogen-use
efficiency

Plant resource:

Cost for crop production
is reduced due to
integration of IWM with
nutrient management
practices

Significant increases in
yield and crop quality
Reduced incidences of
diseases and pests
Available water quantity
and quality meet the
specific requirements of
the crop (consumptive
use, leaching)

Other:

Increased beneficial use of
fertilizer and soll
amendment inputs
Reduction in over all on-
farm energy use

Protects the environment by
the planned judicious use of
water, fertilizers and other
inputs

Record keeping is used as
an invaluable planning tool
in the decision and
management of current and
future water resources

All the major aspects
involved in the farm
operation are integrated in
this IWM Handbook
Analysis of soil, plant/petiole
tissue and water samples
allows the producer to make
informed decisions on all
inputs and their relationship
to IWM principles

An effective IWM Plan
should be updated to reflect
mgmt. changes, learning,
etc.

Rudy Garcia 2008
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(S0 — 13) Seil Health-Quality Assessment

No-Till {N'v:} Ridge-Till
L/ el Conventional

Till Muoldboard
Plow
(Aggressive
Lillage)

A

ﬁf'

g

Cover
Crop

- --‘_'&R,l’,li'
R

4

Excessive Cultivation (i.e., causes QEEI-E .

/ Frndul:tlml & Ml.nlgtment nf'l:mp Reli{llts. .h -~ ! : Matter levels to decline) will result in:
Healthy Roots & Cover Crops (i.e., increased e ' m'r,':tm'ﬁn' M_ {,:m'"m‘“u":z:i‘m;“} 3
Organic Matter accumulation) will result in: 1 - Reduced Water Holding Capacity (increased soil bulk-

- Improved Soil Tilth (good aeration & drainage) (3 1 ) density; high soil surface evaporation losses)
L4 ::I;mht = I;THmﬂnnM n {1{1; ;::]nl;q : : Soil Health - Reduced Biological Activity, Diversity & Nutrient
7 r Yva 1|
- Increased & Sustained Biological Activity, Dlufrsitjr Agricultural soils i ?:ﬁ%mwm iyt fabii el
& Nutrient Cycling are a dynamic & - Hotter Soil Temperatures (decreased water use
- Wigher Yiclds and Crop Quality - _ +: living ecosystem efficiency & reduced biological activity) -
= Cooler Soil Temperatures (L.e., increased water use that needs high- - Poor Soil Aggregate Stability (increased waler &
- efficiency & better erop growth) end Wanasentent ~ wind erosion potential)
- Water Stable Soil Ageregates (i.c.. reduced water & Bh - Higher Fuel Costs & Time required i
wind crosion potential) 4ot to achieve - Lower Soil Organic Matter leads (0 poor Soil Health
- Reduced Fuel Costs & Swe'nnu.- . sustainahility &a wm of other m
- ﬁnd many more benefits (&2, resource sustainability) ) d v : ]  rudy garcia 2008
Wz =i i =5 'k__ 31 r ol :
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SQ — 8a. Benefits of Conservation Tillage

Environmental:

e Reduces soil erosion from both
water and wind ( 90% erosion
reduction can be expected when
using a no-till instead of intensive
tillage system).

e Increases organic matter (each
tillage trip oxidizes some organic
matter; research shows continuous
no-till can increase organic matter
in the top 2 inches of soil about
0.1% each year).

e Improves water quality (when
combined with irrigation water
management, crop nutrient
management, integrated pest
management, conservation crop
rotation, in integrated system,
conservation tillage plays an
important role in improving both
runoff to streams, rivers, and lakes
as well as water that finds its way
into aquifers).

¢ Improves wildlife habitat (the crop’s
residue provides food and shelter.
In addition, if combined with other
needed habitat, such as grassy
cover and woody areas, wildlife
may increase significantly).

e Other benefits include reduced soail
compaction, utilization of marginal
land, some harvesting advantages,
and conservation compliance.

138

Economic:

Yields are good, if not better, than
reduced or intensive tillage system
when managed properly.

Optimizes soil moisture (improved
infiltration and increased organic
matter are especially important on
droughty soils and may help the crop
through a persistent dry period.
Tillage reduces available moisture by
about ¥2” per trip).

Saves time (On a 1000 acre farm, an
additional 100 hours are needed for
every pass (example based on 18’
disk, 160 hp FWD). Many growers
take advantage of the time savings by
exploring other “opportunities”).

Reduces fuel consumption (no-till can
reduce fuel use by 3.5 gallons/acre
compared to intensive tillage).

Reduces overall production costs
(NMSU reports that irrigated wheat
yields in Clovis are comparable
between conventional and
conservation tillage, but production
costs for conservation tillage are lower
by as much as $50 per acre).

Reduces machinery wear (less
machinery means fewer pieces need
to be replaced. Economists report this
amounts to a $5/acre reduction in
costs).

Linda Scheffe, 2008
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(WQ — 4) Irrigation Water Salinity & Sodinm Adsorption Ratio (SAR) Assessment Guide

| Irrigation Water Lab Analysis for Soluble Salts and SAR (mg/l = milligrams/liter; meg/l = milliequivalents/liter)

Major Cations E;‘*:}‘;:" Major Anions - EE“‘T“}:“'*
example Lesi examp esults
| (ions with a positive charge) me/l %_ el | meal (ions with a negative charge) mel BB _ gl | meg
7 Calcium (Ca' ") - Chloride (CI')
_g 20.04 mg/meq 80 il 35.46 mg/meq 92
% | Magnesium (Mg") e Sulfate (SO47) :
M 12.16 mg/meq 14 | 48.03 mg/meq 192 4
Sodium (Na') 5 z | Bicarbonate (HCO;)
22.99 mg/meq 115 . | g 61.02 mg/meq 183 I3
Potassium (K ) Carbonate (CO;") oy
39.10 mg/meq 8 [Bo 3 30.01 mg/meq 6 | 02
| Sum of Total Cations: | 217 lﬂ-*‘ﬂ | Sum of Total Anions: | 473 | 9.8

Total Dissolved Solids (i.e., Soluble Salts) is: 217 mg/l + 473 mg/l = 690 mg/l (or 690 ppm).

Salinity (Soluble Salts): afTects crop water avallabﬂ:w
Note: Be sure to compare the [rrigation Salinity {EClw) with the Soil
Test (ECe). in order to evaluate the potential vield reduction of your

crop (1.€., Refer to a Crop Thrcshuld Sml Saluuw (ECe(ct}} Tabie}

The amount ofSudlum and mluhle salts mthe e

690 mg/l + 640 = ECiw of 1.1 dS/m (i.e., ElectrimICmducﬂwtv nrlrrigatiun

0.23 x TDS (ppm) = lbs. of salts/ac-in

| of Restriction on Use — ECiw (dS/m)

None

Slight to Moderate

Severe

.... . —

0.7 -3.0

Degmufkestmﬁnn on Use — ECiw (dS/m)

> 3.0

Irrigation Water affects the rate of water infiltration SAR None Slight to Moderate | Severe
into the soil. This is evaluated using the SAR 0-3 > 0.7 0.7-0.2 <0.2
(Sﬂd.illlll ﬁdSﬂl’pﬁﬂ]l Ratio) and Electrical FoE >1.2 1.2-0.3 <0.3
Cﬂﬂdﬂﬂﬁﬁty of the In‘lgatitm Water (ECiw in dS/m). =13 >19 1.9-0.5 <(.5
Use meq/l for calculating the SAR 12 -20 >29 29_-1.3 <13
| SAR = Na/\(Ca + Mg)/2 20 - 40 >5.0 5.0-2.9 <2.9
Rudy Garcia 2008
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(wa - 3)
Soil
Salinity
Reactions

2009 NCSS Conference

JEJJ l:' Illfc- |.‘|:I.IIL

Ac-in applicd
& (mg/lof

}f{ 13’ ‘\'(‘

Sodium Sulfate
Magnesium Bicarbonate
Potazsium Carbonate
Other: e.g., nitrate, slica, etc.
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. Irrigation Efficiency

Things to consider:

Crop Salt Tolerance
Soil drainage
Water quality

Irrigation mgmi.
Soil texture
Soil structure
High salt and/or high
sodium content
Residue mgmit.
Cultural practices
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{(PW-1) Trrigation Water, Soil and Plant Tissue Analysis GUIDE (for Planning & Mgmb of Cropping Systems)

M

Froducer:
en (N), Phosphorus (P}, Potassium (K, Sulfur

Anthony

Crop: Pecans  Yield: 2500 Ibiac Field #

Ae.:

Soil Texture: sandy loam

lrr. Water (ac-infac): 60

(%), Calcium (Ca), Magnesium (Mg), Zinc (Zn}, Iron (Fe), Manganese (Mn), Copper (Cu), Sodium (Na), Chlonde (CI)

Drate: 13009 well

Water Analyvsis

Nuirient

NO,-N

i

K

50,-5

(a

'\-fg

n

Fe

Mn

Cu

MNa

Cl

mg/l = ppm

0.1

Mot

(5]

34

g

12

Mot

Mot

Mot

Not

10K

£l

Totul Lhs/uc "

gl x 023 = Ibs, of Nuleienlae.-in of 0
1/ Ihs Nul % in. HpO applied = Tolal Ihs Nul/ac

urly red

TDS (m {mw’l} = ECiw [mmhus.frm} X iiil]
for ECiw hetween 0,1 and 5.0 mmbos/cm

83

743

1104

166

DS tmp,.fI] = ECiw {mm hosfcm) x ﬂﬂﬂ

for EC =

5.0 mmhos/em

arly e

anilyzed

Bicurbonate (HICOG): 263 mgl Boron (B): .19 mg/l;
Carbonate (COy): <1 mgfl; Hydrogen Sullide [lll.\]

phl: 7.1
mg/l

]y zed

sl ysed

1504

1104

Sodium Adsorplion Ratio (SAR): 3.0
_Soluble Salls (ECiw-mmhos/cm): (.98
: (L34 mmhosiem x 640 =218 mg/l (TDS)
218 mpd x 2,72 = 593 Ibs, of soluble salts/ac. -1t of water applicd

Soil Analvsis
Dadez 3-20-09 Soll Depth:0-117

Nutrient
Ppm

NOs-N
—

=

-1

F

K3

2

.

28

89

50,5

Ca*

Mg

fn

Fe

Mn

Cu

1079

30%

0.3

fi

A

e

0.8

Na®

Cl

110

not

Classification”

Lbs/ae.

Vory Low
i

Viary Low
f

Low
112

High
356

Very High
16136

Very High
1232

Low
1

High
24

Maodarate
f

Moderans
3

n'a
440

analyzed

AV,

or Low Chissification indicates a High

A Mogderate Classilication indicates a ferlilizer

A High or Yery High Classilication indicales a

Pralmability for ohtaining a lertilizer response.

response May or May Not oceur.

Tertilizer response is Net likely 1o occur.

ppm % 4.0 =1hs, of nutrient/ac. -, (i.e., based on soil weighing 4 million 1bs,

per ucnufuulj Or ppm x 2.0 = lbs, of nuirient per acre (i depth.
[ major adsorbed cations: Ca = 63%, Mg =20%, k = 1% & Na = 8% (Table 8.1, Nalure & Propertics of Soils 11th Edition)

3/ CEC - Typical proporiions o

Free Lime (CaCOy )

pH: 82 | Sodium Adsorption Ratio (SAR) 0.4
Organic Matter (%) 0.5 Soluble Salts (ECe — mmhosfcm); 0.5

Mutrient

N

Muldriend

Lbs.fac.

P05

K,

= Ca

Mg in Fe Mn Cu M 1

Tnputs:

250

120

o0

30

{Recomme-
ndations)

1bs. of PyOsx 0,44 =

083 =

Ibs, F (Fhosphorus)

lbs. of K

Ibs, of 5+ 033 =

I,
cilicio

Split Apply Nutrient applications
. Reler to

to meet plant needs & mprove

Ibs. of K0 x

Potassium)

of 50y (Sulfatc)

Terdilizer recommendations for Euld.lm:t'.

Plant Tissue Analysis
TANME

Date:

Nu

trient

Total ¥
S—

Total P
0.25

K

Total 8

Ca

Mg

In

Fe

1.4

40

1M}

Mn

Cu

=l

0

Na
005

Cl

02

ppm or %

Suflicicncy Range | 2.5-2.9% | 0.12 0.30% | 0.75 0.9

Low (L) to High (H)

e 0.3-0.6% | S0-100

ppm e

1.3-1.5%

S0-300

100-500 | 10-30 Excessive | Excessive
ppm pom =010 %% | = 03 %

o

i

Nutrient levels at or below the Low Sufficiency
Range indicate a High Probability of a fertilizer
rEspOnse.

A fertilizer response May or May Not be obtained
when the nuirient levels are Within the Sufficiency
Range.

Nutrient levels at or above the High Sufficiency
Range indicate a Low Probability of a fertilizer
FESpOLsE,

For so
_na___

Note: NOy-N; POG-P & SO.-5 are in ppm
Tor Petiole Sumples.

me crops, Boron (B=_ 42
ppm) may need fo be analyzed,

Harvesied
Mulrienls
@ 15%

N k

24

Nutrient I*

e

Rating
for ppm

k a

_ ppan) and Molybdenm (Mo=
(Boron =35-80__ppm

Sulliciency llun;_.,_\inlzbdmum = ppm "‘.il.IITI:IﬂIE |LI.I_I£!}
NRCS Nutrient Managemenl Johsheel (390): click on Tahles & Crop Tabs

In suspected Saline or Sodic arcas,
Sodium & Chloride should be analyveed.

Mg n e Mun '

51

Tot a_._l;]}ifa:"'

4/ Crop (lbs./ac) x % dry maller =
Crop (Ibfac dry wi) x % MNutrient = I Moutrlent removiedae
MNoto: For NPR % averages & % Malaure Content, refer 1o

NRCS Mutrient Uptake Tool: hitp:/ npk.nree usda, gov/

. Crop (dry weight Ve

019
10-29
J0-59
60-79
=T

199
104199
200-399
A0H-TO9

= T4

Very Low
Low
Moderate
High
Very High

10-29
3049
=40

A1-0.9
1-24
2544
4.5.9
=1

-0
01-0.9
1-2.4

-0

0.1-0.4

0.5-0.9
1-9
e

A-,09
0.1-0.2
0.3-0.9
259 1-9
=0 e

| 01-14
15-29
30-59
Gi-09
= 09

Note: Evaluate above data with Soil Quality (e g . aggregate stability), TWAL TPM and Tillage Operations records for best understanding of results.
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Microsoft Excel - 10. Las Cruces Pecans 2009a 590 Job Sheet vs 4 10.xls

E_I’I File Edit View Insert Formak Tools Data Window Help  Adobe PDF For he
R == W R W e P s = - &1 [l 100z E.C\rlal - 8 v|| |z UII &r
EE 1" . (e s WL W | & B g | with Chana End Retisw, ! ST T A ! PivotTable = | =| !
EG - A 35202009
& [ Eiliie | D | E | F | &5 | H | 1 | 4 | & | L] Mm | N | o BiE
1 N.M.S.U.-Soil Test Intergret ation Report vs 4.10 - (590 Nutrient Management Jobsheet)
szl County:iDona Ana % Field ID:: . Crop Rotation: Pecans
3 | Client Name: Record #: Acres: b Irr. Water {acin/ac):: G0
4 Address: ‘Planner Name: Form
5] Anthormy, M Notes:
5] Zip Code® 5E045: Date:[3zoz008  |Depth increment (in}:]1z (=] Sodium Adsorb. Ratio:] 0.4 ESP: 0.00 °
T Phone: Note: E.C.-Electrical Conductivity ar Saltiness, O.M.-Qrganic Matter, and ESP-Exchangeahle Sodium %.
& [ Samp.1D | pH | E.C. | Soil Texture | ©.M. | NO,-N P K [ Mg | Ca | Na | Cu Zn Mn Fe
] & @ tmmhostan) {class) (%) {pprm) (ppm) (oo | cppm) L] | tppmd (o) (=] _toorm) | ooy | oo | ooy na
10 Bnthy Pecar 8.2 0.5 |sandy Loam 0& 20 2.0 28.0 T407907 1100 08 0.3 20 h.0 263C
11 Crop to grow:]PecansJ =20 yrs «| Ihstac P05 gy eaey [K20 Obaiac) Ihs.fac |bsfac lbsfac | |lbsfac | |bsfac | |bsfac | lhsfac | 4.7826
12 Yield Goal: 2500 Ylbsfac 23 18 135 497 BS17 176 3 1 =] 24 101z
14 Nitrate-M Phosphores-F Potassiem-K Magne sium-Mg Calcium-Ca Iron-Fe Copper-Cu Zinc-Zn Manganese-
15 200 = e i Mn FEM
gl T e Nl 450 Loooo oo el L :izﬁ A 3:. ....... 35, N 8 il
17 4 RN 120 T iy FLLE e e Foprmsaonns ’ PHALE L e O
18 L) fn Lhcd a5 [ohe =l e I F 00T & ehe e K et i gl I
19 0SS WA el SO0 el o JoLl 150 4o ¥ 0o +-- 5 J 25 4------- 2.5 TR PRl
Ezs- --------- L e LS 25 1o i ao0 4 - - 4 P L R PG de
L] AR S el B T 200 f--o-oo 00 4 - i 800 4 -- 24 15 L 1.5 e e e i B
21 L 40 s N AN 150 {5 vt £d 75 - L oL :
2 4 B fle e T 2.4k |
29 L I St W00 fe-aoocn 50+ - -
L P el 26 - - 200 vk 19 0s -~|_‘-- 0.5 Trestenece 1gm a2
23 i — 0 o] N 0 o i 0 o HEN | 0 -
24 ¥ Low ¥ Low Low ¥ High ¥ High High Moderate Low Moderate
5
26 - = . N P.O5 K.O Mg Ca Fe Cu Zn Mn
il Nutrient Recommendation: Ihsiac lhsiac Ihsiac Ibsiac lhsiac lhsiac | Ihaiac | lhsiac | Ibsfac
28 Recommended Mutrient Rate: 250 120 90 0 0 0 0 30 0
28 | Organic Nutrient Seurce (Liguid or Solid Manure): ] 1] ]
30 Irrigation Water Credits (ppm MNO;-Mi 0.1 1
31 |Other Nutrient Sources [(Standing Legume Crop):
32 Supplemental Nutrient Rate: 249 120 90 0 ) 0 0 30 0
33 Available Nutrients > Crop Requirements: Hno Ho Ho Ho HO Ho no HO Ho
|‘-'1‘nlﬂ annly M Rearch season T by eod of Il Okhserve tissue testinn for o Ca Fe Fo & o Aeenind Craaifica Mats =
|< 1 » Mm% Organic Nut Source s Report 4 Farm Sum /P Uptake 4 Records 4 Fert Cost /4 Crop £ Tables / 'T =il

Read

Excel Spreadsheet is used with Practice Code 590 Nutrient Management Job Sheet to record and calculate
nutrient status and needs based upon soil analysis, nutrient sources, and crop needs.
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WQ-6 Crop Salt Tolerance Table for NM
Crop Salt Tolerances

2009 NCSS Conference

Crop (name) Yield loss 0% Yield loss 10% Yield loss 25% Yield loss 50% % | Maximum
ECe’ ECw? ECe’ ECw® ECe’ ECw? ECe’ ECw® ECe’
Alfalfa 2.0 1.3 34 2.2 5.4 3.6 8.8 5.9 15.5
Almond 1.5 1.0 2.0 1.4 2.8 1.9 4.1 2.7 7.0
Apple 17 1.0 2.3 1.6 3.3 2.2 4.8 3.2 8.0
Apricot 1.6 11 2.0 1.3 2.6 1.8 3.7 25 6.0
Barley 8.0 5.3 10.0 6.7 13.0 8.7 18.0 12.0 28.0
Beans 1.0 0.7 15 1.0 2.3 15 3.6 2.4 6.5
Beets 4.0 2.7 51 3.4 6.8 4.5 9.6 6.4 15.0
Bermuda Grass 6.9 4.6 8.5 5.7 10.8 7.2 14.7 9.8 22.5
Blackberry 15 1.0 2.0 1.3 2.6 1.8 3.8 2.5 6.0
Broccoli 2.8 1.9 3.9 2.6 55 3.7 8.2 55 135
Cabbage 1.8 1.2 2.8 1.9 4.4 2.9 7.0 4.6 12.0
Cantaloupe 2.2 15 3.6 2.4 5.7 3.8 9.1 6.1 16.0
Clover 15 1,0 2.3 1.6 3.6 24 5.7 3.8 10.0
Corn, Grain & Silage 1.7 1.1 25 1.7 3.8 2.5 5.9 3.9 10.0
Corn Silage 1.8 1.2 3.2 2.1 5.2 3.5 8.6 5.7 15.5
Corn, Sweet 1.7 11 25 1.7 3.8 25 5.9 3.9 10.0
Cotton 7.7 5.1 9.6 6.4 13.0 8.4 17.0 12.0 27.0
Fescue, Tall 3.9 2.6 5.8 3.9 8.6 5.7 13.3 8.9 23.0
Grape 1.5 1.0 2.5 1.7 4.1 2.7 6.7 4.5 12.0
Lettuce 1.3 0.9 2.1 14 3.2 21 5.2 34 9.0
Love Grass 2.0 1.3 3.2 2.1 5.0 3.3 8.0 5.3 14.0
Meadow Foxtail 15 1.0 25 1.7 4.1 2.7 6.7 4.6 12.0
Onion 1.2 0.8 1.8 1.2 2.8 1.8 4.3 2.9 7.5
Orchard Grass 15 1.0 3.1 2.1 55 3.7 9.6 6.4 17.5
Pear 1.7 1.0 2.3 1.6 3.3 2.2 4.8 3.2 8.0
Pecan’ 1.9 1.3* 2.4* 1.6%* 3.2* 2.4%* 4.6 3.0%* 8.0*
Pepper 1.5 1.0 2.2 1.5 3.3 2.2 5.1 3.4 8.5
Potato, Irish 17 11 25 1.7 3.8 25 5.9 3.9 10.0
Potato, Sweet 15 1.0 2.4 1.6 3.8 25 6.0 4.0 10.5
Radish 12 0.8 2.0 1.3 3.1 2.1 5.0 34 9.0
Ryegrass, Perennial 5.6 3.7 6.9 4.6 8.9 5.9 12.2 8.1 19.0
Safflower 5.3 35 6.2 4.1 7.6 5.0 9.9 6.6 14.5
Soybean 5.0 3.3 5.5 3.7 6.2 4.2 7.5 5.0 10.0
Spinach 2.0 1.3 3.3 2.2 5.3 3.5 8.6 5.7 15.0
Sudan Grass 2.8 1.9 5.1 3.4 8.6 5.7 14.4 9.6 26.0
Tomato 2.5 1.7 35 2.3 5.0 3.4 7.6 5.0 12.5
Trefoil, Big 2.3 15 2.8 1.9 3.6 2.4 4.9 3.3 7.5
Trefoil, Birdsfoot 5.0 3.3 6.0 4.0 7.5 5.0 10.0 6.7 15.0
Wheat 6.0 4.0 7.4 4.9 9.5 6.4 13.0 8.7 20.0
Wheatgrass, Crested 35 2.3 6.0 4.0 9.8 6.5 16.0 11.0 28.5
Wheatgrass, Tall 7.5 5.0 9.9 6.6 13.3 9.0 19.4 13.0 315
Wild Rye, beardless 2.7 1.8 4.4 2.9 6.9 4.6 11.0 7.4 19.5

Y ECe is the electrical conductivity of saturated soil extract, reported in millimhos per centimeter at 25°C.
2ECw is the electrical conductivity of the irrigation water, reported in millimhos per centimeter at 25°C.

% Maximum ECe is the conductivity of saturated soil extract, reported in millimhos per centimeter at 25°C, at which the plant dies.
4Complete data is not currently available for pecans. The * is an interpolation between the 0% and 50% range. The ** for ECw is

calculated as ECe x 0.67, which is a general rule of thumb for these ratios under average conditions.
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(WO —9NGypsum (CasS0y-2H;0) & Elemental Sulfur (8") Soil Amendment GUIDE

NOTE: If you're nol sure of the benefits of gypsum or elemental sulfur, then demonstrate on a small portion of a field & evaluate results.
= Infiltration Assessment
Soil Yo = g gﬂ i ‘ Inches Rl,’!.ill'ii'ﬁﬂ.h on Use
; Clav "E- B 3 ulk Applied SAR Units: ECiw (dS/m)
Texture T 8 E ES | Demsity W g Slight to
=R S @em’) M neke | 1.0 | 20 | 3.0 Nome | Mod. | Severe
| Sands [ 2-8  2-6 @ 1.65 Family Infiltration 0-3  >07 | 07-02 <02
Loamy Sands 2-14 & 1.6 Time (Hrs) |
[ Fine Sands & 0.1 T 3=6 . =1 |13=035 =03
Very FineSands | 2-8 S& | 168 | 28 | 105 | 223 |
| Loamy Fine Sands § o 0.3 6-12 >1.9 19-05 <05
Loamy Very F. Sands | 2-14 £ 16 | 10 | 35 | 68 |
Sandy Loam L= 0.5 12-120 >29 | 29-13 <13
Fine Sandy Loam 2-18 3-8 ZE 1.56 | 063 | 2.0 | 38 |
| Very F. Sandy Loam SE | 18 0.75 0-40 =50 | 50-29 <29
Loam 10-26 118 }Ei 1.42 | 048 | 15 | 28 ' |
Silt Loam 2-26 |30 19 By [ 146 1.0 |
silt 2-10 SE | 147 [ 933 | L9 | % © Soil Structure Downward
S‘Bl)d:,~ '[:I:I.I}' Loam 221 =36 §§ 1.4 1_15 | Movement of waler
Silty Clay Loam 1.27 | 028 | 08 | 15 Single Grain
_ Clay Loam | 28-38 23S 1m 1.5 Granular | Rapid
Sandy Clay 38-54 s 1.33 | 023 | 07 | 13 Blocky
Silty Clay 2-58 o3 3 1.23 1.75 Prismatic | IloCepate
Clay 42-98 | 1.25 020 | 06 | 11 Platy
_ | | Massive | Slow
constant x soil x bulk x CEC x (initial SAR - final SAR) x multiplication + gypsum + 2000 = gypsum
depth density factor purity requirement
L @31 x (feet) x (g/em’) x (meq/100g) x (initial SAR—final SAR) x  (125)  + (%) + (2000) = (tonsfac)
Gypsum 231 x 050 x 134 ﬂ)ll:lnl X 140meglg x (13-6) x 125 + 0.80 + 2000 = 1.2 tonsof Gypsum/ac
Example
Sulfur 1.3 tons/ac of pure gypsum needed x 0.19° = 0.25 tons of Elemental Sulfur/ac needed (or 494 Ihs./ac)
Example
Considerations in the use of soil amendments: Soils Intake Family, Water Quality (ECiw & SAR), Soil Structure, Stratified Soils, Irrigation
Water Management, crop rotations (residue management), leaching requirement, tillage operations (i.e., Soil Conditioning Index (SCI) and
| Soil Tillage Intensity Rating (STIR)), % Soil Organic Matter, etc. Important: Are Svils characterized as Saline, Saline-Sodic or Sodic.

*Use 0,19 to convert an equivalent amount of pure gypsum into an S* requirement (Ref. NRCS Salinity Mgmt. for Soil & Water — pg. 5.42). rudy garcia 2008
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Producer:

2009 NCSS Conference

(C5—12) Farm Record Form (Case Study)

Variely: Soils: | Acres: Trrigation Water
: Source (canul,
Corn Silage 2 'g -E-
*Inputs Monthly Crop GDD = Grawing =« |[© £
& Evapatranzpirulion Degree Days g -_g 5_
(ET¢) - L
Mgmt. BT AR e Tatal GDD to reach B 'S
Practices .,4"‘/" K Crop Maturity = 2,848 § = =
% | ¢ | o EI
Trrigations
(IWM Evaluation)
Moisture
Monitoring (chy)
Waler (W), Soil
(8), Petiole (P) &
Tissue (T) samples
Fertilize
(N, P, K Other)
Pesticides
Herhicides
(Weed ID) [ |
Cultivation
(type)
Soil amendments;
Gypsum, Manure,
Sullur, other i o =
OTITER: Planting
{Seeds, Ihafac),
Pruning, Harvest,
Irrigation O&M,
Marketing, eic,
* Refer to TWM
ez, Fonding, Suil Field Manuzl
Crusts, Erosion, Sectinns Tor Tech.
Salinmity, Diseuse, Guidance on
clc, :
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Station 3 — Soil Quality Test Kit Demonstration

“The nation that destroys its soil destroys itself”

- Franklin D. Roosevelt
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Soil Quality Test Kit

What soil tests are in the kit?

Measuring soil quality-provides guidelines for sampling and site
characterization.

Soil respiration-measured using an aluminum cylinder that is 6
inches in diameter and 5 inches long. The cylinder is capped and
accumulated carbon dioxide respired by soil organisms and plant
roots is measured. Respiration provides a measure of biological
activity, which is related to nutrient cycling and breakdown of
pollutants in the soil.

Infiltration-measured using the same cylinder as in the soil respiration test. Infiltration is important to
reducing runoff and storing water in the soil for plant growth.

Bulk density-measured by inserting a 3-inch-diameter cylinder 3 inches into the soil surface and
removing the intact soil. Bulk density is related to root growth, biological activity, and movement of water
and air in the soil.

Electrical conductivity (EC)-measured with a pocket EC meter. It provides a measure of salinity (excess
salts) in the soil.

Soil pH-measured with a pocket pH meter. It relates to nutrient availability and plant growth.

Soil nitrate-measured by dipping nitrate test strips into the solution filtered from a 1:1 ratio soil/water
mixture. Soil nitrate levels are important for plant growth and water quality.

Aggregate stability-determined by sieving soil in water and measuring the amount of aggregates greater
than 0.25 mm in diameter that remain on the sieve. Aggregation is important in decreasing erosion,
increasing water and air movement, and preserving organic matter in the soil.

Soil slaking-determined by putting soil fragments or aggregates in water and estimating the degree of
slaking. Slaking is important to reducing erosion and development of surface crusts.

Earthworms-determined by counting the number of earthworms found in a square-foot hole. They are
important in nutrient cycling and creating large pores for water and air movement in the soil.

Soil physical observations and estimations-shows how to observe soil structure and root patterns and
to estimate topsoil depth, penetration resistance, and soil texture in the soil profile.

These properties are important to the physical environment for plant growth.

Water quality tests: (estimates salinity, nitrate and nitrite levels in water).

Electrical conductivity (EC)-measured with a pocket EC meter. It provides a measure of salinity (excess
salts) in the water.

Soil pH-measured with a pocket pH meter. It relates to nutrient availability and plant growth.

Soil nitrate-measured by dipping nitrate test strips into the solution filtered from a 1:1 ratio soil/water
mixture. Soil nitrate levels are important for plant growth and water quality.

Clarence Chavez, 2009
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Soil Respiration Test:

Full Description of the procedure is at:  http://soils.usda.gov/sqgi/assessment/files/chpt2.pdf

Simplified version of procedure:

1: Drive Ring into Soil. Make sure that the soil has been wet
for at least 6 to 24 hours.

2: Cover the Ring with plastic lid and wait for 30 minutes to
allow CO2 to accumulate in the ring.

3. Connect all parts of the Draeger Tube Apparatus.

e Connect the needle to one of the section of plastic
tubing.

e On the other end of the same tubing connect the
Draeger tub (remember to break open both ends of the
Draeger tube before connecting and note that the
arrow on the tube points away from the needle).

e Connect the second piece of plastic tubing to the other
end of the Draeger tub.

e Connect the syringe to the end of the plastic tubing.

4. Insert the needle on the end of the syringe apparatus in to
the stopper on one of the plastic lid on the ring after the 30
minute wait.

¢ Insert another needle at the other end of the stopper
on the plastic lid on the ring. This will create air flow
when the syringe is drawn.

5. Start drawing the syringe at a rate of 100cc over a 15
second span.
6. Record the soil Temperature and the percent of CO2.

7. Enter the reading from the Draeger tube apparatus on the data worksheet.
8. Run the Soil Respiration Calculations.
(Ib CO2-Cl/acre/day) = PF x TF x (%CO2 - 0.035) x 22.91 x H
PF = pressure factor = 1
TF = temperature factor = (soil temperature in Celsius + 273) + 273
H = inside height of ring = 5.08 cm (2 inches)
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Soil respiration (Ilbs CO2-C/a/d)
Class Soil condition:

0.0 - No soil activity Soil has no biological activity and is virtually sterile.

<9.5 - Verylow soil activity
Soil is very depleted of available organic matter and has
little biological activity.

9.5 — 16 - Moderately low soil activity
Soil is somewhat depleted of available organic matter,
and biological activity is low.

16 — 32 - Medium soil activity
Soil is approaching or declining from an ideal state of
biological activity.

32 — 64 - Ideal soil activity
Soil is in an ideal state of biological activity and has
adequate organic matter and active populations of
microorganisms.

>64 - Unusually high soil activity
Soil has a very high level of microbial activity and has
high levels of available organic matter, possibly from the
addition of large quantities of fresh organic matter or manure.

Conversion of Woods End Solvita respiration levels: (mg CO2/kg/wk) x 0.039 x (1.2 g/cm3) x
(7.6 cm depth) +~ 10 x 0.89 = (Ibs CO2-C/acre/day). It was assumed all respiration was
coming from a 7.6 cm depth with an average bulk density of 1.2 g/cm3 (Doran et al., 1997).

((0.5X0.39 X1.2 X7.6) / 10) X 0.89 = 0.015
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Infiltration Test:

Full Description of the procedure is at: http://soils.usda.gov/sgi/assessment/files/chpt3.pdf

Simplified version of procedure:

1. Firm the Soil along the inside edges of the 6 inch ring used in the respiration test.
2. Line the inside of the ring with plastic wrap.
3. Pour 444 mL of distilled water (15 oz or 1 inch of water).

4. Remove the plastic wrap (slowly) and record the time.
¢ Record the amount of time (in minutes) it takes for the 1" of water to infiltrate the soil.
e Stop timing when the surface is just glistening.

5. If the soil was not at field capacity it is recommended to repeat the infiltration test.
¢ In the same ring, perform Steps 2, 3, & 4 with a second inch of water.
¢ On the Soil Data worksheet, enter the number of minutes elapsed for the second infiltration
measurement.

Note: A second respiration measurement will be performed, set the lid loosely on the ring and leave it

covered for preferably 16 to 24 hours (6-hour minimum) before beginning the second test (Chapter 2).
(Remove lid and replace it before beginning the second soil respiration measurement).
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Bulk Density Test:

Full Description of the procedure is at: http://soils.usda.gov/sqgi/assessment/files/chpt4.pdf

Simplified version of procedure:
1. Drive Ring into Soil
e Using the hand sledge and block of wood, drive the 3-inch diameter ring, beveled edge
down, to a depth of 3 inches .

e The exact depth of the ring must be determined for accurate measurement of soil
volume. To do this, the height of the ring above the soil should be measured. Take four
measurements (evenly spaced) of the height from the soil surface to the top of the ring
and calculate the average. Record the average on the Soil Data worksheet.

Dig around the ring.

With the trowel underneath it, carefully lift it out to prevent any loss of soil.
Remove excess soil from the sample with a flat bladed knife.

The bottom of the sample should be flat

oukhwnN

Note: the remainder of the procedure should be done in a lab or office or home.

7. Weigh the soil sample in its bag.

8. Extract Subsample to Determine Water Content and Dry Soil Weight.
e Take a 1/8-cup level scoop subsample of loose soil (not packed down) from the plastic
e Bag and place it in a paper cup (a glass or ceramic cup may be used).

9. Weigh and Record Subsample in its cup. (also weigh the cup w/o subsample) and record.

10. Dry the subsample in a microwave.
e Two or more, four minute cycles at full power.
e When its weight does not change after a drying cycle, then it is dry.

11. Calculations (see page 13) in the soil quality test kit guide.
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Soil texture

Ideal bulk densities

2009 NCSS Conference

Bulk densities that may Bulk densities that

sands, loamy sands
sandy loams, loams

sandy clay loams,
loams, clay loams

silts, silt loams

silt loams,
silty clay loams

sandy clays, silty

clays,

some clay loams
(35-45% clay)
clays (> 45% clay)

(g/cm3)
<1.60

<1.40

<1.40

<1.30

<1.40

<1.10

<1.10

affect root growth restrict root growth

(g/cm3) (g/cm3)
1.69 > 1.80
1.63 > 1.80
1.60 > 1.75
1.60 > 1.75
1.55 > 1.65
1.49 > 1.58
1.39 > 1.47

Soil bulk density can serve as an indicator of compaction and relative restrictions to root growth

Note: soils with rock fragments have their own procedure.
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Electrical Conductivity Test

2009 NCSS Conference

Full Description of the procedure is at: http://soils.usda.gov/sqgi/assessment/files/chpt5.pdf

Electrical conductivity, pH, and soil nitrate are all measured from the same soil subsample

| 5

i

Pocket Meter for Electrical Conductivity (EC)

Simplified version of procedure:

1. Collect a 1/8 cup of the soil surface.

Pocket Meter for pH

e Place itin the plastic container.

2. Add 1/8 cup of distilled water to the plastic container.
e Put the lid on the container and shake vigorously about 30 to 45 seconds.

3. Insert the EC pocket meter into the soil-water mixture. (See Calibration Tip).
e Take the reading while the soil particles are still suspended in solution

e Do not immerse the meter above the immersion level.

e Allow the reading to stabilize.

4. Turn the meter off and thoroughly rinse the meter with distilled water.

e Save the soil-water mixture for the pH measurement

Note: This test can also be performed on irrigation water samples.

EC
(dS m-1 at 25 C) Salinity class Crop response Microbial response
0-0.98 Non saline Almost negligible Few organisms affected
effects
0.98-1.71 Very slightly saline Yields of very sensitive  Selected microbial processes

nitrification)

1.71-3.16 Slightly saline
3.16 - 6.07 Moderately saline
> 6.07 Strongly saline

crops restricted

Yields of most crops
Restricted

Only tolerant crops
yield satisfactorily

altered (nitrification/de-

Major microbial processes
influenced (respiration/
ammonification)

Salt tolerant microorganisms
predominate (fungi,
actinomycetes, some bacteria)

Only very tolerant crops A select few halophytic

yield satisfactorily
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Soil pH Test

Full Description of the procedure is at: http://soils.usda.gov/sgi/assessment/files/chpt6.pdf

Simplified version of procedure:

1 Collect a 1/8 cup of the soil surface.
e Place it in the plastic container.

2 Add 1/8 cup of distilled water to the plastic container.
e Put the lid on the container and shake vigorously about 30 to 45 seconds.

3. Insert the pH pocket meter into the soil-water mixture, (See Calibration Tip).
e Take the reading while the soil particles are still suspended in solution
e Do not immerse the meter above the immersion level.
¢ Allow the reading to stabilize.

5. Turn the meter off and thoroughly rinse the meter with
Note: this test can also be done on irrigation water samples.

155



Guidebook to Field Tours 2009 NCSS Conference

Soil Nitrate Test (NO3)

Use the same sample prepared for the EC and pH tests to measure soil nitrates. If you are starting with
a fresh soil sample, read the introduction and follow Steps 1-3 in the EC Test Chapter on
preparing the sample.

Full Description of the procedure is at: http://soils.usda.gov/sqgi/assessment/files/chpt7.pdf

Simplified version of procedure:

1. Fold the filter paper in half (into a cone).

2. Open the filter paper into the shape of a cone and push it quickly into the jar with the soil/water
mixture.
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3. Wait until about an eye dropper full of the solution has seeped through to the inside of the filter
paper.

4. Using the eye dropper and on nitrate/nitrite test strip, place 1 or 2 drops of the filtered solution on
each of the strips two pads. Note the time.

5. Record the time, after 60 seconds read the nitrate/nitrite test strip.
¢ Estimate the nitrate amount according to the degree of color change.
e Enter the value from the nitrate scale on the Soil Data worksheet in ppm

6. Using the value in ppm in the for Calculation (page 17 of the guide book).

Estimated (Ib NO3-N/acre) =
(ppm extract NO3-N) x (depth of soil sampled in cm) x bulk density x 0.89
10

Note: this test can also be done on irrigation water samples.

Generalized soil nitrogen cycle:

Fixation

Leaching = I:IHI'H hﬂnprﬂh
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Aggregate Stability

Full Description of the procedure is at: http://soils.usda.gov/sqgi/assessment/files/chpt7.pdf

Simplified version of procedure:

Considerations: If the soil is moist, air-dry a sample before determining aggregate stability.
When taking a soil sample, care should taken not to disrupt the soil aggregates.

1. Sieve an air dry soil sample.

Put about % cup of soil in a 2mm sieve and shake
collecting the soil that is passing through.
Try and pass all of the soil particles. (no rock fragments).

2. weigh the sieved soil sample.

Record the weight on the worksheet

3. Weigh out 10 grams of the soil from the previous step.

Place the soil sample in the .25mm sieve.
Lay a terry cloth sheet with distilled water
Slow the soil to wet up slowly, wet the soil for five minutes.

4. Using the lid to the plastic container, place the sieve’s with soil in to it.

Add distilled water to just above the soil sample.

Slowly move the sieve up and down in the water

Make sure the aggregates remain immersed in water on the upstroke.
After wetting, place the sieves on a dry terry cloth.

6. Place the sieve containing the aggregates on the drying apparatus

Allow the samples to dry using the low power setting.
Be careful when drying the soil to prevent particles from blowing out of the sieve.
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7. After drying, weigh the sieve containing the aggregates.
o Weight of the sieve and aggregates / recode the weight.

8. Prepare the calgon solution
e Calgon solution: put about 2 tbsp of calgon per 1/2 gallon of tap water. (Or about 1/2 thsp
of calgon per 1 quart of tap water).
e Letthe aggregates in the sieve to soak for five minutes,
e Moving the sieve up and down.
¢ Only the sand particles should remain in the sieve.

9. Remove the excess water by first placing the sieve with the sand on a dry terry cloth.
e Allow the sand to dry.
e After drying, weigh the sieve containing the sand.
e Record the weight of the sieve plus sand on the worksheet.

10. Complete the water stable aggregate calculations.

Table 8:

Organic Matter Water Stable Clay Water Stable
(%) Aggregates (%) (%) Aggregates (%)
04 53 5 60

0.8 66 10 65

1.2 70 20 70

2 75 30 74

4 77 40 78

8 81 60 82

12 85 80 86

Example: A soil with 2% organic matter and 10% clay, the suitable aggregate stability
range (taken from Table 8) would be 65 to 75% water stable aggregates.
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Slake Test

Full Description of the procedure is at:
http://soils.usda.gov/sqi/assessment/files/chpt9.pdf

Simplified version of procedure:

Considerations: The soil should be Air-Dry when running this
test.

1. Carefully remove soil fragments or aggregates (little clods or ped) from the surface.
o Ifthere is a surface crust, carefully sample it.
e Be careful not to shatter the soil fragments or ped’s while sampling.
e Collect 16 separate soil fragments/peds/clods.

2. Remove the baskets from the stability kit and set aside.
e Fill the compartments in the box with water.
e The water should be 2 cm deep
e The temperature of water should be the same as the soil temperature.

3. Place soil fragments in the basket one at a time.
e Lower one of the sieves into the box compartment filled with water.
Notice the soil fragment for five minutes.
After five minutes, raise the basket out of the water.
Then lower it back in to the bottom of the box compartment filled with water.
Repeat immersion four times (total of five immersions).
Refer to the stability class table below to determine classes...

Stability
Class Criteria for assignment to stability class (for “Standard Characterization”)
0 - Soil too unstable to sample (falls through sieve).
1 - 50 % of structural integrity lost within 5 seconds of insertion in water.
2 - 50 % of structural integrity lost 5 - 30 seconds after insertion.
3 - 50 % of structural integrity lost 30 - 300 seconds after insertion or < 10 % of
soil remains on the sieve after 5 dipping cycles.
- 10 - 25% of soil remaining on sieve after 5 dipping cycles.
25 - 75% of soil remaining on sieve after 5 dipping cycles.
- 75-100% of soil remaining on sieve after 5 dipping cycles.

oo
1
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Earthworms

Full Description of the procedure is at: http://soils.usda.gov/sqgi/assessment/files/chpt10.pdf

Simplified version of procedure:

Considerations: When examining the soil for earthworms, avoid places where their populations

might be affected, such as near mulch or compost piles. The abundance of earthworms is usually
patchy within a field and varies with season. Therefore, count earthworms several times during a
season and use the average to gauge changes from year to year.

1. Dig a soil pit, about 12 inches wide, 12 inches long and 12 inches deep.
e Try to minimize the number of cuts with the shovel to avoid damage to the earthworms.
¢ Pile the soil to one side of the hole/pit.

2. Separate and count the number of earthworms.
e Record the total number of earthworms (those found in the hole).
e You could also use a mustard solution to flush out any additional earthworms
e Mustard solution ( 2 tbs., of mustard powder in ¥ gallon of tap water).
e If you use the mustard solution, you should rinse the earthworms in water before returning
them to the soil.

Note: About 10 earthworms per square foot of soil are generally considered a good population.
Populations generally do not exceed 20 per square foot of soil generally.

Note: the action of microorganisms (breaking down plant and animal residues and creating soil
organic matter and humus as a binding material).
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Soil Physical Observations and Estimations.

Full Description of the procedure is at: http://soils.usda.gov/sqgi/assessment/files/chptll.pdf

Simplified version of procedure:

1. Dig a hole about 1 foot deep and 1 foot
wide.

2. Measure the depth of the topsoil. Look for
color changes from the soil surface downward
through the soil pit face.

e Record the darker surface layer.

3. Take alook at the roots in the hole.
e The roots should be well branched
with lots of fine root hairs.
e Look for restrictive layers, the roots
will tell you.

4. Feel for restrictive layers, with metal rod.
e Feel for the resistance as you push
the rod into the soil.

A penetrometer can also be used, it measures PSI.

5. Look at the soil structure and measure in the different layers. Soil structure affects the retention and
transmission of water and air in the soil as well as the mechanical properties of the soil. Observing and
describing soil structure in the field is subjective and qualitative.

e Record the type, size and grade of the structural aggregates for each layer.

e Type: Granular, Blocky, Platy, Single grain, or Massive.

e Size: Platy or Blocky - Fine, medium or thick.

Soil processes involved in the development of soil structure are as follows (Rowell, 1994):

- Drying and wetting, which cause shrinking and swelling, creating cracks and channels;

- Freezing and thawing, which creates spaces as ice is formed;

- The action of roots (removal of water, release of exudates (organic materials), and formation of root

channels);
- The action of soil animals (moving soil material around, creating burrows, and bringing soil
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Figure 4. General position of soil compaction zones in cultivated systems (Bennie, 1996)
CULTIVATED LAYER (9 inches) Zone 1 through 4:

Zone 1: Surface crusting, which may impede seedling emergence and
water infiltration.
Zone 2: Low impedance zone for roots; loosened by tillage.

Zone 3: Plowed or deeply loosened cultivated soil that has been re-
compacted by vehicular traffic.

LOWEST LAYER OF THE PROWLAYER (10 TO 14 inches) ZONE 4
Zone 4: Subsoil compaction by wheel traffic and tillage implement-soil
interactions during tillage.

SUBSOIL LAYER (15 inches plus) ZONE 5

Zone 5: May contain high mechanical impedance due to inherent actors,
such as duripans, fragipans, ortstein layers, petrocalcic layers etc. which
may occur near the surface if topsoil is not present.

Penetration resistance depends strongly on the soil water content: the dryer the soil, the greater the
resistance to penetration. Therefore, the water content of the soil should be noted when taking a
measurement. Penetration resistance is best determined when the soil is at field capacity, which is a
uniform condition that can be reproduced from season to season.

6. Texture can be determined by feel. Place approximately ¥4 cup of soil in palm. Add water drop wise
and knead the soil to break down all aggregates. Soil is at the proper consistency when plastic and
moldable, like moist putty.

e Sand - feels gritty. - 2.0 mm (very coarse) to .05 mm (very fine);

o Silt - feels smooth like baby powder or foot powder. - .05 mm to .002 mm;

o Clay —feels sticky. - Smaller than .002 mm.
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Twelve Soil Textural Classes. Definitions of the 12 textural classes are based on the relative
proportion, or weight, of these three particle classifications. Sandy soil, for example, has a greater
proportion of sand particles than silt or clay. In reading the textural triangle (Figure 5), any two
particle size percentages will locate the textural class. For example, a soil containing 20% clay
and 40% sand is located in the loam textural class (Figure 5).

USDA Soil Texture Triangle.
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Station 4 - Irrigation Water Management

NM Integrated Water Management Handbook
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IWM — 1. - Planning for Irrigation Water Management

The Natural Resources Conservation Service provides technical assistance in
planning and designing irrigation systems with landowners. This planning process
includes the following steps:

. Identify resources of concern,

. Determine irrigator objectives,

. Inventory resources,

. Analyze resource data,

. Formulate irrigation alternatives,

. Evaluate alternatives,

. Document decisions,

. Water user implements irrigation plan,
. Follow-up.

O©CO~NOOUTA,WN B

CONSIDERATIONS FOR PLANNING AN IRRIGATION SYSTEM

Some of the major items to consider in planning an on-farm irrigation system are:

e Water Quantity Available — How much water is available for irrigation and when is it
available?

e Water Quantity Needed — Is there adequate water available to meet the demand of
the crops to be grown while considering the irrigation efficiency?

e Water Quality — Is the salinity, pH and mineral content of the water compatible with
the planned crops and irrigation method?

e Irrigation Method — Is the proposed irrigation method compatible for the crop to be
grown?

e Soil Type — Is the proposed irrigation method compatible with the soil type, in terms
of infiltration rate, water holding capacity, and stratification that may exist in the soil
profile?

e Opportunities/Strategies for Saving Water — community/watershed meetings, action
plans — see example this section

On lands used primarily for field and forage crop production, orchards, and
ornamental crops, the producer’s inputs and management practices may have a
significant impact on the current and future conditions of Soil, Water, Air, Plant, Animal
and Human (SWAPA + H). As well as soils, rainfall and other natural resource
information, cropland inventory needs to include a description of current crops, crop
rotations, tillage operations, nutrient and pest management inputs, livestock numbers
and class, available equipment, and the timing and management of other important
activities. The best source for this information is the client and is best collected when
the client and the planner work together on-site in the planning area (field, tract or farm).
The overall Cropland Inventory Worksheets (Agronomy Tech Note 70,
http://www.nm.nrcs.usda.gov/technical/tech-notes/agro/ag70.doc) and the IWM

Inventory (in the following section) can be used.
Linda Scheffe, 2008
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Producer:
Crop:
Variety:
Crop Rotations:
Predominant Soil{s): _

Soil Texture:

Acres: e L .

Field width (L) x Field length (1t.) + 43,560 =
Acres

Irrigation System Type and Delivery System

{concrete ditch, pipe, surface, sprinkler, drip, etc.):

2009 NCSS Conference

__(IWM —2) IWM Resource Inventory
Field #:
Flanting Date:
Seeding Rate:
Row Spacing:
Soil Structure (e.g., granular, blocky, platy, etc.)

Soil Intake Family:

Soil Moisture Monitoring
(Type):
Source of irrigation water (canal, well, spring,
other):

TWM Evaluation Date:

Harvest date(s):
Yield:

Quality:
Soil Drainage (Rapid, Moderate and Slow):

Number of Irrigations/vr.:

Average time (hrs)firrigation:

Net application depth (in.):

Total Water Applied to Crop:

When is irrigation water available (e.g., on

Water Quality (ECiw & SAR): demand, fixed schedule, rotation, pumped ete.):
Irrigation Application Efficiency: %
Mainline Size (in) Revolution/ Set Time / Speed of Gun (hr)
Lateral Spacing (ft) Operating Pressure of Line (psi)
Sprinkler Head Spacing (ft) Pressure Regulator Rating (Y or N)
Nozzle Size (in) Nozzle output (gpm)
Surface Svsiem:
Length of field(s) (ft) Grade at end of field (Circle one) | Flat Moderate  Steep
Furrow/Border Spacing System Type | Siphon tubes Gated pipe  High flow turnouts
% slope of land Delivery System (type and condition)
Turnout (cfs)
Subsurface Drip:
Depth of Tubing (in) Inch per day application rate (in/day)
Emitter Size (gal/hr) Design Efficiency (%)
Emitter Spacing (in) Type of filtration (explain)

Record Field Observations such as runoff, water-induced soil erosion, deep percolation, shallow water table, soil stratification,

clay lenses, shallow soils over coarse sand/cobbles/rocks, tail water, ponding, crusting, surface sealing, steep slopes,

compaction, salt crust, ete.:
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(IWM - 3) Soils Data Interpretation Table for IWM Plunnm 1

5 = &

_ 2 12 O

Soil Texture | < S |
Sands 8-98 | 2-14 | 2.8
Loamy Sands TE-88 | 2:28 | 2-14
Fine Sands 86-98 | 2-14 | 2-8
Ln‘;’- F—?gﬂ:‘d 86-98 | 2-14 | 2-8
Im;’u"“ 3 ':mz! 72-88 | 2-28 | 2-14
| 72-68 | 2-28 | 2-14
Sandy Loam 1684 | 2-48 | 218
| Fine Sandy Loam | 4o g4 ' 2.48 | 2-18
V.F.Sandy Loam | 46-84 | 2-48 | 2-18
Loam 26-50 | 30-48 | 10-26
Sil¢ Loam 248 | :2-78 | 2-26

Silt

| 218 | 8:2-98 | 2-10
Sandy Clay Loam | 46-78 | 2-26 | 22-36
Silty Clay Loam 2-18 | 42-70 | 28-38
| ALy L omm 22- 44 | 18-50 | 28-38
Sandy Clay 46-62 | 2-16 | IR-54
Silty Clay 2-18 | 42-58 | 42-58
Clay 344 | 2-38 | 42-98

* V=Voy & F=Fine
«  Particle diameter (mm) for Sand, Silt & Clay: Very Coarse Sand (2.0 -
1.0}, Coarse Sand (1.0 - 0.5), Med. Sand (0.5 - 0.25), Fine Sand (0,25 -
0.1}, Very Fine Sand (0.1 - 0.05), Silt (0005 - 0L002) and Clay (< 0.002)
+  Cation Exchange Capacity (CEC) taken from the Western Ferfilizer
Handbook, 2™ K., 1995
NOTE: Soil structure is ‘evaluated for its effect on downward movement of water: Single grain (rapid), Granular (rapid), Blocky (moderate), Prismatic
{moderate), Blaty (slow) and Massive (slow). The Soil Intake Family (tvpically 0.1 thru 2.0) is used in WM fcld evaluntions and irrigation system design.
Ievigation Wuter Quality (i.c., Electrical Conductivity of irrigation water { ECiw ) in dS/m & Sodium Adsorption Ratio (SAR)) is evaluated for ils potentisl
detrimental effects on plant moisture availability and water infiltration,

(meq/100g)

4 CEC Range

|
-

15-30

2009 NCSS Conference

EEo s.sanng Agaﬂ:m P e
28% %1 : il
AR ==k e [ %
| VoL | m Vol | in/ft | Vol | in/ft

1.65 | 448 | 623 | 747 417 | 0.5 | 311 | 3.73
1.6 | 435 | 604 | 725 833 | 1.0 | 243 | 2.9
1.65 4.48

1.65 4.48

16 | 435 ©15 738 104 125 179 2158
1.6 | 435 | | |
1.56 | 4.24

156 | 424 | 8.8 | 7.06 12.5 | 1.5 | 163 | 1.96
1.53 4.16

1.42 3.86

1.46 | 397 54 6,65 167 20 | 11.8 141
1.47 | 3.99 | | |
1.4 3B

127 | 345 02 6m 183 22 | 115 138
132 | 359 | | |
1.33 3.61

1.23 334 479 575 167 2.0 | 139 167
1.25 4 | | |

168

Bulk !melt} (Ref, bulk density caleulator @ Fuimphm com)
Unavailable Water (Ref, Figure 1-2 of the National Engincering

Handbook; Section 15 — Irrigation)

Available Water (Ref. NRCS Salinity Management for Soil & Water;

Table 5.1, page 5.10 )
FC = Field Capacity.

rudy garcia 2008
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Irrigation scheduling Location of moisture sensors by crop

Elactrical Resisiance Blocks

il moisture
1. Teraksmeters

2. Electrical R

Fime: Sarcky ¢y loass . 500 0F Chy bam Evgms o 070 comibas
Vina Sandy clay, S¥ or Clay reggals o 7080 G b

M il moistur I i
Peoan-onshard - RCS Soil moisture table by type of sail
We s slde 1 I v tan Coare; Meslvrately i Mumberaely Eine:
X = Rani, [ samds, very Comrse: . L Banidy loam - Bamdy day
5 L amide, Loy Samdy lnam | sdim Sanily oy lsam Rllny alay
80 Manlbed ng b sandi, Loassy i B Eamily hasis =211 lnam Aty clay b Clay
vate of change | wands & Lommy very ) L] lay bnam
== LR T ::’r:: Ane Landt :
= Iﬁ Temsisn, i4 jut Approxinate Soll Mobiere Sensor readings st the tine of Trrigation (1nits: eentlbars - chi)
[ |I "FII R ——— [T I Bruiga Mests schvod uling bs 1y pheally D on wensor readbags (n fhe 67 - 97 (ool nose depdh)
& }{ ]I ]I = | e sceaa w-ch | w-meh | s-secb | 60-m0ch 0 - 80 ch
itsling ased
| 1, ,.IE'. 1o sliedile Dhr Emter the date of Irrigation mnd (e seosor reading (read of leasd onee o weeky
f { Irigaiion
e Apuit bl e b e 2ch
& T Imganen R0 X W
= L Teew, Iret M B
- W Wd i
i M e 1w 4
' wie 11 4
Jmnre
by
Imigation scheduling will depend of the type of soil
T ® Verycoars Sandy sed may be invigated st 30-40 certihars.
rer—r & Coarse Sty bam , ne Sanchy Lo sl ripmed o 40.50 o iurs
Dciaber w Rhpcdium Sandy loam, S koem omigeed & M- ool ftan
-
-
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(IWM —8) Gross Crop Irrigation Water Requirement GUIDE

between Fg & Total in. applicd/ac./yr.)

Steps to Calculate the Crop Enter Example Calculation Results NM IWM Manual
Irrigation Water Requirement | _R-t'sutls . (Alfalfa) References & Notles:
Fe = ECe(et)ECiw » Crop Salt Tolerance Table for

= Fe=20/1.0= 2.0 _ NM _
2 | Fe= Ratio of the Crop Threshold Salinity # Irrigation Water Quality
z (ECe,,) to the Electrical Conductivity of Alfalfa ECe(ct) = 2.0 dS/m Sam pling

irrigation water (ECiw). Units: dS/m | _ECiw = 1.0 dS/m
3 LF = 0.3086/Fc" ™ | » Salinity Assessment GUIDE
& LF=| 0.095 for Selected Crops
E L¥ = Leaching Fraction (for conventional LF = 030867200

irrigation; e.g. surface irrigation). LF =0.3086/3,254
i NIR=ETe¢/(1 -LF) NIR = | 44.21% »  NM Crop Consumptive Use
& NIR = 40.01/(1 - 0.095) Requirements (NRCS FOTG -
& | NIR = Net Irrigation Requirement (in.) NIR = 40.01/0.905 Section 1: Trrigation Guide for

ETc = Crop Evapotranspiration (in.) | ETc = 40,01 inches for Allalla NAD)

Ea = Irrigation needed (in.) + Ea= 0.824 > :rrlg;tlon “’ﬂlﬂ':tsqirl GLI:]NI*
= Irrigati ied (in.) | Ea =2.062.5 (82.4%) e.g. 3' root zone & Silt Loam
= AR AL L - - g soil @ 10% LF = 206" needed)
= 206" (Irr. needed) + 2.57 (Irr. applied) » T =DA Cal
“ | Ea=Irrigation Application Efficiency Irr. applied: 7.5 (cfs) x 2.0 (hrs.) + QT =DA Calculations for

| 6.0 (acres) = 2.5" applied. Amusing I'WM REquh"EII'IEI“.S

" Fg=NIR/Ea | = The caleulation of Fg is used
& | Fg= 53.7" in the Planning & Design of
= | Fg = Gross Irrigation Application needed = Trrigation Systems and the

: 2 : . ¥ — il — | A Fg_-iui.l la’ﬂ.s_l-l- [ | development of WM Plans
n (# Irr. /yr.) x (in. applied/Irr.) = | 13 Irrigations x ave. of 2.5/ Irr. = | 32.57 » Amount of Irr. Water applied
= Total in. applied/ac./yr. can differ substantially from
= - st the planned Gross Irrigation
= {e.g., Irrigated Meld approximately every !

{(Note: in. applied/Irr. is based on an avg.) 2-wks on a fixed schedule (Apr. — Oct.) application needed

= Fg — (Total in. applied/ac./yr.) = 83.7" (Fg)— 32.5" (Total in. # Inthis example, it is clear that
E {Note: evaluate reason(s) for the difference applied/ac./yr.)= | 21.27 :-:m ptive use is not being
>

ECe{ct) is taken from a soil saturation extract & the ECiw value is taken firom
a water test ( EC units: d5'm = mmhos/cm = mS/cm).

The LF equation used for High Frequency Irrigation is:
LF = 0.1794/Fe*™" (e.g. Drip irrigation)

rudy garcia 2008
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(IWM:-19) Surface Irrigation
Water Management :

Manning"s - n value
(Surface roughness):
= Alfalfa 0.15
= Drilled 0.10
F  Sod 0.25

= Smooth 0.04

- u""'“'"'""""“'“"ﬂluuh

N % Field Slope
| (0.0005 - 0,003 fr./1t.) (=Y

. .“-“'h’lmh‘-_-‘_m

Things to consider:
Water Quality

Water Quantity- Availability
Irrigation Scheduling
Crop Consumpdive Use
Rooi Zone Depih

Water Holding Capacity
5oil Texture

Soil Struciure

Irrigation EMiciency
Conducting o Field
Irrigation Evaluation

Irrigation System selection

L AL ARRARS
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