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Abstract

Growing populations and increasing demands for meat priodutave resulted
in an exponential increase in livestock farming. Minnesota has over 527,000 acres of
grazed woodlands and has been ranked in the top ten states in the United States for red
meat production, milk cows, cattle/calves, poultry and hog ptadu(MDA, 2016).

However, the majority of the woodland grazing has little to no management. As negative
effects can arise with unmanaged woodland grazing, silvopastoral implementation has
been proposed as an environmentally and economically benefiattpréor the

livestock farmers in Central Minnesota.

To assess the adoptability and meritsiwbgastoral systemshtee fiveacre
paddocks: conventional open pasture, unmanaged traditional woodlands, and silvopasture
whereestablished at three locat®im Crow Wing and Cass County irdral
Minnesota. Water infiltration was used as a metric for water quedggssmerand was
measuredn situand in the labSoil infiltration tests were conducted for five test
locations per paddock in Fall 2013, $ri2014, Fall 2014, Fall 2015 and Spring 2016
utilizing Modified Philip-Dunne falling head infiltrometer3he locations wereselected
randomly, but subjectively, to encompass a representation of the landsddpienally,
data collection for soil moista content, saturated hydraulic conductivity, and soil
properties (bulk density, porosity, soil texture) were conducted at each soil infiltration
test location. Subsurface nutrient transport and laboratory experiment components were

also added to the study



The soil infiltration results identified an increase in overall infiltration from the
beginning to the end of the project at 47 percent of the test locations, with 11 in the
silvopasture, six in the open pasture and four in the traditional forest padttmkever,
there were no consistent trends that emerged across all sites for soil infiltration. Statistical
analysis was used to further explore changes and identify any significant differences and
correlations between infiltration and variablegiksoi texture, bulk density, landscape
position, initial soil moisture, season and treatment type. Although there were significant
results between infiltration and some of the variables, there was no consistency across
research sitedVith no resoundingrendsor statistically significant resultg,is implied
that there arenany complex factors that influenseil infiltration in this project, not just
vegetation and animal management.

Subsurface nutrient transport was measured through bromide irasgus/ia
vadose zone access tubes and in a controlled environment via soil columns. The results
determined that although there was initial movement of bromide from undeveloped
secondary porosity in the soil profile, there was no evidence that the volume or
concentration of nutrient transport would cause groundwater pollution in these types of
soils with the implementation of silvopastoral practice

Factors that were identified most likely to contribute to changes in soil infiltration
were bulk density, initiasoil moisture content, vegetative growth (above and
belowground), secondary porosity and resiliency to disturbances. These factors are most
likely driven by vegetation and animal management, geology and soils, climate change

and prior land use.



Althoughresults are preliminary, it can be assumed fdraners thapractice
unmanaged woodland grazingn improvesoil infiltration without increasing the risk of
associateavater pdlution through the implementation of silvopasture systefisnger
trial period would be necessary to determine if there are any consistent and significant
changes irsoil infiltration rates and help identify key indicators of those changes

associated with the agtion of silvopastoral practicéis Central Minnesota.
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Chapter 1. Introduction
1.1.Purpose

The demand for global meat production hasaased with a growing population
by tripling in the last four decades and 20 percent in the last 10 years (Vatatdw
Institute, 2011). This has prompted increase in livestock production and land use
conversion. Throughout the United States, the primaagagement types for livestock
grazing include conventional open pastures and woodland grazing. Conventional open
pasture systemare comprised @rassland with minimal trees and shrubs present in the
landscape. Woodland grazing is agfsted system wittinimal silviculturalor forb
management, where livestock are allowed to graze freely. According to Clason and
Sharrow (2000), approximately 34 percent of all forests are being grazed throughout the
United States (as cilan Sharrow, 2007). However, tleeis another optiofor livestock
managemerknown assilvopasture (Garrett et al., 2004). Silvopasture is a form of
agroforestry that intentionally combines trees, forage and livestock in an integrated,
intensively managed, single system (Figure 1) (Aission for Temperate Agroforestry
N.D.). Researchers at the Center for Agroforestdycatedthat the environmental
benefits associated with management of silvopastoral systems will increase the amount of
forested land while mediating for the land degttémh issues that are associated with

grazing of livestock (Garrett et al., 2004).



Soil and water quality are dicdy related to land management; shuegetative
cover, geology and landscape, disturbances can offer insight on impacts to stream and
water body health. Some disturbances, such as land use changes, can alter the landscape
in a manner that changes and reduces the connectivity and proghaftivie land.
Disturbances can result in degraded soils, minimized wildlife habitat, alterations in
nutrient cycling and reduced water quality. Introduction of livestock into the landscape
without proper management can lead to soil compaction assowiditelsoof impact and
loss of soil health from overgrazinas well agontribute as a nepoint source pollution
of water resources.

In order to monitor the effects of these systems, ticrte gauge the merits and
adtability of a silvopastoral systeas an alternative for other livestock grazing
practices is needeBue to its negative correlation with overland flow and thereby, the

transport of excess nutrients and sediniemtearby surface water bodies, soil infiltration

2



can be used as a represdaotabf overall soil, water and landscape healthis study
examinedhe relationship between infiltration rates and nutrient transport with differing

types oflivestock grazig managemenn Central Minnesota.

1.2.Literature Review
1.2.1.Silvopasture

Most of thebenefits associated with silvopasture management can be attributed to
the integration of trees into perennial grasses and forb landscapes. Trees and forage create
an extensive, varying root system that increases soil porosity, which increases infiltration
rates and soil moisture storage (Neary et al., 2009). In addition, the accumulation of
forest litter and organic matter acts as a nutrient sink and a filtering system for excess
nutrients (Neary et al., 200&undersen et al., 20L0rhese extensive roogreones tend
to have a greater nutrient uptake (Nair et al., 2006), which aids in retaining nutrients,
such as phosphorus (P) and nitrogen (N), and the potentiatteaseunoff from the
landscape. Therefore, research has determined that silvopasterasgan benefit the
environment through soil conservation and improved soil quality, improved water
quality, increased nutrient storage and carbon sequestrasiovell asncreased wildlife
habitat protetton and aesthetic&arrett et al., 2004&hresha and Alavalapati, 2004;

Nyakatawa et al., 2011).



1.2.2.Factors Affecting Infiltration

Soi |l infiltration can contr ol Awater av
recharge, overland fl ow and tisonfeuedthatséilr ans po
infiltration can serve as an index of water and soil quality and biological health (Radke
and Berry, 1993). Infiltration is instrumental to the volume and transport route of
overland flow and therefore, movement of potentially harmful contaminaneatbyn
surface water; thus, soil infiltration can infer surface water quilitgt al., 1995;
Bharatj et. al, 2002Sauer, et. al, 2005). Water moving into and through the soil profile
determines the amount of water available for rocakgand plant gwth (USDA
NRCS, 2008x In areas of low infiltration, soil water capacity is reached and then surface
runoff occurs. Surface runoff can lead to erosion, which can transport sediment and
nutrients to the nearest surface water baddierefore, the greatene infiltration, the less
Hortonian overland flowi.e. horizontal flow of water on the land surface when soil has
reached saturatiomnd transport of potentially harmful contaminants (N, P) to nearby
surface water sources.

Factors suchsacatchment ladscape [i.elandscape position and topography
(Dunne et al.199% Li et al,, 1995 Fox et al.,1997 Sauer et al, 20Q0%1uang et al.,
2013] and soil properties [i.esoil texture, clay mineralogy, bulk density and antecedent
moisture content (Bharatit al, 2002 USDA NRCS, 2008Thompson, et. al, 20])
influence infiltration rates and determine the threshold value at which runoff occurs.
Vegetative coverife. density and type) and grazing practides. fver grazing, hoof

compaction) also influendée rate at which water can enter the soil profile. Livestock



also contribute nutrient loading and have an effect on nutrient cycling, such as increasing

or decreasing the presence and retention of nitrogen, phosphorus and carbon.

1.2.3.Catchment Landscape

Infiltration rates can vary with landscape position. Factors such as catena position
and slope can influence the ability of water to infiltrate the surface. According to the
literature, there is no consensus of the effect that surface slope hasiofil sation
(Huang et al.2013). Sauer et al. (2005) determined that infiltration rates were
consistently lower in upland and side slopes agtidtiin the valley bottom.d8earchers
also determined that there was very little difference in infiltration tseseen steep
(22-36%) slopes in forested landscapes compared to pasture plots with 4.4 to 15.4 percent
slopes (Sauer et.a2005). Li et al(1995) observed highest infiltration rates at the
hilltop, decreasing along the hillslope with lowest infiltratat a steep gully wall. The
differences between these findings may be attributed to differences in vegetation density
and soil properties, not surface slope alone. Nonetheless, slope can affect the amount of
soil loss. Mwendera and Saleem (1997) obsegvedter amounts of soil loss on steeper
slopes with vegtation remaining constant addtermined that the greater the slope, the
less resilient to grazing pressure.

Dunne and others (1991) argue that infiltration increaseshiigiope lengthdue
to theincrease of overland flow discharge and depthwell ashe presence of
macropores at greater densitieex and other§1997) studied the relationship between

slope angle and infiltration in intelll areas with the presence of a surface crust. When



observing infiltration from plots with slope angles ranging from 1.5 to 21.5 degrees, they
determined that as slope angle increased, infiltration rates decreased. They attribute this
to decreases in overland flow depth and surface storage with incregsedrsipes.

Similarly, significant differences in soil water storage were determined between gradual
(8.8-17.6%) and steep (2635.4%) slopes (Huang et a2013); as the slope increased,

overall water storage decreased.

1.2.4.Soil Properties: Texture, HydragliConductivity, and Bulk Density

Soil propertieswith an emphasis on texture, clay content, bulk density and
presence of preferential flow patterhave a prominent impact on the volume and path
that water may enter into the soil profile. Soil textaffects infiltration and subsurface
flow due to the porosity: the presence of micro and macropores throughout the soil
profile. In mesiehydric areas, soil texture is the greatest indicator of soil infiltration,
when compared to arid sites, where biomaghe primary indicator of soil infiltration
(Thompson, et al., 2010). The presence of clay particles especially has an influence on
soil infiltration, where the greater the percentage of clay content, the lower the infiltration
rate Stern et al.31991 Knuehl and Boeteng, PQ; Thompson, et al., 20LMue to the
small soil grain size, clay particles have a high porosity, but can also swell with increased
moisture and reduce the soil pore space even more, minimizing the amount of space
available for wateinfiltration (Lui, et al., 2011). On average, steady irdifion rates per
soil texture aréess than 3.0 cm/hour for gravel and coarse sands, 2.0 to 3.0 cm/hour for

sandy loams, 1.0 to 2.0 cm/hour for loams, 0.5 to 1.0 cm/hour for clay loams, aod 0.1 t



0.5 cm/hour for clay soils (exception for clay soils with extensive fractures and
macropores) (Brouwer et al., 1988).

Hydraulic conductivitKk o f  a s oi | i's defined by Dar cy
proportionality, almeabefetyedand as the s
velocity to the applied hydraulic gradient. Tikevalue can fluctuate within and between
soil layers and per soil moisture content, thus the saturated hydraulic conductiyty (K
value is identified as the averal§evalue. The Ky value is a function of the size, shape
and distribution of the pores within a soil, as well as the soil temperature, and viscosity
and density of the water (Oosterbaan and N
ability to transmi water when submitted to a hydraulic gradient (USDA NRCS, 2004). A
higher K5 value will yield a higher infiltration rate, while a lowegddvalue will yield a
lower infiltration rate.

Bulk density is dependent on soil texture and is calculated as\thveeight of a
soil per its volume of soil, which includes the soil and pore space (USDA NRC%))2008
Sandy soils tend to have a higher bulk density than silt or clay soils, where sandy soils
range from 1.3 to 1.7 g/chand fine silts and clays rangerindl.1 to 1.6 g/cfh(Brown
and Wherrett, 2016However, in Minnesota, compaction from multiple glacial lobes that
advanced and retreated over the landscape @amstances of greater levels of bulk
density for glacial tills, ranging from 1.6 to 2.0 gftat the soil surface (MPCA, 2015).

As soil compactiomncreass bulk densityinfiltration ratesthen decreas& he
Ocean County Soil Conservation Distrf@CSCD)(2001) studied and determined that

as soil bulk density increased to 1.65 gicimfiltration rates decreased rapidly, whereas



when the bulk density increased past 1.65 g/amfiltration decreased slowly until

reaching zeroThe nteraction between bulk density of the uppermost topsoil lay&0 (0
cm) and macroporosity of the lower soil is tantrolling factor for macropore flow

(Alaoui, 2015). If the topsoil layer is compacted, water is inhibited from infiltrating to the
lower soil layers until the threshold matric potential has been reached, then causing

infiltration in the lower soil layerto become slow and uniform (Alaoui, 2015).

1.2.5.Antecedent Moisture

Antecedent soil moisture can vary greatly, and has a significant effect on soil
infiltration rates Hawlery et al. 1983 Hardie et al., @11). Hardie and others (2011)
determined that antedent soil moisture had a greater influence on the rate and depth of
infiltration than soil morphology. They suggest that soil morphology and chemistry have
little effect on soil infiltration and determined that dry treatment had greater depth and
rate ofinfiltration than wet treatments. Similarly, Liu et al. (2011) summarized that in
general, infiltration was greater in dry soil initially but decreased rapidly until it reached a
constant rate equal to the saturated hydraulic conductivity of the soiisTariarily
due to a lower hydraulic gradient at the wetting front (Lialget2011). Wei and others
(2007) studied runoff and soil erosion in alley cropping systems (incorporatusgof
trees into agricultural landscape) and found thafi r u n efficient was exponentially

correlated to the inverse of antecedent soil water potential in the wet season and

negatively and |Iinearly correlated to ante



Therefore, the wetter the soil profile, the greatertimoff potential due to the maximum

water holding capacity when rainfall exceeds infiltration.

1.2.6.Vegetation

Vegetation affects infiltration twofold: 1) by altering the hydrological process of
rainfall-infiltration, and 2)oy modifying the structure of perspaces with incogpation
of root systems (Huang et,a2013). When comparing vegetation to bare soil plots with
the same soil types and rainfall intensity, a vegetated plot was found to have a greater
wetting front depth, two times greater soil moistaontent, and a reduced amount of
surface rupff (Huang et al.2013). These researchers also indicated that the presence of
vegetation, including a cover canopy, could reduce raindrop impact on a bare soil surface
and the potential of surface soil seglin

Trees and forage create an extensive and varying root system that increases soll
porosity, which increases infiltration rates and soil moisstweage (Neary et al2009).
Greater rooting systems can cause preferential flow, allowing greater fiiafiltcd
precipitation into the soil matrix. When studying the influence of veigetat three
vegetation typesgtass fiéd, a pine plantation and an 8A@®-year old hardwood
forest)researchers determined from infiltration tests that there was apatety 20
percent greater infiltration in the hardwood forest site than the grass field (Thompson, et
al., 2010). This indicates the importance of differing root depths and types for increased

infiltration capacity.



In addition to vegetation presence amdlieties, density of vegetation also
influences the rate of soil infiltration. Different regions of the world have varying critical
threshold values for runoff from vegetation density. Eastern Kenya reported 40 percent
ground cover, while Australia deteined 7075 percent ground cover to be the critical
level for surface runoff (Owens, Edwards, and Van Keuren, 1996). Other research has
identified vegetative cover of 65 percent to significantly increase infiltration, and
therefore decrease surface rurdffarston, 1952 as cited in Huguet al, 2013). In plots
with differing vegetation densities, Dunne and others (1991) found that the maximum
infiltration with 5 to 10 percent cover was 3.5 cm hbwrhile plots with 35 percent
cover had at least 6 cm hduinfiltration rate. They also determined that the vegetative
cover with 75 percent density had a consistent rise in infiltration, but when the vegetation
was removed by clipping to 35 percent, the infiltration dropped (Dunne et al., 1991).
They attributd this to a reduction in hydraulic roughness and inundation of the

permeable micraopography.

1.2.7.Livestock Grazing

The effects of livestock grazing can be summarized into three categories:
alteration of species composition of plant communities, disrupfi@eosystem
functioning, and alteration of ecosystem structure (Fleischner, 1994). These negative
effects from livestock can be associated with overgrazing (decreased vegetation), hoof

compaction, and a potential point source of concentrated nutrients.
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Livestock grazing, especially if unmanaged, decreases overall plant cover.
Species composition, to include native plant species, animal, bird and possibly insect
populations, can be altered by the loss of biodiversity and lowering of taxa population
densties from overgrazing (Fleischner, 1994). Milchunas and Lauenroth (1993)
determined that grazing by large herbivores causes a loss of tissue of the individual
plants, which alters the canopy structure and affects the entire community. Selective
grazing bylarge herbivores causes loss of individual plants while leaving undesired
plants, which decreases overall biodiversity (Milchumag Lauenroth, 1993; Semmartin
et. al, 2004). A reduction in vegetation and biodiversity changes the ecosystem structure
and @n have negative effects on terrestrial and aquatic habitats (Fleischner]drgSs}
2000;Hoormanand McCutcheon, 200possibly forcing certain species to become
threatened or endangered. In addition, grazing can cause a reduction in nutrients.
Hiernaw et al. (1998) observed reduced pH, and reduced organic carbon, nitrogen and
phosphorus concentration after four years of grazing. Phosphorus and pH had even
greater reduction after nine years.

Loss of biomass and soil compaction can occur from grandgrampling of
hooved animals, which create higher proportions of bare ground and decreased plant
litter. Greenwood and McKenzie (2001) compared grazing animals to heavy equipment
used for agricultural management due to the downward pressures exehiedsoih t
surface as a function of the animal 6s mass
grazing animals causesmpaction of the soilsesulting in the majority of soils being

compacted to a certain extent, usually confined to the upper 5 ta dbtbe soil profile
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(Greenwood and McKenzie, 2001)idtestimated that cattle apply a force of 190 kPa to
300kPa, whereas a logging skidder exerts 30 to 85 kPa (Willatt and Pullar, 1983 as cited
in Sharrow, 2007; Scholefield et al., 1985 as cited meGwood and McKenzie, 2001).
In addition, greater stocking rates can decrease the hydraulic conductivity or the soil
(Willatt and Pullar, 1984). Therefore, soil compaction and loss of forestdéteeases
soil moisture content arbrosity, which leadt lessened infiltration rates (hydraulic
conductivity), poorer quality soils and higher rates of runoff and soil erosion (Willatt and
Pullar, 1984; Fleischner, 1994; Greenwood and McKenzie, 2001).

Overgrazing and trampling can increase soil bulk demdiile decreasing
aggregate stability (Mwendera and Saleem, 1997; Bharati et. al, 2002). Hoof impact
collapses larger soil pores, creating small pores, which then increases soil surface bulk
density and reduces soil infiltration (Sharrow, 2007). This p®eéso increases soll
water holding capacity, which can infer increased antecedent soil moisture, also
contributing tolower infiltration and reducedvailability of water for root uptake. Meek
et al. (1992) found a decrease in infiltration rates withpawted soils from a bulk
density of 1.7 to 1.89 g/chfas cited in Bharati et al., 2002). Tate et al. (2004) conducted
a study comparing soil surface bulk density between research sites not grazed by cattle
(for greater than 26 years and 6 years) verdas grazed by cattle over a-§&ar period
in light, moderate and heavy grazing regimes. They compared bulk density factors in
different grazing exclusion sites and found that canopy cover and gyraaimagement
significantly affecedbulk density. They dicovered a 16 to 22 percent lower soil bulk

density in oak savanna rangelands when compared to open grasslands. They also
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consistently found greater soil surface bulk densities in grazed sites versgimaped

sites (Tate et al., 2004). Therefore, it taninferred that even with the presence of
vegetation and canopy cover, livestock stocking rates have a significant influence on bulk
density, and thereby, soil infiltration rates.

In addition, if a soil texture is fine (clay and silt), then there caanbexaggerated
amount of compaction from grazing (Mwendera and Saleem, 1997). In comparing
livestock stocking rates in two research sites, trampling from livestock significantly
reduced infiltration rates in both sites with both stocking rates. Howe\ary logazing
resulted in significantly lower infiltration rates compared thtlitp moderate grazing
with clay loam soil texture, while there was little difference in infiltration reduction under
different stocking rates in witbandy clay loam soil textarfMwendera and Saleem,

1997). The researchers attributhis to the nature of théne textured topsajlwhich
would compact more readily than soils with coarse sand compgrexais with

comparative livestock grazing rates.

1.2.8.Potential Negative Impactd tncreased Infiltration

Although the majority of the above discussion indicdbed increased infiltration
canprotect soil and surface water quality by decreasing runoff, there is a potential for
groundwater contamination associated with greatetraiibn rates. Groundwater
contamination is influeced by pollutant concentratianh e under | yi ng s o
remove the pollutanand the rate of water movement through the soil profile (Clark and

Pitt, 2007). Organic content, presence of microoigyas in the vadose zone, and pore
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space between grains are all contributors to how well a soil is able to break down
contaminants while infiltrating through the soil (Clark and Pitt, 2007). The Groundwater
Recharge Committee of the National Academy oéB8oe determined that general causes

of concern for potential groundwater contamination include 1) high mobility in the

vadose zone, 2) high abundance (high concentration and high detection frequencies) of a
contaminant, and 3) high contaminant solubil@®@ark and Pitt, 2007).

Water movement from moderate and small pore sizes can be disrupted with the
presence of large pores referred to as macropores (Bharati et al., 2002). These
disruptions, such as deep rooting systems, earthworm burrows, fracturesgks;, can
provide alternate flow patterns, which moves water rapidly through the soil profile and
influences the directional path of the water through preferential flow (nonmatrix flow).
These flow paths allow the water to bypasgrsents of the soil mat, pendrating
deeper regions of the soil profile at a greater rate (Hardie, et al., 2011). Preferential flow
reaching a shallow groundwater table can cause potential contamination from pesticides,
fertilizers or other excess nutrients.

In a study identying the effects of earthworms on infiltration and nutrient
transportLachnight et al. (1997etermined that macropores ranging from 1 to 16 mm
contributed to soluteransport up to depths of 30 ceep rooting plants, such as
switchgrassFPanicum wvigatum or big bluestemAndropogon gerardii)could also pose
a potential groundwater contamination. Inorganic N has been identified as having
significant retention rates in soil, as well as leaching deeper within the soil profile, in

areas with deep raog plant systems (Thordistensen, 2006). Greater movement of
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nutrients into the soil profile via deep rooting systems or increased infiltration could pose

a risk to the shallow groundwater table.

1.3.Research Objectives

The research conducted for thiesis is a small part of a larger study designed to
assess the viability of silvopastuadoptionin Minnesota by assessing water quality,
livestock performance, plant species diverfityage and grassgsand economic
profitability. This research focudespecifically on infiltration rates and subsurface
nutrient transport relationships in silvopasture, open pasture and traditional forest
paddocks throughout three research sites in Central Minnesota. Tlaeypoinjective of
this study waso evaluate howoil conditions, vegetation and livestock management
affect infiltration rates and subsurface nutrient transpd@entral Minnesota.

The first objectve of this studwas to quantify the soil infiltration ta and soil
moisture content isitu and assss change over tinvéth alterations in managemefite.
before seeding, after seeding and before livestock grazing, after one season of livestock
grazing and after two seasons of livestock grgzihige second objective was to quantify
the hydraulic coductivity within a laboratory settinaitilizing a soil core collected from
the field site in order to estimate solute transport to groundwater. This included
replicating the irsitu infiltration tests to determine infiltration rates, nutrient transport
and any preferential flow patterns. This started from ay#e room temperature dried
soil core and progressed to a saturated state. The third objective of this study was to

evaluate the relationship between infiltration, hydraulic conductivity, soil tondiand
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geology of this region of Minnesota. The final objective was to examine transferability of
field results and determine if increasing infiltration rates, given varying soil and
management types, would also increase the potential of groundwatiamaeuation using

silvopastoral practices.

Chapter 2. Materials and Methods
2.1.Project Description

This paper examines the relationship between infiltration rates and nutrient
transport with differing vegetative and livestock grazing management types by utilizing
the asumption that water quality is directly correlated with larahagement. Soil
infiltration wasused to represent overall soil, water and landscape health, due to its
negative correlation with overland flow and the transport of excess nutrients and
sedimento nearby surface water bodies.

The greater purpose ofishproject was to assess the piddility and merits of
silvopasture systems and identify if they are a feasible option for grazing management
within Minnesotads har dgestockptoductiomis @acticdtho n z o n
order to accomplish thishteeproject sitesvere established iG@ass County and Crow
Wing County in Central Minnesatahe project started July 2048d endedune 2016.

The three research sites were located on thffsgaht farms, referred to as: Booth,
Caughey, and Moe. Within these research sitesetfiveacre paddocks were established
in the summer of 2013epresenting one @ach type of grazing management regpee
site conventional open pasturmanagedraditional forest, and silvopasture paddock
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Conventional open pasture paddocks were identified as pastures void of trees, traditional
forest paddocks were areas of unmanaged woodland grazing, while silvopasture
paddocks were intensively managed fordrderage and livestock in a single system.

The open pasture and silvopasture paddocks were seeded with grasses and forbes, while
the traditional forest was left as it was.

A seed mixture of red cloveT(ifolium pratensgand timothy grassPhleum
praten®) was applied via broadcast in late November and early Decembet@®0i3
open pasture and silvopasture paddogkklitionally, Virginia wild rye Elymus
virginicus), slender wheatgrasglymus trachycaulysand fringed bromeBromus
ciliates) was adde with fertilizer and applied as a winter frost seeding in April 2014.
Furthermore, @ree inventory was completed for all silvopasture paddocks and trees were
removed to adeve a basal area of 3.7 to 4.%/acre during the summer of 2013 (July to
August)

Four cowcalf pairs were introduced and allowed to graze intermittently in the
summer of 2014 and 2015. They were removed to allow a fallow period twice per field
season (June to September), where the paddocks were not grazed to allow for regrowth of
vegetation. Complete tables of grazing and fallowing periods are included in each
research sitebés description.

Water infiltration was measurel situ during Fall 2013, Spring 2014, Fall 2014,

Fall 2015 and Spring 2016 using a Modified Philipnne (MPD) fding head
infiltrometer. Tests were conducted at five locations across each pagdoc&search

site, equaling a total of 45 infiltration tests per data collection period. The locations were
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chosen randomly, but subjectively, to encompass a represardatioesoil catendy
choosing different positiorscross the landscagacluding variations in slopand
elevation Lab measurements were conducted during\livger 2015 with the purpose
of emulating how soil infiltration is affected by drought versaturatedtate, to identify
the presencef preferential flow, and to determine the rate at which nutrients may

potentially move through the soil.

2.1.1.Glacial Geology of Central Minnesota

Minnesota can attribute its span of landscapes to the varyingggeplocesses
over time. Due to influences from volcanism to glaciation, Minnesota displays a vast
difference in geology and soils across the sfite.research area was formed by the
advance and retreat of the Rainy Glacial and Superior Lobes fromrtheasi. While
the Rainy Lobe has brown sandy soil texture, the Superior Lobe has been identified to
have reebrown silty to loamy soil texture (Knaeble et al., 2004). There are also till
deposits fronthe St. Croix moraine in this area. The NRCS soil sys\list the primary
landforms associated with this area to include hillslopes, swales or dramsg®n
moraines (Booth), and glacial drainage channels, drumlins or interdrumlins (Caughey and
Moe), and flood plains (Moe) (NRCS, 2016a; NRCS, 2016b; NRTISC).

The Farms are located in Cass (Booth) and Crow Wing (Caughey and Moe)
Counties. Geologic Atlases are being produced by county by the Minnesota Geologic
Survey (MGS). Cass County does not have a complete geologic atlas at this time, but

Crow Wing @unty doegFigure 3. The surficial materials of Crow Wing County can be
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itemized into three types: till, sand and gravel and lacustrine sand (Knaeble et al., 2004).
Specifically, the area around Caughey and
drumlinized till depositsa component of the Brainerd assemblage, which includes

glacial, fluvial and lacustrine sediment deposited by the Rainy lobe and its meltwater
(Knaeble, et al., 2004). The glacial depositscategorized by relatively thin (less than 3
meters) sandy loam unsorted sediment with pebbles, cobbles and boulders and is
commonly overlain by one meter of fluvial, eolian or lacustrine sand near outwash and

|l ake deposits (Knaeble et al., 2004). Mo e 6
floodplain alluvium, both fluvial units. The mixed outwash was primarily deposited by
meltwater that consists of sand, gravelly sand and gravel; also included ayeafirex

sediment that was ponded near former ice margins (Knaeble et al., 2004). The ifloodpla
alluvium is associated with the Mississippi river, is typically less than two meters deep
consisting of silt loam to loamy sand, including remains of wood or shells overlying sand,
gravelly sand or gravel, as well as depressions with thick silty oeyxkgdiment

(Knaeble et al., 2004).
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Figure 2. Crow Wing County Geologic Atlas(Source: MGS, 2004)

2.1.2.Greg Booth Site Description

Boothdos farm is |l ocated appr onesommt el y
Cass County (Figure)3The farm has been part of the family since the early 1970s,
where it was utilized as pasture for dairy cattle. The research area was continuously
grazed until 2009, when it was divided and rotational grazing was implemented. Besides
removal of dead andskased trees, minimal land management was implemented for this
area prior to the research project. The dominant tree species for the silvopasture paddock
was paper birchBetula papyrifergaand red oakQuercus rubrg, with some American
elm Ulmus Ameriana), green ashHraxinus pennsylvanigablack cherryPrunus

seroting and red mapleXcer rubrum present as well.
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N Booth's Site Paddocks

A ﬂ Open Pasture

7] silvopasture

Traditional Forest

Figure 3. Booth Research Site

Three main types of soil were identified for the Booth farm via the USDA NRCS
Web Soil Survey (2016a): DeMontrevilldahtomediCushing complex, Sandwick
loamy sand and Warba very fine sandy loam. The DeMontréMiietomediCushing
complex is the dominant soil series for this area (51.6%), followed by the Warba very
fine sandy loanf40.5%), and the Sandwick loamy sand (7)§Pégure 4. The remaining
area is covered by water. The DeMontreviMahtomediCushing complex is a well
drained soil, often associated with moraines and hillslopes (backslope and shoulder) with
a loamy glaciatill parent material. The textural class as a complex is identified as a
sandy loam. The DeMontreville component is an alfisol with a loamy fine sand texture,
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the Mahtomedi component is an entisol with a loamy sand texture, and the Cushing
component is aalfisol with a fine sandy loam texture. When the complex was compared
to in field soil profile analysis, the complex appeared to be primarily consistent with the
Cushing solil series versus the other two soil series. The Sandwick loamy sand soil series
is a very deep loamy fine sand and poorly drained soil, formed by sandy glacial outwash
or eolian material (USDA, 2006a). The Warba very fine sandy loam is alsy deapw
soil, but is a moderatedaell to welldrained soil formed in loamy calcareous glatial
on hillslopes on moraines (USDA, 2006b). In accordance to the respective drainage
classes, DeMontrevillahtomediCushing complex and the Sandwick loamy sand soil
series are not considered prime farmland, while the Warba very fine sandy loam soil
seiies is considered prime farmland.

Bulk density in the upper 5 to 10 cm randemim 1.25 to 1.59 g/cm3, according
to the NRCS Web Soil Survey. Bulk density was also measured at each soil infiltration
test location, discussed furtherlater chapters. Akoil types wereonsidered in the C
Hydrologic Soil Group, which indicated that the soils laaglow infiltration rate when
thoroughly wet. Table 1 summarizes the soil properties for the Booth farm location in
accordance to the web soil survey. A compMRCS soil survey can be found in

Appendix A.
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N ] Bootn's Site Paddocks
Soil Type
() DeMontreville-Mantomedi-Cushing complex. 15 to 40 percent slopes
(") sandwick loamy sand
@ warba very fine sandy loam, 3 to 8 percent siopes

@ water

Figure 4. Booth Soil Map (Source: USDA NRCS, 2015a left; USDA NRCS, 20164, right)

Table 1. Booth Soil Series Summary (Source: USDA NRCS, 2016a)

Bulk
'\Jﬁﬁ Soil Series Percent| Density | Texture | Clay |Sand| Silt [DrainageHydrologic| Parent
AOIl |(1/3 bar)| Class | (%) | (%) |(%)| Class |Soil Group|Material
Symbol
(g/cn?)

) Very fine Loamy
240 |Warbaveryfing oo | 455 | sandy | 10.0/63.8|26.2 \Vell C glacial

sandy loam drained .

loam till
Sandy
outwash

go5 |Sandwickloamy ;o |4 g5q | LOAMY |, lgg 51969 POOTY | o | OVer
sand fine sang drained loamy
glacial

till
Sandy
DeMontreville outwash

gogE | Mahtomedi | o) o | 4 5g | SANDY |, 1795]16g VWl C over
Cushing loam drained loamy
complex glacial

till
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In order to quantify the landscape position on the soil catena, elevation was
extrapolated from a LIDAR contour geodatabase from the MNDNR MnTOPO website
(2015). At Boothoés Farm, elevation ranged

The annual mean summer (June to August) temperature for this site is 18.3
degrees Celsius, while the mean winter (December to February) temperat @ is
degrees Celsius, and on average, this area receives 68.6 cm of precipitation annually
(MNDNR, 2013).Based on temperature and precipitation data collected at the Brainerd
Crow Wing County Regional Airport, this area received 49.4 cm of precipitation with an
average annual temperature of 4.5 degrees Celsius in 2014, while in 2015, it received
45.3 cm of pecipitation with an average annual temperature of 6.3 degrees Celsius
(Weather Underground, 2016a).

There were two grazing periods and one fallow period per field season. In 2014,
four cowcalf pairs were allowed to graze for 19 days and 21 days, wétthoavfperiod
of 9 days. In 2015, the same amount of el pairs were grazed for 19 days and 12

days, with a 29 day fallow period (Table 2)
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Table 2. Booth Cow-Calf Grazing Rotation for 2014 and 2015

Number Total
of Cow . Total Days Grazed . Total Days Grazed| Days
Year | Treatment Calf Introduction| Removal First Period Total Days Fallow| Introduction| Removal Second Period | Grazed:
Pairs Season
OP 4 6/25/2014 | 7/14/2014 19 9 7/23/2014 | 8/13/2014 21 40
2014
SV 4 6/25/2014 | 7/14/2014 19 9 7/23/2014 | 8/13/2014 21 40
TF 4 6/25/2014 | 7/14/2014 19 9 7/23/2014 | 8/13/2014 21 40
oP 4 6/13/2015 | 7/2/2015 19 29 7/31/2015 | 8/12/2015 12 31
2015 SV 4 6/13/2015 | 7/2/2015 19 29 7/31/2015 | 8/12/2015 12 31
TF 4 6/13/2015 | 7/2/2015 19 29 7/31/2015 | 8/12/2015 12 31
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2.1.3.Dan Caughey Site Description

The Caughey farm location is approximately ten miles east of Fort Ripley,
Minnesda in Crow Wing County (Figure)5The pasture area was bought in 1980 and
the silvopasture area in 1990, both being used for pastdreamtinuously grazed since
they were purchased. It is speculabgdhe Caughey familthat the area was used for
pasture before they acquired the land. The dominant tree species for the silvopasture
paddock was quaking aspdédefula papyriferdand bumak QQuercus macrocarpawith
some American elrflUlmus Americang red maplgAcer mubrunm), red oakQuercus

rubra), and balsam poplaPpulus balsamifefgas well.

N Caughey's Site Paddocks

A a Open Pasture

] silvopasture

Traditional Forest

Figure 5. Caughey Research Site
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Three soil serieswerealsod ent i fi ed for the Caugheyos

NRCS Web Soil Survey (2016b). These included Ch&edyeville, ponded complex

(68.8%), NokayPrebish complex (30.7%) and Braidd-lak complex (0.5%) (Figure)6

The ChetekSeelyeville complex isonsiderd a somewhat excessively drained soil, often

associated with glacial draiga channels witkhoarseloamy glaciofluvial deposits over

sandy and gravelly parent material. The textural class as a complex is identified as a

sandy loam and is not consideredhpgifarmland. The Chetek component is an alfisol

with a coarsdoamy texture, while the Seelyeville component is a muck, originating form

herbaceous organic material. The Nofrgbish complex is also a sandy loam, is a

poorly drained soil with dense lodgmtdill as the parent material, which can be prime

farmland if it is drained. The Nokay and the Prebish components are both associated with

interdrumlins and have a coafleamy soil texture. The Braineffdak complex

encompasses a very small portion @ thsearch site; both are coalsamy soil texture,

and the complex is considered poorly drained, yet considered prime farmland. This soil

series is associated with drumlin landforms in dense lodgment till as the parent material.
Bulk density at 1/®arin the 5 to 10 cm ranges from 1.50 to 1.55 /dSDA

NRCS, 2016b). The Chetekeelyeville complex is in the A Hydrologic Soil Group,

while the other two are in the C/D group. Hydrologic Soil Group A represents soils

having a high infiltration rate wheahoroughly wet, resulting in a low runoff potential.

Group C/D is a dual hydrologic group, representing drained/undrained areas and

indicating that the soil series has a slow/ very slow infiltration rate when

drained/undrained, respectively, and a higloftipotential. Table 3 summarizes these
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soil properties for the Caughey research site location. A complete NRCS soil survey can

be found in Appendix A.

N [ caugneys site Paddocks
Soil Type
() Brainerd-Fiak complex, 4 to 8 percent siopes
() chetek-Seetyeville, ponded complex., 0 to 15 percent siopes
@ nokay-Prebish complex, 0 to 2 percent slopes

Figure 6. Caughey Soil Map (Source: USDA NRCS, 2015b left; USDA NRCS, 20kgright)

Table 3. Caughey Soil Properties 8mmary (Source: USDA NRCS, 2016b)

Bulk
I\L/Jlr?i? Soil Series Percent Density | Texture |Clay [Sand Silt | Drainage |Hydrologic| Parent
AOIl |(1/3 bar)| Class | (%) | (%) |(%)| Class |Soil Group| Material
Symbol
(g/cm3)
Coarseloamy
Chetek glaciofluvial
Seelyeville Sandy Somewha deposits ove
2-30D | 68.8 1.55 9.0 [69.0|22.0excessivel A
ponded Loam ; sandy and
drained
complex gravelly
outwash
Brainerd sand Somevhat Dense
C164B Flak 0.5 1.52 Y| 8.0 [63.0[29.0 poorly C/D .
Loam ; lodgment till
complex drained
Nokay
C116A| Prebish | 30.7 | 1.50 | Loam |14.0|51.0[35.0 P°°W | cpp Dense
complex drained lodgment till
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The elevatiorCaughe® s f a r fmomr3@5riog388dmeters (1232 to 1273 ft.).
The annual mean summer and wiritee mper at ur es wer e t he s ame
Caugheyds site receives 71.1 cm of preciapi
FallsMorrison County Airport reported that in 2014, this area received 51.8 cm of
precipitation with an average annual tergiure of 3.6 degrees Celsius, and in 2015, it
received 50.7 cm of precipitation with an average annual temperature of 6.4 degrees
Celsius (Weather Underground, 2016b). In 2014, four-calivpairs were allowed to
graze for 19 days and 21 days, with dofalperiod of 9 days. In 2015, the same amount
of cowcalf pais wasgrazed for 19 days and 15 days, with ad2§fallow period (Table

4),
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Table 4. Caughey CowCalf Grazing Rotation for 2014 and 2015

Number
of Total
Year | Treatment| Cow | Introduction| Removal Total' Days Qrazed Total Days Fallow| Introduction| Removal Total Days GraZEd Days i
Calf First Period Second Period | Grazed:
. Season
Pairs
oP 4 6/25/2014 | 7/14/2014 19 9 7/23/2014 | 8/13/2014 21 40
2014
SV 4 6/25/2014 | 7/14/2014 19 9 7/23/2014 | 8/13/2014 21 40
TF 4 6/25/2014 | 7/14/2014 19 9 7/23/2014 | 8/13/2014 21 40
OoP 4 6/11/2015 | 6/30/2015 19 28 7/28/2015 | 8/12/2015 15 34
2015
SV 4 6/11/2015 | 6/30/2015 19 28 7/28/2015 | 8/12/2015 15 34
TF 4 6/11/2015 | 6/30/2015 19 28 7/28/2015 | 8/1212015 15 34
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2.1.4.Steve Moe Site Description

Moebés farm is | ocated approxi mately 0.5
also located in Crow Wing Coungifigure 3. No prior land use information is available
for this site, however, it is assumed that thetpre and silvopasture paddocks have been
used for grazing and crops in the past, while the traditional woodland forest paddock has
been left unmanaged and was not grabPesminant tree species found on this farm were
Jack pineRinus banksiangand papebirch (Betula papyriferg, with few bur oak

(Quercus macrocarpaand black ashHraxinus nigrg present.

N Moe's Site Paddocks

A a Open Pasture

] silvopasture

Traditional Forest

Figure 7. Moe Research Site

The Moe Farm consisted of four different soil series: Ch&lycalm complex

(62.4%), Bushvike loamy sand (22.1%), Brainerd sandy loam (10.9%) and the Lougee
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TotagatiecBowstring complex (4 %) (Figure 8). The Chete&raycalm consistedf three
different slope categories: 0 to 2 percent (10.1%), 2 to 6 percent (23.3%) and 6 to 12
percent (29.0%)lgpes. Due to the invariability in soil properties between the different
slope categories, these have been grouped and discussed together. The complex is
associated with glacial drainage channels, can be identified as a somewhat excessively
drained sandyolam soil and is considered farmland of statewide importance. The Chetek
component, as discussed i n -lGmyalfisoewhiieshe si t e
Graycalm component is a loamy sand entisol. The parent materials arelocaarge
glaciofluvial deposits over sandy and gravelly outwash. The Bushville loamy sand is part
of the Rainy till phase, associated with drumlins, with a somewhat poorly drained
drainage class and parent material of sandy outwash over dense lodgment till. This soil is
an afisol and is also considered farmland of statewide importance. The Brainerd sandy
loam is also an alfisol with somewhat poorly drained soils, and is considered prime
farmland. The parent material is dense lodgment material. The final soil series for this
site is the Louged otagatieBowstring complex. This complex is not considered prime
farmland because it is very poorly drained and floods frequently, due to its flood plain
landform association. The Lougee and Bowstring components are histosols and the
Totagatic component is an entisol and all have typical O zones consisting of peat or
muck.

Bulk density at 1/®ar in the 5 to 10 cm ranges from 1.52 to 1.60 &/except
the LougeeTotagatieBowstring complex that has a bulk density of 0.05 §/cthe

Cheek-Graycalm complex is in the A Hydrologic Soil Group, the Bushville loamy sand
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and Brainerd sandy loam are in the C/D group, and the Leligi@gaticBowstring

complex is in the A/D group. Table 5 summarittesse soil prosperities fddo e 6 s

research siteocation. A complete NRCS soil siay can be found in Appendix. A

Soil Type

N [ mossstepassocts

0o 2 pero

() srainera sandy oam, 110  percent siopes
@ 5ushile oamy sand, Rainy il phase, 010 3 percent siopes
() ChetekGrayeaim cor

pes.

(T ChetekGraycaim complex; 210 6 percent sopes
() ChetekGraycaim complex, 6o 12 percent siopes
[

complex, 0to 1

Figure 8. Moe Soil Map (Source: USDA NRCS, 2015b left; USDA NRCS, 2016c, right)

Table 5. Moe Soil Properties Summary (Source: USDA NRCS2016c)

Bulk
I\Sgﬁ Soil  |PerceniDensity (1/3 Texture |Clay|Sand Silt | Drainage |Hydrologic| Parent
Series | AOI bar) Class | (%) | (%) |(%) Class |Soil Group| Material
Symbo
(g/cm3)
Coarse
loamy
Chetek sand Somewhat glaciofluvial
5-1D |Graycaln] 29.0 1.55 Y1 9.0 69.0/22.0 excessiely A deposits
Loam .
complex drained over sandy
and gravell
outwash
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Bushville Sandy
loamy Loam Somewhat outwash
Ce0B| sand, | 22.1 1.60 Ei Y 1 6.078.0/16.0 poorly C/D over dense
N— ine Sanc ;
Rainy till drained lodgment
phase till
Brainerd Sand Somewhat Dense
C163B| sandy | 10.9 1.52 L Y| 8.0 63.0[29.0 poorly C/D lodgment
oam : 4
loam drained till
Lougeg Herbaceou
Totagatic .
Bowstring Very poorly, organic
D89A 9 45 0.05 Muck ' A/D material
complex, drained
over
frequently outwash
flooded

Mo e 0 s elévatiommagedfrom 376 to 389 meters (1234 to 1278 ft.). All
tempeature and precipitation datawash e same as Caugheyods site,
proximity of the research sites. In 2014, four ecalf pairs were allowed to graze for 11
days and 28 days per paddoekth a fallow period of 39 days. The cevalf pairs in the
traditional forest paddock and the silvopasture paddock were separated by a stream,
which was not effective in keeping the livestock in their respegiaddocks. Therefore,
this isreflectedinbh e A Nu mb eCaloff PGow so0 column in the
In 2015, four cowcalf pairs were grazed in the pasture paddock, while eighicatiw
pairs were grazed in the silvopasture paddock and no grazing occurred in the traditional
forest. The guzing periods were for 12 and 14 days with alé9 fallow period (Table

6).
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Table 6. Moe Cow-Calf Grazing Rotation for 2014 and 2015

Number
of Total
Year | Treatment| Cow | Introduction| Removal Total' Days Qrazed Total Days Fallow| Introduction| Removal Total Days GraZEd Days i
Calf First Period Second Period | Grazed:
. Season
Pairs
oP 4 6/24/2014 | 7/5/2014 11 39 8/13/2014 | 9/10/2014 28 39
2014
SV 4 (8) 6/24/2014 | 7/5/2014 11 39 8/13/2014 | 9/10/2014 28 39
TF 4 (0) 6/24/2014 | 7/5/2014 11 39 8/13/2014 | 9/10/2014 28 39
OoP 4 6/8/2015 | 6/20/2015 12 60 8/19/2015 | 9/2/2015 14 26
2015
SV 8 6/8/2015 | 6/20/2015 12 60 8/19/2015 | 9/2/2015 14 26
TF 0 N/A N/A N/A N/A N/A N/A N/A 0
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2.2.Soil Infiltration

Within this largescale study, soil infiltration as measured as a surrogate metric
of the quality of waternfiltration testing allowed us to indirectly gage water pathway
movement based on 1) animal and vegetation management, 2) soil conditions, and 3)
glacial geologySoil infiltration tests were condted in Fall 2013, Spring 2014, Fall
2014, Fall 2015 and Spring 2016 using the Modified Pidlimne (MPD) falling head
infiltrometer. The decision to utilize the MPD falling head infiltrometer versus other
infiltration data collection methods was duedhe ease of construction and functionality
of the infiltrometerthe devise required relatively small amount of water, and data
collection occurred quickly (Ahmeet al, 2014). Five infiltrometers were constructed
during Spring 2013 of rolled sheet metdch was approximately 61 cm tall with a 9 cm
diameter. A silicon tube was attached approximately eight cm above the base and
connected to the top. This clear tube allowed visual measurement of the falling head over
time.

Soil infiltration tests were galucted at five sites across each paddock, with a total
of 45 for all research sites (Figu®el0, 1). The locations were chosen randomly, but
subjectively to encompass a representation
differing locations across #ésoil catenarl he infiltration test sites were marked using a
customized data collection form throu@pen Data Kit QDK) Collect Application for
Android mobile devices andeHocation data was uploaded to a map in Esri ArcGIS
10.3.1 (Environmental Systes Research Institute, geographic information system
mapping software)Each test location was labeled according to farm, paddock and

number associated with test: B for Booth, C for Caughey and M for Moe, OP for open
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pasture, SV for silvopasture and TF fraaditional forest (i.e. BOP1, BOP2, etc.) (Figure
9,10, 11).

The surface was exposed, removing loose organic matter and grasses/forbs before
inserting the MPD infiltrometesipproximately fiveem into the ground. Each test started
with 30 cm (2600mL) otvater and ran for 30 minutesr until steady state rate had been
reachedand it was assumed the water had infiltrated and saturated into the upper soil
profile. The soil infiltration data was loaded into an Excel spreadsheet for further

analysis; raw da can be referred to in Appendix Bables 412.

N @ Infitration Locations
\ Booth's site Paddocks
] openPasture
] sivopasture
Traditional Forest
Soil Map Unit
[0) Demontreville-Mahtomedi-Cushing complex, 15 to 40 percent slopes
D Sandwick loamy sand

@ warba very fine sandy loam, 3 to 8 percent siopes

@ water

Figure9. Boot hés Soi l Infiltration Rate Test Locations per F
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N @ |Infitration Locations

Caughey's Site Paddocks

£ openpasture

] sivopasture

Traditional Forest

Soil Map Unit

(T Brainera-Flak complex, 4 to 8 percent slopes

() cnetek-seelyeville, ponded complex, 0 to 15 percent slopes
. Nokay-Prebish complex, 0 to 2 percent slopes

Figure10. Caugheyds Soi

| Infiltration Rate

Test

N @ infitration Locations
Moe's Site Paddocks
Open Pasture
€ sivopasture
Traditional Forest
Soil Map Unit
(@D Brainerd sandy loam, 1to 4 percent slopes
@ sushvile loamy sand, Rainy till phase, 0 to 3 percent slopes
() Chetek-Graycalm complex, 0 to 2 percent slopes
() Chetek-Graycalm complex, 2 to 6 percent slopes
. Chetek-Graycalm complex, 6 to 12 percent slopes.
D Lougee-Totagatic-Bowstring complex, 0 to 1 percent slopes, frequently flooded

Figure 11. M cSeil infitration Rate Test Locations per Paddock
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Initial infiltration measurements were taken in October and November 2013 to
understand geomorphology of the study sites and to measure the baseline infiltration rates
befae seeding was complete in the silvopasture and open pasture paddocks. Infiltration
tests were then completed in Spring 2014, Fall 2014, Fall 2015, and Spring 2016. In
Spring 2014, the infiltration rate tests were intended to measure any changes in
infiltr ation rates posteeding and prgrazing while evapotransgtion rates were at a
minimum. The Spring 2016 infiltration rate tests were conducted to compare to the
Spring 2014 data collection. The data collection in Fall 2014 and Fall 2015 were intended
to monitor changes associated with the introduction of livestock into the paddocks for the
2014 and 2015 growing seasons. An overall increase in infiltration rates was anticipated
due to increased vegetative cover.

Average infiltration rates were calculatied determining the surface area of the
MPD infiltrometer and the depth of water infiltrated, which were used to calculate the
overall infiltration rate. Surface area was calculated by equation 1, depth of water
infiltrated was calculated with equationghd the overall infiltration rate was calculated

using equation 3.

(equation 1)
WhereA is surface area, in &y is the radius of the MPD infiltrometer, in cm.
D =VI/A
(equation 2)
WhereD is the depth of water infiltrated in cm akds the volume of water infiltrated, in

mL.
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| =D/t
(equation 3)

Wherel is the infiltration rate antlis the elapsed time, in hours.

2.3.Soil Moisture Content

In addition to soil infiltration tests, soil samples were collected to estimate initial
and final soil moisture content. A representative collection of soil was takerelibé
infiltration test to determine initial soil moisture content by taking three soil samples in a
triangular pattern within 15 cm of the infiltration test location, ensuring not to disturb the
contact area. Another collection was taken after theratibn test at assumed saturation
status directly from the center of the infiltration test contact area. These were labeled pre
and postsamples at each infiltration collection. Téemples wereveighed in metal
containers in the laboratory and theredrin a drying oven at 65 to 70 degrees Celsius
for a minimum of 48 hours. The difference between the wet and dry weight determined
the amount of préest water present at each infiltration test location. Soil moisture
content of each sample was calculatélizing equation 4 to provide input data to

detemine the capillary pressuf@and saturated hydraulic conductivitysgK

(equation 4)
Where, MC is the soil moisture content in percéhiysis the mass of the container and
moist soil sample (g), Msis the mass of container and oven dried soil sample (g M
the mass of the container (g),M the mass of water (g), and; & the mass of the oven

dried soil sample (g).
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2.4. Saturated Hydraulic Conductivity

Saturated hydraulic conductivity {§) was determined through a series of
calculations. The first step was to determine if there was-thireensional flow, which
occurred when the wetting fr obatethatwasended p
inserted into the ground. This was done using the GAeept equation (equation 5) for
infiltration f utilizing the MPD software with Microsoft Excel (2003). The MPD
infiltrometer ds di me n sandbposspercestage andtmo i st ur e
falling head infiltration raw data were inserted into the model, which then calculated the
saturated hydraulic conductivik§s,: and the capillary pressu@at the wetting front. Full

description and steps to using this software is includégpendix C.

GreenAmpt Rate for Infiltration

Q L p

(equation 5)
Wheref is the infiltration rate (cm/hrKsis the hydraulic conductivity (in cm/hiy is
the depth of watehy is the wetting front capillary pressure head (in cm)is thefinal
(saturated) soil moisture contentis the initial (antecedent) soil moisture conteamiglF
is thecumulative infiltration amount (cm)

I f the wetting front did not extend pas
considered ondimensionaf | ow and Darcyod6s Law (equation
of Ksat (equation 7). Instead of soil moisture content, porosity was used to due to
inconsistency with soil moisture content values, where initial soil moisture was greater

than final soil moisturelt was assumed this occurred when air pockets formed in the soll
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sample, skewing the results. Porosity was calculated from bulk density, which was
determined by collecting soil samples using a ring method and measuring the ratio of dry

soil weight to sdivolume (discussed further in section 2.6).

Darcyodos Law

(equation 6)

o=
S'

(equation 7)
Whereg was the final two infiltration measurements per site (cmthwas calculated
from the final and inial falling head height (cm) as well aaturated and initial soil

moisture contenfy O O ¥Tn N , andDf is the hiange in porosity calculated
as0™Q 0 "Or¢ 0 0 .Capillary pressur€ values were referenced from

Rawls,Brakensiek and Miller (1983) for sagxture per site (see Appendiy.D

2.5. Subsurface Nutrient Transport

To measure potential subsurface nutrient transpadhe vados zone, three
perched water table access tubes were installed within each paddockietihof 12
per research sit@igure 12) The access tubes were made of PVC tubes that were cored
into the soil and caped at the ground surface. They were dug to reach 0.61 meters into the
water table with the intention of monitoring groundwater lev@nges, as well as act as

a source for water collection. Initial groundwater parameters were collected and recorded
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for temperature, pH, conductivity, and dissolved oxygen. Bromide was placed within 30
cm of groundwater wells with cow manure added on fap@bromide solution. The
bromide acteds a tracer and hagdtrack subsurface nutrient transport while the cow
manure represented the maximum nutrient load to a defined unit area. Water samples
were collected June and August 2015 and taken back laltlaed analyzed for bromide
presence, to determine if the bromide had infiltrated to the water table. Each water
sample had 25 mL of water measured out, a bromide ion buffer was added to the sample
and using a Thermo Scientific lonPlus Bromide Electrgdebe) with a Thermo

Scientific Orion Star A324 pH/ISE Meter (reader) results in parts per million (ppm) and
milivolts (mV), results were recorded. The mV records appeared toehgresater range

of resultsthan the ppm valuebgcause it measurdide rediction potential ad tendedo

be more sensitive to identifying the presence of bromide as it is reduced.

Figuel2Vadose Zone Access Tubes Located in Caugheyods Tradit
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2.6.Bulk Density, Porosity and Soil Textue
Bulk density and porosity was also determined per infiltration test site location.
The bulk density measurements were completed within five to ten centimeters of the soill
surface utilizing the ring method using steps and standards according to theNJRSIA
(Figure 13) This method consisted of 1) clearing the top layer of vegetation, 2) driving a
7.62 cm (3 in) diameter metal ring into the soil, 3) removing the ring by digging around it
and lifting from the Earth, ensuring not to disturb the soil, Ajoeng excess soil around
the ring, 5) placingsample in a plastic bag labeled in accordance to infiltration test site,
6) weighing samples in a lab setting, 7) drying samplesioven for 24 lburs at 60 to
70e C, 8) bukaénsity from iveightg and known volumes utilizing equation 8,
9) cdculatingporosity from bulk density utilizing equation(See Appendix D for bulk
density manudl(USDA NRCS, N.D.) The materials used were a 7.62 diameter ring,
hand sledge, wood block, flataded knife and sealable bags.
BD=S/S/

(equation 8)

Where $ is the dry soil weight in grams ang B soil volume in cr
P=1-(BD/PD) x100
(equation 9)

Where PD is particle density and is assumed to begZo5.
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Figure 13. Soil Bulk Density Sample Collection

Soil texture was determined with particle size analysis with a hydrometer, to
allow identification of percent sand, silt and clay. The sand size distribution was
determired by dry sieving with sieve sizes 2, 1, 0.5, 0.25, 0.106, 0.053 and less than
0.053 mm. Th&Ventworth (1922) grain size classification craided in identifying sand

size category (Figure 14).
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Figure 14. Wentworth Grain Size Classification Chart
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2.7.Laboratory Experiment

The lab portion consisted of two parts: infiltration tests and subsurface nutrient
transport components. During the 2014 field season, two soil cores were procured with
the intention of representing tdfering il types amongwo of the three sites (Booth
and CaugheyjFigure 15) Unfortunately, one of the soil cores was destroyed and the
tests were conducted on the one remaining (Caughey). The infiltration tests were
intended to identify the fluid and soluteW pathways under a range of drought to
saturated conditiongas a way to determine how well water moves when exposed to
different climatic conditions, as well as identify the presence of preferential flow paths. A

bromide solution tracer was added to esgnt subsurface nutrient transport.

-

Figure 15. Soil Core Qllection (left) and Lab Preparation (right)
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Before the experimental portion began, some preliminary information, such as
soil core volume and water volume, wasadletined. Using the assumption that saturation
occurs at a pore volume equal to 50 percent of the soil volume, which is assumed to be
the porosity of a soil in good condition for plant growth, the soil core was calculated to
need approximately 31700 mL obwer. A 3000 ppm concentration of bromide solution
was prepared and 100 mL was applied in a single, focused area at the center of the
surface of the soil core to emulate plug flow. Nine holes were drilled evenly into the
bottom of the soil core containdtlastic adapters were inserted into the holes, along with
a cotton ball to minimize soil loss. Silicon tubes were then connected to the holes via
hose barbs and routed into cainers to collect water as it wasiltrated through the soil
core.Figure 16and 17 display the elevated soil column with tubing routed into the bottle

and the numbered system for holes drilled into the bottom of the base.

Figure 16. Soil Core with Infiltrometer (left) and Soil Core Bottom with Bottles (right)
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Figure 17. Soil Core Base Schematic: Hole and Tubing Locations

There were three stages to the solil infiltration tests. Infiltration tests started from
drought conditions, which equated to allowing the soil cores toampletely (stage 1).
Drought conditions were created by allowing the soil core to dry in a controlled
environment at air temperature for approximately 12 mofihgoincide with the field
tests, 2600 mL of water was added to the MPD falling head arfitter and measured
while infiltrating through the soil core. The infiltration rate was tirmed recordedas
well as thetotal time needed for the water tlilter completelythrough the soil core.

Bromide concentration was measured from the drainageauio of the containers

collecting water from the soil core. Once the 2600 mL of water had completely drained,
the total amount of water was collected from the soil core and the bromide concentration
was measured. The total amount of water collected im eattainer would help detect
macrapore locations and determine flow paths and hydraulic conductivity.

The next stage (stage 2) was to completely saturate the soil core. This was done

by adding water to the soil core equal to the assumed an estimatsdypof 50 percent
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with the completion of two consecutive soil infiltration tests with the MPD. Water was
added until pooling occurred at the top of the soil core, which was the point of assumed
saturation. Onca saturated state was attained, an adudtlianfiltration test was

conducted (stage 3). Bromide concentration and total drained water volume was

measured at the test completion.

2.8.Data Analysis

Statistical analysis was completed using RStudio software, Version 3.2.2 (2015).
Two-way analysis of ariance (ANOVA) tests were completed on the calculated average
soil infiltration by treatment typ@nd by soil texture and treatment type and tested with
Ksas Season (data collection period), paddock (treatment type), bulk density, landscape
position, sditexture, and initial soil moisture conte@nce a summary of results from
the ANOVA tests were copteted, a Tukey Honest Significant Differences (HSD)
(U<0.05) was computed and plotted. This wa
statistically significant differencdsetween infiltration rate and the other variablas
addition, P e a remst corredaion poeffaidnt tests with @ confidence level

of 95 percent were conducted to identify correlations between variables.

Chapter 3. Results
3.1. Soil Infiltration Results

3.1.1.Booth Soil Infiltration Results
I n Boothdés open pastur e easeohdfitation ratesh er e

over the extent of the project at infiltration test site BOP40(69), BOP4 (=0.23) and
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BOPS5 (f=0.67), whilethere was an overall decreas®&P2 (f=0.43) and BOP3
(r*=0.43) (Figure 18, Table)7Over the course of the geat, the greatest increase in
infiltration occurred at BOP5 (24.80 cm/hr, no Spring 2016 data), while the greatest
decline occurred at BOP2 (32.60 cm/hr). As a paddock, infiltration rates ranged from
2.20 cm/hr (BOPS5, Fall 2013) to 44.95 cm{BOP3, Spmg 2014) From Fall 2013 to

Fall 2015, the average infiltration across the paddock as a whole was lowest in Fall of
2014 (13.3 cm/hr) and highest in Spring 2014 (20.1 cmfgu(e 19,Table 7). Spring
2016 data was not included in the seasonal averdgegp only three of the five
infiltration tests completed at thiahe.
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Figure 18. Booth Open Pasture Paddock Infiltration Rates Over Time
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Spring 2014
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Table 7. Booth Open Pasture Paddock Infiltration Rates Over Time (cm/hr)

l

I

Spring 2016

Test Site | Fall 2013 |Spring 2014 Fall 2014 | Fall 2015 |Spring 2016
BOP1 3.80 9.56 9.40 19.00 12.60
BOP2 35.00 12.00 2060 25.40 2.40
BOP3 19.60 44.95 10.60 2.40 5.20
BOP4 5.80 10.60 2.80 15.00
BOP5 2.20 23.40 18.20 27.00
Average 13.28 20.10 12.32 17.76 6.73
I n Boothodés silvopasture paddock,

from Fall 2013 to Spring016 atinfiltration test site BSV3 {=0.33), BSV2 (=0.0029),

BSV5 (#=0.22), whilethere was an overall decreas®8\V1 (*=0.062) and BSV4

t her e

(r*=0.024) (Figue 20, Table B Infiltration rates had the greatest increase at SV5 (28.80

cm/hr) and decreasat SV4 (6.70 cm/hr, no Spring 2016 data). Infiltration rates ranged

from 0.60 cm/hr (BSV2, Fall 2013; BSV4, Spring 2014) to $hshr(BSV1, Fall

2014). By seasonal average, Fall 2014 had the greatest infiltration rates (36.16 cm/hr) and

Fall 2013 hadhe lowest (11.32 cm/hr}F{gure 21,Table 8).
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Figure 21. Booth Silvopasture Infiltration Rates Over Time (Range, Median, First and Third Quartile)

Table 8. Booth Silvopasture Paddock Infiltration Rates Over Time (cm/hr)

Test Site | Fall 2013 |Spring 2014 Fall 2014 | Fall 2015 |Spring 2016
SV1 20.80 54.00 91.80 3.00 18.40
SV2 0.60 29.60 1.20 11.60 11.60
Sv3 2.80 11.80 10.20 77.33 25.00
Sv4 29.20 0.60 40.80 22.50
SV5 3.20 15.20 36.80 4.00 32.00

Average 11.32 22.24 36.16 23.69 21.75
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The traditional forest paddock was not seeded, yet there was an overall increase in
infiltration ratesfrom Fall 2013 to Spring 2016 mfiltration test site BTF1 (=0.29),
BTF2 (=0.11) and BTF4 {=0.00043), whilghere was an overall decreas®af3
(r*=0.035) and BTF5 {=0.61) (Figure 22, Table)9The greatest increase in infiltration
rates over the entirety of the project veaen at BTF2 (5.00, no Spring 2016 data) and
decrease was at BTF3 (12.00). The range of infiltration rates spanned from 1.00 cm/hr
(BTF1, Spring 2014) to 61.98n/hr(BTF2, Fall 2014). Seasonally, the highest average
infiltration rates occurred during F&014 (37.24 cm/hr) while Spring 2014 had the

lowest (6.24 cm/hr)Kigure 23,Table 9).
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Figure 22. Booth Traditional Forest Paddock Infiltration Rates Over Time
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Table 9. Booth Traditional Forest Paddock Infiltration Rates Over Time (cm/hr)

Test Site | Fall 2013 |Spring 2014 Fall 2014 | Fall 2015 |Spring 2016
BTF1 3.20 1.00 1020 25.60 7.40
BTF2 5.20 4.80 61.93 10.20
BTF3 38.20 1.40 43.40 1.60 26.20
BTF4 1.20 16.20 57.86 14.00 3.80
BTF5 11.79 7.80 12.80 0.00
Average 11.92 6.24 37.24 12.85 9.35
By paddock over the entirety ofwedthe

overall average infiltration rate (14.7 cm/hr) and the smallest range (2.2 to 44.9 cm/hr)

when compared to the other paddockse Taditional forest paddock had a range (0.0 to

61.93 cm/hr) with an average of 15.90 cm/hr. The silvopasture paddothehgbatest

averagenfiltration of 23.08 cm/hr and a range of 0.600th.80 cm/hr (Table 10, Figure

24).

Two-way ANOVA, Tukey HSD with a 95 perceatonf i dence |

productmoment correlation coefficient were used to determine the statistgnificance

54

evel

pro

an



between variables. Averages for infiltration rateg, Kulk densitylandscape positign

ini tial

S

oi | moi stur e

were calcul ated

infiltration rates did not display any significant diéeices with these variables i

base

ANOVA tests. Tukey HSD tests determined that the greatest difference in mean levels

for infiltration based on treatment type was between the silvopasture and open pasture

paddock (8.92m/hr. Average infiltration rates basea soil texture type wer

calculated and ran for twawvay ANOVA tests. Average infiltration (by soil texture),

displayed a difference when tested against treatment type, texture and season for season

(p<0.1) (Table 11 Tukey HSD tests determined that thieagest difference in mean

levels for texture was sandy loam and loam (8:/3r), and for season was Fall 2013

and Fall 2014 (19.34). Datasets used 8tiliofor Booth carbe found in Appendix C,

Table 1 and 2

Table 10. Booth Soil Infiltration Rate s per Paddock (cm/hr) (Fall 2013Spring 2016)

Open Pasture Silvopasture |Traditional Forest
Minimum 2.20 0.60 0.00
Quatrtile 1 5.50 3.80 3.50
Median 12.00 16.80 10.20
Quartile 3 20.10 30.20 20.90
Maximum 44,95 91.80 61.93
Average 14.67 23.08 15.90
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Figure 24. Booth Infiltration Rates by Paddock Over Time (Range, Median, First and Third Quartile)

Table 11. Booth Statistically Significant ANOVA Results

Booth Infiltration by Treatme nt, Texture and Season
Signif.

Df | SumSqg | MeanSqg |F Value | Pr(>F) | Code*
Treatment 2 162.2 81.09 0.626| 0.5444
Texture 2 524.1 262.07 2.023| 0.1572
Season 4 1211.2 302.81 2.338| 0.0886] .
Residuals 21 2720.1 129.53
*Signif. codes0.0Q0 6*6*0.05001660*4 o6 06 1

3.1.2.Caughey Soil Infiltration Results

Caugheyds open pasture paddock experien
rates from Fall 2013 to Spring 2016 at test sites CORB.(#78), COP4 (=0.309) and

COP5 (f=0.644), while COP{r?=0.085) and COP2%0.370) experienced an overall

decrease in infiltration ratesiffare 25, Table 12 The greatest increase over time was

observed at COP4 (1.60 cm/hr) ahdgreatest decrease was at COP1 (70.90 cm/hr).
Caugheyds o ptation rates sahged frem 0.00 Em/hr (COP5, Fall 2013 and

2014, Spring 2014; COP3, Fall 2014) to 78.30engCOP1, Fall 2013)The greatest
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average infiltration rates occurred in Fall 2013 (Table 28.02 cm/hr), while Spring 2014

had the lowest average iltfation rates (2.88 cm/hrf(gure 26,Table 12).
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Figure 25. Caughey Open Pasture Paddock Infiltration Rates Over Time
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Table 12. Caughey Open Pasture Paddock Infiltration Rates Over Time (cm/hr)

Test Site | Fall 2013 |Spring 2014 Fall 2014 | Fall 2015 |Spring 2016
COP1 78.30 4.00 7.20 74.73 7.40
COP2 60.40 4.40 28.20 17.80 11.60
COP3 0.80 4.60 0.00 17.80 0.80
COP4 0.60 1.40 0.60 5.80 2.20
COP5 0.00 0.00 0.00 0.20 1.00
Average 28.02 2.88 7.20 23.27 4.60
Caugheyodos silvopastur e mceabeioiofikratenx per i en

rates afour of the five locations CSV1%0.023), CSV2 (=0.012), CSV3 ¢=0.249)

and CSV5 (1=0.0064) while CSV4 {=0.011) experienakan overall decrease (Figure

27, Table 13 Infiltration rates increased the most at CSV3 (50.80 cm/hr) and decreased

by 6.40 cm/ hr at BtatwdratesTahged flom @0D ont/lk @SV4,i nf i |
Spring 2016) to 67.44 cm/hr (CSV3, Fall 2014). When averaging all of the infiltration

test sites, the highest average infiltrati
during Fall 2014 (29.41 cm/hr), whitee lowest infiltration mean was in Fall 2015 (4.76

cm/hr) Figure 28 Table 13).
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Figure 28. Caughey Silvopasturdnfiltration Rat es Over Time (Range, Median, First and Third Quartile)

Table 13. Caughey Silvopasture Paddock Infiltration Rates by Season (cm/hr)

Test Site | Fall 2013 |Spring 2014 Fall 2014 | Fall 2015 |Spring 2016
CSV1 6.80 42.00 25.40 11.00 15.60
CSV2 8.20 49.60 1.20 2.20 24.80
CSV3 6.80 20.00 67.44 8.40 57.60
CSv4 6.40 2.80 52.80 0.40 0.00
CSV5 2.00 7.80 0.20 1.80 5.80

Average 6.04 24.44 29.41 4.76 20.76

59



Caugheyobs tradit peoencd anbdbveralleadascteas@idd d d oc k e x
infiltration test site locations: CTF1%60.164), CTF2 ¢=0.021), CTF3 (=0.804), CTF4
(r*=0.256), and CTF5 $£0.194) (Figure 29, Table L4The greatest of these declines
occurred at CTF4 (40.60 cm/hr). The range of infiltration rates spanned 0.00 cm/hr
(CTF4, Fdl 2014) to 116.13 cmi(CTF1, Spring 2014)The greatest average infiltration
for all sites within the traditional forest paddock occurred in Fall 2013 (37.81 cm/hr) and
gradually declined to the lowest average infiltration rates in Fall 2015 (8.28)cm/hr

(Figure 30,Table 14).
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Figure 29. Caughey Traditional Forest Paddock Infiltration Rates Over Time
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Table 14. Caughey Traditional Forest Paddock Infiltration Rates (cm/hr)

Test Site | Fall 2013 |Spring 2014 Fall 2014 | Fall 2015 |Spring 2016
CTF1 24.40 116.13 16.80 17.81 18.00
CTF2 12.80 14.80 101.37 0.60 0.20
CTF3 38.94 29.60 2.00 0.20 1.40
CTF4 48.80 1.00 0.00 17.80 8.20
CTF5 64.09 8.80 9.55 5.00 31.40

Average 37.81 34.07 25.94 8.28 11.84

When analyzing the infiltration rates by paddock over the course of the
silvopasture project, i tnpasareexpgedencedthei ne d
lowest overall average (13.19 cm/hr), with silvopasture next (17.08 cm/hr), and
traditional forest with the highest overall averagfdtration rates(23.59 cm/hr) (Table
15). The traditional forest paddock also experienced ribatest range of values from
0.00 to 116.13 cm/hr, with open pasture second (0.00 to 78.30 cm/hr), and silvopasture

with the smallest range (0.00 t@.84 cm/hr) (Table 15, Figure B1
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The same statistical anal ysi s aveags condu
were calculated for infiltration rates based on treatment type and ANOVA tests were
completed for infiltration versussy, bulk densityJandscape position anditial soll
moi sture. Caugheyds av easigngicant dfaréncelwithrkgt i on r
values (p<0.05) (Table 16), with a moderate correlation (r=0.52). Tukey HSD tests
identified the greatest difference in mean levels for infiltration based on treatment type
was between the traditional forest and open pasture padd@cR9¢fn/hr). Average
infiltration rates based on soil texture typere ran inwo-way ANOVA tests with a
combination of soil texture, treatment type and seasbicthyielded no statistical
differences in mean levels. Tukey HSD tests determined thateheegt difference in
mean levels for texture was loam and loamy sand (Zfibr), and for season was Fall
2014 and Fall 2015 (15.@9n/hn). Datasets used inSRudiofor Caugheg statistical

analysis care found in Appendix C, Table 3 and 4

Table 15. Caughey Soil Infiltration Rates per Paddock (cm/hr) (Fall 2013Spring 2016)

Open Pasture Silvopasture |Traditional Forest
Minimum 0.00 0.00 0.00
Quartile 1 0.60 2.20 2.00
Median 4.00 7.80 14.80
Quartile 3 11.60 24.80 29.60
Maximum 78.30 67.44 116.13
Average 13.19 17.08 23.59

62



140.00
120.00
100.00

80.00

|

20.00

Infiltration Rate {cm/hr)

- :

Open Pasture

0.00

Silvopasture Traditional Forest
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Table 16. Caughey Statistically Significant ANOVA Results

Caughey Infiltration by Treatment
Signif.
Df | SumSqg | MeanSqg |F Value | Pr(>F) | Code*
Ksat 1 519.3 519.3 4.724| 0.0488| *
Residuals 13 1428.8 109.9
*Signif. codes: O 6***% 0.001 o6**6 0.01 o

3.1.3.Moe Soil Infiltration Results
At Mo e infdtration tests were taken Fall 2013, Spring 2014, Fall 2014 and

Fall 2015. Thee was no Spring 2016 data The Open Pasture at Moe:¢
an overall increase in infiltration rates at MOPE(.066), MOP2 ¢=0.039) and MOP3

(r*=0.016). MOR (*=0.601) and MOP5 %+0.045) had decreases in overall infiltration

rates over theourse of the project (Figure 32, Tablg.IMOP1 experienced the greatest

increase over the course of the project (20.80 cm/hr) and MOP4 had the greatest decrease
(33.60cm/hr). The open pasture paddock had a range of infiltration rates from 2.80 cm/hr

(MOP1, Fall 2013) to 50.20 cm/hr (MOP1, Spring 2014). The greatest average
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infiltration rates by season occurred during Fall 2014 (24.28 cm/hr), while the lowest

infiltration rates were in Fall 2015 (11.64 cm/H#igure 33,Table 17).
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Figure 32. Moe Open Pasture Paddock Infiltration Rates Over Time
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Table 17. Moe Open Pasture Paddock Infiltration Rates (cm/hr)

Test Site | Fall 2013 |Spring 2014 Fall 2014 | Fall 2015
MOP1 2.80 50.20 26.40 23.60
MOP2 5.60 11.40 22.00 6.00
MOP3 3.20 21.97 15.60 8.00
MOP4 36.60 3.60 7.40 3.00
MOP5 22.40 4.00 50.00 17.60
Average 14.12 18.23 24.28 11.64

I n Moeds silvopasture

infiltration at four of the five test locations. MSV¥%0.92), MSV3 (f=0.43), MSV4
(r’=0.72)and MSV5 (f=0.018) all increased over time, while MSV2=0.035)

decreased overall fromalt 2013 to Fall 2015 (Figure 34, Table)18he greatest

increase in infiltration occurred at MSV1 by increasing 28.40 cm/hr over time, while the
greatestlecreas®@e c cur r e d
paddock ranged from 0.00 cm/hr (MSV1, Fall 2013) to 58.20wc(MSV5, Fall 2014)

On average by season for this paddock, the highest infiltration occurred in Spring 2014
(32.60 cm/hr) withlgradual decreases over one and two grazing seasons, while the lowest

infiltration occurred before seeding in Fall 2013 (8.18 cmRigyre 35,Table 18).

at
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Table 18. Moe Silvopasture Paddock Infiltration Rates (cm/hr)

Test Site | Fall 2013 |Spring 2014 Fall 2014 | Fall 2015
MSV1 0.00 15.20 26.00 28.40
MSV2 11.10 49.40 27.40 9.40
MSV3 19.40 31.00 23.20 32.60
MSV4 0.80 17.00 21.00 20.20
MSV5 9.60 50.40 58.20 15.40

Average 8.18 32.60 31.16 21.20
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Moebs traditional forest pavdrdgeck exper.
infiltration rates wher®TF2 (=0.99) and MTF4 (=0.46) had increasing overall
average infiltratiorrates whileMTF1 (*=0.88), MTF3 (f=0.63) and MTF5 ¢=0.47) had
decreasiqg infiltration rates (Figure 36, Table)1%rom Fall 2013 to Fall 2015, the
greatest overall increase occurred at MTF4 (103.33 cm/hr) and greatest overall decrease
occurred at MTF3 (186.58n/hr). The range of infiltration rates spanned 8.00 cm/hr
(MTFS5, Fall 2014) to 344.40 cm/hr (MTF5, Spring 2014). The highest average
infiltration rates by season occurred in Fall 2013 (121.10 cm/hr) and the lowest average

infiltration rates occurred in #2014 (29.80 cm/hr) (Figure 27, Table 19)
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Tablel9. Moebds Traditional Forest Paddock
Test Site | Fall 2013 |Spring 2014 Fall 2014 | Fall 2015
TF1 119.64 112.00 35.40 24.20
TF2 12.00 23.20 42.00 53.60
TF3 213.18 36.00 12.20 26.60
TF4 70.00 72.40 51.40 173.33
TF5 190.67 344.40 8.00 21.60
Average 121.10 117.60 29.80 59.87
By paddock,

the lowest overall averagfiltration rates (17.07 cm/hr) from Fall 2013 to Fall 2015.

The silvopasture paddock had a range of 0.00 cm/hr to 58.20 cm/hr with an overall

average of 23.29 cm/hr. The traditional ftrexperienced the greateangg8.00 cm/hr

to 344.40 cm/hr) and the greatest average (82.09 cm/hr) over the entitetypobject

(Table 20, Figure 38

Again, averag@nfiltration rates based on treatment type were calculated and

ANOVA tests were capleted to determine differences between infiltration laggl
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bulk density, landscape position i ni t i al

infiltration rates indicated significant differersoith bulk density (p<0.01)andscape

S

oi | moi stur e

and

positionand by paddock (p<0.05) (Table 21). The correlation between infiltration and

bulk density and infiltration andandscape positiowas strongly negative (¥8.74 and

r=-0.70, respectively). The Tukey HSD tests identified the greatest difference in mean

levels for infiltration based on treatment type was between the traditional forest and open

pasture paddocks (65.@&/hn. Two-way ANOVA tests for average infiltration based on

soil texture for a combination of soil texture, treatment type and season deatistid ait

differences in mean levels for treatment (p<O(@Hble 21) Tukey HSD tests

determined that the greatest difference in mean levels for texture was loamy sand and

sand (33.6@m/hr) andbetween Spring 2014 and Fall 2014 (2%4¥hr) for season.

Datasets used inRudiof o r

Table 5 and 6

Moeds

st a tbe feund icAppendxC,al ysi s

Table 20. Moe Svil Infiltration Rates per Paddock (cm/hr) (Fall 2013Fall 2015)

Open Pasture Silvopasture |Traditional Forest
Minimum 2.80 0.00 8.00
Quatrtile 1 5.20 14.18 23.95
Median 13.50 20.60 46.70
Quartile 3 22.70 29.05 113.91
Maximum 50.20 58.20 344.40
Average 17.07 23.29 82.09
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Table 21. Statistically Significant Infiltration ANOVA Results

Moe Infiltration by Treatment

Df | Sum Sq | Mean Sq F value | Pr(>F)
Bulk Density 1 9183 9183 12.08| 0.00596] **
Residuals 10 13400 1340
Treatmen 2 10300 5150 7.149( 0.0138 | *
Residuals 9 6484 720
Elevation 1 8296 8296 9.775| 0.0108 | *
Residuals 10 8487 849
Moe Infiltration by Texture and Treatment

Df | Sum Sq Mean Sq | Fvalue | Pr(>F)
Treatment 2 18523 9261 8.084| 0.00375| **
Texture 2 795 398 0.347| 0.71201
Season 3 3633 1211 1.057| 0.39475
Residuals 16 18330 1145.58
Signif. Codes: O 6***6 0.001 o6**6
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3.2.Soil Moisture Content Results

Soil moisture content was collected with the infiltration rates, asissgd in
section 2.3. Post (or soil moisture final) collected samples were assumed to be at
saturation when a#oil pores are filled with water, causing minimally varying results.

The pre samples (or soil moisture initial) determined the amount of neistthre soil
before infiltration tests had occurred.

For all seasons for all data coll ection
lowest average initialal moisture content (19.80%), followed by silvopasture (29.08%),
while traditional forest ha the highest (34.62%) (Table 22). Seasonally, the driest data
collection time for all paddocks was in Fall 2015, yielding the lowest average initial soil
moisture content (19.61%). The wettest collection time was in Spring 2016 (35.47%). All
soilmoistue content per cent alpseenihAppend&k®@,oTableds Far |

Statistical analysis was conducted for average initial soil moisture content by
paddock to determine differences between the variables treatment type, season, bulk
density, Kg; infiltration andlandscape positiorThe only significant difference was seen
by treatment type (p<0.05), with the greatest difference between the traditional forest and
open pasture paddock (14.63/hr. Also noted was a negative correlation between
initial sol moisture content and landscape posi(iern0.44). When initial soil moisture
content was averaged by soil texture, ANOVA tests identified a difference with texture
(p<0.1) with greatest differences between silty clay loam and sandy loam ¢bit8))
while a twoway ANOVA determined that initial soil moisture content with soil texture
and season had a significant difference (p<0.05 and p<0.01, respectively) with greatest

difference between seasons between Spring 2016 and Fall 2015qd242
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Table 22. Boothds Average I nitial Soi l Moi sture Content ( %)

Open Pasture | Silvopasture | Traditional Forest | Seasonal Average

Paddock Average 19.80 29.08 34.62

Fall 2013 20.11 25.26 33.63 26.33
Spring 2014 21.84 34.78 41.85 32.82
Fall 2014 16.20 29.39 36.96 27.52
Fall 2015 17.52 21.08 20.23 19.61
Spring 2016 25.73 36.36 41.89 35.47

At Caugheyb6s Farm, over the course of

moisture content was lowest in the traditional forest paddock (32,I886wed by the
open pasture paddock (40.71%), with the silvopasture paddock having the highest
average initial soil moisture content (51.88%) (Table 23). This farm also experienced the
driest data collection in Fall 2015 with an overall average irgbdimoisture content
percentage of 28.67 while the greatest overall average initial soil moisture content
percentage was in Spring 2016 (53.83%) (Table 23). Full initial and final soil moisture
content values can be found ipgendix B, Table 2

The intial soil moisture content was averaged by paddock and analyzed to
determine statistical differences between treatment type, season, bulk degsity, K
infiltration andlandscape positiorA difference was seen by treatment type (p<0.1),
where the greateslifference was within the silvopasture and traditional forest paddock
(29.69cm/h). Initial soil moisture content was also averaged by soil texture and
analyzed for differences between soil texture, treatment type and season, and a
combination of the ttee variables. ANOVA tests identified a difference with season
(p<0.1) with greatest differences between Spring 2016 and Fall 2015 (28/d#, and
initial soil moisture by season, treatment and soil texture had a significant difference for

both seasonmal treatment (p<0.01).
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Table 23. Caugheybdts Average I nitial Soi l Moi sture Content
Open Pasture | Silvopasture | Traditional Forest | Seasonal Average

Paddock Average| 40.71 51.88 32.19

Fall 2013 54.65 69.81 26.14 50.20

Spring 2014 40.89 46.25 32.55 39.90

Fall 2014 35.59 39.89 30.61 35.36

Fall 2015 22.28 34.43 39.32 28.67

Spring 2016 50.13 69.02 42.33 53.83

Moebdbs Farm had soi

I i nfil

( %)

tration tests

Fall 2013 to Fall 2015 with no Spring 20dé&ta. By paddock for all seasons, tipen

pasture paddock had the lowest initial soil moisture content (14, &2%)nd was the

silvopasturgpaddock (17.85%), and the greatest was the traditional forest paddock

(21.76%)(Table 24). As with the other fasnthe driest data collection for overall

average initial soil moisture content occurred during Fall 2015 (10.75%) while the

wettest season for data collection was Spring 2014 (22.79%) (Table 24). Full initial and

final soil moisture content valuésr Moed s

The same statisti

moisture content by paddock. Of the variables tested by paddock, there were no apparent

c al anal

cam benfound in ppendix B, Table 3

ysis was condu

significant differences. Although moderate,rth@vas a negative correlation between

initial soil moisture content arldndscape positio(r=-0.44) and a positive correlation

with infiltration (r=0.44). The greatest differences for season were between Spring 2014

and Fall 2014 (12.04) and for treatmergre between traditional forest and open pasture

paddocks (7.04). Initial soil moisture content was averaged by soil texture, a difference

between average initial soil moisture content and season was apparent (p<0.1). When

average ini&l soil moisture cotent was testedgainst season, treatment and texture,

there was a significant difference between season (p<0.05) and treatment (p<0.1).

73



Table24. Moebs Average Soil Moi sture Content ( %)

Open Pasture| Silvopasture | Traditional Forest | Seasonal Averags
Paddock Average | 14.72 17.85 21.76
Fall 2013 15.31 21.16 27.43 21.30
Spring 2014 16.32 29.23 22.81 22.79
Fall 2014 14.76 12.74 25.30 17.60
Fall 2015 12.50 8.25 11.49 10.75

3.3. Saturated Hydraulic Conductivity Results

Saturated hydrdic conductivity values were compiled from results from the
MPD model forthreel i mensi onal fl ow and Darcyobés Law
dimensional flow through the infiltrometer. Twoay ANOVA and Pear sonao:
tests were conducted fordand sdliinfiltration differences.

Bo ot h 0 ssrésalts did nét exhibit a statistically significant correlation with
infiltration rates (r=0.19). When analyzed averagg by season, the range of values
differed greatly, from 11.37 to 155.46 um/sec (TdB& From lowest to highest average
Ksatvalues, the seasons ranked: Fall 2013, Fall 2015, Fall 2014, Spring 2014 and Spring
2016. By paddock, the lowest averagg;8ver the entirety of the project was in the open
pasture with an average of 14.10 um/dbke traditional forest paddock had an average of
21.50 um/sec, and the silvopasture had the greatest aveszaiel®8.88 um/sec (Table
25).

Caugheyds Farm exhibited saandinfigrationf i cant
rates (p<0.001, r=0.53). Seastly, the average ¥values did not differ widely and
ranged from 12.68 to 19.69 um/sec with Fall 2013 having the greatggakies and

Spring 2016 having the lowest (Table 26). The open pasture paddock had an average
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overall Kszvalue of 11.33 um/se while silvopasture was 16.29 um/sec, and traditional
forest paddock had 19.76 um/sec (Table 26).

Moebs farm al so di spl ayedsgandnfitiation c an't
rates (r=0.35, p<0.01). Averagedalues by season ranged from 12.6188.13
pm/sec, ranking highest to lowest by Spring 2014, Fall 2013, Fall 2015, Fall 2014 (Table
27). By paddock, the average.Kor the open pasture was 103.27 pm/sec, the

silvopasture was 11.38 pm/sec, and the traditional forest was 85.88 um/sec2(@able

Table 25. Booth K¢, Results (um/sec)

Fall Spring Fall Fall Spring Paddock
Test Site 2013 2014 2014 2015 2016 Average
BOP1 3.11 8.92 4.69 1.42 0.22
BOP2 15.31 16.61 14.61 17.08 0.00
BOP3 15.83 32.11 15.59 0.00 5.10 14.10
BOP4 5.39 8.56 0.00 121.17
BOP5 2.14 18.39 10.81 7.19
BSV1 13.44 48.36 104.92| 3.11 106.29
BSV2 0.00 1235.31 0.00 12.28 22.62
BSV3 0.00 7.00 5.58 139.33 | 1257.25 138.88
BSV4 17.00 0.00 34.11 18.92
BSV5 11.72 11.50 28.25 5.72 250.35
BTF1 0.00 0.00 9.33 30.22 5.81
BTF2 4.29 5.20 61.81 1.31
BTF3 66.56 0.00 26.81 0.00 58.72 21.50
BTF4 0.00 21.53 11250| 1.44 3.65
BTF5 15.73 6.48 17.31 67.31 0.00
Season Average | 11.37 94.66 29.75 28.43 155.46
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Table 26. Caughey K Results (um/sec)

Fall Fall Fall Spring Paddock
Test Site 2013 | Spring 2014| 2014 2015 2016 Average
COP1 111.33 16.16 5.31 21.56 7.21
COP2 0.00 4.10 42.42 13.67 27.24
COP3 0.00 7.97 0.00 12.39 0.00 11.33
COP4 0.00 0.00 5.75 5.42 0.00
COP5 0.00 0.00 0.00 0.00 2.64
CSV1 4.93 4.42 17.47 0.00 43.59
CSV2 13.17 73.83 0.00 2.17 18.17
CSVv3 5.97 37.06 45.61 5.33 56.39 16.29
CSv4 5.50 7.66 54.97 0.00 0.00
CSV5 0.00 5.40 0.00 1.64 3.98
CTF1 25.97 2.25 14.47 22.48 13.11
CTF2 7.19 11.44 59.25 0.00 0.00
CTF3 28.08 24.56 0.00 0.00 0.00 19.76
CTF4 33.44 0.00 0.00 159.06 6.16
CTF5 59.81 7.69 7.31 0.00 11.72
Season Averagqd 19.69 13.50 16.84 16.25 12.68
Table 27. Moe K, Results (um/sec)
Paddock
Test Site Fall 2013 | Spring 2014 Fall 2014 Fall 2015 Average
MOP1 3.06 1895.75 36.95 15.83
MOP2 3.72 9.47 17.58 1.19
MOP3 2.83 17.86 11.69 1.33 103.27
MOP4 16.50 4.86 5.50 1.33
MOP5 2.25 2.56 1.89 13.31
MSV1 0.00 0.56 2.42 12.64
MSV2 1391 31.22 1.86 7.39
MSV3 12.42 14.25 1.14 23.22 11.38
MSV4 0.00 2.28 1.00 7.92
MSV5 6.32 67.87 1.97 19.27
MTF1 266.73 44.64 28.14 1.25
MTF2 13.32 0.92 18.44 16.25
MTF3 148.50 1.31 28.97 19.89 85.88
MTF4 0.42 24.47 26.83 309.62
MTF5 117.86 628.86 4.73 16.36
Season Averagq 40.52 183.13 12.61 31.12
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3.4. Subsurface Nutrient Transport Results

Subsurface nutrient transport was monitored by collecting water samples from the
perched water table access tubes installed in each paddock. Once the watenhad be
pumped from the well, the water samples were tested for bromide concentration.

At Boothoés Farm, detections of bromide
samples (range 0.006 to 1 ppm or 6.63@.7 mV) in June 2015 (Table 28). BTF2 had a
0 ppm readig, but a 6.6 mV value. The average was 0.38 ppnri, 066 mV. Low
concentrations of bromide were also identified in the control access tube located at
Boot hdos Far ni23.8mV) eoncentr&ionpinicating a baseline level of
bromide at approximaty 0.5 ppm. Two months later in August 2015, 8 of the 10 access
tubes at Boothdés Farm were dry and could n
access tubes that were not dry had undetectable levels of bromide with an average mV
reading of 9.65.

Caugheyds Farm also had initial detect:i
ppm (or-24.7 to-57.4 mV) during the first water collection in June (Table 29). The
average for June data collection was 1.37 pprd2d1 mV. At this farm, all access
tubes lad adequate levels of water to capture samples during the August sampling. The
results ranged from 0.06 to 0.4 pp+8.6 to-20.1 mV) with an average of 0.232.94
mV) (Table 29).

Moebs Farm al so experienced i no0OBioal det
1 ppm (1 to-42.6 mV) in June, averaging 0.51 ppiB2.69 mV)(Table 30) Three of the
eight access tubes at Moebdbs Farm were dry

access tubes yielded lower levels of bromide, except in MTF2. These bromide
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corcentrations ranged from 0.01 to 0.8 ppm (0.43th7 mV) with an average of 0.29

ppm ¢13.36 mV).

Table 28. Booth Bromide Field Results

16-Jun-15 13-Aug-15
Well mV ppm mV ppm
Control -23.9 0.5
BOP1 -25.4 0.5
BOP2 -21.1 0.4
BOP3 0.8 0.006 114 0
BSV1 -23.5 0.5 7.9 0
BSV2 -16.4 0.3
BSV3 -16.3 0.3
BTF1 -39.7 1
BTF2 6.6 0
BTF3 -17.7 0.3
Average -17.66 0.38 9.65 0

Table 29. Caughey Bromide Field Results

16-Jun-15 13-Aug-15
Well mV ppm mV ppm
COP1 -24.7 0.5 -3.6 0.06
COP2 -32.8 0.8 -5.2 0.08
COP3 -45.8 1 -12 0.2
CSV1 -46.6 2 -20.1 0.4
CSV2 -45.4 1 -13.9 0.2
CSV3 -44.6 2 -12.7 0.2
CTF1 -39.8 1 -17.3 0.3
CTF2 -57.4 3 -20.2 0.4
CTF3 -44.6 1 -11.5 0.2
Average -42.41 1.37 -1294 0.23
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Table 30. Moe Bromide Field Results

16-Jun-15 13-Aug-15

Well mV ppm mV ppm
MOP1 -26.5 0.6

MOP2 -6 0.1

MOP3 -23.8 0.5

MSV1 -38.2 1 -31.7 0.8
MSV2 -42.6 1 -18.1 0.4
MSV3 -31.2 0.7 -12 0.2
MTF1 -14.2 0.2 -5.1 0.08
MTF2 1 0.003 0.1 0.01
Average -22.69 0.51 -13.36 0.29

3.5.Soil Property Results: Bulk Density, Porosity and Texture
3.5.1.Bulk Density and Porosity

All bulk density and porosity calculations weletermined from soil samples
collected with the ring metltb Each soil infiltration test site had a sample collected and
sent to the lab where bulk density and porosity were calculated.

At Boothds Farm, bul k den’uwithtye ranged
silvopasture paddock having the lowest average bulkitges35 g/cn), open pasture
had an average of 1.43 g/tand traditional forest paddock had the highest bulk density
at 1.52 g/cm(Table 31). Porosity ranged from 38.65 to 53.51 percent. The average bulk
density for alll of B, whildtideavemge patosity Was 4588 s

percent.

79

r



Table 31. Booth Bulk Density and Porosity Results

Bulk Density | Bulk Density Porosity Porosity
Test Site (g/lcm®)  |Average (g/cnd) (%) Average (%)
BOP1 1.35 49.04
BOP2 1.35 48.96
BOP3 1.46 1.43 45,04 45.86
BOP4 1.52 42.67
BOP5 1.49 43.62
BSV1 1.50 43.24
BSV2 1.38 47.85
BSV3 1.36 1.35 48.72 48.89
BSV4 1.29 51.15
BSV5 1.23 53.51
BTF1 1.48 44.05
BTF2 1.52 42.64
BTF3 1.63 1.52 38.65 42.65
BTF4 1.50 4349
BTF5 1.47 44 .44

Caugheyods

bul k density f

or Cau g h € ighsst),silvapastup aas 1.161 e

g/cnt (lowest), and traditional forest was 1.29 glcRorosityranged from 37.74 to

70.73 percent. Overall the average bulk density for all paddocks was 1.3lagttm

average porosity faall paddocks was 50.58 percent.

Table 32. Caughey Bulk Density and Porosity Results

Bulk Density | Bulk Density Porosity Porosity
Test Site (g/lcm®)  |Average (g/cnd) (%) Average (%)
COP1 1.40 47.19
COP2 1.49 43.73
COP3 1.58 1.48 40.41 43.98
COP4 1.65 37.74
COP5 1.30 50.82
CSvi 1.38 47.84
CSv2 1.48 1.16 44.04 56.27
CSvVv3 0.78 70.73
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CSv4 1.04 60.69
CSV5 111 58.05
CTF1 1.33 49.73
CTF2 1.34 49.29
CTF3 1.10 58.38
CTF4 1.30 1.29 50.88 51.50
CTF5 1.35 49.23

Moebds Farm bulk densit y (TekdenB3).deofen om 1. 2
pasture had an average bulk density of §4#T, the silvopasture paddock had the
highest average bulk density at 1.50 gfcwhile the traditional forest paddock had the
lowest average bulk density at 1.41 gidifable 33). The overall average bulk density
was 1.42 g/crh The porosity ranged fro 37.13 to 53.79 percent with an average

porosity for all paddocks of 50.34 percent.

Table 33. Moe Bulk Density and Porosity Results

Bulk Density | Bulk Density Porosity Porosity
Test Site (g/lcm®)  |Average (g/cnd) (%) Average (%)
MOP1 1.57 40.71
MOP2 1.36 48.63
MOP3 1.57 1.47 40.64 44.35
MOP4 1.59 39.91
MOP5 1.28 51.88
MSV1 1.56 41.21
MSV2 1.33 49,97
MSV3 1.52 1.50 42.58 43.54
MSV4 1.52 42.64
MSV5 1.55 41.33
MTF1 1.29 51.29
MTF2 1.42 46.49
MTF3 1.67 1.41 37.13 46.83
MTF4 1.45 45.44
MTF5 1.22 53.79
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3.5.2.Soil Texture

According to the USDA NRCS soil survey
primary soil series encompassing the area: DeMontreMidletomediCushing complex,
Sandwick loamy sand, and Warbery fine sandy loam. The soil textures associated
with the complex in the upper soil profile (0 to 12.7 cm) were loamy sand (DeMontreville
and Mahtomedi) and fine sandy loam (Cushing). Since soil texture can vary greatly
within close proximity, soil texte was determined for each of the infiltration test
locations by measuring the percentage of sand, silt and clay.

Three soil textures were identified at
(20.0%) and silty clay loam (6.7%) (Table 34). Additionallyyagaize distribution was
determined for BOP2 and BSV4 utilizing the Wentworth (1922) grain size classification
chart, identifying that the greatest percentage of sand was fine sand (30.92028ad 3

respectively) (Table 35).

Table 34. Booth Soil Texture Analysis

USDA Textural
Test Site % Sand % Silt % Clay Class
BOP1 74 15 10.6 Sandy Loam
BOP2 73 Sandy Loam
BOP3 60 27 12.6 Sandy Loam
BOP4 75 13 11.6 Sandy Loam
BOP5 70 15 14.6 Sandy Loam
BSV1 76 13 10.6 Sandy Loam
BSV2 50 32 17.6 Loam
BSV3 66 21 12.6 Sandy Loam
BSVv4 82 Sandy Loam
BSV5 17 52 30.6 Silty Clay Loam
BTF1 46 36 17.6 Loam
BTF2 31 45 23.6 Loam
BTF3 58 28 13.6 Sandy Loam
BTF4 73 13 14 Sandy Loam
BTF5 70 19 10.6 Sandy Loam

82



Table 35. Booth Percent Sand Size Distribution for BOP2 and BSV4

Sieve Size BOP2 BSV4
2mm
1 mm 9.75 12.24
0.5 mm 22.31 23.03
0.25 mm 30.95 32.18
0.106 mm 23.81 18.72
0.053 mm 13.18 13.83
< 0.053 mm
Total 100.00 99.99

Caugheyds Far mhavwedhsee soitlseried by the USSBA NRES soll
survey. These included the Chetg&elyeville, ponded complex, the Brainéiidk
complex, and the Nokalrebish complex. The soil textures associated with these soil
series in the top 0 to 12.7 cm were fine salodm (Chetek), muck (Seelyeville, ponded),
sandy loam (Brainerd and Flak) and loam (Nokay an Prebish). The results from the soil
texture tests completed from the soil infiltration test sites identified that the primary soll
texture was sandy loam (73.3%9llowed by loamy sand (6.7%), loam (6.7%), clay loam
(6.7%) and sandy clay loam (6.7%) (Table 36). The sand size distribution tests were done
on COP1 and CTF4, which yiedd that the primary sand size wasy fine sand (33.7%

and 37.7%, respectivelyJéble 37).

Table 36. Caughey Soil Texture Classification

Test Site % Sand % Silt % Clay USDA Textural Class
COP1 82 Sandy Loam
COP2 71 15 13.6 Sandy Loam
COP3 85 5 9.6 Loamy Sand
COP4 63 17 19.6 Sandy Loam
COP5 70 12 17.6 Sandy Loam
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Csvi 66 20 13.6 Sandy Loam
CSVv2 69 16 14.6 Sandy Loam
CSV3 49 35 15.6 Loam

Csv4 35 26 38.6 Clay Loam
CSV5 62 19 18.6 Sandy Loam
CTF1 76 12 11.6 Sandy Loam
CTF2 68 17 14.6 Sandy Loam
CTF3 58 20 21.6 Sandy Clay Loam
CTF4 67 15 17.6 Sandy loam
CTF5 62 22 15.6 Sandy Loam

Table 37. Caughey Percent Sand Size Distribution for COP1 and CTF4

Sieve Size COP1 CTF4
2mm
1 mm 10.75 5.73
0.5 mm 15.61 14.17
0.25 mm 30.74 34.78
0.106 mm 33.70 37.74
0.053 mm 9.20 7.58
<0.053 mm
Total 100.00 100.00

The soil series for Moebs Farm were ide

to include the Chetetéraycalm complex, Bushville loamy sand, Brainerd sandy loam,

and Louge€lotagatiecBows t ri ng comp!l e x .xturéshiretheuppenpoll e x e s 0
profile were fine sandy loam (Chetek), loamy sand (Graycalm), peat (Lougee) and muck
(Totagatic and Bowstring). The soil texture classes from our analysis were identified as
primarily sandy loam (40.0%) and loamy sand (40.0%), satime in areas of sand

(20.0%) (Table 38). Percent sand size distribution was completed for MOP1, MOP2 and
MSV4, determining that the greatest percent sand for MOP1 was very fine sand (49.8%),

while MOP2 and MSV4 were fine sands (42.2% and 48.4%, respbgt(fable 39).
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Table 38. Moe Soil Texture Classification

USDA Textural
Test Site % Sand % Silt % Clay Class
MOP 1 95 Sand
MOP 2 74 12 13.6 Sandy Loam
MOP 3 77 11 11.6 Sandy Loam
MOP 4 72 15 12.6 Sandy Loam
MOP 5 73 14 126 Sandy Loam
MSV 1 85 5 9.6 Loamy Sand
MSV 2 82 8 9.6 Loamy Sand
MSV 3 88 5 6.6 Sand
MSV 4 92 Sand
MSV 5 84 6 9.6 Loamy Sand
MTF 1 60 26 13.6 Sandy Loam
MTF 2 81 9 9.6 Loamy Sand
MTF 3 78 12 9.6 Sandy Loam
MTF 4 86 4 9.6 Loamy Sand
MTF 5 87 4 8.6 Loamy Sand
Table 39. Moe Percent Sand Size Distribution for MOP1, MOP2 and MSV4
Sieve Size MOP1 MOP2 MSV4
2 mm
1 mm 0.96 5.69 1.91
0.5 mm 3.12 9.63 6.03
0.25 mm 40.67 42.17 48.37
0.106 mm 49.82 36.94 38.14
0.053 mm 5.43 5.59 5.55
< 0.053 mm
Total 100.00 100.00 100.00
3.6. Temperature and Precipitation
The annual mean summer (June toonAugust)

averagel8.3 degrees Celsius, while the mean winter (December to February) temperature
is-12.2 degrees Celsius, and on average, this area receives 68.6 cm of precipitation

annually (MNDNR, 2013). Based on temperature and precipitation data collected at the
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BrainerdCrow Wing County Regional Airport, this area received a total 49.4 cm of
precipitagion with an average annual temperature of 4.5 degrees Celsius i(T2bl<
40 and 41)In 2015, there was a total of 45.3 cm of precipitation with an average annual

temperature of 6.3 degrees Celsius (Table 40 and 41).

Table 40. Monthly Sum of Precipitation for Brainerd -Crow Wing County Regional Airport (Source: Weather
Underground, 2016a)

Monthly Precipitation (cm)

2014 2015 2016
Jan 0.13 0.08 1.35
Feb 0.28 0.36 0.00
Mar 0.89 0.66 3.91
Apr 3.68 1.57 6.50
May 9.12 10.46 10.29
Jun 10.74 2.13 10.44
July 5.49 7.42 27.41
Aug 14.43 5.13 12.95
Sept 3.02 2.64
Oct 0.43 3.25
Nov 0.71 9.35
Dec 0.48 2.29
Average 4.12 3.78
Sum 49.40 45.34

Table 41. Monthly Average Mean Temperature for Brainerd-Crow Wing County Regional Airport (Source:
Weather Underground, 2016a)

Mont hly Average Mean T
2014 2015 2016
Jan -14.44 -10.00 -11.11
Feb -13.33 -14.44 -7.22
Mar -5.00 -1.11 2.22
Apr 5.56 6.67 5.56
May 15.00 11.67 12.78
Jun 20.56 17.78 18.33
July 20.00 21.11 20.56
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Aug 18.89 18.89 20.00
Sept 13.89 1722
Oct 6.67 8.33
Nov -6.67 2.78
Dec -6.67 -3.89
Average 4.54 6.25

Caughey and Moebs Farm had the same ann
temperatures as Boothés Farm, but Caugheyo
precipitation annually (MNDNR,@13). The Little FalldViorrison County Airport
reported that in 2014, this area received 51.8 cm of precipitation with an average annual
temperature of 3.6 degrees Celsius, and in 2015, it received 50.7 cm of precipitation with

an average annual temperatof 6.4 degrees Celsius (Table 42 and 43)

Table 42. Monthly Sum of Precipitation for Little Falls -Morrison County Airport (Source: Weather
Underground, 2016b)

Monthly Precipitation (cm)

2014 2015 2016
Jan 0.28 0.05 0.79
Feb 0.58 0.25 0.89
Mar 0.61 0.53 2.92
Apr 4.72 1.32 411
May 7.98 8.38 6.53
Jun 8.13 6.30 4.88
July 5.66 10.64 20.37
Aug 13.89 8.43 11.23
Sept 7.21 2.29
Oct 0.91 457
Nov 1.52 6.58
Dec 0.33 1.40
Average 4,32 4.23
Sum 51.84 50.75
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Table 43. Monthly Average Mean Temperature for Little Falls-Morrison County Airport (Source: Weather
Underground, 2016b)

Mont hly Average Mean T
2014 2015 2016

Jan -15.56 -8.89 -10.00

Feb -15.56 -12.78 -6.11

Mar -6.11 -0.56 2.78

Apr 3.33 6.67 5.56

May 12.22 11.67 12.78

Jun 18.33 17.78 18.33

July 18.89 20.00 20.00

Aug 19.44 18.33 19.44

Sept 13.89 17.22

Oct 6.67 8.33

Nov -6.11 2.78

Dec -5.56 -3.33

Average 3.66 6.44

3.7.Summary of Paddock Differences

Bo ot h 0 sdtliedighest dverall average infiltration rates from Fall 2013 to
Spring 2016 in the silvopasture paddock (23.08 cm/hr). This also coincided with the
greatest averageslvalue (138.88 um/sec), the lowest bulk density values (1.35p/cm
andmid-ranged ®serage initial soil moisture content (29.08%). The primary soil texture
for this paddock wasandy loam. Following was the traditional forest with an overall
average infiltration rate of 19.16 cm/hr, an averaggedf21.50 um/sec and the highest
bulk dersity at 1.52 g/crh This paddock had a mixture of sandy loam and loam asils
the primary soil texture.{e highest initial soil moisture contemés measured in the
traditional forest paddockvhich indicated that the soils retained their moisture greate
than in the silvopasture and open pasture. The open pasture had the lowest overall

average infiltration (14.67 cm/hr) andJddalues (14.10 pum/sec) with a midngedoulk
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density (1.43 g/c). The predominate soilxeure wassandy loam, but the paddobad
the lowest averagaeitial soil moisture content (19.80%).

The predominant soil texture for all of
sandy loam. At this location, the overall average soil infiltration apg/&lues was
highest in the traditiondbrest paddock (23.29 cm/hr and 19.76 pum/sec), followed by the
silvopasture (17.08 cm/hr and 16.29 pum/sec), then the open pasture paddock (13.19
cm/hr and 11.33 pm/sec). The silvopasture paddock had the lowest average bulk density
(1.16 g/cri) and highesaverage initial soil moisture content (51.88%). The traditional
forest paddock had the lowest initial soil moisture content (32.19%)readesiagdulk
density of 1.29 g/cth The open pasture paddock had the highest average bulk density
(1.48 g/cri) with an average initial soil moisture content of 40.71%.

Moebs Farm experienced s.iTheitrhdaional foress ul t s
paddockhad the greatest overall average infiltration (82.09 cm/hr), but not the highest
Ksatvalues (85.88m/hi). This mddock had the lowest average bulk density (1.413%/cm
and the highest average initial soil moisture content (21.76%) when compared to the
other paddocks. The traditional forest paddock also had a mixture of sandy loam and
loamy sand soil textures. Thévaipasture paddock had the second highest overall
average infiltration rate (23.29 cm/hr), the lowest averagerélue (11.38 um/sec), the
highest average bulk density (1.50 gfgna midranged average initial soil moisture
content (17.85%) andsanddnd amy sand soil texture. Moe?os:s
the lowest average infiltration rates (17.07 cm/hr), highest averagd 63.27 um/sec),

hadpredominately sandy loafor soil texture, amverage 1.47 g/chbulk density and
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the lowest averageiiral soil moisture content (14.72%l)able 44 summarizes the

average findings for Booth, Caughey
Table 44. All Farm Paddocks, Averages Summary
Bulk Soil
Paddock Infiltration Ksat Soﬂ_Texture Density Mm_s_ture,
(cm/hr) | (um/sec) (Primary) 37| Initial
(g/cm’)
(%)
BOP 14.67 14.10 Sandy Loam 1.43 19.80
Booth BSV 23.08 138.88 Sandy Loam 1.35 29.08
BTF 15.90 21.50 | Sandy Loam, Loam| 1.52 34.62
COP 13.19 11.33 Sandy Loam 1.48 40.71
Caughey CSV 17.08 16.29 Sandy Loam 1.16 51.88
CTF 23.29 19.76 Sandy Loam 1.29 32.19
MOP 17.07 103.27 Sandy Loam 1.47 14.72
MSV 23.29 11.38 Sand, Loamy Sand| 1.50 17.85
Moe Sandy Loam, Loamy
MTF 82.09 85.88 Sand 1.41 21.76
3.8.Laboratory Experiment Results
Infilt rati on tests were compl eted Farm

during Fall 2015. Stagewas completed by running an infiltration tesirfr drought
conditions, stage was completed after the initial infiltration test was complete and all
wate had infiltrated though the soil core, stagen&s completed after two consecutive
infiltration tests and the core was assumed to be satufdtedighest average soll
infiltration rate occurred from drought conditions (45.7 cm/hr), while stage 2 bad th

lowest infiltration rate of 16.1 cm/hr and stage 3 (at saturation) had a 34.2 cm/hr

infiltration rate(Table 45).
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Table 45. Lab Infiltration Rate Results at the Different Stages

Test Stage | Infiltration Rate (cm/hr)
1 45.72
2 16.13
3 34.20

Volume of waer and bromide concentrations weeeorded after stage 2 and 3.

The initial results from the water samples yielded that the average volume in the bottles
was 155 mL, ranging from 26 to 224 mL (Table 46). The bromide contentranged

from 10 to 20 ppm-06.4 t0-115.3 mV). A crack in the base of the soil column leaked
water out the side, which watsocollected and measured (218 mL, 30 ppm).

The final results were collected after saturation had bemehed. The seal atth
basehad becoma greater problem at this point. The volume in the bottles ranged from 0
to 515 mL, while the captured leaked water was 1705 mL (Table 47). The bromide
concentration ranged from 8 to 20 ppi®@7.3 to-108.5 mV). The leaked portion of the

water also decreased in bromide concentration, from 30 to 20-pat 7 to-107.6 mV).

Table 46. Soil Core Infiltration Test: Initial Results

Sample ISE (ppm) | Voltage (mV) | Volume (mL)
1 20 -108.1 51
2 20 -114.2 26
3 20 -115.3 224
4 20 -107.6 167
5 10 -96.4 202
6 20 -115.8 228
7 20 -107.3 168
8 20 -111.8 203
9 20 -112.5 128

Leaked 30 -116.7 218
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Table 47. Soil Core Infiltration Test: Final Results

Sample ISE (ppm) | Voltage (mV) | Volume (mL)
1 N/A N/A 0
2 8 -87.3 29
3 N/A N/A 0
4 10 -98 84
5 20 -102.4 55
6 20 -107.3 515
7 N/A N/A 0
8 20 -108.5 47
9 10 -96.7 5
Leaked 20 -107.6 1705

Chapter 4. Discussion

4.1.Project Results Discussion

There was an overall increase in infiltration at 47 percent (21,sies)site had
no change, and the remaining experienced a decline in infiltration over the course of the
project (Table 48)By paddock, the silvopastures had an overall increase in soil
infiltration at 11 sites, open pastures had an increase at sixasitegaditional forest
paddocks had an increase at four sites (Tabld@d8)eal situations where vegetation
management was the determining factor for infiltration rates (as was originally
hypothesized), the trerekpectedo beobserve in seeded pada&s would be an
increase from Fall 2013 to Spring 2014 (due to seeding), a decrease in infiltration from
Spring 2014 to Fall 2014 (from loss of vegetation from grazing), an increase from Fall
2014 to Fall 2015 (due to greater establishment of vegetadiot)a decrease in
infiltration from Fall 2015 to Spring 2016 (due to minimal growth and evapotranspiration

after winter), with an overall increase in infiltration rates from the beginning to end of the
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project. However, this specific pattern was only obsérat 6 of the 45 soil infiltration
test locations, indicating that other factors are playing rolesilifiltration changes.

Solil infiltration rates altered between treatment type and research site. Statistical
analysis confirmed that although thevere some significant differences and correlations,
there was no specific or consisteatiables that indicated the reasondbanges in
infiltration found during this projectVith no resounding trend identified or statistically
significant resultsit is implied that there anmany complex factors that influenseil
infiltration in this project, not just vegetation and animal managerwémexplored the
concept thasoil infiltration rateswvere likely influenced by severdifferent factors that
can e linked to a combination afrivers. The key drivers identified in this study are
vegetation and animal management, geology and soils, climate ¢chadgaevious land
use that affect bulk density, antecedent soil moisture, resiliency to disturbances,
secondary porosity development, organic matter, and others. Table 49 summarizes the

drivers and factors that they affect, which are further discussed indiensebelow.

Table 48. Differences in Infiltration between Seasons

Fall 2013 | Spring 2014 | Fall 2014 | Fall 2015 Fall 2013 | Fall 2013 to
To To To To To Spring 2016
Spring 2014 Fall 2014 Fall 2015 |Spring 2016| Spring 2016 r?

BOP1 + - + - + 0.59
BOP2 - + + - - 0.43
BOP3 + - - + - 0.43
BOP4 + - - 0.23
BOP5 + - - 0.67
BSV1 + + - + - 0.06
BSV2 + 0 0.00
BSV3 + - - 0.33
BSVv4 - + - - 0.02
BSV5 + + - + 0.22
BTF1 - + + - 0.29
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BTF2 - + - - 0.11
BTF3 - + - + - 0.04
BTF4 + + - - + 0.00
BTF5 - + - - 0.61
COP1 - + + - 0.08
COP2 - + - - - 0.37
COP3 + - + - 0 0.08
COP4 + - + - + 0.31
COP5 + 0 + + + 0.64
CSv1 + - - + + 0.02
CSv2 + - + + + 0.01
CSv3 + + - + + 0.25
CsSv4 - - - - 0.01
CSV5 + - + + 0.01
CTF1 + - + - 0.16
CTF2 + + - - - 0.02
CTF3 - - - + - 0.80
CTF4 - - + - 0.26
CTF5 - + - + - 0.19
MOP1 + - - + 0.07
MOP2 + + - + 0.04
MOP3 + - - + 0.02
MOP4 - + - - 0.61
MOP5 - + - 0.04
MSV1 + + + + 0.92
MSV2 + - - - 0.04
MSV3 + - + + 0.43
MSV4 + + - + 0.72
MSV5 + + - + 0.02
MTF1 - - - - 0.88
MTF2 + + + + 0.99
MTF3 - - + - 0.63
MTF4 + - + + 0.46
MTF5 + - + - 0.47

+ indicates increasejndicates decrease, 0 indicates no change in infiltration rates
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Table 49. Key Drivers and Related Factors that Affect Infiltration

Driver

Factors

Vegetative Management

Secondary porosity

Bulk density

Antecedent soil moisture

Organic matter

Evapotranspiration

LivestockManagement

Bulk density

Organic matter

Vegetation growth

Geology and Soils

Resiliency to disturbances

Bulk density

Landscapeariations

Soil texture

Secondary porosity

Climate Change

Vegetation growth

Animal health

Antecedent soil moisture

Historical Land Use

Bulk density

Resiliency to disturbances

4.2.Vegetative and LivestockManagement

Central Minnesota has beererdified as an area of importance when it comes to
land management. Since this area is considered unsuitable for annudtoromnd
soybeans), it is utilizetbr livestock grazing, which tén is not effectively managed.

When the silvopastoral projesfas initially being developed, the hypothesis was that
vegetation is key in water quality and that with effective management, through seeding
perennial grasses and forbs and reducing grazing intesailtyrfiltration and health

would improve This assumption was based diteratureresearch that identified that
vegetation management can 1) modify bulk density and create secondary porosity
through the extensive and varying root system (Neary et al., 2009; Huang et al., 2013), 2)

lower bulk density througthis structure modification (OCSCD, 2001; Alaoui, 2015), 3)
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alter soil moisture content with increased organic matter and higher evapotranspiration
rates (Wang, et al., 2012; Brooks et al., 2013), and 4) minimize soil loss through reduced
overland flow ad rainfall impact by providing protection to the soil surface through
vegetative cover (Meeuwig, 1970; Owens et al., 1996; Huang et al., 2013). Besides
seeding, managing livestock density can also play a role in veggtationmance

Higher rates of livetock can increase the bulk density through hoof compaction and
reduce vegetation and the corresponding root structures through high grazing demands
(Mwendera and Saleem, 1997; Bharati et. al, 2@@&yi et al., 2008

Overall, @il infiltration rates wee greatest in the traditional forest, then
silvopasture, and lastly the opeaspure. Tie highest averagritial soil moisture content
was found in the silvopasture paddsdken the traditional forepaddocksfollowed by
the open pastuseThis indicaes that althougkeeding grasses and forbs may alter the
soil structure and create greater secondary porosity with a network of varying root depths,
the presence of trees may be a significant factor in increased infiltration and soil moisture
by providinggreater preferential flow, evapotranspiration and shade (Neary et al., 2009;
Thompson et al., 2010%aturated hydraulic conductivity was highest in the silvopasture
paddocks, while open pasture and traditional forest paddocks had equivalealu€s.

Forage quantity assessment by Ford (2016) identified that average biomass
production for all farms was greatest in the open pasture (1000.67 k/ha), followed by
silvopasture (755.17 kg/ha), then traditional forest paddocks (5&8/4&) for 2014 and
2015. Soil infiltration, initial soil moisture, Kz:and bulk densityor all research sites
were also averaged by paddock over the @afshe project to compare withe forage

production results, whicyielded no significant trends.
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Grazing and fallow eriods were considered in analysis of vegetative
developmentFour cowcalf pairs were introduced to each paddock when vegetation had
reached an average height of 20 cm and removed when vegetation had been reduced to 7
to 10 cm. This was done twice duriagch field season. The grazing and fallow periods
varied as vegetative growth and consumpti o
periods were similar in length (19 and 21 days) with a-denefallow period irbetween
and a total of 40 days grazed. INL80the first grazing period was 19 days, the second
was 12 days and there was adzfy fallow period ifbetween. The total number of days
grazed was 31. Caughey had the same amount of days as Booth in 2014, but in 2015 the
grazing periods were 19 days dtfsldays with a 2&8lay fallow, totaling 34 days grazed.
Moebs Farm was grazed f odayféaldw pdriadyirs20l.nld 28 d
2015, grazed 12 days and 14 days, with-@®@fallow period, totaling 26 days grazed.
Tables 2, 4 and 6 listdetailed account of grazing rotations for 2014 and 2015. Also, it is
important to note that Moe did not graze the traditional forest paddock in 2015 due to
difficulty of access to the paddock (across the stream) and containment of the cows to
that paddockinstead, eight cowalf pairs grazed the silvopasture paddock. The
differences in fallow and grazing periods did not appear to affect the amount of forage
production, since 2014 had greater averages than Z@ibalso discredited the original
hypothesighat vegetative management was the key driver to improved infiltration and

soil health, leading tgeology and soils analysis
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4.3.Geology and Soils

Geology was thoroughly dedoed in the project descriptian section 2.1.1,
identifying the glacial influece and soils present. The soils are primarily sandy loam,
with some sand and loamy shmhe advancement and retrefiglaciers have left this
area with complex landscapes and compacted soils that make the land marginal and unfit
for monoeagricultural us. It is assumed that with this type of landscape, bulk density is
high, which leads to stunted vegetative growth and slow soll infiltration.

In addition to soil compaction from glacial geology, research has determined that
graang can have a greater ingtan bulk density ifine-textured soils (Van Haveren,
1983). Although this area has been identified as having primarily sandy loam soils, they
are considered fintextured with high percentage of sand size distribution in the very
fine and fine sand tedte category, making them more vulnerable to compaction from
livestock grazing. ANOVA tests revealed a significant difference between bulk density
and treatrent type (p<0.001) for all research sit€skey HSD results indicated the
greatest differences weebetween silvopasture and traditional forest paddocks at Booth
and Moebs farms, while Caugheyob6s greatest
and silvopasture paddocks. On average, bulk density was greatest in the open pasture,
followed by the trditional forest paddock, with silvopasture paddocks having the lowest
average bulk density.

However, there are moneconsistencies with bulk density thewould be
expected. Gcial till bulk density tends to have a greater bulk density at the soil surface
ranging from 1.6 to 2.0 g/cincompared to sandy soils that range from 1.1 to 1.3%/cm

(MPCA, 2015). The average bulk densities by paddocks range from 1.16 to 1.82 g/cm
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which falls within the range of silt loams (1.2 to 1.5 glp@MPCA, 2015). Lowethan
expected bulk density ranges is most likely from the presence of very fine and fine sand
size, which tend to have lower bulk densities than course grained soils; therefore, it can
be assumed that the sandy loam soils within the research arpasf@maingmore like

silt loams.

To further measure soil infiltration and structure, in situ bromide testing and a
laboratory experiment were added to the project. Bromide tests were conducted in June
and August of 2015. In Junal] sites showed bromide det®ns(expect BTF2),
although at low concentrations and August samples had even lower concentrations.
Although this was not expected, it was attributed to the presence of macropores or
fractures being present, but at a minimally developed level. Durenigitioratory
experiment, it was expected that the highest infiltration rate would occur diueing
drought stage (stage 1), amavas also assumed that water would move through the
entirety of the soil core and filter out the bottom tubes quickly, whigtmot occur until
stage 2. In additigrthere wasrelative uniformity of water volume and bromide
concentration in each of the bottles when water was able to completely infiltrate through
the column These findings confirm the results and assumptiordemath the in situ
bromide readings and that secondary porosity magyrdsentbut minimaly and not well
developed. As water infiltrated through the soil profile, it had to fill all nyaaresand
micropores completely, instead of flowing preferentiallizerefore, it can be assumed
that the soils found in this geologic region are not subject tededihed fracturing and

preferential flow patterns.
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In summary, this area is highly influenced by glacial geology, but karkity is
lower than expecteddm typical glacial tillsand weltdeveloped secondary porosity is
not present. This mgyossiblyindicate that the implementation of livestoahkd
vegetation management is already displaying beneficial impacts on soil structure through
complex and varyingoot systems and land cover. There will undoubtedly be an
improvement of soil health eventually, but letggm moniteing by periodically
measuring bulk density and soil infiltratichnecessary to providgarification and

confirmationof these changes

4.4.Climate Change (Seasonal Fluctuations)

Climate is a variable that we are unable to control. There have been many
indicators of a warming climate, sualearlier iceout and later ic®n timing for lakes,
earlier spring runoff, increased stream tempeestand base flows, increased annual
mean and peak flows, and increased rainfall intensities and storm events (Johnson and
Stefan, 2006; Novotny and Stefan, 2006; Seeley 2006). According to the departure from
normal precipitation maps (MNDNRQ16), in 202 the majority of @ntral Minnesota
experienced between 5.08 to 25.4 cm greater precipitation than normal, while in 2015,
the area received an average of 5.08 cm lesgpetmn than normal (Figure 39).
Additionally, Central Minnesota has experiencesignificant increase in average annual
precipitation for the last 100 years<0.001) (Figure 40

Site-specific precipitation sums also confirmed that there was higher precipitation
during summer months in 2014 versus 20/kile summer temperature were

comparable. Higher precipitation may increase forage production, as was indicated by
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Fordds research (2016) . Greater rain event
decreasing their tendency to graze and compact soils, by preferring to stay in agrotecte

area or lying down. Average infiltration rates for all paddocks per season also appeared to

be higher in Fall 2014 than in Fall 2015, although aetation is not clear (Figure 41

Differences in precipitation were also observed during the subsumiizicent
portion of the projecfThere was greater precipitation prior to the June 2015 water
sample collection when compared to the August 2015 water sample collection. There was
a recorded 10.5 cm of total precipitation in May 2015 versus 7.4 cm tetappation in
July 2015 at Boothdos farm, demonstrating w
adequate water present to collect a water sample for bromide testing at this location.
Caughey and Moebds farm receivedcnBnJddly cm of
2015, which is why samples were able to be collected at these sites. It can be assumed
that the combination of higher precipitation and soil moisture along with the presence of
minimally developed macropores (discussed previously) alloweahfaritial movement
of water and bromide through the soil profile.

As climate continues to change, management of perennial vegetation will be more
economical and environmentally friendly to accommodate an increase in wet and dry
seasosand greater stormvents. Higher rain intensities can be harmful to the soll
surface if unprotected, and as storm events increase in size and number, perennial

vegetation is a good option for mitigation.
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Precipitation Departure

Precipitation Departure
Jan 1 -Dec 31, 2015

Jan 1-Dec 31, 2014

DNR State Climatology Office - March 23, 2016
DNR State Climatology Office - April 10, 2015

Figure 39. Precipitation Departure from Normal for 2014 (left) and 2015(right) (Source: MNDNR, State
Climatology Office, 2016)
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Figure 40. Average Annual Precipitation for Central Minnesota (19152015) (Source: WRCC, 2016)

102



Booth

Caughey

Moe

Figure 41. Infiltr ation by Season Across Project: Booth, Caughey, MgRange, Median, First and Third
Quatrtile)

4.5. Historical Land Use

Historical land use can greatly influence the results from this project. The level of
disturbance and difference from prior land useae nfluence results from the project, as
observedvith infiltration rates and bulk density.

Previous land use was briefly reviewed in the site descriptions (Section 2.1.2,
2.1.3, 2.1.4), however, it is important to further discuss the land usage for eheh of t
farms. At Boothdéds Farm, the research area

2009, when the | andowners switched to rota
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also been continuously grazed long term. The open pasture was purchased ten years
before the silvopasture area, implying that the open pasture paddock had been more
heavily grazed in compari son. Moebs Farm e
two sites, despite the close proximity to
been cropland prior to the project, while livestock had grazed the silvopasture
continuously over time. The traditional forest was across the stream, which made access
difficult for the cows and consequently, had not been grazed in past years.

Another factor that may contribute to differences, or lack thereof, is disturbance
level to the paddocks. If a paddock had been continually grazed in the past (i.e.
Caugheyds open pas tasuquielytochanges mévgstoakdt r es pon
vegetation manageennt as a paddock that had not been

traditional forest).

4.6.Soil Survey Comparison

Another aspect to assess from this project was the validity of the NRCS soill
surveys with actuality. The surveys were originally utilized enidy soil series with
soil texture, bulk density, andsKvalues, which were later tested and determined for
each soll infiltration test location. It is important to note the differences between the soll
survey and project results, due to the greatbdity and complexity of geology and
soils within Minnesota. By comparing the idealism of the survey with reality, natural
resource professionals might base their confidence in certain variables provided by the

surveys, while choosing to measure fieldedfatr other variables.
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The soil texture from the project results and the soil survey are very comparable
with 60 percent completely accurate (soil survey = results), 33 percent were similar (i.e.
sandy loam = loamy sand), while the remaining were difitfiee. sandy loam = silty
clay loam). Average bulk density results from the soil survey were consistently higher
than the average results from the project (11%). The soil survey bulk density values range
from 1.25 to 1.60 g/ciwith a median of 1.55 g/cinwhich may be lower than glacial
till bulk density, but falls within categories like urban lawns and rock parking lots
(MPCA, 2015). This is compared to the bulk density results from the project that ranges
from 0.78 to 1.65 g/chwith a median of 1.36/gm® (silt or silty sands). The &;values
appeared to be very different with a range of 9.00 to 92.00 pum/sec in the soil survey,
while the project calculation results ranged from 0.53 to 281.83 pum/sec. However, when
the averages and mediamsre comparedhere was not as greafta difference. The soil
survey had an overall average of 47.75 um/sec with a median of 28.23 pm/sec, while the
project results had an average of 36.02 pm/sec with a median of 15.66 pm/sec. The
differences between the soil suneaeyd the project K;results may have been due to
methodology of infiltration data collection and/or inconsistencies with data collection that
would affect calculations, which is discussed in section 4.9 and 4.10.

Comparisons of NRCS soil survey and patjresults for soil texture, bulk density
and Ksaare listed in tables 50, 51 and 52. In general, the soil survey appears to be a
viable option for natural resource professionals and land owners that wish to determine if
silvopasture implementation isg@od option by undetanding the basics ofspecific
area without peforming vigorous soil analyses. However, caution should be considered

when utilizing the soil surveys, since results generalized and not definite
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Table 50. Booth Comparison of NRCS Soil Survey and Project Results (Soil Texture, Bulk Density and.X)

NRCS Soil Survey Results

Project Results

Bulk K Bulk Ksar:
Soil Series Soil Texture Density ( m/sgtec) Soil Texture Density Average
(glen) | M (g/cnT) (um/sec)
BOP1 DeMontre.V|IIeMahtomed+ Loamy Sand/Sandy Loan] 1.59 92.00 Sandy Loam 1.35 3.67
Cushing Complex
gopy | DeMontrevilleMahtomedi |\ .\ sand/Sandy Loan 159 | 92.00 | Sandyloam | 1.35 12.72
Cushing Complex
gopz | DeMontrevilleMahtomedi |\ . sangsandy Loam| 159 | 92.00 | Sandyloam | 1.46 13.73
Cushing Complex
BOP4 Sandwick Loamy Sand Loamy Sand 1.50 92.00 Sandy Loam 1.52 33.78
BOP5 Sandwick Loamy Sand Loamy Sand 1.50 92.00 Sandy Loam 1.49 9.63
DeMontrevilleMahtomedi
BSV1 Cushing Complex Loamy Sand/Sandy Loan] 1.59 92.00 Sandy Loam 1.50 55.22
sy | DeMontevileMahtomedi | ) . sand/Sandy Loan| 159 | 92.00 Loam 1.38 254.04
Cushing Complex
Bsva | DeMontrevilleMahtomedi |\ o\ sand/sandy Loan 159 | 92.00 | Sandyloam | 1.36 281.83
Cushing Complex
BSV4 | Warba Very Fine Sandydam Sandy Loam 1.25 28.00 Sandy Loam 1.29 17.51
BSV5 | Warba Very Fine Sandy Loan Sandy Loam 1.25 28.00 S'Ezacr:]ay 1.23 61.51
BTF1 | Warba Very Fine Sandy Loan Sandy Loam 1.25 28.00 Loam 1.48 9.07
gTrp | DeMontrevilleMahtomedi | o sangsandy Loam| 1.59 | 92.00 Loam 1.52 18.15
Cushing Complex
DeMontrevilleMahtomedi
BTF3 Cushing Complex Loamy Sand/Sandy Loan] 1.59 92.00 Sandy Loam 1.63 30.42
BTF4 | Warba Very Fine Sandy Loan Sandy Loam 1.25 92.00 Sandy Loam 1.50 27.82
BTF5 | Warba Very Fine Sandy Loan SandyLoam 1.25 92.00 Sandy Loam 1.47 21.37
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Table 51. Caughey Comparison of NRCS Soil Survey and Project Results (Soil Texture, Bulk Density and,§

NRCS Soil Survey Results

Project Results

e . Bulk K _ Bulk Ksas

Soil Series Soil Texture Density sat Soil Texture Density Average

(g/ent) (um/sec) (g/cnt) (um/sec)
COP1| ChetekSeelyeville Complex ~ Sandy Loam/Muck 1.55 28.23 | Sandy Loam 1.40 32.31
COP2| ChetekSeelyeville Complex ~ Sandy Loam/Muck 1.55 28.23 | Sandy Loam 1.49 17.49
COP3| ChetekSeelyeville Complex Sandy Loam/Muck 1.55 28.23 | Loamy Sand 1.58 4.07
COP4 | ChetekSeelyeville Complex ~ Sandy Loam/Muck 1.55 28.23 | Sandy Loam 1.65 2.23
COP5| ChetekSeelyeville Complex ~ Sandy Loam/Muck 1.55 28.23 | Sandy Loam 1.30 0.53
CSV1 | ChetekSeelyeville Comlex Sandy Loam/Muck 1.55 28.23 | Sandy Loam 1.38 14.08
CSV2 | ChetekSeelyeville Complex ~ Sandy Loam/Muck 1.55 28.23 | Sandy Loam 1.48 21.47
CSV3 | ChetekSeelyeville Complex ~ Sandy Loam/Muck 1.55 28.23 Loam 0.78 30.07
Csv4 Nokay-Prebish Complex Loam 1.50 9.00 Clay Loam 1.04 13.63
CSV5 | ChetekSeelyeville Complex ~ Sandy Loam/Muck 1.55 28.23 | Sandy Loam 1.11 2.20
CTF1 | ChetekSeelyeville Complex  Sandy Loam/Muck 1.55 28.23 | Sandy Loam 1.33 15.66
CTF2 Nokay-Prebish Complex Loam 1.50 9.00 Sandy Loam 1.34 15.58
CTF3| Nokay-Prebish Complex Loam 150 | 9.00 Sa[‘g;’ n?'ay 1.10 10.53
CTF4 Nokay-Prebish Complex Loam 1.50 9.00 Sandy Loam 1.30 39.73
CTF5 | ChetekSeelyeville Complex  Sandy Loam/Muck 1.55 28.23 | Sandy Loam 1.35 17.31
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Table 52. Moe Compaiison of NRCS Soil Survey and Project Results (Soil Texture, Bulk Density andsk)

NRCS Soil Survey Results

Project Results

Bulk K Bulk Ksar:
Soil Series Soil Texture Density ( m/S;tGC) Soil Texture Density Average
(glen?) | M (g/cnt) (um/sec)
MOP1 Brainad Sandy Loam Sandy Loam 1.52 28.00 Sand 1.40 18.61
MOP2 | Bushville Loamy Sand Loamy Sand 1.60 92.00 | Sandy Loam 1.49 7.99
MOP3| Bushville Loamy Sand Loamy Sand 1.60 92.00 | Sandy Loam 1.58 8.43
MOP4 Brainerd Sandy Loam Sandy Loam 1.52 28.00 | Sandy Loam 1.65 7.05
MOP5 | Bushville Loamy Sand Loamy Sand 1.60 92.00 | Sandy Loam 1.30 5.00
MSV1 Cheéegr%"l"gfa'm Sandy Loam/Loamy San{ 1.55 | 28.23 | LoamySand| 1.38 3.91
MSV2 Chetceé‘nfg?gfa'm Sandy Loam/Loamy San{ 1.55 | 28.23 | LoamySand| 1.48 13.60
MSV3 ChetekGraycalm Sandy Loam/Loamy San{ 1.55 | 28.23 Sand 0.78 12.76
Complex
MSV4 ChetekGraycalm Sandy Loam/Loamy San{ 1.55 | 28.23 Sand 1.04 2.80
Complex
MSV5 Chetce(ien?g?g;alm Sandy Loam/Loamy San¢ 1.55 28.23 | Loamy Sand 1.11 23.86
MTF1 Chetceg‘nfg’(ca'm Sandy Loam/Loamy San{ 1.55 | 28.23 | Sandyloam| 1.33 85.19
MTF2 Cheé:e(i(n?g?g;alm Sandy Loam/Loamy San¢ 1.55 28.23 | Loamy Sand 1.34 12.23
MTF3 Cheée;(r(gg?gxcalm Sandy Loam/Loamy San¢ 1.55 28.23 | Sandy Loam 1.10 49.67
MTF4 Cheg‘rfgg(ca'm Sandy Loam/Loamy San{ 1.55 | 28.23 | LoamySand| 1.30 | 90.34
MTF5 Chegé(rﬁg?g;alm Sandy Loam/Loamy San¢ 1.55 28.23 | Loamy Sand 1.35 191.95
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4.7.Design Considerations

Soil infiltration, the measure of how well the soil absorbs rainfall, is inversely
related to overland flow, and related to saturated hydraulic conductivity, which is why we
chose this option. There are other ways to measure water quality, yet infiltration seemed
the most logical for this project due to the site characteristics, such@sseace of
perennial vegetation, and the relatively short duration of the project. It is for these reasons
that erosiorwas not a reasonable metric for water and soil helathddition, many of
the water sources within the paddocks were intermittenotied ceased during the dry
months of the field season and thereby, could not be utilizembfmistent water sample
data collection.

Soil infiltration rate data collection is measured using different methods and
apparatuses. Methods being rain simolaiiflooding or sprinkling) or cylinder
measurements (infiltrometers) (Johnson, 1963) and apparatuses such asisdalble
ring infiltrometers, the Philfbunne permameter, mini disk infiltrometer arttie
Modified Philip-Dunne falling head infiltronter, which was used for this project. The
reason that we utded the MPD infiltrometer was because it was inexpensive, easily
constructed ancequireda minimal amount of water. Johnson (1963) identified that
large-diameter ring infiltrometers or infiltteon pits and ponds are considered the most
accurate for soil infiltration rate data collection in the field. It can also be assumed that
many of the infiltration rates were higher than actual results, due to the condensed
intensity of water being measuredm a cylinder infiltrometer (Dunne et al., 1991).

Thereby, in hindsight, other collection methods may have been more accurate in
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measuring infiltration, especially with many of the test locations that yielded low

infiltration capacity.

4.8.Limitations and Issues

There were many limitations and issues that arose during the course of this
project. The largest of these limitations was the restricted amount of time allowed for a
projectof this magnitude and complexity. Although good progress nvade on the
project many aspects would have benefitedrfra longer research time period. An
extended time period could have incluaednitoringof tree growthand sap flow for
evapotranspiratiorates, an implemented erosional study, yearly bulk density
measurementsind more data collection of soil infiltration rates. Addiglly, the
original beliefthat vegetative management was the key factor affecting soil infiltration
rateswas deemed nemclusiveafter initial soil infiltration and soil moistercontent
resuts were analyzedt Was realizedater in the projecthat geology and soils weadso
key indicators and the focus shifted to include these compondmth added physical
soil properties (texture, bulk density, porosity, sand size distribution) iatdata
collection and analysi$n order to see any kind of measurable change there would need
to be another four to five years of research comglatéhese sites.

Human eror seemed to be an issue with tiaa collection and data management.
Falling head measurements were dependent on placement of the ruler and the one reading
the measurements. This could, and most likely did, alter from individual to individual.

Also, soil moisture data collection samples proved to be inconsistent, where the final
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percentage of soil moisture content was higher than the initial, causing those samples to
be considered unusablehich is why porosity was used foedcalculations for one
dimensional flow (see belowAdditionally, better data management practices should
have been used throughout the project. Due to many different research assistants and
aids, there was often an issue of misplaced data or miscommunication, although in the
end, it all came together.

The MPD model that was originally used to calculate asdrhydraulic
conductivitywas intended fothreedimensional infiltration. ldwever, the infiltration
rates at these sites were so low that the wetting front potential did not extend past the
base of the infiltrometer, indicating cémensional infiltrabn. This caused the MPD
model <calculations to yield AN/ A0 values,
onedimensional soil infiltration. Because of the errors with the MPD model and the
inconsistencies with the sailoisture content data, porginot soil moisture content,

was utilized in the calculatiorfier onedimensional flow.

Chapter 5. Conclusions and Future Work

Growing populations and increasing demands for meat production have resulted
in an exponential increase in livestock farming. Minnekatover 527,000 acres of
grazed woodlands and has been ranked in the top ten states in the United States for red
meat production, milk cows, cattle/calves, poultry and hog production (MDA, 2016).
However, the majority of the woodland grazing has littladananagement. As negative
effects can arise associated with unmanaged woodland grazing, silvopastoral
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implementation has been proposed as an environmentally and economically beneficial
practice for the livestock farmers in Central Minnesota.

A threeyearstudy to assess the adoptability and merits of silvopastoral systems in
this region of Minnesota was conducted from July 2013 to June 2016 at three farms in
Cass and Crow Wing County. The project included assessment of forage production and
quality, livegock productivity and species diversity (Ford, 2016), in addition to the water
guality study. Water quality was assessed through the measurement of soil infiltration,
and included data collection for soil moisture content, saturated hydraulic conductivity,
soil properties (bulk density, porosity, soil texture), as well as subsurface nutrient
transport and laboratory experiment components. The purpose of focusing on Central
Minnesota was because this region has great influences from glacial geology, vshich ha
left behind compacted soils with differing landscapes that make the land marginal and
unfit for moneagricultural use. It is for this reason that livestock farming is so prevalent
in this area.

Soil infiltration tests were conducted for 45 test locati@ger paddock, 15 per
farm) in Fall 2013, Spring 2014, Fall 2014, Fall 2015 and Spring 2016 utilizing Modified
Philip-Dunne falling head infiltrometers. Timing of this testing was complete to assess
differences in solil infiltration over time to correlatih vegetative management
strategies (i.e. preand postseeding, after one and two grazing seasons, limited
evapotranspiration influences). Statistical analysis was conducted to identify significant
differences and correlations between average infotmadnd K, soil texture, bulk

density, landscape position, initial soil moisture and treatment type. The soil infiltration
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results identified that there was an increase in overall infiltration from the beginning to
the end of the project at 47 percehthe test locations. Although there were some
significant results, walues and correlations were predominately low. Across all research
sites, there were no consistent significant trends that emerged to identify why there was
an increase or decrease mfiliration rates. Drivers were identified, to include vegetation
and livestock management, glacial geology influence and soils, climate change and prior
land use. All of these drivers could be linked to numerous factors that affect soil
infiltration, suchas bulk density, initial soil moisture, organic matter and vegetative
growth (above and belowground), landscape variations, secondary porosity (presence of
macropores and fractures), evapotranspiration and resiliency to disturbances. In order to
effectivdy and accurately make conclusive determinations on what factors have
significant influence on soil infiltration, at least an additional four to five years are
necessary to monitor any changes associated with silvopasture implementation. A
comparison of NRS soil surveys and project results was also conducted. It was
determined that although the soil property values varied from the surveys to the results,
the soil surveys are a reasonable option for natural resource professionals and landowners
that want taassess their land for generalized soil properties in order to consider their land
for silvopastoral implementation. Nevertheless, it is important to be mindful that the soil
surveys are a theoretical and general representation of an area and modtdikityna
complex reality.

In conclusion, Bvopastoralimplementatioris a beneficial land use on margin

soils and landscapes$he results from this project indicate that this area of Central

113



Minnesotahasa primarilysandy loansoil texture, with predminantlyfine and very fine
sand size, whichelps inhibit verticabubsurface nutrient transport. Therefdrased on
research completed by Ford (2016), literature review, and this study, it can be assumed
thatfarmers thapractice unmanaged woodland gjreg can improvesoil infiltration

without increasing the risk @fssociatedavater pdlution by implementing silvopasturé
longer trial period would be necessary to determine if there are any consistent and
significant changes isoil infiltration rates with the adption of silvopastoral practices

This would also help identifif vegetative(and livestock) managemeiggologyand

soils, or climate hava greater impact on soil infiltration rates and thereby, water quality.
Additional research would grégtcontribute to understanding the expansive and complex
variability of this region irMinnesotaandthewater quality benefitassociated with

silvopasture.
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Preface

Soil surveys contain information that affects land use planning in survey areas. They
highlight soil limitations that affect various land uses and provide information about the
properties of the soils in the survey areas. Soil surveys are designed for many different
users, including farmers, ranchers, foresters, agronomists, urban planners, community
officials, engineers, developers, builders, and home buyers. Also, conservationists,
teachers, students, and specialists in recreation, waste disposal, and pollution control
can use the surveys to help them understand, protect, or enhance the environment.

Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. Soil surveys identify soil properties
that are used in making various land use or land treatment decisions. The information is
intended to help the land users identify and reduce the effects of soil limitations on
various land uses. The landowner or user is responsible for identifying and complying
with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this information in some cases.
Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/portal/
nrcs/main/soils/health/) and certain conservation and engineering applications. For
more detailed information, contact your local USDA Service Center (http://
offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil Scientist
(http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are too unstable to be used as a
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as septic
tank absorption fields. A high water table makes a soil poorly suited to basements or
underground installations.

The National Cooperative Soil Survey is a joint effort of the United States Department of
Agriculture and other Federal agencies, State agencies including the Agricultural
Experiment Stations, and local agencies. The Natural Resources Conservation Service
(NRCS) has leadership for the Federal part of the National Cooperative Soil Survey.

Information about soils is updated periodically. Updated information is available
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs
and activities on the basis of race, color, national origin, age, disability, and where
applicable, sex, marital status, familial status, parental status, religion, sexual
orientation, genetic information, political bel bases apply to all programs.) Persons with
disabilities who require alternative means for co iefs, reprisal, or because all or a part of
an individual's income is derived from any public assistance program. (Not all prohibited
mmunication of program information (Braille, large print, audiotape, etc.) should contact
USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a complaint of
discrimination, write to USDA, Director, Office of Civil Rights, 1400 Independence
Avenue, S.W., Washington, D.C. 20250-9410 or call (800) 795-3272 (voice) or (202)
720-6382 (TDD). USDA is an equal opportunity provider and employer.
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How Soil Surveys Are Made

Soil surveys are made to provide information about the soils and miscellaneous areas in
a specific area. They include a description of the soils and miscellaneous areas and their
location on the landscape and tables that show soil properties and limitations affecting
various uses. Soil scientists observed the steepness, length, and shape of the slopes;
the general pattern of drainage; the kinds of crops and native plants; and the kinds of
bedrock. They observed and described many soil profiles. A soil profile is the sequence
of natural layers, or horizons, in a soil. The profile extends from the surface down into
the unconsolidated material in which the soil formed or from the surface down to
bedrock. The unconsolidated material is devoid of roots and other living organisms and
has not been changed by other biological activity.

Currently, soils are mapped according to the boundaries of major land resource areas
(MLRASs). MLRAs are geographically associated land resource units that share
common characteristics related to physiography, geology, climate, water resources,
soils, biological resources, and land uses (USDA, 2006). Soil survey areas typically
consist of parts of one or more MLRA.

The soils and miscellaneous areas in a survey area occur in an orderly pattern that is
related to the geology, landforms, relief, climate, and natural vegetation of the area.
Each kind of soil and miscellaneous area is associated with a particular kind of
landform or with a segment of the landform. By observing the soils and miscellaneous
areas in the survey area and relating their position to specific segments of the
landform, a soil scientist develops a concept, or model, of how they were formed. Thus,
during mapping, this model enables the soil scientist to predict with a considerable
degree of accuracy the kind of soil or miscellaneous area at a specific location on the
landscape.

Commonly, individual soils on the landscape merge into one another as their
characteristics gradually change. To construct an accurate soil map, however, soil
scientists must determine the boundaries between the soils. They can observe only a
limited number of soil profiles. Nevertheless, these observations, supplemented by an
understanding of the soil-vegetation-landscape relationship, are sufficient to verify
predictions of the kinds of soil in an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil profiles that they studied. They
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock
fragments, distribution of plant roots, reaction, and other features that enable them to
identify soils. After describing the soils in the survey area and determining their
properties, the soil scientists assigned the soils to taxonomic classes (units).

Taxonomic classes are concepts. Each taxonomic class has a set of soil
characteristics with precisely defined limits. The classes are used as a basis for
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic
classification used in the United States, is based mainly on the kind and character of
soil properties and the arrangement of horizons within the profile. After the soil
scientists classified and named the soils in the survey area, they compared the
individual soils with similar soils in the same taxonomic class in other areas so that
they could confirm data and assemble additional data based on experience and
research.
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The objective of soil mapping is not to delineate pure map unit components; the
objective is to separate the landscape into landforms or landform segments that have
similar use and management requirements. Each map unit is defined by a unique
combination of soil components and/or miscellaneous areas in predictable proportions.
Some components may be highly contrasting to the other components of the map unit.
The presence of minor components in a map unit in no way diminishes the usefulness
or accuracy of the data. The delineation of such landforms and landform segments on
the map provides sufficient information for the development of resource plans. If
intensive use of small areas is planned, onsite investigation is needed to define and
locate the soils and miscellaneous areas.

Soil scientists make many field observations in the process of producing a soil map.
The frequency of observation is dependent upon several factors, including scale of
mapping, intensity of mapping, design of map units, complexity of the landscape, and
experience of the soil scientist. Observations are made to test and refine the soil-
landscape model and predictions and to verify the classification of the soils at specific
locations. Once the soil-landscape model is refined, a significantly smaller number of
measurements of individual soil properties are made and recorded. These
measurements may include field measurements, such as those for color, depth to
bedrock, and texture, and laboratory measurements, such as those for content of sand,
silt, clay, salt, and other components. Properties of each soil typically vary from one
point to another across the landscape.

Observations for map unit components are aggregated to develop ranges of
characteristics for the components. The aggregated values are presented. Direct
measurements do not exist for every property presented for every map unit
component. Values for some properties are estimated from combinations of other
properties.

While a soil survey is in progress, samples of some of the soils in the area generally
are collected for laboratory analyses and for engineering tests. Soil scientists interpret
the data from these analyses and tests as well as the field-observed characteristics
and the soil properties to determine the expected behavior of the soils under different
uses. Interpretations for all of the soils are field tested through observation of the soils in
different uses and under different levels of management. Some interpretations are
modified to fit local conditions, and some new interpretations are developed to meet
local needs. Data are assembled from other sources, such as research information,
production records, and field experience of specialists. For example, data on crop
yields under defined levels of management are assembled from farm records and from
field or plot experiments on the same kinds of soil.

Predictions about soil behavior are based not only on soil properties but also on such
variables as climate and biological activity. Soil conditions are predictable over long
periods of time, but they are not predictable from year to year. For example, soil
scientists can predict with a fairly high degree of accuracy that a given soil will have a
high water table within certain depths in most years, but they cannot predict that a high
water table will always be at a specific level in the soil on a specific date.

After soil scientists located and identified the significant natural bodies of soil in the
survey area, they drew the boundaries of these bodies on aerial photographs and
identified each as a specific map unit. Aerial photographs show trees, buildings, fields,
roads, and rivers, all of which help in locating boundaries accurately.
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Soil Map

The soil map section includes the soil map for the defined area of interest, a list of soil
map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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MAP LEGEND
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Special Point Features
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Features

+—+

Spoil Area
Stony Spot
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Background
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Rock Outcrop
Saline Spot
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Severely Eroded Spot
Sinkhole
Slide or Slip

Sodic Spot

Aerial Photography

MAP INFORMATION

The soil surveys that comprise your AOI were mapped at 1:20,000.

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

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

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

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System: Web Mercator (EPSG:3857)

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

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

Soil Survey Area:
Survey Area Data:

Cass County, Minnesota
Version 11, Sep 18, 2015

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

Date(s) aerial images were photographed: Data not available.

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

Cass County, Minnesota (MN021)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI
240B Warba very fine sandy loam, 6.1 40.5%
3 to 8 percent slopes
625 Sandwick loamy sand 11 7.6%
928E DeMontreville-Mahtomedi- 7.7 51.6%
Cushing complex, 15 to 40
percent slopes
W Water 0.0 0.3%
Totals for Area of Interest 15.0 100.0%

Map Unit Descriptions

The map units delineated on the detailed soil maps in a soil survey represent the
soils or miscellaneous areas in the survey area. The map unit descriptions, along
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more
major kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils. Within a taxonomic
class there are precisely defined limits for the properties of the soils. On the landscape,
however, the soils are natural phenomena, and they have the characteristic variability
of all natural phenomena. Thus, the range of some observed properties may extend
beyond the limits defined for a taxonomic class. Areas of soils of a single taxonomic
class rarely, if ever, can be mapped without including areas of other taxonomic
classes. Consequently, every map unit is made up of the soils or miscellaneous areas
for which it is named and some minor components that belong to taxonomic classes
other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentioned in a
particular map unit description. Other minor components, however, have properties
and behavioral characteristics divergent enough to affect use or to require different
management. These are called contrasting, or dissimilar, components. They generally
are in small areas and could not be mapped separately because of the scale used.
Some small areas of strongly contrasting soils or miscellaneous areas are identified
by a special symbol on the maps. If included in the database for a given area, the
contrasting minor components are identified in the map unit descriptions along with
some characteristics of each. A few areas of minor components may not have been
observed, and consequently they are not mentioned in the descriptions, especially
where the pattern was so complex that it was impractical to make enough observations
to identify all the soils and miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the usefulness or
accuracy of the data. The objective of mapping is not to delineate pure taxonomic classes
but rather to separate the landscape into landforms or landform segments that have similar
use and management requirements. The delineation of such segments on the map
provides sufficient information for the development of resource plans. If intensive use of
small areas is planned, however, onsite investigation is needed to define and locate the
soils and miscellaneous areas.
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An identifying symbol precedes the map unit name in the map unit descriptions. Each
description includes general facts about the unit and gives important soil properties
and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for
differences in texture of the surface layer, all the soils of a series have major horizons
that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness, salinity,
degree of erosion, and other characteristics that affect their use. On the basis of such
differences, a soil series is divided into soil phases. Most of the areas shown on the
detailed soil maps are phases of soil series. The name of a soil phase commonly
indicates a feature that affects use or management. For example, Alpha silt loam, 0 to
2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas.
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate
pattern or in such small areas that they cannot be shown separately on the maps. The
pattern and proportion of the soils or miscellaneous areas are somewhat similar in all
areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or
miscellaneous areas that are shown as one unit on the maps. Because of present or
anticipated uses of the map units in the survey area, it was not considered practical or
necessary to map the soils or miscellaneous areas separately. The pattern and relative
proportion of the soils or miscellaneous areas are somewhat similar. Alpha- Beta
association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas that
could be mapped individually but are mapped as one unit because similar
interpretations can be made for use and management. The pattern and proportion of
the soils or miscellaneous areas in a mapped area are not uniform. An area can be
made up of only one of the major soils or miscellaneous areas, or it can be made up of
all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil material
and support little or no vegetation. Rock outcrop is an example.
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Cass County, Minnesota

240B06 Warba very fine sandy loam, 3 to 8 percent slopes

Map

Map

Unit Setting

National map unit symbol: fbvs

Elevation: 1,000 to 1,600 feet

Mean annual precipitation: 22 to 28 inches

Mean annual air temperature: 36 to 43 degrees F
Frost-free period: 90 to 135 days

Farmland classification: All areas are prime farmland

Unit Composition

Warba and similar soils: 85 percent

Minor components: 15 percent

Estimates are based on observations, descriptions, and transects of
the mapunit.

Description of

Warba Setting

Landform: Hillslopes on moraines

Landform position (two-dimensional): Backslope, shoulder, summit
Down-slope shape: Linear

Across-slope shape: Linear

Parent material: Loamy glacial

till

Typical profile

AE - 0to 11 inches: very fine sandy loam
E/B,B/E,Bt - 11 to 37 inches: clay loam
C - 37to 60 inches: loam

Properties and qualities

Slope: 3to 8 percent

Depth to restrictive feature: More than 80 inches

Natural drainage class: Well drained

Capacity of the most limiting layer to transmit water (Ksat):
Moderately low to moderately high (0.14 to 0.57 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Calcium carbonate, maximum in profile: 15 percent

Available water storage in profile: High (about 11.1 inches)

Interpretive groups

Land capability classification (irrigated):

None specified Land capability classification
(nonirrigated): 2e Hydrologic Soil Group: C

Other vegetative classification: Sloping Upland, Acid

(GO57XNOO6MN)
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Minor Components

Stuntz
Percent of map unit: 5 percent

Warba
Percent of map unit: 4 percent

Menahga
Percent of map unit: 3 percent

Very poorly drained organic soils

Percent of map unit: 3 percent
Landform: Depressions on moraines

6258 Sandwick loamy sand

Map Unit Setting
National map unit symbol: fbwl
Elevation: 900 to 1,400 feet
Mean annual precipitation: 24 to 30 inches
Mean annual air temperature: 36 to 43 degrees F
Frost-free period: 90 to 120 days
Farmland classification: Not prime farmland

Map Unit Composition
Sandwick and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the
mapunit.

Description of Sandwick

Setting
Landform: Swales on moraines, drainageways on moraines
Down-slope shape: Concave
Across-slope shape: Linear
Parent material: Sandy outwash over loamy glacial till

Typical profile
A -0to5inches: loamy sand
E,Bw - 5 to 28 inches: loamy sand
2B/E,2Btg - 28 to 43 inches: clay
loam 2Cg - 43 to 60 inches: loam

Properties and qualities
Slope: 0to 2 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Poorly drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately
low to moderately high (0.14 to 0.57 in/hr)
Depth to water table: About 6 to 18 inches
Frequency of flooding: None
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Frequency of ponding: None
Calcium carbonate, maximum in profile: 20 percent
Available water storage in profile: Low (about 5.2 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3w
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Hydrologic Soil Group: C/D
Other vegetative classification: Level Swale, Low AWC, Acid
(GO57XNO07MN)

Minor Components

Cutaway
Percent of map unit: 5 percent

Stuntz
Percent of map unit: 5 percent

Warba
Percent of map unit: 5 percent

928E0 DeMontreville-Mahtomedi-Cushing complex, 15 to 40 percent
slopes

Map Unit Setting
National map unit symbol: fbxq
Elevation: 670 to 1,600 feet
Mean annual precipitation: 22 to 34 inches
Mean annual air temperature: 36 to 45 degrees F
Frost-free period: 88 to 160 days
Farmland classification: Not prime farmland

Map Unit Composition
Demontreville and similar soils: 40
percent Mahtomedi and similar soils: 25
percent Cushing and similar soils: 20
percent Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the
mapunit.

Description of Demontreville

Setting
Landform: Hillslopes on moraines
Landform position (two-dimensional): Backslope, shoulder
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Sandy outwash over loamy glacial till

Typical profile
A - 0to 4 inches: loamy sand
Bw - 4 to 33 inches: sand
2B/E,2Bt - 33 to 42 inches: fine sandy loam
2C - 42 to 60 inches: sandy loam

Properties and qualities
Slope: 15 to 40 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
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Capacity of the most limiting layer to transmit water (Ksat): Moderately
low to moderately high (0.14 to 0.57 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Available water storage in profile: Low (about 5.2 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: C
Other vegetative classification: Steep; Coarse Texture; Low AWC
(GO90XNO18MN)

Description of Mahtomedi

Setting
Landform: Hillslopes on moraines
Landform position (two-dimensional): Backslope, shoulder
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Sandy and gravelly outwash deposits

Typical profile
A - 0to 3inches: loamy sand
Bw - 3to 23 inches: sand
C - 23to 60 inches: gravelly sand

Properties and qualities

Slope: 15 to 40 percent

Depth to restrictive feature: More than 80 inches

Natural drainage class: Excessively drained

Capacity of the most limiting layer to transmit water (Ksat): High to very
high (5.95 to 19.98 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Calcium carbonate, maximum in profile: 15 percent

Available water storage in profile: Low (about 4.3 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: A
Other vegetative classification: Sandy (GO90XN022MN)

Description of Cushing

Setting
Landform: Hillslopes on moraines
Landform position (two-dimensional): Backslope
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Loamy glacial till
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Typical profile
A - 0to 7 inches: fine sandy loam
E,B/E - 7 to 16 inches: loam
Bt - 16 to 49 inches: clay loam
C - 4910 60 inches: sandy clay loam

Properties and qualities
Slope: 15 to 30 percent
Percent of area covered with surface fragments: 0.1 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately
low to moderately high (0.14 to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 10 percent
Available water storage in profile: High (about 9.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: B
Other vegetative classification: Steep; Fine Texture (GO90XNO017MN)

Minor Components

Very poorly drained organic soils
Percent of map unit: 5 percent
Landform: Depressions on moraines

Meehan
Percent of map unit: 5 percent

Alstad
Percent of map unit: 5 percent

Wo Water

Map Unit Composition
Water: 100 percent
Estimates are based on observations, descriptions, and transects of the
mapunit
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Sal Information for All Uses

Soil Properties and Qualities

The Soil Properties and Qualities section includes various soil properties and qualities
displayed as thematic maps with a summary table for the soil map units in the selected
area of interest. A single value or rating for each map unit is generated by aggregating
the interpretive ratings of individual map unit components. This aggregation process is
defined for each property or quality.

Soil Physical Properties

Soil Physical Properties are measured or inferred from direct observations in the field or
laboratory. Examples of soil physical properties include percent clay, organic matter,
saturated hydraulic conductivity, available water capacity, and bulk density.

Bulk Density, OneThird Bar (Booth)

Bulk density, one-third bar, is the ovendry weight of the soil material less than 2
millimeters in size per unit volume of soil at water tension of 1/3 bar, expressed in
grams per cubic centimeter. Bulk density data are used to compute linear extensibility,
shrink-swell potential, available water capacity, total pore space, and other soll
properties. The moist bulk density of a soil indicates the pore space available for water
and roots. Depending on soil texture, a bulk density of more than 1.4 can restrict water
storage and root penetration. Moist bulk density is influenced by texture, kind of clay,
content of organic matter, and soil structure.

For each soil layer, this attribute is actually recorded as three separate values in the
database. A low value and a high value indicate the range of this attribute for the soil
component. A "representative” value indicates the expected value of this attribute for
the component. For this soil property, only the representative value is used.
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Streams and Canals
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US Routes
Major
Roads Local
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Background

Aerial Photography

MAP INFORMATION

The soil surveys that comprise your AOI were mapped at 1:20,000.

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

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

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

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

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

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

Soil Survey Area:  Cass County, Minnesota
Survey Area Data:  Version 11, Sep 18, 2015

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

Date(s) aerial images were photographed: Data not available.

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Tabled Bulk Density, One-Third Bar (Booth)

Bulk Density, One-Third Baro Summary by Map Unit 8 Cass County, Minnesota (MN021)

Map unit symbol Map unit name Rating (grams per cubic Acres in AOI Percent of AOI
centimeter)
240B Warba very fine 1.25 6.1 40.5%
sandy loam, 3 to
8 percent slopes
625 Sandwick loamy sand | 1.50 11 7.6%
928E DeMontreville- 1.59 7.7 51.6%
Mahtomedi-Cushing
complex, 15 to 40
percent slopes
w Water 0.0 0.3%
Totals for Area of Interest 15.0 100.0%

Rating Optionsd Bulk Density, One-Third Bar (Booth)

Units of Measure: grams per cubic centimeter

Aggregation Method: Dominant Component

Component Percent Cutoff: None Specified

Tie-break Rule: Higher

Interpret Nulls as Zero: No

Layer Options (Horizon Aggregation Method): Depth Range (Weighted Average)
Top Depth: 5

Bottom Depth: 10

Units of Measure: Centimeters

Percent Clay (Booth

Clay as a soil separate consists of mineral soil particles that are less than 0.002
millimeter in diameter. The estimated clay content of each soil layer is given as a
percentage, by weight, of the soil material that is less than 2 millimeters in diameter.
The amount and kind of clay affect the fertility and physical condition of the soil and
the ability of the soil to adsorb cations and to retain moisture. They influence shrink-
swell potential, saturated hydraulic conductivity (Ksat), plasticity, the ease of soil
dispersion, and other soil properties. The amount and kind of clay in a soil also affect
tillage and earth-moving operations.

Most of the material is in one of three groups of clay minerals or a mixture of these
clay minerals. The groups are kaolinite, smectite, and hydrous mica, the best known
member of which is illite.

For each soil layer, this attribute is actually recorded as three separate values in the
database. A low value and a high value indicate the range of this attribute for the soil
component. A "representative” value indicates the expected value of this attribute for the
component. For this soil property, only the representative value is used.
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MAP LEGEND

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

B <40
Il >40and<=10.0
[] Notrated or not available

Soil Rating Lines
i <=4.0

wma  >4.0and<=10.0
- o Not rated or not available

Soil Rating Points
[ <=4.0

[ ] >4.0 and <= 10.0
(] Not rated or not available
Water Features

Streams and Canals

Transportation

H+ Rails
e Interstate Highways
US Routes
Major Roads
Local Roads
Background

- Aerial Photography

MAP INFORMATION

The soil surveys that comprise your AOI were mapped at 1:20,000.

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

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

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

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

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

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

Soil Survey Area: Cass County, Minnesota
Survey Area Data: Version 11, Sep 18,
2015

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

Date(s) aerial images were photographed: Data not available.

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

Percent Clayd Summary by Map Unit 8 Cass County, Minnesota (MN021)

Map unit symbol ‘ Map unit name Rating (percent) Acres in AOI Percent of AOI
240B Warba very fine 10.0 6.1 40.5%
sandy loam, 3 to
8 percent slopes
625 Sandwick loamy sand | 4.0 11 7.6%
928E DeMontreville- 4.0 7.7 51.6%
Mahtomedi-Cushing
complex, 15 to 40
percent slopes
w Water 0.0 0.3%
Totals for Area of Interest 15.0 100.0%

Rating Optionsd Percent Clay (Booth)

Units of Measure: percent

Aggregation Method: Dominant Component

Component Percent Cutoff: None Specified

Tie-break Rule: Higher

Interpret Nulls as Zero: No

Layer Options (Horizon Aggregation Method): Depth Range (Weighted Average)

Top Depth: 5
Bottom Depth: 10

Units of Measure: Centimeters

Percent SandBooth)

Sand as a soil separate consists of mineral soil particles that are 0.05 millimeter to 2
millimeters in diameter. In the database, the estimated sand content of each soil layer
is given as a percentage, by weight, of the soil material that is less than 2 millimeters
in diameter. The content of sand, silt, and clay affects the physical behavior of a soil.
Particle size is important for engineering and agronomic interpretations, for
determination of soil hydrologic qualities, and for soil classification.

For each soil layer, this attribute is actually recorded as three separate values in the
database. A low value and a high value indicate the range of this attribute for the soil
component. A "representative" value indicates the expected value of this attribute for
the component. For this soil property, only the representative value is used.
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MAP LEGEND

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

B <638

Bl >638and<=792
[] Notrated or not available

Soil Rating Lines
wmge <= 63.8

wma  >63.8and <=79.2
- o Not rated or not available

Soil Rating Points
[ <=63.8

[ ] >63.8 and <=79.2
(] Not rated or not available
Water Features

Streams and Canals

Transportation

H+ Rails
e Interstate Highways
US Routes
Major Roads
Local Roads
Background

- Aerial Photography

MAP INFORMATION

The soil surveys that comprise your AOI were mapped at 1:20,000.

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

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

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

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

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

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

Soil Survey Area:  Cass County, Minnesota
Survey Area Data: Version 11, Sep 18,
2015

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

Date(s) aerial images were photographed: Data not available.

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

Percent Sandd Summary by Map Unit 8 Cass County, Minnesota (MN021)

Map unit symbol ‘ Map unit name Rating (percent) Acres in AOI Percent of AOI
240B Warba very fine 63.8 6.1 40.5%
sandy loam, 3 to
8 percent slopes
625 Sandwick loamy sand | 79.2 11 7.6%
928E DeMontreville- 79.2 7.7 51.6%
Mahtomedi-Cushing
complex, 15 to 40
percent slopes
w Water 0.0 0.3%
Totals for Area of Interest 15.0 100.0%

Rating Optionsd Percent Sand (Booth)

Units of Measure: percent

Aggregation Method: Dominant
Component Component Percent Cutoff:
None Specified Tie-break Rule: Higher

Interpret Nulls as Zero: No

Layer Options (Horizon Aggregation Method): Depth Range (Weighted

Average)
Top Depth: 5
Bottom Depth: 10

Units of Measure: Centimeters

Percent Silt(Booth)

Silt as a soil separate consists of mineral soil particles that are 0.002 to 0.05 millimeter
in diameter. In the database, the estimated silt content of each soil layer is given as
a percentage, by weight, of the soil material that is less than 2 millimeters in diameter.

The content of sand, silt, and clay affects the physical behavior of a soil. Particle size

is important for engineering and agronomic interpretations, for determination of soil

hydrologic qualities, and for soil classification

For each soil layer, this attribute is actually recorded as three separate values in the
database. A low value and a high value indicate the range of this attribute for the soil
component. A "representative" value indicates the expected value of this attribute for
the component. For this soil property, only the representative value is used.
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MAP LEGEND

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

Bl <168

Il >168and<=262
[] Notrated or not available

Soil Rating Lines
i <=16.8

. >16.8 and <= 26.2
- o Not rated or not available

Soil Rating Points
[ <=16.8

[ | > 16.8 and <= 26.2
(] Not rated or not available
Water Features

Streams and Canals

Transportation

H+ Rails
e Interstate Highways
US Routes
Major Roads
Local Roads
Background

- Aerial Photography

MAP INFORMATION

The soil surveys that comprise your AOI were mapped at 1:20,000.

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

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

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

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

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

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

Soil Survey Area: Cass County, Minnesota
Survey Area Data: Version 11, Sep 18,
2015

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

Date(s) aerial images were photographed: Data not available.

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

Percent Siltd Summary by Map Unit 8 Cass County, Minnesota (MN021)

Map unit symbol Map unit name Rating (percent) Acres in AOI Percent of AOI
240B Warba very fine 26.2 6.1 40.5%
sandy loam, 3 to
8 percent slopes
625 Sandwick loamy sand | 16.8 1.1 7.6%
928E DeMontreville- 16.8 7.7 51.6%
Mahtomedi-Cushing
complex, 15 to 40
percent slopes
W Water 0.0 0.3%
Totals for Area of Interest 15.0 100.0%

Rating Optionsd Percent Silt (Booth)

Units of Measure: percent

Aggregation Method: Dominant Component

Component Percent Cutoff: None Specified

Tie-break Rule: Higher

Interpret Nulls as Zero: No

Layer Options (Horizon Aggregation Method): Depth Range
(Weighted Average)

Top Depth: 5

Bottom Depth: 10

Units of Measure: Centimeters

Available Water CapacityBooth)

Available water capacity (AWC) refers to the quantity of water that the soil is
capable of storing for use by plants. The capacity for water storage is given in
centimeters of water per centimeter of soil for each soil layer. The capacity varies,
depending on soil properties that affect retention of water. The most important
properties are the content of organic matter, soil texture, bulk density, and soil
structure, with corrections for salinity and rock fragments. Available water
capacity is an important factor in the choice of plants or crops to be grown and in
the design and management of irrigation systems. It is not an estimate of the
quantity of water actually available to plants at any given time.

Available water supply (AWS) is computed as AWC times the thickness of the
soil. For example, if AWC is 0.15 cm/cm, the available water supply for 25
centimeters of soil would be 0.15 x 25, or 3.75 centimeters of water.

For each soil layer, AWC is recorded as three separate values in the database. A
low value and a high value indicate the range of this attribute for the soil
component. A "representative” value indicates the expected value of this attribute
for the component. For this soil property, only the representative value is used.
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MAP LEGEND

Area of Interest (AOI)

Area of Interest
(AOI)

Soils
Soil Rating Polygons

- <=0.09

[] =>o009and<=0.11

Bl >o0lland<=021

|:| Not rated or not available

Soil Rating Lines
wmge <= 0.09

oo >0.09 and <=0.11
wmee > 0.11 and <=0.21
o Not rated or not available

Soil Rating Points
] <=0.09

(] >0.09 and <=0.11

B >01lland<=021

(] Not rated or not available
Water Features

Streams and Canals
Transportation
H Rails
o Interstate Highways
US Routes
Major Roads
Local Roads

Background

Aerial Photography

MAP INFORMATION

The soil surveys that comprise your AOI were mapped at 1:20,000.

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

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

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

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System: Web Mercator (EPSG:3857)

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

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

Soil Survey Area:  Cass County, Minnesota
Survey Area Data:  Version 11, Sep 18, 2015

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

Date(s) aerial images were photographed: Data not available.

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

Available Water Capacityd Summary by Map Unit &

Cass County, Minnesota (MN021)

Map unit symbol Map unit name | Rating (centimeters Acres in AOI Percent of AOI
per centimeter)
240B Warba very fine 0.21 6.1 40.5%
sandy loam, 3 to
8 percent slopes
625 Sandwick loamy sand |0.09 11 7.6%
928E DeMontreville- 0.11 7.7 51.6%
Mahtomedi-Cushing
complex, 15 to 40
percent slopes
w Water 0.0 0.3%
Totals for Area of Interest 15.0 100.0%

Rating Optionsd Available Water Capacity (Booth)

Units of Measure: centimeters per centimeter

Aggregation Method: Dominant Component
Component Percent Cutoff: None Specified

Tie-break Rule: Higher

Interpret Nulls as Zero: No
Layer Options (Horizon Aggregation Method): Depth Range

(Weighted Average)
Top Depth: 5
Bottom Depth: 10

Units of Measure: Centimeters

Available Waer Storage(Booth)

Accumulates the AWC for a specified depth range. Used to produce data for the

muaggatt table.
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MAP LEGEND

Area of Interest (AOI)

Area of Interest
(AOI)

Soils
Soil Rating Polygons

Bl <045

[] >o0.45and<=059
Il >05%and<=1.05
[] Notrated or not available

Soil Rating Lines

e <=0.45

o > 0.45 and <= 0.59

»== >0.59and <= 1.05

o Not rated or not available

Soil Rating Points
[ | <=0.45
O > 0.45 and <= 0.59
[ >0.59 and <= 1.05
(] Not rated or not available
Water Features
Streams and Canals
Transportation
H+ Rails
o Interstate Highways

US Routes

Major Roads
Local Roads

Background

Aerial Photography

MAP INFORMATION

The soil surveys that comprise your AOI were mapped at 1:20,000.

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

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

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

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System: Web Mercator (EPSG:3857)

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

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

Soil Survey Area:  Cass County, Minnesota
Survey Area Data:  Version 11, Sep 18, 2015

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

Date(s) aerial images were photographed: Data not available.

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

Available Water Storaged Summary by Map Unit 8 Cass County, Minnesota (MN021)

Map unit symbol Map unit name | Rating (centimeters Acres in AOI Percent of AOI
per centimeter)
240B Warba very fine 1.05 6.1 40.5%
sandy loam, 3 to
8 percent slopes
625 Sandwick loamy sand | 0.45 11 7.6%
928E DeMontreville- 0.59 7.7 51.6%
Mahtomedi-Cushing
complex, 15 to 40
percent slopes
w Water 0.0 0.3%
Totals for Area of Interest 15.0 100.0%

Rating Optionsd Available Water Storage (Booth)

Units of Measure: centimeters per centimeter

Aggregation Method: Weighted Average

Component Percent Cutoff: None

Specified Tie-break Rule: Higher

Interpret Nulls as Zero: No

Layer Options (Horizon Aggregation Method): Depth Range
(Weighted Sum)

Top Depth: 5

Bottom Depth: 10

Units of Measure: Centimeters

Saturated Hydraulic Conductivity (Ksa(Booth)

Saturated hydraulic conductivity (Ksat) refers to the ease with which pores in a
saturated soil transmit water. The estimates are expressed in terms of micrometers
per second. They are based on soil characteristics observed in the field, particularly
structure, porosity, and texture. Saturated hydraulic conductivity is considered in the
design of soil drainage systems and septic tank absorption fields.

For each soil layer, this attribute is actually recorded as three separate values in the
database. A low value and a high value indicate the range of this attribute for the soil
component. A "representative” value indicates the expected value of this attribute for
the component. For this soil property, only the representative value is used.

The numeric Ksat values have been grouped according to standard Ksat class limits.
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MAP LEGEND

Area of Interest (AOI)

Area of Interest (AOI)
Soils
Soil Rating Polygons
- <= 28.0000

- > 28.0000 and <=92.0000
[] Notrated or not available

Soil Rating Lines
wmge <= 28.0000

wman > 28.0000 and <= 92.0000
- o Not rated or not available

Soil Rating Points
[] <= 28.0000

[ > 28.0000 and <= 92.0000
(] Not rated or not available
Water Features

Streams and Canals

Transportation

H+ Rails
e Interstate Highways
US Routes
Major Roads
Local Roads
Background

- Aerial Photography

MAP INFORMATION

The soil surveys that comprise your AOI were mapped at 1:20,000.

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

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

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

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

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

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

Soil Survey Area: Cass County, Minnesota
Survey Area Data: Version 11, Sep 18,
2015

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

Date(s) aerial images were photographed: Data not available.

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

Saturated Hydraulic Conductivity (Ksat)d Summary by Map Unit 8 Cass County, Minnesota (MN021)

Map unit symbol Map unit name Rating (micrometers Acres in Percent of AOI
per second) AQI
240B Warba very fine 28.0000 6.1 40.5%
sandy loam, 3 to
8 percent slopes
625 Sandwick loamy sand | 92.0000 1.1 7.6%
928E DeMontreville- 92.0000 7.7 51.6%
Mahtomedi-Cushing
complex, 15 to 40
percent slopes
W Water 0.0 0.3%
Totals for Area of Interest 15.0 100.0%

Rating Optionsd Saturated Hydraulic Conductivity (Ksat)
(Booth)

Units of Measure: micrometers per second

Aggregation Method: Dominant Component

Component Percent Cutoff: None Specified

Tie-break Rule: Fastest

Interpret Nulls as Zero: No
Layer Options (Horizon Aggregation Method): Depth Range
(Weighted Average)
Top Depth: 5
Bottom Depth: 10
Units of Measure: Centimeter

Soil Qualities and Features

Soil qualities are behavior and performance attributes that are not directly
measured, but are inferred from observations of dynamic conditions and from soill

properties.

Example soil qualities include natural drainage, and frost action. Soil features are

attributes that are not directly part of the soil. Example soil features include slope

and depth to restrictive layer. These features can greatly impact the use and
management of the soil.

Drainage ClasqgBooth)

"Drainage class (natural)" refers to the frequency and duration of wet periods under
conditions similar to those under which the soil formed. Alterations of the water regime

by human activities, either through drainage or irrigation, are not a consideration

unless they have significantly changed the morphology of the soil. Seven classes of

natural soil drainage are recognized-excessively drained, somewhat excessively
drained, well drained, moderately well drained, somewhat poorly drained, poorly
drained, and very poorly drained. These classes are defined in the "Soil Survey

Manual."
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Area of Interest (AOI)

Area of Interest (AOI)

Soils
Soil Rating Polygons

MAP LEGEND

Excessively drained

Somewhat excessively
drained

Well drained

|
a
O
[l  Excessively drained O Moderately well drained
|:| Somewhat excessively (] Somewhat poorly drained
drained )
|:| Well drained o Poorly drained
[] Moderately well drained o Very poorly drained
[] somewhat poorly drained u Subaqueous
I:l Poorly drained O Not rated or not available
[ Very poorly drained Water Features
Streams and Canals
Il subaqueous
Transportation
[] Notrated or not available
LA Rails
Soil Rating Lines
—— ;
==  Excessively drained Interstate Highways
. US Routes
e Somewhat excessively
drained Major Roads
Well drai
oo ell drained Local Roads
- o Moderately well drained Background

o Somewhat poorly drained -

e Poorly drained
«»  Very poorly drained
= Subaqueous

- o Not rated or not available

Soil Rating Points

Aerial Photography

MAP INFORMATION

The soil surveys that comprise your AOI were mapped at 1:20,000.

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

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

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

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

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

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

Soil Survey Area:
Survey Area Data:

Cass County, Minnesota
Version 11, Sep 18, 2015

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

Date(s) aerial images were photographed: Data not available.

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

Drainage Classd Summary by Map Unit 8 Cass County, Minnesota (MN021)

Map unit symbol‘ Map unit name ‘ Rating Acres in AOI Percent of AOI

240B Warba very fine Well drained 6.1 40.5%
sandy loam, 3
to 8 percent

slopes
625 Sandwick loamy sand Poorly drained 11 7.6%
928E DeMontreville- Well drained 7.7 51.6%
Mahtomedi-

Cushing complex,
15 to 40 percent

slopes
W Water 0.0 0.3%
Totals for Area of Interest 15.0 100.0%

Rating Optionsd Drainage Class (Booth)
Aggregation Method: Dominant Condition
Component Percent Cutoff: None Specified
Tie-break Rule: Higher

Hydrologic Soil Group(Booth)

Hydrologic soil groups are based on estimates of runoff potential. Soils are assigned to one of
four groups according to the rate of water infiltration when the soils are not protected by
vegetation, are thoroughly wet, and receive precipitation from long- duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and three dual
classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly wet. These
consist mainly of deep, well drained to excessively drained sands or gravelly sands. These
soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These consist chiefly
of moderately deep or deep, moderately well drained or well drained soils that have
moderately fine texture to moderately coarse texture. These soils have a moderate rate of
water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist chiefly of
soils having a layer that impedes the downward movement of water or soils of moderately fine
texture or fine texture. These soils have a slow rate of water transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when thoroughly wet.
These consist chiefly of clays that have a high shrink-swell potential, soils that have a high
water table, soils that have a claypan or clay layer at or near the surface, and soils that are
shallow over nearly impervious material. These soils have a very slow rate of water
transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is for drained
areas and the second is for undrained areas. Only the soils that in their natural condition are in
group D are assigned to dual classes.
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Streams and Canals

Transportation

H Rails
— Interstate Highways
US Routes
Major Roads
Local Roads
Background

- Aerial Photography

MAP INFORMATION

The soil surveys that comprise your AOI were mapped at 1:20,000.

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

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

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

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System: Web Mercator (EPSG:3857)

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

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

Soil Survey Area:  Cass County, Minnesota
Survey Area Data: Version 11, Sep 18, 2015

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

Date(s) aerial images were photographed: Data not available.

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

Hydrologic Soil Groupd Summary by Map Unit 8

Cass County, Minnesota (MN021)

Map unit symbol Map unit name ‘ Rating Acres in AOI Percent of AOI
240B Warba very fine C 6.1 40.5%
sandy loam, 3 to
8 percent slopes
625 Sandwick loamy sand | C/D 1.1 7.6%
928E DeMontreville- C 7.7 51.6%
Mahtomedi-Cushing
complex, 15 to 40
percent slopes
W Water 0.0 0.3%
Totals for Area of Interest 15.0 100.0%

Rating Optionsd Hydrologic Soil Group (Booth)

Aggregation Method: Dominant Condition
Component Percent Cutoff: None Specified
Tie-break Rule: Higher

Water Features

Water Features include ponding frequency, flooding frequency, and depth to water

table.

Depth to Water TabléBooth)

"Water table" refers to a saturated zone in the soil. It occurs during specified months.
Estimates of the upper limit are based mainly on observations of the water table at
selected sites and on evidence of a saturated zone, namely grayish colors
(redoximorphic features) in the soil. A saturated zone that lasts for less than a month
is not considered a water table.

This attribute is actually recorded as three separate values in the database. A low
value and a high value indicate the range of this attribute for the soil component. A
"representative" value indicates the expected value of this attribute for the component.
For this soil property, only the representative value is used.
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MAP LEGEND

Area of Interest (AOI)

Soils
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> 200

(] Not rated or not available
Water Features

Streams and Canals

Transportation

H+ Rails
— Interstate Highways
US Routes
Major Roads
Local Roads
Background

- Aerial Photography

MAP INFORMATION

The soil surveys that comprise your AOI were mapped at 1:20,000.

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

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

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

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System: Web Mercator (EPSG:3857)

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

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

Soil Survey Area:  Cass County, Minnesota
Survey Area Data:  Version 11, Sep 18, 2015

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

Date(s) aerial images were photographed: Data not available.

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

Depth to Water Tabled Summary by Map Unit &

Cass County, Minnesota (MN021)

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI
(centimeters)
240B Warba very fine >200 6.1 40.5%
sandy loam, 3 to
8 percent slopes
625 Sandwick loamy sand | 15 11 7.6%
928E DeMontreville- >200 7.7 51.6%
Mahtomedi-Cushing
complex, 15 to 40
percent slopes
w Water >200 0.0 0.3%
Totals for Area of Interest 15.0 100.0%

Rating Optionsd Depth to Water Table (Booth)

Units of Measure: centimeters

Aggregation Method: Dominant Component

Component Percent Cutoff: None Specified

Tie-break Rule: Lower

Interpret Nulls as Zero: No

Beginning Month: January

Ending Month: December
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Preface

Soil surveys contain information that affects land use planning in survey areas. They
highlight soil limitations that affect various land uses and provide information about the
properties of the soils in the survey areas. Soil surveys are designed for many different
users, including farmers, ranchers, foresters, agronomists, urban planners, community
officials, engineers, developers, builders, and home buyers. Also, conservationists,
teachers, students, and specialists in recreation, waste disposal, and pollution control
can use the surveys to help them understand, protect, or enhance the environment.

Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. Soil surveys identify soil properties
that are used in making various land use or land treatment decisions. The information is
intended to help the land users identify and reduce the effects of sail limitations on
various land uses. The landowner or user is responsible for identifying and complying
with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this information in some cases.
Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/portal/
nrcs/main/soils/health/) and certain conservation and engineering applications. For
more detailed information, contact your local USDA Service Center (http://
offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil Scientist
(http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are too unstable to be used as a
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as septic
tank absorption fields. A high water table makes a soil poorly suited to basements or
underground installations.

The National Cooperative Soil Survey is a joint effort of the United States Department of
Agriculture and other Federal agencies, State agencies including the Agricultural
Experiment Stations, and local agencies. The Natural Resources Conservation Service
(NRCS) has leadership for the Federal part of the National Cooperative Soil Survey.

Information about soils is updated periodically. Updated information is available
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs
and activities on the basis of race, color, national origin, age, disability, and where
applicable, sex, marital status, familial status, parental status, religion, sexual
orientation, genetic information, political beliefs, reprisal, or because all or a part of an
individual's income is derived from any public assistance program. (Not all prohibited
bases apply to all programs.) Persons with disabilities who require alternative means for
communication of program information (Braille, large print, audiotape, etc.) should
contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a
complaint of discrimination, write to USDA, Director, Office of Civil Rights, 1400
Independence Avenue, S.W., Washington, D.C. 20250-9410 or call (800) 795-3272
(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and employer.
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How Soil Surveys Are Made

Soil surveys are made to provide information about the soils and miscellaneous areas in
a specific area. They include a description of the soils and miscellaneous areas and their
location on the landscape and tables that show soil properties and limitations affecting
various uses. Soil scientists observed the steepness, length, and shape of the slopes;
the general pattern of drainage; the kinds of crops and native plants; and the kinds of
bedrock. They observed and described many soil profiles. A soil profile is the sequence
of natural layers, or horizons, in a soil. The profile extends from the surface down into
the unconsolidated material in which the soil formed or from the surface down to
bedrock. The unconsolidated material is devoid of roots and other living organisms and
has not been changed by other biological activity.

Currently, soils are mapped according to the boundaries of major land resource areas
(MLRASs). MLRAs are geographically associated land resource units that share
common characteristics related to physiography, geology, climate, water resources,
soils, biological resources, and land uses (USDA, 2006). Soil survey areas typically
consist of parts of one or more MLRA.

The soils and miscellaneous areas in a survey area occur in an orderly pattern that is
related to the geology, landforms, relief, climate, and natural vegetation of the area.
Each kind of soil and miscellaneous area is associated with a particular kind of
landform or with a segment of the landform. By observing the soils and miscellaneous
areas in the survey area and relating their position to specific segments of the
landform, a soil scientist develops a concept, or model, of how they were formed. Thus,
during mapping, this model enables the soil scientist to predict with a considerable
degree of accuracy the kind of soil or miscellaneous area at a specific location on the
landscape.

Commonly, individual soils on the landscape merge into one another as their
characteristics gradually change. To construct an accurate soil map, however, soil
scientists must determine the boundaries between the soils. They can observe only a
limited number of soil profiles. Nevertheless, these observations, supplemented by an
understanding of the soil-vegetation-landscape relationship, are sufficient to verify
predictions of the kinds of soil in an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil profiles that they studied. They
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock
fragments, distribution of plant roots, reaction, and other features that enable them to
identify soils. After describing the soils in the survey area and determining their
properties, the soil scientists assigned the soils to taxonomic classes (units).

Taxonomic classes are concepts. Each taxonomic class has a set of soil
characteristics with precisely defined limits. The classes are used as a basis for
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic
classification used in the United States, is based mainly on the kind and character of
soil properties and the arrangement of horizons within the profile. After the soil
scientists classified and named the soils in the survey area, they compared the
individual soils with similar soils in the same taxonomic class in other areas so that
they could confirm data and assemble additional data based on experience and
research.
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The objective of soil mapping is not to delineate pure map unit components; the
objective is to separate the landscape into landforms or landform segments that have
similar use and management requirements. Each map unit is defined by a unique
combination of soil components and/or miscellaneous areas in predictable proportions.
Some components may be highly contrasting to the other components of the map unit.
The presence of minor components in a map unit in no way diminishes the usefulness
or accuracy of the data. The delineation of such landforms and landform segments on
the map provides sufficient information for the development of resource plans. If
intensive use of small areas is planned, onsite investigation is needed to define and
locate the soils and miscellaneous areas.

Soil scientists make many field observations in the process of producing a soil map.
The frequency of observation is dependent upon several factors, including scale of
mapping, intensity of mapping, design of map units, complexity of the landscape, and
experience of the soil scientist. Observations are made to test and refine the soil-
landscape model and predictions and to verify the classification of the soils at specific
locations. Once the soil-landscape model is refined, a significantly smaller number of
measurements of individual soil properties are made and recorded. These
measurements may include field measurements, such as those for color, depth to
bedrock, and texture, and laboratory measurements, such as those for content of sand,
silt, clay, salt, and other components. Properties of each soil typically vary from one
point to another across the landscape.

Observations for map unit components are aggregated to develop ranges of
characteristics for the components. The aggregated values are presented. Direct
measurements do not exist for every property presented for every map unit
component. Values for some properties are estimated from combinations of other
properties.

While a soil survey is in progress, samples of some of the soils in the area generally
are collected for laboratory analyses and for engineering tests. Soil scientists interpret
the data from these analyses and tests as well as the field-observed characteristics
and the soil properties to determine the expected behavior of the soils under different
uses. Interpretations for all of the soils are field tested through observation of the soils in
different uses and under different levels of management. Some interpretations are
modified to fit local conditions, and some new interpretations are developed to meet
local needs. Data are assembled from other sources, such as research information,
production records, and field experience of specialists. For example, data on crop
yields under defined levels of management are assembled from farm records and from
field or plot experiments on the same kinds of soil.

Predictions about soil behavior are based not only on soil properties but also on such
variables as climate and biological activity. Soil conditions are predictable over long
periods of time, but they are not predictable from year to year. For example, soil
scientists can predict with a fairly high degree of accuracy that a given soil will have a
high water table within certain depths in most years, but they cannot predict that a high
water table will always be at a specific level in the soil on a specific date.

After soil scientists located and identified the significant natural bodies of soil in the
survey area, they drew the boundaries of these bodies on aerial photographs and
identified each as a specific map unit. Aerial photographs show trees, buildings, fields,
roads, and rivers, all of which help in locating boundaries accurately.
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Soil Map

The soil map section includes the soil map for the defined area of interest, a list of soil
map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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MAP INFORMATION

The soil surveys that comprise your AOI were mapped at 1:24,000.

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

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

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

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

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

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

Soil Survey Area:  Crow Wing County, Minnesota
Survey Area Data:  Version 10, Sep 18, 2015

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

Date(s) aerial images were photographed: Data not available.

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

Crow Wing County, Minnesota (MNO35)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

2-30D Chetek-Seelyeville, 10.4
ponded complex, 0
to 15 percent slopes

C164B Brainerd-Flak complex, 4 to 0.1
8 percent slopes

C166A Nokay-Prebish complex, 0 4.6
to 2 percent slopes

Totals for Area of Interest 15.1

Map Unit Descriptions

The map units delineated on the detailed soil maps in a soil survey represent the
soils or miscellaneous areas in the survey area. The map unit descriptions, along
with the maps, can be used to determine the composition and properties of a
unit.

A map unit delineation on a soil map represents an area dominated by one or
more major kinds of soil or miscellaneous areas. A map unit is identified and
named according to the taxonomic classification of the dominant soils. Within a
taxonomic class there are precisely defined limits for the properties of the soils. On
the landscape, however, the soils are natural phenomena, and they have the
characteristic variability of all natural phenomena. Thus, the range of some
observed properties may extend beyond the limits defined for a taxonomic class.
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without
including areas of other taxonomic classes. Consequently, every map unit is made
up of the soils or miscellaneous areas for which it is named and some minor
components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentioned in a
particular map unit description. Other minor components, however, have
properties and behavioral characteristics divergent enough to affect use or to
require different management. These are called contrasting, or dissimilar,
components. They generally are in small areas and could not be mapped
separately because of the scale used. Some small areas of strongly contrasting
soils or miscellaneous areas are identified by a special symbol on the maps. If
included in the database for a given area, the contrasting minor components are
identified in the map unit descriptions along with some characteristics of each. A
few areas of minor components may not have been observed, and consequently
they are not mentioned in the descriptions, especially where the pattern was so
complex that it was impractical to make enough observations to identify all the soils
and miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the usefulness or
accuracy of the data. The objective of mapping is not to delineate pure taxonomic
classes but rather to separate the landscape into landforms or landform segments that
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have similar use and management requirements. The delineation of such segments on
the map provides sufficient information for the development of resource plans. If
intensive use of small areas is planned, however, onsite investigation is needed to
define and locate the soils and miscellaneous areas.

An identifying symbol precedes the map unit name in the map unit descriptions. Each
description includes general facts about the unit and gives important soil properties
and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for
differences in texture of the surface layer, all the soils of a series have major horizons
that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness, salinity,
degree of erosion, and other characteristics that affect their use. On the basis of such
differences, a soil series is divided into soil phases. Most of the areas shown on the
detailed soil maps are phases of soil series. The name of a soil phase commonly
indicates a feature that affects use or management. For example, Alpha silt loam, 0 to
2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas.
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate
pattern or in such small areas that they cannot be shown separately on the maps. The
pattern and proportion of the soils or miscellaneous areas are somewhat similar in all
areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or
miscellaneous areas that are shown as one unit on the maps. Because of present or
anticipated uses of the map units in the survey area, it was not considered practical or
necessary to map the soils or miscellaneous areas separately. The pattern and relative
proportion of the soils or miscellaneous areas are somewhat similar. Alpha- Beta
association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas that
could be mapped individually but are mapped as one unit because similar
interpretations can be made for use and management. The pattern and proportion of
the soils or miscellaneous areas in a mapped area are not uniform. An area can be
made up of only one of the major soils or miscellaneous areas, or it can be made up of
all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil material
and support little or no vegetation. Rock outcrop is an example.
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Crow Wing County, Minnesota

2-30Dd Chetek-Seelyeville, ponded complex, 0 to 15 percent slopes

Map Unit Setting
National map unit symbol: 2slp6
Elevation: 790 to 1,970 feet
Mean annual precipitation: 27 to 36 inches
Mean annual air temperature: 37 to 46 degrees F
Frost-free period: 80 to 150 days
Farmland classification: Not prime farmland

Map Unit Composition
Chetek and similar soils: 66 percent
Seelyeville, ponded, and similar soils: 20 percent
Minor components: 14 percent
Estimates are based on observations, descriptions, and transects of the
mapunit.

Description of Chetek

Setting
Landform: Glacial drainage channels
Landform position (two-dimensional): Summit, shoulder, backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear, convex
Across-slope shape: Linear
Parent material: Coarse-loamy glaciofluvial deposits over sandy and
gravelly outwash

Typical profile
Ap - 0 to 5 inches: fine sandy loam
E - 5to 12 inches: fine sandy loam
Btl - 12 to 18 inches: sandy loam
2Bt2 - 18 to 25 inches: gravelly loamy coarse sand
2BC - 25to 79 inches: gravelly coarse sand

Properties and qualities
Slope: 8to 15 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Somewhat excessively drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately
high to high (0.60 to 6.00 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0to 2.0
mmhos/cm)
Available water storage in profile: Low (about 3.7 inches)

Interpretive groups
Land capability classification (irrigated):
None specified Land capability classification
(nonirrigated): 6s Hydrologic Soil Group: A
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Other vegetative classification: Sandy (GO90AN022MN)
Description of Seelyeville, Ponded

Setting
Landform: Glacial drainage channels
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Side slope
Down-slope shape: Concave
Across-slope shape: Concave
Parent material: Herbaceous organic material

Typical profile
Oal - 0to 10 inches: muck
Oa2-0a5 - 10 to 79 inches: muck

Properties and qualities
Slope: 0to 1 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Very poorly drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately
high to high (0.20 to 6.00 in/hr)
Depth to water table: About O inches
Frequency of flooding: None
Frequency of ponding: Frequent
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0to 2.0
mmbhos/cm)
Available water storage in profile: Very high (about 23.9 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 8w
Hydrologic Soil Group: A/D
Other vegetative classification: Not Suited (GO90AN024MN)

Minor Components

Rosholt
Percent of map unit: 14 percent
Landform: Glacial drainage channels
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Other vegetative classification: Sloping Upland, Low AWC, Acid
(GO90ANOO8MN)

C164B0 Brainerd-Flak complex, 4 to 8 percent slopes

Map Unit Setting
National map unit symbol: 2simq
Elevation: 790 to 1,970 feet
Mean annual precipitation: 27 to 36 inches
Mean annual air temperature: 37 to 46 degrees F
Frost-free period: 80 to 150 days
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Farmland classification: All areas are prime farmland

Map Unit Composition
Brainerd and similar soils: 80 percent
Flak and similar soils: 15 percent
Minor components: 5 percent
Estimates are based on observations, descriptions, and transects of the
mapunit

Description of Brainerd

Setting
Landform: Drumlins
Landform position (two-dimensional): Summit, backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Dense lodgment till

Typical profile
Ap - 0 to 6 inches: sandy loam
E - 6to 11 inches: sandy loam
Bt - 11 to 23 inches: sandy loam
BC - 23 to 41 inches: sandy loam
BCd - 41 to 79 inches: sandy loam

Properties and qualities
Slope: 4 to 8 percent
Percent of area covered with surface fragments: 0.1 percent
Depth to restrictive feature: 39 to 59 inches to densic material
Natural drainage class: Somewhat poorly drained
Capacity of the most limiting layer to transmit water (Ksat): Very low to
moderately high (0.00 to 0.20 in/hr)
Depth to water table: About 6 inches
Frequency of flooding: None
Frequency of ponding: None
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0
mmhos/cm)
Available water storage in profile: Low (about 5.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2e
Hydrologic Soil Group: C/D
Other vegetative classification: Level Swale, Acid (GO90ANOO5MN)

Description of Flak

Setting
Landform: Drumlins
Landform position (two-dimensional): Backslope, shoulder, summit
Landform position (three-dimensional): Side slope
Down-slope shape: Convex, linear
Across-slope shape: Convex, linear
Parent material: Dense lodgment till
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Typical profile
Ap - 0to 7 inches: sandy loam
E - 7 to 15 inches: sandy loam
Bt - 15 to 23 inches: sandy loam
BC - 23 to 43 inches: sandy loam
BCd - 43 to 79 inches: sandy loam

Properties and qualities

Slope: 4 to 8 percent

Percent of area covered with surface fragments: 0.1 percent

Depth to restrictive feature: 39 to 59 inches to densic material

Natural drainage class: Moderately well drained

Capacity of the most limiting layer to transmit water (Ksat): Very low to
moderately high (0.00 to 0.20 in/hr)

Depth to water table: About 20 inches

Frequency of flooding: None

Frequency of ponding: None

Salinity, maximum in profile: Nonsaline to very slightly saline (0.0to 2.0

mmbhos/cm)

Available water storage in profile: Low (about 5.3 inches)

Interpretive groups
Land capability classification (irrigated): None
specified Land capability classification
(nonirrigated): 2e Hydrologic Soil Group: C/D
Other vegetative classification: Sloping Upland, Low AWC, Acid
(GO90OANOO8MN)

Minor Components

Nokay
Percent of map unit: 5 percent
Landform: Drumlins
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Talf
Down-slope shape: Concave
Across-slope shape: Linear
Other vegetative classification: Level Swale, Acid (GO90ANOO5MN)

C166A0 Nokay-Prebish complex, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 2q129
Elevation: 790 to 1,970 feet
Mean annual precipitation: 27 to 36 inches
Mean annual air temperature: 37 to 46 degrees F
Frost-free period: 80 to 150 days
Farmland classification: Prime farmland if drained

Map Unit Composition
Nokay and similar soils: 60 percent

Prebish and similar soils: 35 percent
Minor components: 5 percent
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Estimates are based on observations, descriptions, and transects of the
mapunit.

Description of Nokay

Setting
Landform: Interdrumlins
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Talf
Down-slope shape: Concave
Across-slope shape: Linear
Parent material: Dense lodgment till

Typical profile
A -0to 6 inches: loam
E - 6 to 14 inches: fine sandy loam
Bt - 14 to 31 inches: sandy loam
BC - 31 to 41 inches: sandy loam
Cd - 41to 79 inches: sandy loam

Properties and qualities

Slope: 0to 2 percent

Percent of area covered with surface fragments: 0.1 percent

Depth to restrictive feature: 39 to 59 inches to densic material

Natural drainage class: Poorly drained

Capacity of the most limiting layer to transmit water (Ksat): Very low to
moderately high (0.00 to 0.20 in/hr)

Depth to water table: About 0 inches

Frequency of flooding: None

Frequency of ponding: None

Salinity, maximum in profile: Nonsaline to very slightly saline (0.0to 2.0

mmbhos/cm)

Available water storage in profile: Low (about 5.8 inches)

Interpretive groups
Land capability classification (irrigated):
None specified Land capability classification
(nonirrigated): 3w Hydrologic Soil Group:
C/D
Other vegetative classification: Level Swale, Acid (GO90ANOO5MN)

Description of Prebish

Setting
Landform: Interdrumlins
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Dip
Down-slope shape: Concave
Across-slope shape: Concave, linear
Parent material: Loamy alluvium over dense lodgment till

Typical profile
A - 0to 8inches: loam
Eg - 8to 12 inches: fine sandy loam
Btg - 12 to 30 inches: fine sandy loam
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BC1 - 30 to 38 inches: sandy loam
2BC2 - 38 to 55 inches: sandy loam
2Cd - 55 to 79 inches: sandy loam

Properties and qualities
Slope: 0to 1 percent
Percent of area covered with surface fragments: 0.1 percent
Depth to restrictive feature: 39 to 59 inches to densic
material Natural drainage class: Very poorly drained
Capacity of the most limiting layer to transmit water (Ksat): Very low to
moderately high (0.00 to 0.20 in/hr)
Depth to water table: About 0 inches
Frequency of flooding: None
Frequency of ponding: Frequent
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0
mmhos/cm)
Available water storage in profile: Moderate (about 8.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated):
6w Hydrologic Soil Group: C/D
Other vegetative classification: Ponded If Not Drained
(GO90ANO13MN)

Minor Components

Brainerd
Percent of map unit: 5 percent
Landform: Interdrumlins
Landform position (two-dimensional): Backslope, summit
Landform position (three-dimensional): Rise
Down-slope shape: Linear
Across-slope shape: Linear
Other vegetative classification: Level Swale, Acid (GO90ANOO5MN)
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Soil Information for All Uses

Soil Properties and Qualities

The Soil Properties and Qualities section includes various soil properties and qualities
displayed as thematic maps with a summary table for the soil map units in the selected
area of interest. A single value or rating for each map unit is generated by aggregating
the interpretive ratings of individual map unit components. This aggregation process is
defined for each property or quality.

Soil Physical Properties

Soil Physical Properties are measured or inferred from direct observations in the field or
laboratory. Examples of soil physical properties include percent clay, organic matter,
saturated hydraulic conductivity, available water capacity, and bulk density.

Bulk Density, OneThird Bar (Caughey)

Bulk density, one-third bar, is the ovendry weight of the soil material less than 2
millimeters in size per unit volume of soil at water tension of 1/3 bar, expressed in
grams per cubic centimeter. Bulk density data are used to compute linear extensibility,
shrink-swell potential, available water capacity, total pore space, and other soil
properties. The moist bulk density of a soil indicates the pore space available for water
and roots. Depending on soil texture, a bulk density of more than 1.4 can restrict water
storage and root penetration. Moist bulk density is influenced by texture, kind of clay,
content of organic matter, and soil structure.

For each soil layer, this attribute is actually recorded as three separate values in the
database. A low value and a high value indicate the range of this attribute for the soil
component. A "representative” value indicates the expected value of this attribute for
the component. For this soil property, only the representative value is used.
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MAP LEGEND

Area of Interest (AOI)

Area of Interest
(AOI)

Soils
Soil Rating Polygons

- <=1.50

[] >150and<=152
Bl >152and<=155
[]  Notrated or not available

Soil Rating Lines

- <=1.50

o >1.50 and <= 1.52

pme*  >152and <=1.55

o Not rated or not available

Soil Rating Points
[ <=1.50

O >1.50 and <= 1.52

[ >1.52 and <=1.55

(] Not rated or not available
Water Features

Streams and Canals
Transportation
H Rails
w— Interstate Highways
US Routes

Major Roads
Local Roads

Background

Aerial Photography

MAP INFORMATION

The soil surveys that comprise your AOI were mapped at 1:24,000.

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

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

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

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System: Web Mercator (EPSG:3857)

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

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

Soil Survey Area:  Crow Wing County, Minnesota
Survey Area Data:  Version 10, Sep 18, 2015

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

Date(s) aerial images were photographed: Data not available.

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Tabled Bulk Density, One-Third Bar (Caughey)

Bulk Density, One-Third Bard8 Summary by Map Unit 8 Crow Wing County, Minnesota (MN035)

Map unit symbol Map unit name |Rating (grams per cubic Acres in Percent of AOI
centimeter) AOI

2-30D Chetek-Seelyeville, 1.55 10.4 68.8%
ponded complex, 0
to 15 percent
slopes

C164B Brainerd-Flak 1.52 0.1 0.5%
complex, 4to 8
percent slopes

C166A Nokay-Prebish 1.50 4.6 30.7%
complex, 0to 2
percent slopes

Totals for Area of Interest 15.1 100.0%

Rating Optionsd Bulk Density, One-Third Bar
(Caughey)

Units of Measure: grams per cubic centimeter

Aggregation Method: Dominant Component
Component Percent Cutoff: None Specified

Tie-break Rule: Higher
Interpret Nulls as Zero: No
Layer Options (Horizon Aggregation Method): Depth Range

(Weighted Average)
Top Depth: 5
Bottom Depth: 10

Units of Measure: Centimeters

Saturated Hydraulic Conductivity (Ksat) (Caughey)

Saturated hydraulic conductivity (Ksat) refers to the ease with which pores in a

saturated soil transmit water. The estimates are expressed in terms of

micrometers per second. They are based on soil characteristics observed in the

field, particularly structure, porosity, and texture. Saturated hydraulic conductivity

is considered in the design of soil drainage systems and septic tank absorption

fields.

For each soil layer, this attribute is actually recorded as three separate values in
the database. A low value and a high value indicate the range of this attribute
for the soil component. A "representative" value indicates the expected value of
this attribute for the component. For this soil property, only the representative

value is used.

The numeric Ksat values have been grouped according to standard Ksat class

limits.
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MAP LEGEND

Area of Interest (AOI)

Area of Interest (AOI)
Soils
Soil Rating Polygons

Bl <=29.0000

[] >9.0000and <= 28.0000
- > 28.0000 and <= 28.2250
[] Notrated or not available

Soil Rating Lines
wmge <= 9.0000

= #  >9.0000 and <= 28.0000
s >28.0000 and <= 28.2250
o Not rated or not available

Soil Rating Points
] <=9.0000

(] > 9.0000 and <= 28.0000

[} > 28.0000 and <= 28.2250

(] Not rated or not available
Water Features

Streams and Canals
Transportation
L Rails
e Interstate Highways
US Routes
Major Roads
Local Roads

Background

Aerial Photography

MAP INFORMATION

The soil surveys that comprise your AOI were mapped at 1:24,000.

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

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

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

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System: Web Mercator (EPSG:3857)

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

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

Soil Survey Area:  Crow Wing County, Minnesota
Survey Area Data:  Version 10, Sep 18, 2015

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

Date(s) aerial images were photographed: Data not available.

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

Saturated Hydraulic Conductivity (Ksat)d Summary by Map Unit 8 Crow Wing County, Minnesota (MNO035)

Map unit symbol Map unit name Rating (micrometers Acres in AOI Percent of AOI
per second)

2-30D Chetek-Seelyeville, 28.2250 10.4 68.8%
ponded complex, 0
to 15 percent slopes

C164B Brainerd-Flak 28.0000 0.1 0.5%
complex, 4to 8
percent slopes

C166A Nokay-Prebish 9.0000 4.6 30.7%
complex, 0 to 2
percent slopes

Totals for Area of Interest 151 100.0%

Rating Optionsd Saturated Hydraulic Conductivity (Ksat)

(Caughey)

Units of Measure: micrometers per second
Aggregation Method: Dominant Component
Component Percent Cutoff: None Specified

Tie-break Rule: Fastest

Interpret Nulls as Zero: No
Layer Options (Horizon Aggregation Method): Depth Range (Weighted

Average)
Top Depth: 5
Bottom Depth: 10

Units of Measure: Centimeters

Available Water Capacity (Caughey)

Available water capacity (AWC) refers to the quantity of water that the soil is capable
of storing for use by plants. The capacity for water storage is given in centimeters of
water per centimeter of soil for each soil layer. The capacity varies, depending on saoil
properties that affect retention of water. The most important properties are the content

of organic matter, soil texture, bulk density, and soil structure, with corrections for
salinity and rock fragments. Available water capacity is an important factor in the

choice of plants or crops to be grown and in the design and management of irrigation

systems. It is not an estimate of the quantity of water actually available to plants at

any given time.

Available water supply (AWS) is computed as AWC times the thickness of the soil.

For example, if AWC is 0.15 cm/cm, the available water supply for 25 centimeters of
soil would be 0.15 x 25, or 3.75 centimeters of water.

For each soil layer, AWC is recorded as three separate values in the database. A low

value and a high value indicate the range of this attribute for the soil component. A

"representative" value indicates the expected value of this attribute for the component.
For this soil property, only the representative value is used.
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MAP LEGEND

Area of Interest (AOI)

(Aol

Soils

Background

Area of Interest - Aerial Photography

Soil Rating Polygons
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<=0.13
>0.13 and <= 0.16
>0.16 and <=0.21

Not rated or not available
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>0.13 and <= 0.16
>0.16 and <=0.21

Not rated or not available

Soil Rating Points
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]
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<=0.13
>0.13 and <= 0.16
>0.16 and <=0.21

Not rated or not available

Water Features

Streams and Canals

Transportation

+—
—

Rails
Interstate Highways
US Routes

Major Roads
Local Roads

MAP INFORMATION

The soil surveys that comprise your AOI were mapped at 1:24,000.

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

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

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

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

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

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

Soil Survey Area:  Crow Wing County, Minnesota
Survey Area Data:  Version 10, Sep 18, 2015

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

Date(s) aerial images were photographed: Data not available.

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

Available Water Capacityd Summary by Map Unit 8 Crow Wing County, Minnesota (MNO35)

Map unit symbol Map unit name | Rating (centimeters per Acres in Percent of AOI
centimeter) AOI

2-30D Chetek-Seelyeville, |0.16 10.4 68.8%
ponded complex, 0
to 15 percent
slopes

C164B Brainerd-Flak 0.13 0.1 0.5%
complex, 4to 8
percent slopes

C166A Nokay-Prebish 0.21 4.6 30.7%
complex, 0 to 2
percent slopes

Totals for Area of Interest 15.1 100.0%

Rating Optionsd Available Water Capacity
(Caughey)

Units of Measure: centimeters per centimeter

Aggregation Method: Dominant Component

Component Percent Cutoff: None Specified

Tie-break Rule: Higher

Interpret Nulls as Zero: No

Layer Options (Horizon Aggregation Method): Depth Range
(Weighted Average)

Top Depth: 5

Bottom Depth: 10

Units of Measure: Centimeters

Available Water Storage (Caughey)

Accumulates the AWC for a specified depth range. Used to produce data for the
muaggatt table.
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MAP LEGEND

Area of Interest (AOI)

Area of Interest
(AOI)

Soils
Soil Rating Polygons

Bl <os7

[] >o067and<=1.03

- >1.03 and <= 1.05

|:| Not rated or not available

Soil Rating Lines
i <=0.67

o >0.67 and <= 1.03
wme  >1.03 and <=1.05
L Not rated or not available

Soil Rating Points
] <=0.67

(] >0.67 and <= 1.03

[ ] >1.03 and <= 1.05

(] Not rated or not available
Water Features

Streams and Canals
Transportation
L Rails
— Interstate Highways
US Routes
Major Roads
Local Roads

Background

Aerial Photography

MAP INFORMATION

The soil surveys that comprise your AOI were mapped at 1:24,000.

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

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

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

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System: Web Mercator (EPSG:3857)

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

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

Soil Survey Area:  Crow Wing County, Minnesota
Survey Area Data:  Version 10, Sep 18, 2015

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

Date(s) aerial images were photographed: Data not available.

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

Tabled Available Water Storage (Caughey)

Available Water Storaged Summary by Map Unit 8 Crow Wing County, Minnesota (MNO35)

Map unit symbol Map unit name | Rating (centimeters per Acres in Percent of AOI

centimeter) AOI

2-30D Chetek-Seelyeville, | 1.05 10.4
ponded complex, 0
to 15 percent
slopes

68.8%

c164B Brainerd-Flak 0.67 0.1
complex, 4to 8
percent slopes

0.5%

C166A Nokay-Prebish 1.03 4.6
complex, 0 to 2
percent slopes

Totals for Area of Interest 15.1

Rating Optionsd Available Water Storage (Caughey)

Units of Measure: centimeters per centimeter

Aggregation Method: Weighted Average

Component Percent Cutoff: None Specified

Tie-break Rule: Higher

Interpret Nulls as Zero: No

Layer Options (Horizon Aggregation Method): Depth Range
(Weighted Sum)

Top Depth: 5

Bottom Depth: 10

Units of Measure: Centimeters

Percent Clay (Caughey)

Clay as a soil separate consists of mineral soil particles that are less than 0.002
millimeter in diameter. The estimated clay content of each soil layer is given as
a percentage, by weight, of the soil material that is less than 2 millimeters in
diameter. The amount and kind of clay affect the fertility and physical condition
of the soil and the ability of the soil to adsorb cations and to retain moisture.
They influence shrink- swell potential, saturated hydraulic conductivity (Ksat),
plasticity, the ease of soil dispersion, and other soil properties. The amount and
kind of clay in a soil also affect tillage and earth-moving operations.

Most of the material is in one of three groups of clay minerals or a mixture of
these clay minerals. The groups are kaolinite, smectite, and hydrous mica, the
best known member of which is illite.

For each soil layer, this attribute is actually recorded as three separate values in the
database. A low value and a high value indicate the range of this attribute for the soil
component. A "representative” value indicates the expected value of this attribute for
the component. For this soil property, only the representative value is used.
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MAP LEGEND

Area of Interest (AOI) Background
Area of Interest - Aerial Photography
(AOI)
Soils

Soil Rating Polygons
B <80
[] »>8o0and<=9.0
- >9.0 and <= 14.0
[] Notrated or not available
Soil Rating Lines
i <=8.0
o >8.0 and <= 9.0
e >9.0and <=14.0
o Not rated or not available
Soil Rating Points
H <80
] >8.0and <=9.0
‘W >90and<=14.0
(] Not rated or not available
Water Features

Streams and Canals
Transportation
H Rails
e Interstate Highways
US Routes

Major Roads
Local Roads

MAP INFORMATION

The soil surveys that comprise your AOI were mapped at 1:24,000.

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

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

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

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System: Web Mercator (EPSG:3857)

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

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

Soil Survey Area:  Crow Wing County, Minnesota
Survey Area Data:  Version 10, Sep 18, 2015

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

Date(s) aerial images were photographed: Data not available.

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

Percent Clayd Summary by Map Unit 8 Crow Wing County, Minnesota (MN035)

Map unit symbol ‘ Map unit name Rating (percent) Acres in AOI Percent of AOI

2-30D Chetek-Seelyeville, 9.0 10.4 68.8%
ponded complex, O
to 15 percent
slopes

C164B Brainerd-Flak 8.0 0.1 0.5%
complex, 4to 8
percent slopes

C166A Nokay-Prebish 14.0 4.6 30.7%
complex, 0to 2
percent slopes

Totals for Area of Interest 15.1 100.0%

Rating Optionsd Percent Clay (Caughey)

Units of Measure: percent

Aggregation Method: Dominant Component

Component Percent Cutoff: None Specified

Tie-break Rule: Higher

Interpret Nulls as Zero: No

Layer Options (Horizon Aggregation Method): Depth Range (Weighted Average)
Top Depth: 5

Bottom Depth: 10

Units of Measure: Centimeters

Percent Sand (Caughey)

Sand as a soil separate consists of mineral soil particles that are 0.05 millimeter to
2 millimeters in diameter. In the database, the estimated sand content of each soil
layer is given as a percentage, by weight, of the soil material that is less than 2
millimeters in diameter. The content of sand, silt, and clay affects the physical
behavior of a soil. Particle size is important for engineering and agronomic
interpretations, for determination of soil hydrologic qualities, and for soll
classification.

For each soil layer, this attribute is actually recorded as three separate values in
the database. A low value and a high value indicate the range of this attribute for
the soil component. A "representative" value indicates the expected value of this
attribute for the component. For this soil property, only the representative value is
used.
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MAP LEGEND

Area of Interest (AOI)

Area of Interest
(AOI)

Soils
Soil Rating Polygons

Bl <50

[] >510and<=63.0

Il >630and<=69.0

|:| Not rated or not available

Soil Rating Lines
i <=51.0

o >51.0 and <= 63.0
wm#  >63.0and <= 69.0
L Not rated or not available

Soil Rating Points
] <=51.0

(] >51.0 and <= 63.0

[ ] > 63.0 and <= 69.0

(] Not rated or not available
Water Features

Streams and Canals
Transportation
L Rails
— Interstate Highways
US Routes
Major Roads
Local Roads

Background

Aerial Photography

MAP INFORMATION

The soil surveys that comprise your AOI were mapped at 1:24,000.

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

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

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

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System: Web Mercator (EPSG:3857)

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

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

Soil Survey Area:  Crow Wing County, Minnesota
Survey Area Data:  Version 10, Sep 18, 2015

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

Date(s) aerial images were photographed: Data not available.

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

Percent Sandd Summary by Map Unit 8 Crow Wing County, Minnesota (MNO35)

Map unit symbol ‘ Map unit name Rating (percent) Acres in AOI Percent of AOI

2-30D Chetek-Seelyeville, 69.0 10.4 68.8%
ponded complex, O
to 15 percent
slopes

C164B Brainerd-Flak 63.0 0.1 0.5%
complex, 4to 8
percent slopes

C166A Nokay-Prebish 51.0 4.6 30.7%
complex, 0 to 2
percent slopes

Totals for Area of Interest 15.1 100.0%

Rating Optionsd Percent Sand (Caughey)

Units of Measure: percent

Aggregation Method: Dominant Component

Component Percent Cutoff: None Specified

Tie-break Rule: Higher

Interpret Nulls as Zero: No

Layer Options (Horizon Aggregation Method): Depth Range
(Weighted Average)

Top Depth: 5

Bottom Depth: 10

Units of Measure: Centimeters

Percent Silt (Caughey)

Silt as a soil separate consists of mineral soil particles that are 0.002 to 0.05
millimeter in diameter. In the database, the estimated silt content of each soil layer
is given as a percentage, by weight, of the soil material that is less than 2
millimeters in diameter.

The content of sand, silt, and clay affects the physical behavior of a soil. Particle
size is important for engineering and agronomic interpretations, for determination of
soil hydrologic qualities, and for soil classification

For each soil layer, this attribute is actually recorded as three separate values in
the database. A low value and a high value indicate the range of this attribute for
the soil component. A "representative" value indicates the expected value of this
attribute for the component. For this soil property, only the representative value is
used.
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