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National and State Resource Concerns and Planning Criteria
10/1/2013

Resource Concern

- Cause

A resource concern (RC)
is an expected
degradation of the soil,
water, air, plant, or
animal resource base to
an extent that the
sustainability or intended
use of the resource is
impaired. Because NRCS
quantifies or describes
resource concerns as part
of a comprehensive
conservation planning
process that includes
client objectives, human
and energy resources are
considered components
of the resource base. The
“Cause” is the specific
reason or threat to the
resource that results in
the resource concern.

Description of Concern

Land Use
* Required Assessment

Resource Concern
Component
For planning purposes,

Some resource concerns
are divided into
components where
there is a clear
distinction in the causal
factors, the mitigating
actions, and the
anticipated
environmental effect.

Planning Criteria

A planning criterion is a quantitative or qualitative method to assess the
existing condition of the natural resources on a site to determine whether
additional treatment is needed to address a specific potential resource concern.
Planning Consideration - A planning consideration is a description of
potential actions or activities that should be considered to help address an
identified resource concern and/or to address unintended consequences of an
action. Planning considerations are identified for resource concerns when it is
not appropriate or technologically feasible to identify specific criteria or a

threshold for treatment.

Screening Level
Screening level criteria are
defined, when appropriate,
to identify sites with
conditions that have little
or no probability of
needing additional
treatment to address the
specific resource concern.
If the site meets the
screening level criteria,
then no other assessment is
needed to document that
planning criteria are met
on this site. States can
delete or edit nationally
identified screening
criteria to address
localized conditions.

Basic Assessment Level

Basic assessment level criteria are used when a
site does not meet screening level criteria, or when
no screening level criteria are defined. Assessment
levels are also used when formulating and
evaluating alternatives. National criteria establish
the minimum for all sites. States may add state-
specific criteria to address local conditions.

Measurement & Assessment
Tools

Description of the technology or
process for determining if assessment
criteria are met.
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National and State Resource Concerns and Planning Criteria

10/1/2013
SOIL Description Land Use Component Screening Assessment Level Assessment Tools
* Crop*
« Developed Land* Sheet & Rill Water erosion rate < T RUSLE2
* Farmsteads* Permanent ground cover >
* Associated Ag Land* 90% and
Detachment and transportation |° Designated Protected Area* Wind slope < 10% Wind erosion rate < T WEPS
of soil particles caused b + Other Rural Land*
SOIL EROSION - S P Y | pasture®
Sheet. rill. & wind rainfall runoff/splash, irrigation asturce i _ i
erosic;n ’ runoff or wind that degrades soil). Forest* Sh_eet &Rill SOI.' surface organloc Site is stable and without visible signs of erosion |Visual Inspection
quality. Wind residue cover > 80%
Sheet & Rill RHA - soil site stability - slight to moderate or
- Range* State established criteria less RHA - Rangeland Health Assessment
. " |OR Rangeland Trend Worksheet
Wind Rangeland Planned Trend is positive
. Ephemeral gullies are not |Conservation practices and managements are in
Ephemeral gullies . .
occuring place to prevent or control ephemeral gullies
Untreated classic gullies may |« Crop* Classic gully management is adequate to stop the
enlarge progressively by head Classic aullies Classic gullies are not progression of head cutting and widening and are
cutting and/or lateral widening. g present offsite impacts are minimized by vegetation
SOIL EROSION — Ephemeral gullies occur in the and/or structures . _
same flow area and are obscured [{ 0 = Field measurements / observations
Concentrated flow by till This includ ores
erosion  tillage. This includes « Farmsteads*
concentrated flow erosion « Pasture* Classic gully management is adequate to stop the
caused by “”_‘Of_f f“_)m rainfall, [, Range Classic aullies Classic gullies are not progression of head cutting and widening and are
snowmelt or irrigation water. |, peveloped Land* 9 present offsite impacts are minimized by vegetation
* Associated Ag Land* and/or structures

« Designated Protected Area*
* Other Rural Land*

SOIL EROSION-
Excessive bank erosion
from streams shorelines
or water conveyance
channels

Sediment from banks or
shorelines threatens to degrade
water quality and limit use for
intended purposes.

« Crop*

* Forest

* Range*

« Developed Land*

* Associated Ag Land*

« Designated Protected Area*
* Water*

« Other Rural Land*
 Farmsteads™

« Pasture*

Streams, shoreline or
channels are not adjacent
to site

For shorelines and water conveyance channels;
banks are stable or commensurate with normal
geomorphological processes?

AND

If bank erosion is present, it is beyond the client’s

; SVAP2
control or commensurate with normal
geomorphological processes?
AND
For streambanks; SVAP2 bank condition element
score >=5?
Bank erosion is it beyond the client’s control or
commensurate with normal geomorphological
processes? SVAP2
AND PCS - Pasture Condition Score

PCS - streambank / shoreline erosion element
score > 47
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National and State Resource Concerns and Planning Criteria

10/1/2013

SOIL Description Land Use Component Screening Assessment Level Assessment Tools

Loss of volume and depth of

organic soils due to oxidation L .

Histisol soils are not

caused by above normal

microbial activity resulting from * Crop present
SOIL QUALITY excessive water drainage, soil | Forest Subsidence is adequately managed to meet client’s
DEGRADATION - ge, « Associated Ag Land OR 1 Y & Client input / planner observation

Subsidence

disturbance, or extended
drought.

This excludes karst / sinkholes
issues or depressions caused by
underground activities.

« Designated Protected Area
« Pasture

Histisols soils are not
exhibiting subsidence

objectives

Management induced soil

« Crop
« Forest
« Associated Ag Land

Soil compaction is not a

Compaction is managed to meet Client’s
production and management objectives

Observation of soil and/or plant
condition

compaction resulting in « Designated Protected Area problem Client input / planner observation
SOIL QUALITY dechase § oot dg i thar  |-Other Rural Land
DEGRADATION — g aep . « Pasture AND PCS — compaction element score > 4 PCS - Pasture Condition Score
- reduces plant growth, animal
Compaction habitat and soil biological RHA - soll site stability - slight to moderate or |
activit ? Activities do not cause soil OR - soil site stability - slight to moderate or less 1o, 11 _ Rangeland Health Assessment
¥ * Range compaction problems . o . |Observation of soil and/or plant
Compaction is managed to meet Client’s production ndition
and management objectives co 0
RUSLE2
. * >
Crop SCi>0 WEPS
Permanent ground cover > g(; >0
80% PCS - Pasture Condition Score
« Pasture [PCS - plant cover element score > 4
RUSLE2
AND
PCS - plant residue element score >4 ]
il organic matter is n Lo -
SOIL QUALITY ige SagtJ:toc roa\t/tiiie Z SL?ittabIe [RHA - soil site stability slight to moderate or less
DEGRADATION — mer?ium forplant rowth AND
Organic matter - - pantg L Soil organic matter RHA - biotic integrity attribute rating slight to RHA - Rangeland Health Assessment
- animal habitat, and soil * Range S
depletion . . S depletion is not a problem [moderate departure or less] Rangeland Trend Worksheet
biological activity. OR
AND Rangeland Planned Trend positive
Activities do not cause soil Grounc_i cover meets state criteria specific to
. ! ecological site
organic matter depletion Lo .
« Forest OR Client input / planner observation

Soil organic matter is managed to meet Client
objectives
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National and State Resource Concerns and Planning Criteria

10/1/2013
SOIL Description Land Use Component Screening Assessment Level Assessment Tools
Concentration of salts leading to
salinity and/or sodicity reducing |+ C
SOIL QUALITY roduéltivit or Iimitiny desiredg . P;;)Elre
DEGRADATION — P y - 9 Activities do not cause Conservation practices and managements are in - . .
. use, or concentrations of other |+ Range L . e : Soil diagnostic evaluations
Concentration of salts ] - - . salinity/sodicity problems [place to mitigate on-site effects
. chemicals impacting * Associated Ag Land
or other chemicals L A .
productivity or limiting desired [+ Farmsteads
use.
WATER Description Land Use Component Screening Assessment Level Assessment Tools
Ponding or flooding not a
problem
« Crop Ponding and Flooding ANP. .
Activities do not cause
Surface water or poor * Forest ondina/floodin
EXCESS WATER — subsurface drainage restricts « Farmsteads P Y 4
- . problems
Ponding, flooding, land use and management goals. [+ Pasture Excess water is manaeed to meet Client’s
seasonal high water Wind-blown snow accumulates |+ Range Seasonal High Water  [Seasonal high water table obiectives # Client input / planner observation
table, seeps, and drifted |around and over surface * Developed Land Table does not cause a problem )
snow structures, restricting access to |+ Associated Ag Land

humans and animals.

« Designated Protected Area

Excess water from seeps

INSUFFICIENT
WATER - Inefficient
moisture management

Natural precipitation is not
optimally managed to support
desired land use goals or
ecological processes.

« Other Rural Land Seeps does not cause a problem
Drifted Snow Drifted snow does not

cause a problem

« Crop

« Developed Land

* Forest Moisture management is

* Associated Ag Land not a problem

« Designated Protected Area AND

 Range* Acti\{it_ies do Qot cause
inefficient moisture
management problems

« Pasture

Runoff and evapotranspiration levels are
minimized to meet Client’s management
objectives

Client input / planner observation

RHA - hydrologic function attributes slight to
moderate or less

RHA - Rangeland Health Assessment

PCS — compaction element score > 4
AND
PCS - plant cover element score > 4

PCS - Pasture Condition Score

INSUFFICIENT
WATER - Inefficient
use of irrigation water

Irrigation water is not stored,
delivered, scheduled and/or
applied efficiently. Aquifer or
surface water withdrawals
threaten sustained availability of
ground or surface water.
Available irrigation water
supplies have been reduced due
to aquifer depletion,
competition, regulation and/or
drought.

« All*

PLU is not irrigated

The irrigation system components and
management meet state specific efficiency criteria

State identified measurement and
assessment tools - Farm Irrigation
Rating Index (FIRI), State Version

Page 4 of 14




National and State Resource Concerns and Planning Criteria

10/1/2013
WATER Description Land Use Component Screening Assessment Level Assessment Tools
Nutrient and amendment applications are based on
soil or tissue tests and nutrient budgets for
Excess nutrients in realistic yields
surface water AND
Organic or inorganic Conservati'orj p-ractices and mana}gements are in
« Crop* nutrients are not applied place to minimize surface water impacts Client input / planner observation
AND . L Nutrient budget
PLU is not grazed Ngtnen? and amendment appllcatlons are based on
soil or tissue tests and nutrient budgets for
Excess nutrients in realistic yields
groundwater AND
Conservation practices and managements are in
place to minimize groundwater impacts
Excess nutrients in PCS - streambank / shoreline erosion element
« Pasture* surface water score > 4 PCS'— Pasture Condition Score
Excess nutrients in AND Nutrient budget

WATER QUALITY
DEGRADATION:
Excess nutrients in
surface and ground
waters

Nutrients - organic and
inorganic - are transported to
receiving waters through surface
runoff and/or leaching into
shallow ground waters in
quantities that degrade water
quality and limit use for
intended purposes.

groundwater

PCS - livestock concentration areas element score

« Developed Land

Excess nutrients in
surface water

Excess nutrients in
groundwater

Organic or inorganic
nutrients are not applied

Nutrients if applied, are based on a soil test, tissue
tests or nutrient budget

AND

Conservation practices and managements are in
place to minimize surface water impacts

Nutrients if applied, are based on a soil test, tissue
tests or nutrient budget

AND

Conservation practices and managements are in
place to minimize groundwater impacts

Nutrient Budget
Client input / planner observation

« Other Rural Land

« Associated Ag Land

« Designated Protected Area
* Water

* Forest

* Range

Excess nutrients in
surface water

Excess nutrients in
groundwater

Organic or inorganic
nutrients are not applied
AND

PLU is not grazed
AND

There are no confined
livestock areas

Nutrients if applied, are based on a soil test, tissue
tests or nutrient budget

AND

Conservation practices and managements are in
place to minimize surface water impacts

Nutrients if applied, are based on a soil test, tissue
tests or nutrient budget

AND

Conservation practices and managements are in
place to minimize groundwater impacts

Nutrient Budget
Client input / planner observation
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National and State Resource Concerns and Planning Criteria
10/1/2013

WATER

Description

Land Use

Component

Screening

Assessment Level

Assessment Tools

WATER QUALITY
DEGRADATION:
Excess nutrients in
surface and ground
waters (continued)

Nutrients - organic and
inorganic - are transported to
receiving waters through surface
runoff and/or leaching into
shallow ground waters in
quantities that degrade water
quality and limit use for
intended purposes.

* Farmsteads*

Excess nutrients in

surface water

Organic or inorganic
nutrients are not applied
AND

PLU is not grazed

Excess nutrients in

groundwater

AND
There are no confined
livestock areas

Conservation practices and managements are in
place to minimize surface water impacts

AND

Surface waters are protected from contamination
due to runoff and leaching from storage sites, spill
and other concentrated sources

Conservation practices and managements are in
place to minimize groundwater impacts

AND

Groundwater is protected from contamination due
to runoff and leaching from storage sites, spill and
other concentrated sources

Nutrient Budget
Client input / planner observation

WATER QUALITY
DEGRADATION —
Pesticides transported
to surface and ground
waters

Pest control chemicals are
transported to receiving waters
in quantities that degrade water
quality and limit use for
intended purposes.

« All

Pesticides transported to|Pest control chemicals are

surface water

not applied

Pesticides are stored, handled, disposed and
managed to prevent runoff, spills, leaks and
leaching

AND

Conservation practices and managements are in
place to minimize surface water impacts

Pesticides transported to|Pest control chemicals are

groundwater

not applied

Pesticides are stored, handled, disposed and
managed to prevent runoff, spills, leaks and
leaching

AND

Conservation practices and managements are in
place to minimize groundwater impacts

Client input / planner observation
WinPST

WATER QUALITY
DEGRADATION —
Excess pathogens and
chemicals from manure,
bio-solids

or compost applications

Pathogens, pharmaceuticals, and
other chemicals carried by land
applied soil amendments are
transported to receiving waters
in quantities that degrade water
quality and limit use for
intended purposes.

This resource concern also
includes the off-site transport of
leachate and runoff from
compost or other organic
materials of animal origin.

« Crop*

 Farmsteads™

* Forest

« Developed Land

« Associated Ag Land

« Other Rural Land

« Designated Protected Area
* Water

« Pasture*

* Range

Pathogens and

chemicals from manure,
bio-solids, or compost
applications transported

to surface water

Potential sources of
pathogens or
pharmaceuticals are not
applied on the land

Organic materials are applied, stored, and/or
handled to mitigate negative impacts to surface
water sources

Pathogens and

chemicals from manure,
bio-solids, or compost
applications transported

to groundwater

Potential sources of
pathogens or
pharmaceuticals are not
applied on the land

Organic materials are applied, stored, and/or
handled to mitigate negative impacts to
groundwater sources

Client input / planner observation
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National and State Resource Concerns and Planning Criteria

10/1/2013
WATER Description Land Use Component Screening Assessment Level Assessment Tools
L . Excessive salts in Excess salt is not a Salt concentrations are managed to mitigate off-
WATER QUALITY Irrigation or rainfall ru-nc')ff surface water problem site transport to surface waters
DEGRADATION — transports salts to receiving
. - . L AND N .
Excessive salts in water in quantities that degrade (< All . . - . . Client input / planner observation
. - Excessive salts in Activities do not Salt concentrations are managed to mitigate off-
surface and ground water quality and limit use for . :
. groundwater contribute to excess salt  [site transport to groundwater
waters intended purposes.
problem
petroleum. hea Activities do not present
, neavy the potential for Petroleum, heavy metals or other potential
metals, and other contamination b ollutants are stored and handled to avoid runoff
WATER QUALITY Heavy metals, petroleum and pollutants transported to ctroleum. hea ymetals fo surface water
DEGRADATION - other pollutants are transported surface water P , heavy
L ; and other pollutants
Petroleum, heavy to receiving water sources in N .
o < All Client input / planner observation
metals and other quantities that degrade water o
. o Activities do not present
pollutants transported |quality and limit use for Petroleum, heavy . .
L - the potential for Petroleum, heavy metals or other potential
to receiving waters intended purposes. metals, and other . .
contamination by pollutants are stored and handled to avoid
pollutants transported to .
petroleum, heavy metals  |leaching to groundwater
groundwater
and other pollutants
Upslope treatment and buffer practices address
* Crop* Permanent ground cover > |concentrated flows to water bodies

WATER QUALITY
DEGRADATION -
Excessive sediment in
surface waters

Off-site transport of sediment
from sheet, rill, gully, and wind
erosion into surface water that
threatens to degrade surface
water quality and limit use for
intended purposes.

« Developed Land*
 Farmsteads*

« Other Rural Land

« Associated Ag Land

« Designated Protected Area
* Water

* Pasture*

« Forest*

* Range*

90% and slope < 10%
AND

Classic gullies are not
present

AND

Streams or shoreline are
not on or adjacent to site

AND

SVAP?2 - bank condition > 5

AND

Livestock and vehicle water crossings are stable
AND

Water erosion rate < T

AND

Wind erosion rate < T

RUSLE2

WEPS

Client input / planner observation
SVAP2

There are no untreated
sources of erosion

AND

Streams or shoreline are
not on or adjacent to site

Upslope treatment and buffer practices address
concentrated flows to water bodies

AND

Heavy use areas are stable

AND

SVAP?2 - bank condition > 5

Client input / planner observation
SVAP2

RHA - hydrologic function attribute - slight to
moderate or less

AND

SVAP?2 - bank condition > 5

RHA - Rangeland Health Assessment

SVAP2
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National and State Resource Concerns and Planning Criteria

10/1/2013
WATER Description Land Use Component Screening Assessment Level Assessment Tools
Water courses on or [SVAP2 - riparian area quality element score > 5
adjacent to the site are not ISA\\I;IAD\PZ - riparian area quantity quality element
WATER QUALITY Surface water temperatures designated by a State score > 5 P d quality
DEGRADATION — exceed State/Federal standards VALl Agency as a temperature AND - Client input / planner observation
Elevated water and/or limit use for intended impairment SVAP2
temperature purposes OR SVAP?2 - canopy cover element score > 6 ]
Water course temperature OR. . . . .
is ot a client concern Existing conservation practices are in place to
address water temperature
PLANT Description Land Use Component Screening Assessment Level Assessment Tools
: g;ftflstea ds Plants are adapted to the site, meet production
Plant production and goals and do not negatively impact other resources| .. . . .
 Developed Land health is not a client AND Client input / planner observation
* Designated Protected Area . Lo Crop Tolerance Table
+ Associated A Land concern Plant damage from wind erosion is below Crop
« Other Rur. ng nd Damage Tolerance levels
Plant productivity, vigor and/or er Rural 4
quality negatively impacts other Vegetation meet similarity index or range
DEGRADED PLANT resources or does not meet yield condltloq score of 60 or g_rgater for desired plant RHA - Rangeland Health Assessment
CONDITION potential due to improper + Range* community and has a positive trend Rangeland Trend Worksheet
. - fertility, management or plants OR Similarity Index Worksheet
Unc:jeswf"lb_le D|a(;1th ” not adapted to site. RHA - biotic integrity attribute rating - slight to y
productivity and health | . oo oo addressing moderate departure or less
polllnators and beneficial Plant production and PCS - 30 or above
Insects. « Pasture* health is not a client Plants are adapted to the site, meet production PCS - Pasture Condition Score
concern goals and do not negatively impact other resources
Plant production and Forest species are adapted to site
 Forest health is not a client AND Forest Inventory plots and/or transects

concern

Composition and stand density meets the Client’s
objectives and production goals
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National and State Resource Concerns and Planning Criteria

10/1/2013
PLANT Description Land Use Component Screening Assessment Level Assessment Tools
- Forest Plant communities support
* Designated Protected Area . Pp Plant communities contain adequate diversity,
. the intended land use and L . . . -
* Associated Ag Land . - composition and structure to support desired Ecological Site Descriptions
. desired ecological . .
Plant communities have * Water : ecological functions
- - . functions
insufficient composition and « Pasture
structure to achieve ecological iti i iversi
DEGRADED PLANT : g Plant co'n.1mun|t|es contain adequate d|v§r3|ty,
functions and management composition and structure to support desired
CONDITION — - . .
objectives. ecological functions
Inadequate structure . . o
o This includes degradation of Plant communities support [OR . . .
and composition : . o . . . . Ecological Site Descriptions
wetland habitat, targeted " the intended land use and |RHA — biotic integrity attribute rating slight to
. « Range . . RHA - Rangeland Health Assessment
ecosystems, or unique plant desired ecological moderate departure or less
o : Rangeland Trend Worksheet
communities. functions OR
Vegetation meet similarity index of 60 or greater
for desired plant community and has a positive
trend
« Crop
« Forest™* .
Pest damage to plants are below economic or
« Farmsteads . Lo -
. « Ranec* environmental thresholds or client-identified
ExTezswe EeSt damagedto pla(ljnts Devfloped Land Plant productivity is not - criteria Client input / planner observation
including that from undesire ‘ imi
DEGRADED PLANT 9 _ 3 + Associated A Land limited from pest pressure [AND
plants, diseases, animals, soil g Plant pests. includi i d invasi
CONDITION — pests, Including noxious and Invasive

Excessive plant pest
pressure

borne pathogens, and
nematodes.

This concern addresses invasive
plant, animal and insect species.

« Designated Protected Area
* Water
 Other Rural Land

« Pasture*

species are managed to meet client objectives

Plant productivity is not
limited from pest pressure

PCS - insect and disease pressure element score >
4

AND

PCS - site adaptation element score > 4

PCS - Pasture Condition Score

DEGRADED PLANT
CONDITION- Wildfire
hazard, excessive
biomass accumulation

The kinds and amounts of fuel
loadings - plant biomass - create
wildfire hazards that pose risks
to human safety, structures,
plants, animals, and air
resources.

« All

Wildfire hazard is not a
concern

Fuel loads and fuel ladders are managed to
provide defensible space and meet client
objectives

Client input / planner observation
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National and State Resource Concerns and Planning Criteria

10/1/2013
ANIMAL Description Land Use Component Screening Assessment Level Assessment Tools
WHSI rating > 0.5
AND (when surface stream present)
[SVAP2 — fish habitat complexity element score >
7
. . AND
E)L:)?jnit;?r;f duei: :Jt;/t:f to SVAP2 — aquatic invertebrate habitat element
meet requirements of :;oRre 271
identified fish, wildlife . . .
or invertebrate species Conservation practices and ma.nagemer?t arein
place that meet or exceed species or guild-specific
habitat model thresholds
OR
Food is available in quality and extent to support
habitat requirements for the species of interest
WHSI rating > 0.5
AND (when surface stream present)
SVAP2 — aquatic invertebrate habitat element Species-specific wildlife habitat
Quantity, quality or connectivity Quantity, quality of score > 7 assessment tools
INADEQUATE of food, cover, space, shelter e water is inadequate to OR
HABITAT FOR FISH |and/or water is inadequate to All with “wildlife” modifier - meet requirements of Conservation practices and managementare in  |gyap2
AND WILDLIFE — meet requirements of identified (Required when Land Use has a identified fish, wildlife place that meet or exceed species or guild-specific

Habitat degradation

fish, wildlife or invertebrate
species.

wildlife modifier)

or invertebrate species

Quantity, quality or
cover/shelter is
inadequate to meet
requirements of
identified fish, wildlife
or invertebrate species

habitat model thresholds

OR

Water is available in quality and extent to support
habitat requirements for the species of interest

WHSI rating > 0.5

AND (when surface stream present)

[SVAP2 — barriers to movement element score >
7

AND

SVAP2 — fish habitat complexity element score >
7

AND

SVAP2 — aquatic invertebrate habitat element
score > 7]

OR

Conservation practices and management are in
place that meet or exceed species or guild-specific
habitat model thresholds

OR

Cover is of available quality and extent to support
habitat requirements for the species of interest

Generalized WHS Index finalized by
States, and detailed models by
selected species and habitat type
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National and State Resource Concerns and Planning Criteria
10/1/2013

ANIMAL

Description

Land Use

Component

Screening

Assessment Level

Assessment Tools

INADEQUATE
HABITAT FOR FISH
AND WILDLIFE —
Habitat degradation
(continued)

Quantity, quality or connectivity
of food, cover, space, shelter
and/or water is inadequate to
meet requirements of identified
fish, wildlife or invertebrate
species.

All with “wildlife” modifier -
(Required when Land Use has a
wildlife modifier)

Habitat continuity
and/or space is
inadequate to meet
requirements of
identified fish, wildlife
or invertebrate species

WHSI rating > 0.5

AND (when surface stream present)

[SVAP2 — barriers to movement element score >
7

AND

SVAP2 — aquatic invertebrate habitat element
score > 7]

OR

Conservation practices and management are in
place that meet or exceed species or guild-specific
habitat model thresholds

OR

The connectivity of habitat components are
adequate to support stable populations of targeted
species

Species-specific wildlife habitat
assessment tools

SVAP2
Generalized WHS Index finalized by

States, and detailed models by
selected species and habitat type

LIVESTOCK
PRODUCTION
LIMITATION —
Inadequate feed and
forage

Feed and forage quality or
quantity is inadequate for
nutritional needs and production
goals of the kinds and classes of
livestock.

« All with “grazed” modifier
(Applicable when Land Use is grazed)

Livestock forage, roughage and supplemental
nutritional requirements addressed.

Client input / planner observation
GRAS - Grassland Resource Analysis
System

LIVESTOCK
PRODUCTION
LIMITATION —
Inadequate livestock
shelter

Livestock lack adequate shelter
from climatic conditions to
maintain health or production
goals.

« All with “grazed” modifier
(Applicable when Land Use is grazed)

Artificial or natural shelters meet animal health
needs and client objectives.

Client input / planner observation

LIVESTOCK
PRODUCTION
LIMITATION —
Inadequate livestock
water

Quantity, quality and/or
distribution of drinking water
are insufficient to maintain
health or production goals for
the kinds and classes of
livestock.

« All with “grazed” modifier
(Applicable when Land Use is grazed)

Water of acceptable quality and quantity
adequately distributed to meet animal needs.

Client input / planner observation
GRAS - Grassland Resource Analysis
System - Tool for water distribution

Page 11 of 14




National and State Resource Concerns and Planning Criteria

10/1/2013

ENERGY Description Land Use Component Screening Assessment Level Assessment Tools

Inefficient use of energy in the

Farm Operation increases

dependence on non-renewable A USDA approved energy audit been

energy sources that can be implemented that address equipment and facilities |Client input / planner observation
INEFFICIENT addressed through improved Lo . . P . L quip putip

- Client is not interested in  [to meet client objectives
ENERGY USE — energy efficiency and the use of . - . .
. « All improving equipment and |OR USDA approved Energy Audit
Equipment and on-farm renewable energy e L
S facilities energy efficiency [On-farm renewable energy and/or energy
facilities sources. . - - .
. conserving practices have been implemented to  |[NRCS Energy Estimator
As an example, this concern . o
L meet client objectives

addresses inefficient energy use

in pumping plants, on-farm

processing, drying and storage.

Inefficient use of energy in field A USDA approved energy audit been Client input / planner observation
INEFFICIENT operations increases dependence Lo . . implemented that address field operations to meet

Client is not interested in . - .

ENERGY USE - on non-renewable energy client objectives USDA approved Energy Audit

Farming/ranching
practices and field
operations

sources that can be addressed
through improved efficiency and
the use of on-farm renewable
energy sources.

« All

improving energy use in
farm and ranch field
operations

OR

On-farm renewable energy and/or energy
conserving practices have been implemented to
meet client objectives

NRCS Energy Estimator

Conservation on the Farm Checklist
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National and State Resource Concerns and Planning Criteria

10/1/2013
AIR Description Land Use Component Screening Assessment Level Assessment Tools
Activities are not present
. . . that contribute to
Direct emissions of particulate -
agricultural source PM or
matter - dust and smoke -, as .
- ; PM precursor emissions
well as the formation of fine ; o
. . PM Producing Activity
particulate matter in the
Examples:
atmosphere from other . .
. L * Prescribed Burn is
agricultural emissions - conducted
ammonia, NOx, and VOCs -
. .  Crop * Travel ways unpaved or
cause multiple environmental o
. ) * Pasture untreated with binding
impacts, such as:
AIR QUALITY . * Range agents
. - The unintended movement of . .
IMPACTS - Emissions . R * Forest * Engines (combustion oo
- particulate matter - typically PM and PM Precursor emissions are managed to Lo .
of Particulate Matter - . « Other Rural Land source) . L Client input / planner observation
dust or smoke - results in safety . . meet client objectives
PM -and PM - . . * Associated Ag Land * Tillage
or nuisance visibility restriction. . - .
Precursors . « Designated Protected Areas * Pesticides are applied
- The unintended movement of s
. « Developed Land « Fertilization (manure/
particulate matter and/or :
A . « Farmsteads commercial)
chemical droplets results in
. * CAFO/manure
unwanted deposits on surfaces.
. management)
- Increased atmospheric AND
concentrations of particulate - .
. Episodes or complaints of
matter can impact human and e
- emissions of PM (dust,
animal health and degrade
regional visibility smoke, exhaust, etc.), or
' chemical drift have not
occurred
Activities are not present
that produce GHGs
emissions
GHG Producing
Activities:
. Fertilizati
AIR QUALITY ertiization

IMPACTS - Emissions
of Greenhouse Gases -
GHGs

Emissions increase atmospheric
concentrations of greenhouse
gases.

< All

(manure/commercial)

. CAFO/manure
management

*  Engines (combustion
source)

. Tillage

AND

GHGs are not regulated in
this planning area

Greenhouse gas emissions are managed to meet
client objectives

Client input / planner observation

Page 13 of 14




National and State Resource Concerns and Planning Criteria

10/1/2013

AIR

Description

Land Use

Component

Screening

Assessment Level

Assessment Tools

AIR QUALITY
IMPACTS - Emissions
of Ozone Precursors

Emissions of ozone precursors -

NOx and VOCs - resulting in
formation of ground- level
ozone that cause negative

impacts to plants and animals.

< All

Operations are not present
that produce ozone or
precursor emissions
Ozone Producing
Activities:

*  Engines (combustion
source)

. Pesticide application
. Burning

. CAFO/manure
management

. Fertilization (manure
/commercial)

Ozone precursor emissions are managed to meet
client objectives

Client input / planner observation

AIR QUALITY
IMPACTS -
Obijectionable odors

Emissions of odorous

compounds - VOCs, ammonia
and odorous sulfur compounds -

cause nuisance conditions.

« Crop

« Pasture

« Farmsteads

¢ Other Rural Land

Activities are not present
that contribute to nuisance
air quality conditions
Nuisance Producing
Activities:

. Pesticide application
. CAFO / manure
management

. Composting is
conducted

AND

Odor sources are not
regulated in this planning
area

AND

Episodes or complaints of
emissions of PM (dust,
smoke, exhaust, etc.), or
chemical drift have not
occurred

Odors are managed to meet client objectives

Client input / planner observation

Page 14 of 14




Exhibit 5-2: Wind Erodibility Group (WEG) and Wind Erodibility Index (from the National
Soil Survey Handbook)
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Part 618 — Soil Properties and Qualities
Subpart B — Exhibits

618.95 Wind Erodibility Groups (WEG) and Index

WEG

1,3,4,5,7

4L

8

Properties of Soil Surface Layer

Very fine sand, fine sand, sand, or coarse sand?

Loamy very fine sand, loamy fine sand, loamy sand, and
loamy coarse sand; very fine sandy loam and silt loam
with 5 or less percent clay and 25 or less percent very
fine sand; and sapric soil materials (as defined in Soil
Taxonomy), except Folists.

Very fine sandy loam (but does not meet WEG criterion
2), fine sandy loam, sandy loam, and coarse sandy
loam; noncalcareous silt loam that has greater than or
equal to 20 to less than 50 percent very fine sand and
greater than or equal to 5 to less than 12 percent clay.

Clay, silty clay, noncalcareous clay loam that has more
than 35 percent clay and noncalcareous silty clay loam
that has more than 35 percent clay; all of these do not
have sesquic, parasesquic, ferritic, ferruginous, or
kaolinitic mineralogy (high iron oxide content).

Calcareous® loam, calcareous silt loam, calcareous silt,
calcareous sandy clay, calcareous sandy clay loam,
calcareous clay loam, and calcareous silty clay loam.

Noncalcareous loam that has less than 20 percent clay;
noncalcareous silt loam with greater than or equal to 5
to less than 20 percent clay (but does not meet WEG
criterion 3); noncalcareous sandy clay loam;
noncalcareous sandy clay; and hemic soil materials (as
defined in Soil Taxonomy).

Noncalcareous loam and silt loam that have greater than
or equal to 20 percent clay; noncalcareous clay loam
and noncalcareous silty clay loam that have less than or
equal to 35 percent clay; silt loam that has parasesquic,
ferritic, or kaolinitic mineralogy (high iron oxide
content).

Noncalcareous silt; noncalcareous silty clay,
noncalcareous silty clay loam, and noncalcareous clay
that have sesquic, parasesquic, ferritic, ferruginous, or
kaolinitic mineralogy (high content of iron oxide) and
are Oxisols or Ultisols; and fibric soil materials (as
defined in Soil Taxonomy).

Soils not susceptible to wind erosion due to rock

and pararock fragments at the surface and/or
wetness; and Folists.

Dry Soil
Aggregates More
Than 0.84 mm
(wt.%)

NUTWN =

10

25

25

25

40

45

50

Wind Erodibility
Index (I)
(tons/ac/yr)

310
250
220
180
160

134

86

86

86

56

48

38


http://soils.usda.gov/technical/classification/taxonomy/
http://soils.usda.gov/technical/classification/taxonomy/
http://soils.usda.gov/technical/classification/taxonomy/
http://soils.usda.gov/technical/classification/taxonomy/

The following footnotes are applied in the order listed:

(i) For all WEGs except 1 and 2 (sands and loamy sand textures), if percent rock and pararock
fragments (>2mm) by volume is 15-35, reduce “I” value by one group with more favorable rating.
If percent rock and pararock fragments by volume is 35-60, reduce “I” value by two favorable
groups except for sands and loamy sand textures which are reduced by one group with more
favorable rating. If percent rock and pararock fragments is greater than 60, use “I” value of 0 for
all textures except sands and loamy sand textures which are reduced by three groups with more
favorable ratings. An example of more favorable “I” rating is next lower number: “1” factor of 160
to “I” factor of 134 or “I"” factor of 86 to “I"” factor of 56. The index values should correspond
exactly to their wind erodibility group (e.g., “I"” factor of 56 = WEG 5).

(i) The “I” values for WEG 1 vary from 160 for coarse sands to 310 for very fine sands. Use an
“I” of 220 as an average figure.

(iii)  All material that meets criterion 3 in the required characteristics for andic soil properties as
defined in the Keys to Soil Taxonomy, 11" edition. Such material is placed in WEG 2 regardless of the
texture class of the fine-earth fraction.

(iv)  All material that meets criterion 2, but not criterion 3, in the required characteristics for andic
soil properties as defined in the Keys to Soil Taxonomy, 11% edition. Such material is placed in WEG
6, regardless of the texture class of the fine-earth fraction. The only exception to this is for Cryic
Spodosols which have a medial substitute class and a MAAT < 4 degrees C.; these soils are placed in
WEG 2.

()] For surface layers or horizons that do not meet the required characteristics for andic soil
properties but do meet Vitrandic, Vitritorrandic, Vitrixerandic, and Ustivitrandic subgroup criteria
(thickness criterion excluded) move one wind erodibility group (WEG) with a less favorable rating.

(Vi) Calcareous is a strongly or violently effervescent reaction (class) of the fine-earth fraction to
cold dilute (1N) HCL; a paper “"Computing the Wind Erodible Fraction of Soils” by D. W. Fryear et.al
(1994) in the Journal of Soil and Water Conservation 49 (2) 183-188 raises a yet unresolved
question regarding the effect of carbonates on winderosion.

(vii)  For mineral soils with thin ‘0" horizons, the WEG is based on the first mineral horizon.



Exhibit 5-3: Resource Concern Guide, Soil Erosion - Wind
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United States Department of Agriculture

ONRCSE-

Arizona Planning Guide for Natural Resource Concerns

Soil Erosion - Wind

Resource Concern Description —
Detachment and transport of soil particles
caused by wind degrade soil quality and/or
damage plants.

Planning Criteria — Land use and
management do not cause accelerated wind
erosion.

1. Wind erosion on cropland and pastureland
does not exceed the established soil loss
tolerance “T” for the soil.

2. Onrangeland the soil site stability is slight to
moderate or less.

3. On forestland the site is stable without
visible signs of erosion.

Methods for evaluating resource
condition

o Visual assessment (pedestals, blow-out
areas)
Rangeland Health Assessment
Wind Erosion Prediction System (WEPS)

Conservation Practices that may be
needed as part of a Conservation
Management System to achieve Planning
Criteria for this resource concern include
those listed here.

314  Brush Management
327 Conservation Cover

328
340
342
588
589C
324
382
386
512
655
666
548
561
422
603
441
443

447

449
484
528
550
562
329

345

557
610
442
585
609
612
645
380

Conservation Crop Rotation
Cover Crop

Critical Area Planting

Cross Wind Ridges

Cross Wind Trap Strips

Deep Tillage

Fence

Field Border

Forage and Biomass Planting
Forest Trails and Landings

Forest Stand Improvement
Grazing Land Mechanical Treatment
Heavy Use Area Protection
Hedgerow Planting

Herbaceous Wind Batrriers
Irrigation System, Microirrigation
Irrigation System, Surface and
Subsurface

Irrigation System, Tailwater
Recovery

Irrigation Water Management
Mulching

Prescribed Grazing

Range Planting

Recreation Area Improvement
Residue and Tillage Management,
No Till

Residue and Tillage Management,
Reduced Till

Row Arrangement

Salinity and Sodic Soil Management
Sprinkler System

Stripcropping

Surface Roughening

Tree/Shrub Establishment

Wildlife Upland Habitat Management
Windbreak/Shelterbelt Establishm



Exhibit 5-4: Resource Concern Guide, Air Quality Impacts - Emissions of Particulate Matter
(PM) and PM Precursors
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United States Department of Agriculture

ONRCSE

Arizona Planning Guide for Natural Resource Concerns

Air Quality Impacts — Emissions of
Particulate Matter (PM) and PM
Precursors

Resource Concern Description — Direct
emissions of particulate matter such as dust
and smoke, as well as the formation of fine
particulate matter in the atmosphere from
other agricultural emissions - ammonia,
NOx, and VOCs - cause multiple
environmental impacts, including but not
limited to:

e The unintended movement of particulate
matter - typically dust or smoke - results in
safety or nuisance visibility restriction.

e The unintended movement of particulate
matter and/or chemical droplets results in
unwanted deposits on surfaces.

e Increased atmospheric concentrations of
particulate matter can impact human and
animal health and degrade regional visibility.

Planning Criteria —PM and PM Precursor
emissions are managed to meet client
objectives.

Methods for evaluating resource
condition

Visual Assessment

Client Interview

EPA Air Quality Guidelines

State and County Air Quality Guidelines
NRCS Agricultural Air Quality Conservation
Measures Guide

Emissions Calculator

RUSLE2

WEPS

Manure Management Planner (MMP)
Nutrient Budget

Pesticide planning and mitigation worksheet

Conservation Practices that may be
needed as part of a Conservation
Management System to achieve Planning

Criteria for this resource concern include
those listed here.

309  Agrichemical Handling Facility

371  Air Filtration and Scrubbing

591 Amendments for Treatment of
Agricultural Waste

366  Anaerobic Digester

372  Combustion System Improvement

328 Conservation Crop Rotation

340 Cover Crop

375  Dust Control from Animal Activity on
Open Lot Surfaces

373  Dust Control on Unpaved Roads and
Surfaces

512 Forage and Biomass Planting

595 Integrated Pest Management

441  Irrigation System, Microirrigation

443  Irrigation System, Surface and
Subsurface

449  Irrigation Water Management

590 Nutrient Management

338  Prescribed Burning

329 Residue and Tillage Management,
No Till

345 Residue and Tillage Management,
Reduced Till

442  Sprinkler System

633 Waste Recycling

632 Waste Separation Facility

313  Waste Storage Facility

634  Waste Transfer

629 Waste Treatment

359 Waste Treatment Lagoo



Exhibit 5-5: Example of a "T Chart"
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Conservation Practice Effects

Conservation Cover (Ac) 327

Definition: Establishing and maintaining permanent vegetative cover

Major Resource Concerns Addressed: Soil Erosion and Water Quality.
Benchmark Condition: Annually tilled highly erodible low productivity cropland.
Date: October, 2016 Developer/Location: Hal Gordon, OR

Positive Effects

Negative Effects

Soil

¢ Increased vegetation and cover will
improve infiltration and decrease sheet
and rill, wind, and gully erosion.

e Streambank, shoreline, and channel
erosion is reduced.

e Organic matter will increase with residue
and root establishment.

e Compaction and subsidence is will
decrease with fewer field operations.

e Concentration of salts or other chemicals
is reduced with permanent cover.

Water

¢ Runoff, flooding, ponding, seeps or
seasonal high water table may be
reduced with increased water use.

e Permanent vegetation can trap snow.

e Soil moisture will increase.

e Reduced nutrient and pesticide use, less
transport to surface and ground water.

e Less runoff and infiltration of salts,
pathogens and chemicals from manure.

e Less sediment in surface water.

Air

e Fewer emissions of particulate matter,
permanent vegetation reduces wind
erosion and generation of fugitive dust.

e Emissions of ozone precursors and CO2
will be reduced with less machinery use.

Plants

Land

e Land use will be changed or land taken
out of production if cropland is converted
to permanent cover.

Capital

¢ No additional field equipment required.

e Materials, seedbed and planting costs.

¢ Annual operation and maintenance costs
to maintain vegetation and reduce pests.

¢ Reduced farm income (forgone income).

Labor

e None.

Management

e None.

Risk

e Reduced whole farm flexibility and timing
by taking land out of agricultural
production.

e Reduced or lost crop production.

e Reduced cash flow.

e Seeps may increase with deeper and
more numerous roots and higher soil
infiltration rates.




e Plant community productivity and health
will increase.

e Permanent vegetation may slow the
spread of noxious weeds.

Animals

e Fish and wildlife habitat, food, cover and
shelter will improve.

e Fish and wildlife habitat continuity
(space) will increase and may be used to
connect other cover areas.

Energy

e Less fuel and oil will be used with reduced
machinery use.

Human

e  Cultural resources may be protected from
erosion.

e Labor, management and capital will
decrease as land is taken out of
production.

e Reduced time cultivating previous crop.

e Create sustainability of natural resources
that support farm business.

¢ Increase the property value (real estate).

e Create open space and improve habitat
for wildlife.

e Conserve soil and water for periods of
drought and future use.

e Prevent off-site negative impacts.

e Comply with environmental regulations.

e Save time, money and labor.

e Promote family health and safety.

e Make land more attractive and promote
good stewardship.

e May be eligible for cost share.

e Net Effect: Soil health will improve, erosion will be reduced and water quality improved at
a significant cost. Profitability will decrease as land is taken out of production.

Commonly Associated Practices: Brush Management, Critical Area Planting, Fence, Tree/Shrub
Establishment, Upland Wildlife Habitat Management



Note: This worksheet contains general talking points for the conservation planner to discuss with the
land user. It is the first step towards an economic or financial analysis. The second step would include
identifying a specific site for analysis at the farm or field level, editing the template for local conditions,
and adding units and quantities of farm inputs and outputs. The third step in the economic analysis is to
place a dollar value on as many variables as possible, and put all units in the same time frame using
amortization ($/Acres/Year) or net present value ($/Acre), so that benefits and costs can be compared.
The fourth and final step would be to combine several conservation practices into a conservation system,
which is how most conservation practices are applied at the field level. Data for the worksheet comes
from the land user, conservation planner, technical specialist, and local agricultural supply vendors and
contractors. See Economics Technical Note: TN 200-ECN-1, Basic Economic Analysis Using T-Charts
(August 2013) for more information.



Exhibit 6-1: Cropland Wind Erosion Practices by State
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Arkansas Conservation Practices 2013-2107
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83261
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60000
40000 33615
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California Conservation Practices 2013-2017
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The Soil Conditioning Index
and improving your score

What is the Soil Conditioning Index?

The Soil Conditioning Index (SCI) is a tool that can predict the consequences of cropping systems
and tillage practices on soil organic matter. Organic matter is a primary indicator of soil quality
and an important factor in carbon sequestration and global climate change.

The SCI has three main components:

1) OM or Organic Matter. This accounts for the amount of organic material returned to the soil.
Organic material from plant or animal sources may be either grown and retained on the site or
imported to the site.

2) FO or Field Operations. This accounts for the effect of field operations which stimulate organic
matter breakdown. Tillage, planting, fertilizer application, spraying and harvesting crush and shat-
ter plant residues and aerate or compact the soil. These effects increase the rate of residue decom-
position and affect the placement of organic material in the soil profile.

3) ER or Erosion. This accounts for the effect of removal and/or sorting of surface soil material by
the sheet, rill, and/or wind erosion processes which are predicted by water and wind erosion mod-
els. It does not account for the effect of concentrated flow erosion such as ephemeral or classic gul-
lies. Erosion contributes to loss of organic matter and decline in long-term productivity.

The SCI gives an overall rating based on these components. If the rating is a negative value, the
system is predicted to have declining soil organic matter. If the rating is a positive value, the sys-
tem is predicted to have increasing soil organic matter. The model is designed to aid Natural
Resources Conservation Service (NRCS), landowners and Conservation District staffs in planning
and designing cropping systems and residue management practices to resolve low organic matter,
poor soil tilth, and other soil quality-related problems du ring cons ervation planning. The Revised
Universal Soil Loss Equation Version 2 (RUSLE2) is the officialNRCS tool that is used to calculate SCI.

Why is the SCI important?

The SCl is a quick way to characterize the organic matter dynamics of a farming system. Organic
matter is a critical component of soil function for several reasons. Surface residue protects soil
from the impact of rain and wind. As residue decays, it feeds microbes that improve soil structure
and water infiltration, and thus reduces runoff. Soil organic matter contributes to nutrient and
water holding capacities. Regular varying inputs of organic material foster a diverse microbial
community that supports plant health and productivity.

The SCI along with RUSLE2, the NRCS soil erosion prediction model, can help assess two basic
components of good soil management: building organic matter and controlling erosion.

SCI and the 2004 Conservation Security Program

The SCI plays a critical role in the implementation of the Conservation Security Program (CSP).

It is used to determine the basic eligibility of cropland for CSP. Cropland must have a score of
greater than 0.0 to be eligible for the program. Once an application is accepted into CSP, the SCI is
one of the tools used to help determine the potential payment amount. All CSP applications will be
assigned an enrollment category, which is partially based on the SCI score.

The Index is also used to help calculate some of the enhancement payment component of the CSP
contract. Another NRCS tool, the Soil Tillage Intensity Rating (STIR), is also used to help deter-
mine enhancement payments. STIR, also automatically calculated by RUSLE2, measures the
amount of soil disturbance based on tillage operations.



Other SCI Uses

The SCI is a component of several practice standards in NRCS technical guides. It is designed to help plan and design conservation crop
rotations and residue management practices when low organic matter, poor soil tilth, surface crusting, or erosion are identified as con-
cerns.

What do the numbers mean?

The SCI does not indicate a desirable or target level of soil organic matter, but it will predict if a particular management system will have a
positive or negative effect on SOM. For example, a near-zero SCI value indicates that soil organic matter levels are probably being main-
tained, but soil health may still be poor if the soil organic matter is being maintained at a low level.

If the calculated index is a negative value, soil organic matter levels are predicted to decline under that production system. If the index is
a positive value, soil organic matter levels are predicted to increase under that system.

Cautions

Organic matter is an important factor determining soil quality in many systems, but it is not the only factor. Other important aspects of
soil quality include quality of organic matter, sedimentation, soil biota, nutrient management, contaminants, soil pH, bulk density and
infiltration rate. These are not directly reflected in the Soil Conditioning Index, but can be improved to some extent with gains in organic
matter.

Improving your score

Consider some of the following to help increase your SCI score.

+ Raise crops that produce high amounts of residue that are retained on the field

« Utilize cover crops when possible to increase organic matter.

+ Utilize manure or crop mulch to add organic matter to the soil

+ Limit the number of tillage operations.

+ Limit the amount of soil disturbance each operation created--A field cultivation operation normally disturbs less soil than a chisel type
operation.

+ Minimize the amount of wind and water erosion occurring on the field.

« Use production techniques that will increase crop and residue production.

Helpful wehsites

For SCI:

+  http://soils.usda.gov/sqi/soil_quality/land_management/sci.html
For CSP:

+  http://www.nrcs.usda.gov/programs/csp/

«  http://www.ia.nrcs.usda.gov/programs/csp.html

For RUSLE2:

+  http://fargo.nsert.purdue.edu/rusle2_dataweb/RUSLE2_index.htm

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs and activities on the basis of race, color, national origin, gender, religion, age, disability, political beliefs, sexual orientation, and
marital or family status. (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 USDA, Director, Office of Civil Rights, Room 326W, Whitten Building, 14th and Independence Avenue, SW,
Washington, DC 20250-9410 or call (202) 720-5964 (voice or TDD). USDA is an equal opportunity provider and employer.
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Economics 101

Interest in cover crops is growing across Iowa and the country. The reason? The potential benefits they offer farmers. Before
jumping on the trend, it is important to assess the impacts cover crops may have on your operation. Adding cover crops
means new operational costs and other benefits—some with a real cash value. That's what most farmers want to know.
NRCS has a new tool to assess the economics and focus on new costs and benefits. That knowledge is key to the decision-
making process. It can improve farmers’ ability to commit to using cover crops as a long-term and successful conservation
solution on their farm.

About The Tool

The specific costs and benefits associated with adding cover crops to a rotation are highly variable and site specific. NRCS
encourages producers and landowners interested in assessing the economic considerations for their farm to download
the “Cover Crop Economics Decision Support Tool.” This tool is a partial budgeting tool based in a spreadsheet. It helps
producers, landowners, planners and others make informed decisions when considering adding cover crops to their
production system. The tool is available for download from the NRCS IA website at http://www.nrcs.usda.gov/wps/
portal/nrcs/main/ia/technical/dma/econ/. For more details, visit your local NRCS office.

What The Tool Tells You

Offering a partial budget analysis, the tool focuses only on operational changes you make. To keep the analysis relevant,
the focus is on actual costs and benefits farmers see when they add cover crops. We focus on benefits easily expressed in
terms of dollars. The tool offers a simple economic and financial comparison that does not require in-depth crop budgets
or enterprise analysis data. Concepts that the tool considers include:

o Time Frame — When assessing the economics of cover crops, the ‘time horizon, or length of time you evaluate
really matters. The short-term view, typically less than 10 years, assesses immediate benefits from cover crop use. The
long-term view assesses continued and long-term use of cover crops, which may lead to more economic benefits like
improved soil health.

Potential Benefits —
F / Yi> - - o Direct Nutrient Credits — These are credits farmers expect to receive and use for the
"o 2 cash crop they will plant after the cover crop. This credit counts as ‘already applied’

fertilizer that is readily available for the crop, reducing actual fertilizer farmers
would normally purchase. Typically, these nutrient credits are associated with
legume cover crops specifically managed to provide nitrogen credits.

o Herbicide/Insecticide/Fungicide Input Reductions — Cover crop residue, surface
vegetation competition, and subsurface microbial activity may result in reduced
chemical application needs for the following cash crop. For example, having an early
season mulch layer may eliminate the need and costs for herbicide treatments.

o Yield Increases — When cover crops solve yield-limiting problems like compaction
and moisture availability, growth of your next cash crop can improve. The tool
calculates this benefit by assessing the value of the added yield per acre.

NS
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o Reduced Erosion — Cover crops may immediately reduce onsite soil
erosion. This benefit includes an estimate of the fertility value per ton
typically lost to soil erosion, which is now under control. In some cases,
reducing erosion with cover crops also reduces machinery costs to
repair gullies and clean sediment out of ditches.

o Grazing (short-term benefit) — Using cover crops for grazing livestock
that are already part of the farming operation is one of the most reliable
ways to capture value from cover crops. Grazing cover crops can
improve daily weight gain in stockers and offset hay and feed costs.

o Overall Soil Fertility (long-term benefit) - When used as part of a crop rotation over many years, cover crops impact
both physical and biological soil properties. These soil improvements may result in the soil’s ability to increase available
nitrogen, phosphorus and potassium in plants/crops. This can offset the purchase of additional nutrients for crop
production from external sources.

Improved Water Storage and Infiltration (long-term benefit) — As soil organic matter increases, the soil’s ability to store
water also increases. The economic benefits of improved soil infiltration and water storage can reduce irrigation costs
or increase the soil’s resilience from drought in dryland systems and curb yield losses.

General Notes on the Tool:
o Please review the instruction page to understand data inputs required by users and the results the tool provides.

o The tool’s analysis depends upon user-supplied values. Where users are unsure of exact variables, they can use the tool
to run “what if” scenarios based on different potential ranges of data inputs. The model will store and retrieve up to 5
default scenarios and offer a starting point for running the model.

« The tool provides analysis results both numerically and graphically.

o A References & Citations page is included, which provides users with additional technical and scientific details used to
build the tool.

o Results are presented in two ways, showing immediate short-term net benefits and long-term net benefits (up to 50
years). The long-term benefits assess the impact of improved soil health with continued use of cover crops.

Financial Analysis Net Benefits

$60.00

$50.00

$40.00

$30.00

$/Acre

$10.00

$20.00

Years

Example from the tool’s graphic display of financial results for a scenario
assessing 25 years of including cover crops into a corn/soybean rotation where
10 years are required to change soil organic matter 1%. Graphic shows change
in operating costs, negative numbers represent increased operating costs.

www.ia.nrcs.usda.gov USDA is an equal opportunity provider and employer.
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The Cover Crop Chart is produced and distributed by the staff of the Northern Great Plains Research Laboratory at Mandan, ND.

The Cover Crop Chart represents a compendium of information from multiple sources. Primary sources of information included the
Midwest Cover Crops Council, USDA-SARE, USDA-NRCS PLANTS database, and relevant peer-reviewed journal articles. Designation of
warm/cool season crops is based on prevalent growth habits and not photosynthetic pathway. Ranges for seeding depth take into
consideration moisture conditions at planting and variation in soil texture. Values for crude protein and C:N ratio assume homogenous
samples of aboveground plant material unless stated otherwise. Information on specific crops is occasionally generalized, approximate,
and/or incomplete and may not reflect performance in on-farm conditions. USDA-ARS makes no guarantee to the performance of
specific crops based on information provided herein. Content and data for crops were assembled by Holly Johnson and Mark Liebig
with input from Dave Archer, V.C. Baligar, Heather Dose, Wayne Duckwitz, Marvin Hatzenbuhler, John Hendrickson, Naeem Kalwar,
Robert Kolberg, Nancy Jensen, Steve Merrill, Kristine Nichols, Delmer Schlenker, Marty Schmer, Eric Scholljegerdes, Don Tanaka, Cal
Thorson, and Dawn Wetch. Chart design by Mark Liebig, Holly Johnson, and Jill Gunderson. The Cover Crop Chart was originally
generated with input from producers and technicians in the Area IV Soil Conservation Districts of North Dakota and NRCS staff at the
Bismarck and Dickinson Field/Area Offices.

 Useful cover crop resources:

Managing Cover Crops Profitably, 37 Ed. Andy Clark (Ed.). Handbook Series Book 9, Sustainable Agriculture Network,
Beltsville, MD.

Midwest Cover Crops Council, www.mccc.msu.edu

Sustainable Agriculture Research and Education Program, University of California-Davis, www.sarep.ucdavis.edu

USDA-NRCS, PLANTS Database, www.plants.usda.gov

. . Persons with disabilities who require alternative means for communication of program

For fu rther Informatlon please contact: information (Braille, large print, audiotape, etc.) should contact USDA's TARGET Center at 202-
720-2600 (voice and TDD). The United States Department of Agriculture prohibits

Cover Crop Chart S o . . .
discrimination in all its programs and activities on the basis of race, color, national origin,

USDA-ARS Northern Great Plains Research La boratory gender, religion, age, disability, political beliefs, sexual orientation, and marital and family
P.O.Box 459 Manda n, ND 58554-0459 status. To file a complaint of discrimination, write USDA, Director, Office of Civil Rights, Room
. 326-W, Whitten Building, 14th and Ind d S.W., Washingt DC 20250-9410 I

Voice: 701 667-3079 FAX: 701 667-3054 o ey S ST NECPENEEnte, 2. 1, Tashneron, oreal
] 202-720-5964 (voice or TDD). USDA is an equal opportunity provider and employer. Mention
https://www.ars.usda.gov/plains-area/mandan-nd/ngprl/ of trade or manufacturer names is provided for information only and does not constitute

endorsement by USDA-ARS.
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USDA AREA
‘ United States Department of Agriculture

Crop Sequence Effects s

Cooperative
Research Farm

Agricultural Research Service

CROP RESIDUE . HIGH RISK CROPS (Crops with the worst performance following a particular residue) - - - - - - -
Barley
Wheat
Canola Mustard Pea Dry Bean Flax Safflower
Soybean Sunflower
Flax
Pea Flax
Lentil
Buckwheat Lentil
Canola Wheat Barley
Chickpea Sunflower |Grain Sorghum| Sunflower
Safflower Sunflower Soybean Mustard Dry Bean
Sunflower Canola Pea Lentil Buckwheat |Grain Sorghum Corn Wheat Barley
Proso Millet |Grain Sorghum| Buckwheat
Grain Sorghum| Proso Millet Pea Lenti Wheat
Corn Wheat Buckwheat |Grain Sorghum| Proso Millet

Table adapted from Crop Sequence Calculator (v. 3.1).
Software available for download at https://www.ars.usda.gov/plains-area/mandan-nd/ngprl/

@ Back to Cover Crop Chart I
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Annual fescue
(Vulpia myuros L.; Fetuca sp.)

5 ‘Photdfﬂby Bob-Bugg, www.sarep.ucdavis.edu/

Cool Season, grass | databssefcovererops

4

Annual

Upright plant architecture

Alternate names: Rattail fescue, Foxtail fescue
Low water use

Poor salinity tolerance

Seeding depth: % —1 inch

Crude protein: hay 8-10%

Benefits from arbuscular mycorrhizal associations

@ Back to Cover Crop Chart




Barley
(Hordeum vulgare L.)

USDA KRs NGPR

-

e (ool Season, grass

/

,"\

e Annual

e Upright plant architecture

e Low water use

e (Good salinity tolerance

e Seeding depth: % — 2 inches
e Crude protein: hay 10-15%, grain 11-15% ey

° C: N ratIO ZO www.sarep.ucdavis.edu/database/covercrops

e Benefits from arbuscular mycorrhizal associations
e Self pollinator (wind)

e Rated ‘very good’ at scavenging nitrogen
from the soil

@ View table for known crop sequence effects

@ Back to Cover Crop Chart I




Oat

(Avena sativa L.)

Cool Season, grass

Annual

Upright plant architecture

Medium water use

Fair salinity tolerance

Seeding depth: 1 —2 inches

Crude protein: hay 9-15%, grain 13-18%
C:N ratio: 33

Forms arbuscular mycorrhizal associations
Self pollinator (wind)

Rated ‘very good’ at scavenging nitrogen from the soil

| @ Back to Cover Crop Chart I



Spelt

(Triticum spelta L.; Triticum aestivum var. spelta(L.) L.H. Bailey)

Cool season, grass

Annual

Upright plant architecture

Good to fair salinity tolerance

Seeding depth: 7% —1 % inches

Crude protein: overall 11-14%, grain 13-16%
Forms arbuscular mycorrhizal associations

“—d,

_ -3 ¥
% httpsicemmons.Wikime

Self pollinator (wind)

An efficient available nitrogen accumulator among cool
season grasses

Spelt is an older cereal grain and is more prone to
lodging than wheat

?« ‘ ‘ ’ ‘ \ y
Rhotoiby*Asifiund Langeland, B
httpsicommons. Wikimedialo

| @ Back to Cover Crop Chart I



@ View table for known crop sequence effects

Wheat
(Triticum aestivum L.)

Cool season, grass
Annual
Upright plant architecture

Includes spring and winter wheat varieties

Medium water use “oh [ AT R
USDANNRCS, PLANTS ga{_fabésew’

Good to fair salinity tolerance
Seeding depth: % —1 % inches
Crude protein: straw 4-10%, grain 12-16%

C:N ratio: leaf 15-29, stem 31-65, root 24-74 , straw
80-95 [end of season]

Benefits from arbuscular mycorrhizal associations
Self pollinator (wind)
Rated ‘very good’ at scavenging nitrogen from the soil

@ Back to Cover Crop Chart




Cereal rye
(Secale cereale L.)

Cool Season, grass

Annual

Upright plant architecture

High water use

Good salinity tolerance

Seeding depth: % — 2 inches

Crude protein: straw 4%, grain 14%
C:N ratio: 40 —50*

*

This number can vary based on whether the plant was
grown in monoculture or a biculture and the stage the
plant was in when it was tested

Forms arbuscular mycorrhizal associations
Self pollinator (wind)
Rated ‘very good’ at scavenging nitrogen from

the soil
| @ Back to Cover Crop Chart I




Triticale
(Triticale hexaploide Lart.;Triticosecale rimpaui Wittm.)

Cool Season, grass

Annual

Upright plant architecture

Fall and spring types available
High water use

Good salinity tolerance
Seeding depth: 17% —2inches
Crude protein: hay 9-16%, grain 17% RO
C:N ratio: 20

Forms arbuscular mycorrhizal associations

""\Photo by Ken Mnller Rancher g j

Self pollinator (wind)

Photo by Matt'Liebman, lowa'State
University www.mccc.msu.edu

I@ Back to Cover Crop Chart I




Saline Tolerant Grasses

Cool Season, grass

Perennial

Upright plant architecture

Low to moderate water use

Moderate to high salinity tolerance
Seeding depth: % —1 inch

Crude Protein: 7—-19%

Forms arbuscular mycorrhizal associations

Many species are available in this category;
each varies slightly in plant characteristics

See the next six slides for more detail

@ Back to Cover Crop Chart I -




RS Hybrid Wheatgrass
(Elymus hoffmannii K.B. Jensen & K.H. Asay )

Cool season, grass

Perennial

Upright plant architecture
Alternate name: Green wheatgrass
Low water use

Moderate to high salinity tolerance
Seeding depth: % -7 inch

Crude protein: 7—12%

RS hybrid wheatgrass is a hybrid
between quackgrass (Elymus repens)
and bluebunch wheatgrass
(Pseudoroegneria spicata)

| @ Back to Cover Crop Chart I



Tall Wheatgrass
(Thinopyrum ponticum (Podp.))

Cool season, grass

Perennial (introduced) Photo by R L. Hamblen, wu;.su wpod.org

Upright plant architecture -
Alternate name: Rush wheatgrass ‘.{
Moderate water use
Excellent salinity tolerance

Seeding depth: % —1 inch
*shallower for finer textured soils
Crude protein: 7-19%
— vegetative >10% Tr ot AT S %/ﬁ* .
— late bloom 6% o | A AN 5360917
— fully mature 2-3%

”r)/l‘:’ ‘ i
G

"
L)L /
L4 1
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Intermediate Wheatgrass
(Thinopyrum intermedium (Host) Barkworth & D.R. Dewey)

Cool season, grass

Perennial (introduced)

Upright plant architecture

Alternate name: Pubescent wheatgrass

Low to moderate water use; drought tolerant
Good salinity tolerance

Seeding depth: % —1 inch

Crude protein: 8 — 17%*
*Northern Plains: may fall below 4% at the end of
the season

Cross-pollinates.

Spreads vegetatively; under ideal conditions, it
can slowly spread into adjacent communities

Persistence of stand is limited (typically < 5 yr)

Photo!by Howard F! $£hwarf;’ /
| Colorado State University, !
www.Bugwood.org

5366059

| @ Back to Cover Crop Chart I



Slender Wheatgrass
(Elymus trachycaulus (Link) Gould ex Shinners)

Cool season, grass

Perennial, short-lived (native)

Upright plant architecture

Low water use; will not tolerate water-logged soils
Good salinity tolerance

Seeding depth: % — % inch

Crude protein: 22 —25% (Spring); less than 10% (fall)
May form arbuscular mycorrhizal associations

Photo by Dave Powell}’
USDA Forest Service,

www.Bugwood.org UGA1213082 |

@ Back to Cover Crop Chart




Russian Wildrye
(Psathyrostachys junceus (Fisch.) Nevski)

Photo by Larry Holzworth
COO' 5€easo n, gra SS USDA-ARS, NRCS Idaho Plant Materlals Program and

Perennial (introduced)
Upright plant architecture
Low water use

— drought tolerant
— does not tolerate flooding

Good salinity tolerance
Seeding depth: % — 7% inch

— Sensitive to seeding depth —too deep will
inhibit seed germination

Crude protein: 5-17 %
Difficult to establish

@ Back to Cover Crop Chart I



Alkaligrass
(Puccinellia sp. Parl.)

Cool season, grass

Perennial

Upright plant architecture

Nuttall’s alkaligrass, Puccinellia nuttalliana [Schult.] Hitch.
— Native to semi-arid, North American zones

Weeping alkaligrass, Puccinellia distans [Jacq.] Parl.
— Introduced [Eurasia]
— Highest salinity tolerance of this genus

Low to moderate water use

— Can survive arid areas as well as marsh, basin,
or wetland zones

Excellent salinity tolerance

Photo by Howard F./Schwartz,
Seedi ng depth - Y% -Y% inch Colorado State University,

www.Bugwood.org 5366043

This slide completes the review of saline tolerant grasses

’ @ Back to Cover Crop Chart I




Camelina
(Camelina sativa (L.) Crantz)

Cool Season, broadleaf
Annual, Biennial

Upright plant architecture

Alternate names: False flax, gold-of-pleasure, linseed
dodder, largeseed falseflax, leindotter, Siberian oilseed

Low water use

Fair salinity tolerance

Seeding depth: Y% — 7 inch

Crude Protein: 46%

C:N Ratio: stems 40-95; pods 25-70; seed 12-16
Does not form arbuscular mycorrhizal associations

Mainly a self pollinator but benefits genetically from
exposure to high population of pollinators

Sensitive to soil herbicide imidazolinones and
sulfentrazone

Volunteer plants can become problematic
Potentially allelopathic for flax

USDA-ARS; NGPRL

’ @ Back to Cover Crop Chart I Cool Season Broadleaf




Phacelia
(Phacelia tanacetifolia Benth.)

Cool Season, broadleaf
Annual

Upright plant architecture
Low water use

Low salinity tolerance
Seeding depth: 7% —J inch
C:N ratio: 10-15

Forms arbuscular mycorrhizal associations

Attracts beneficial insects

| @ Back to Cover Crop Chart I Cool Season Broadleaf



Flax
(Linum usitatissimum L. )

Cool Season, broadleaf
Annual

Upright plant architecture
Medium water use

Fair salinity tolerance
Seeding depth: %2 —1 % inch

Benefits from arbuscular mycorrhizal
associations

a4 @#
T4

5367346

Flowers attract pollinators

@ Back to Cover Crop Chart Cool Season Broadleaf




Kale
(Brassica napus L. var. pabularia)

Cool Season, broadleaf
Annual

Alternate names: also found under
Brassica oleracea — Acephala group

Upright and spreading plant architecture

Major types:
— Siberian
— Russian

Medium water use

Fair salinity tolerance
Seeding depth: % — 7% inch
Crude protein: =30%

C:N ratio: 10-30

Does not form arbuscular mycorrhizal associations

@ Back to Cover Crop Chart Cool Season Broadleaf




Spinach
(Spinacia oleracea L.)

Cool Season, broadleaf

Annual

Upright and spreading plant architecture
Low to medium water use

Poor salinity tolerance

Seeding depth: % — 7% inch

Crude protein: =20%

C:N ratio: 6—8

Sensitive to acid soils

Does not form arbuscular mycorrhizal
associations

“Photo by Gerald Holmes <
tallforma Polytechnlc State; Unlver5|ty, San LUIS OB/' A
WW Bugwood org pe — 1571113” 1
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Chard
(Beta vulgaris L. ssp. cicla (L.) W.D.J. Koch)

Cool season, broadleaf
Annual, Biennial
Upright spreading plant architecture

Alternate names: Swiss chard, silverbeet, perpetual
spinach, spinach beet, crab beet, bright lights, seakale
beet, and mangold

High water use

Poor salinity tolerance

Seeding depth: % - 1inch

Crude Protein: 32%

Does not form arbuscular mycorrhizal associations

.Phetdiby Joseph LaForest, Univer

Self pollinator (wind)




Mustard
(Brassica sp. L.)

Cool Season, broadleaf

Annual,Perennial

Upright and spreading plant architecture

Major types: Indian, Oriental, brown, yellow
Related to crambe

Low water use

Poor salinity tolerance

Seeding depth: % — % inch

Crude protein: hay 10%, grain 24-35%

C:N ratio: 10-30

Does not form arbuscular mycorrhizal associations
Rated ‘good’ at scavenging nitrogen from the soil

Plants from the Brassica group have potential to release compounds or
metabolic by-products that work as bio-toxins against bacteria, fungi, insects,
nematodes, and weeds

Flowers may attract pollinators

@ View table for known crop sequence effects

@ Back to Cover Crop Chart I
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Canola
(Brassica napus)

e Cool Season, broadleaf
* Major types:
— Annual (spring-type)
— Biennial (winter-type)
e Upright and spreading plant architecture
e Alternate name: Rapeseed
e Medium water use
e Good salinity tolerance
e Seeding depth: % —1inch s
e Crude protein: shoots 20-30, hay 16%, grain 21%, Eh?m__‘b-y's‘ftfefifff;a;rg '
silage 12%, pasture 17%
e C:Nratio: leaf 12-16, stem 21-37, root 24-43
e Does not form arbuscular mycorrhizal associations
e Rated ‘very good’ at scavenging nitrogen from the soil

e Flowers attract pollinator
@ View table for known crop sequence effects

@ Back to Cover Crop Chart I Cool Season Broadleaf




Radish
(Raphanus sativus)

Cool Season, broadleaf f;%f%t }ﬂ"a..bc‘t .
Annual | '\ e
Upright and spreading plant architecture .q*\\wﬂ

Root crop 4

Major types:

— OQilseed (var. oleiformis )

— Forage (var. niger): Daikon
High water use
Poor salinity tolerance
Seeding depth: % — 7% inch
Crude protein: 26-30%
C:N ratio: oilseed 19 —20
Does not form arbuscular mycorrhizal associations

Rated ‘very good’ at scavenging nitrogen from the soil

@ Back to Cover Crop Chart I Cool Season Broadleaf
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Turnip
(Brassica rapa L. var. rapa)

Cool Season, broadleaf
Biennial

Upright and spreading plant architecture
Root crop

High water use

Poor salinity tolerance

Seeding depth: % — 7% inch

Crude protein: tops 16%, root 12 — 14%
C:N ratio: shoots 20 — 30, root 10— 20
Closely related to rutabaga

Does not form arbuscular mycorrhizal associations
Rated ‘good’ at scavenging nitrogen from the soil
Flowers attract pollinators

USDA-NRCS,
Bigmarck Rlant Materials Center

Cool Season Broadleaf

@ Back to Cover Crop Chart



Beet
(Beta vulgaris)

Cool Season, broadleaf
Biennial
Upright and spreading plant architecture

Root crop :
. g %o, | LA ARE - ,:_ﬂ_. 3|
High water use K ./ .
Variable salinity tolerance, depending on beet 5 - 5 " uphoto by gloward F Schuiartz

Seeding depth: % -% inch
Crude protein: tops 12-15%, root 7-10%

o ah My p'. Cg@do;Sta versity,
type g A " . ; W wwwiBligwopd.org
o 3 ; , I S

. a7
C:N ratio: tops 11 -14 o /
Does not form arbuscular mycorrhizal cloncg e ’ i e b Ll B
a SSOClat|O ns Photo.by:HowardF. Schwartz

‘Colorado State University, -

Rated ‘good’ at scavenging nitrogen from the soil ® U g e
Self pollinator (wind) L g
Multiple sub-species including garden beets and

sugar beets L — 2 d
@ Back to Cover Crop Chart I S




Carrot
(Daucus carota var. sativus L.)

Cool Season, broadleaf
Major types:
— Biennial (cultivated)
— Annual (wild)

Upright and spreading plant architecture

it I %
Root crop Pho tﬁHo/wérd FiSt wari:z < l
ngh Water use Col'or‘do State Unlver5|ty WWW, Bugwood org ‘ 5363591

Seeding depth: % -7 inch
Crude protein: 10%
Forms arbuscular mycorrhizal associations

Plants may bolt and flower starting in second year
of growth

Flowers may attract pollinators

Photo by’Howard E:Schwartz.
Colorado State Universitypwww:Bugwood.org

5365831
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Balansa Clover
(Trifolium michelianum Savi ssp. balansae (Boiss.) Ponert)

e Cool season, broadleaf
e Annual, short-lived Perennial
*  Legume (N-fixation)
e  Upright, upright spreading, or prostrate plant
architecture
— multibranched rosette but prostrate when grazed
e  Also called bigflower clover
e  Moderate salinity tolerance
e Seeding depth: % inch
e  Crude protein: 15-20%

—  variable depending on plant stage @ harvest
e C:Nratio: 15

e Requiresinoculation with root-nodule bacterium 23 "
Rhizobium sp. at planting By

,

o
£
-

nnie Young-Mathéws, USDA-NRCS Corvalli& Plant Materia[sten BE

e  Flowers attract pollinators

@ Back to Cover Crop Chart I Cool Season Legume



Berseem Clover
(Trifolium alexandrinum L.)

Cool Season, broadleaf
Annual

Legume (N-fixation)
Upright plant architecture

Alternate name: Egyptian clover ‘
I_OW Water use WW. sarep ucdavis. edu'/database/covercrops .

"Photo by Chhék Ingels

Fair salinity tolerance
Seeding depth: % —1 inch
Crude protein: 27-29%
C:N ratio: 18—-23

Forms arbuscular mycorrhizal associations

Flowers attract pollinators

Phot e Young- Mathews, USDA NR‘Q
&Corvalhs BT Materlals Center -

@ Back to Cover Crop Chart I Cool Season Legume




Crimson Clover
(Trifolium incarnatum L.)

Cool season, broadleaf
Annual

Legume (N-fixation)
Upright and spreading plant architecture
Medium water use s Vo
Poor salinity tolerance 2. / - i o
Seeding depth: % - % inch H
Crude protein: 18%

C:N ratio: 16-19

Forms arbuscular mycorrhizal associations
Flowers attract pollinators

’ @ Back to Cover Crop Chart I Cool Season Legume



Red Clover
(Trifolium pratense L.)

Cool Season, broadleaf
Biennial, short-lived Perennial
Legume (N-fixation)

Upright plant architecture

Two types:
— medium, perennial or biennial; (2-3 cuts per season)
— mammoth (1 cut per season)

Medium water use

Poor salinity tolerance

Seed“’]g depth % —_ % |nCh Photo by John Wright (Mississauga )
‘ www.mcce.msu.edu

Crude protein: 15%

C:N ratio: 15-23

Forms arbuscular mycorrhizal associations

Flowers attract pollinators

@ Back to Cover Crop Chart I Cool Season Legume




White Clover
(Trifolium repens L.)

www.mccc.msu.edu

Cool Season, broadleaf

Perennial

Legume (N-fixation)

Upright and spreading or prostrate plant architecture

3 Types grouped by size:

1. Large: tallest of the white clovers, upright architecture, high
forage quality but less durable [var. Ladino]

2. Intermediate: most common white clover, flowers earlier, and has
a higher heat tolerance, upright architecture [var. Dutch white,
New Zealand White]

3. Small: lowest growing type, prostrate; survives grazing [var. Wild
White]

Medium water use

Poor salinity tolerance

Seeding depth: % inch

Crude protein: 24 —30%

C:Nratio: 13-23

Forms arbuscular mycorrhizal associations
Flowers attract pollinators

Aggressive growth in some regions or habitats; may displace
desirable vegetation if not properly managed

Vind &
-

Photo by Ch/rj's; Evans Sk '“:} el
IltinoisyWildlife ‘Action Plan, Bligwood:org}) UG:l’l;QZ.GO
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Kura Clover
(Trifolium ambiguum M. Bieb.)

Cool season, broadleaf

Perennial

Legume (N-fixation)

Prostrate plant architecture

Also called Caucasian, honey, and pellet clover
Moderate water use

Poor salinity tolerance

Seeding depth: % —7% inch

Crude protein: 23 —25%

Forms arbuscular mycorrhizal association

Flowers attract pollinators Al gD gl -
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Chickpea

(Cicer arietinum L.)

Photo by Howard F. Schwartz, Colorado State University,
e Cool Season, broadleaf v iliBugwiiorg

e Annual
e Legume (N-fixation)

e Two types
— Desi
—  Kabuli

e Upright and spreading plant architecture
e Alternate name: garbanzo bean

e Low water use SRRk
e Poor salinity tolerance ,*::xﬁgg:‘;:&g:rfr; Schitartz; Co'orze'b-"tate Q"fvg{éi:gQ- 4

e Seeding depth: 17% — 2 inches

e Crude protein: straw 6%, grain 22%

e (C:Nratio: leaf 10-15, stem 26-56, root 16-27
e Forms arbuscular mycorrhizal associations

e Flowers attract pollinators
@ View table for known crop sequence effects

5358197
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@ View table for known crop sequence effects

(Pisum satuvum arvense L.)

Cool Season, broadleaf
Annual

Legume (N fixation)
Upright plant architecture
Low water use

Poor salinity tolerance

Seeding depth: 1 -3 inches
Crude protein: hay 14%, grain 24%, silage 15%
C:N ratio: leaf 13-25, stem 27-83, root 17-27

Forms arbuscular mycorrh
Flowers attract pollinators

Pea

(vine)

izal associations

@ Back to Cover Crop Chart
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Lentil

(Lens culinaris Medik.)

Cool Season, broadleaf

Annual

Legume (N-fixation)

Upright and spreading plant architecture

Low water use

Poor salinity tolerance

Seeding depth: 1 -1 % inch

Crude protein: hay 14%, grain 28%, silage 15%
C:N ratio: leaf 11-21, stem 25-49, root 22-30
Forms arbuscular mycorrhizal associations
Self-pollinated but flowers may attract pollinators

@ View table for known crop sequence effects

@ Back to Cover Crop Chart I
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Lespedeza

Cool Season, broadleaf

Legume (N-fixation)

Variable plant architecture

Seeding depth: % - % inch

Forms arbuscular mycorrhizal associations

Lespedeza species are considered useful for forage, wildlife
habitat, and reducing erosion

Native & Introduced species

— Native (U S ) Roundhead lespedeza, Photos by Chris Evans
o ) ] lllinois Wildlife Action Plan
* Roundhead lespedeza, Lespedeza capitata (Michx.) www.Bugwood.org
— Introduced

e Common lespedeza, Kummerowia striata (Thunb.) Schindl.
e Korean lespedeza, Kummerowia stipulacea (Maxim.) Makino
— Annuals
e Sericea lespedeza Lespedeza cuneata (Dum. Cours.) G. Don
— Perennial
Introduces species are adapted for warmer climates but have
the potential to become weed-like (and are considered noxious
weeds in certain areas of the U.S.)

@ Back to Cover Crop Chart I Cool Season Legume




Birdsfoot trefoil
(Lotus corniculatus L.)

Cool Season, broadleaf
Perennial, short lived
Legume (N-fixation)

PI’OStrate pla nt 3 I’Ch IteCtU re Photo by Bob Bugg Photo by Robertﬂt Molenbrock

www.sarép.ucdavis.edu/database/covercrops USDA-NRCS, PLANTS database

Low to medium water use
Fair salinity tolerance

Seeding depth: % — % inch <.
. N
Crude protein: hay 16 - 22% -,
Photo by Jim Stasz
Forms arbuscular mycorrhizal associations USDA-NRCS, PLANTS database

Attracts pollinators

@ Back to Cover Crop Chart Cool Season Legume




Vetch
(Vicia sp.)

Cool Season, broadleaf aryveren TR SRS
Annual, Biennial 5.
Legume (N-fixation)

Prostrate plant architecture (vine)

Common examples include hairy, purple, b
common, and smooth vetch |

Low to medium water use

Poor salinity tolerance

Seeding depth: 1% —2 % inches
Crude protein: 13-20%

C:N ratio: 10-19

Forms arbuscular mycorrhizal associations

Common Vetch, Photos by Annie Young-Mathews,
USDA-NRCS Corvallis Plant Materials Center

Y M i

YL

Attracts pollinators

$ by INE __
Phottby-A.Yolng-Mathews
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Medic
(Medicago spp.)

Cool Season, broadleaf I
- ?r}: ‘ by J';" " :4‘1’

Annual, Perennial KM rpg et cdu %

v.’l

Legume (N-fixation)
Upright and spreading plant architecture

Over 35 known medic species exist. Common
examples include barrel, black, & burr.

Low water use

Poor to fair salinity tolerance

Seeding depth: % inch

Crude protein: black medic 19-21%
Forms arbuscular mycorrhizal associations
Attracts pollinators

' @ Back to Cover Crop Chart
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Lupin
(Lupinus sp. L.)

Cool Season, broadleaf
Annual
Legume (N-fixation)

Upright plant architecture S\l
Examples include blue, narrow-leaved, e P

European yellow, white, Spanish, etc.
Low water use

Prefers acid soils

Seeding depth: 1 -2 inches

Crude protein: silage 15% ol <.
C:N ratio: leaf 12-30, stem 25-49 USDANRCS, PLANTS Database o
Does not form arbuscular mycorrhizal associations
Flowers attract pollinators

Photos by Bob B!!}g'g

www.sarep.ucdavis.edu/database/covercrops
@ Back to Cover Crop Chart I L e p——




Faba Bean
(Vicia faba L.)

Cool season, broadleaf

Annual

Legume (N-fixation)

Upright plant architecture (vine)

Alternate names: Bell bean, horse bean, Fava bean

<

Medium water use; poor drought tolerance Q' 0 PEHENEVARIDE

Wwww:Wikimediaicom

Moderate salinity tolerance (depending on variety)
Seeding depth: 2-4 inches

Crude protein: 17%

Forms arbuscular mycorrhizal associations

Flowers attract pollinators

| @ Back to Cover Crop Chart I



Sweetclover
(Melilotus sp. L)

Cool Season, broadleaf
Annual, Biennial
Legume (N-fixation)
Two types

— yeI low wmelilotus officinalis L.

— white welilotus alba L.

Photo by John'Wright (Mississailga Ontario)

Upright plant architecture ot A

s

Moderate water use
Fair salinity tolerance s
Seeding depth: % inch
Crude protein: 11-18%

C:N ratio: 12-23

: L. ' 17

Forms arbuscular mycorrhizal associations 758 S AN
. otdPy Jo jght (M%saug’a Ontario)

Attracts pollinators e

Photo by John Wright (Mississauga Ontario)

www.mccc.msu.ed
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Alfalfa
(Medicago sativa L.)

Cool Season, broadleaf
Perennial

Legume (N-fixation)
Upright plant architecture
Alternate name: lucerne
High water use

Poor salinity tolerance i,,

Photo'by John Hilty (Urbark, IL)

Seeding depth: % — % inch e L Y g o Dy s et Wk

Crude protein: 14-22% Photo by Patrick J. Alexander
USDA-NRCS, PLANTS Database

C:N ratio: 11-13

Non-dormant cultivars can perform like an annual

Forms arbuscular mycorrhizal associations

Good at scavenging nitrogen from the soil

@ Back to Cover Crop Chart I Cool Season Legume
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Sainfoin
(Onobrychis viciifolia Scop.)

Cool Season, broadleaf

Perennial

Legume (N-fixation)

Upright plant architecture

Medium to high water use

Fair to poor salinity tolerance

Seeding depth: % —% inch

Crude protein: 13-20%

Forms arbuscular mycorrhizal associations

v

\‘ l-‘

Photoby Howard FA.“Schwartz

s - i
- 4 ” om g
Eolorado State University, www.Bugwood.orgq _,’;'f ‘at 5362357

Attracts pollinators

@ Back to Cover Crop Chart I Cool Season Legume



Cowpea
(Vigna unguiculata L.)

Warm Season, broadleaf

Annual

Legume (N-fixation)

Upright and spreading plant architecture (vine)
Alternate names: Southern pea, black-eye pea
Low water use

Fair salinity tolerance

Seeding depth: % — 1 inch

Crude protein:
— grain and leaves 19-30%
— stems 13-17%

C:N ratio: 18-22
Forms arbuscular mycorrhizal associations

Attracts pollinators O
. Photo by Hoavard.,,F. Schwartz

o RS . A
.’ff;C,oIorado State.University, www.Bugwood.orgs
N EL A |
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Lablab
(Lablab purpureus (L.) Sweet)

Warm Season, broadleaf
Annual, Perennial
Legume (N-fixation)
Upright and spreading (vine) or prostrate plant architecture |

— Planting date determines growth habit
Formerly called Dolichos lablab L. oo™ g \\é} :
Alternate names: Val bean, , hyacinthbean, Indian butter Sl /E NENEr Ik e
bean, helmet bean, Egyptian kidney bean,

Low water use Photo Courtesy of Jeff McMillian,
Hosted by the USDA-NRES Plants Datajpase

Poor salinity tolerance
Seeding depth: 1-4 inch

Crude protein:
— leaves 21-38%
— seeds 20-28%

C:N ratio: 17 (green manure/Brazil); 34 (North Carolina)
Doesn’t easily form arbuscular mycorrhizal associations

. @ Back to Cover Crop Chart Warm Season Legume




Fenugreek
(Trigonella sp. L.)

Warm Season, broadleaf
Annual, Perennial
Legume (N-fixation)
Two types:

— cultivated [T. corniculatal;
— forage or sickle fruit [T. foenum-graecum]

Upright plant architecture
Alternate name: Greek hay

Low water use

Poor salinity tolerance

Seeding depth: 1 -2 inches

Crude protein: 16 —25%

Forms arbuscular mycorrhizal associations

Self pollinator (wind)

Used as a forage, spice, and for health benefits*

*contains nutraceuticals:
1. steroidal sapogenin

2. galactomannan

Ravikant Rahul Pandey’s Photography
www.ephotosworld.com

3. isoleucine

’ @ Back to Cover Crop Chart I




Pigeonpea
(Cajanus cajan (L.) Millsp.)

Warm season, broadleaf PHoto by Forest & Kim Starr

Wikimedia.com

Annual, Perennial
Legume (N-fixation)
Upright and spreading plant architecture

Alternate names: Angola pea, Congo pea, dhal, no-eye pea,
gungo pea, and red gram

Low water use
Moderate to high salinity tolerance

Seeding depth: 1% —4 inches

Crude protein: 28-36%; leaf alone 10 — 15%
C:N ratio: 20

Forms arbuscular mycorrhizal associations

Mostly self-pollinated

| @ Back to Cover Crop Chart I



Partridge Pea

(Chamaecrista fasciculata (Michx.) Greene var. fasciculata ;
Cassia fasciculata Michx.; Cassia chamaecrista L.);

Warm season, broadleaf
Annual

Legume (N-fixation)
Upright plant architecture

Alternate names: sleeping plant, prairie senna, large-
flowered sensitive-pea, locust weed, dwarf cassia, golden
cassia

Low to moderate water use
Seeding depth: % ”—%" inch

Forms arbuscular mycorrhizal associations

Attracts pollinators, especially bees

Used as a green manure, forage, or fiber crop Photos by Alan Shadow
USDA-NRCS,

— Forage is nutritious but also contains cathartic East Texas Plant Materials Center

substance in fresh material or hay which can potentially
be dangerous to cattle. Check before feeding to
livestock

Attractive to wildlife, particularly several game bird species
Potential for phytoremediation (tolerance to cadmium)

| @ Back to Cover Crop Chart I




Sunnhemp
(Crotalaria juncea L.)

Warm season, broadleaf

Annual

Legume (N-fixation)

Upright plant architecture

Low to moderate water use

Poor salinity tolerance

Seeding depth: %" =2 7" inches

‘Good’ N-fixation capacity

Forms arbuscular mycorrhizal associations

Self pollinates (wind) as well as cross-pollinates
(insects/birds)

Rated ‘Excellent’ at controlling soil nematodes

Used as a green manure, forage™*, or fiber crop i‘f,»_k ; %*
O g
*  Certain cultivars contain alkaloids which are poisonous to g -\

. . ) v Tropic Sun S?.Jhemp Nt \
livestock; check before feeding to animals _NGeorgia Plant Matéfials Program
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Cluster bean
(Cyamopsis tetragonoloba L. Taub)

Warm Season, broadleaf

Annual

Legume (N-fixation)

Upright and spreading plant architecture
Alternate names: Guar, guar bean, c
Low water use

Good salinity tolerance

Seeding depth: 1 -1 % inch

Crude protein:
—  Straw 7-10%

C:N ratio: 65 (residue)

Forms arbuscular mycorrhizal associations
Self-pollinated

Can be used as a green manure or forage
Plant extract (gum) has industrial uses

Photo'by I-.!b"wa'rdvF: Schwartz
Colorado State \Jniver/sity, :
www:Bugwopd.org
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Jack bean
(Canavalia ensiformis (L.) DC.)

Warm Season, broadleaf PHott')‘,\'tes fChristoﬁhgr S‘hela\i&an, USDA-—'[.\[RC"‘T )

Annual, Perennial o Mﬁte”iﬁy"te“;- '

Legume (N-fixation)
Upright and spreading plant architecture (vine)

Alternate names: wonderbean, sword-bean,
coffee bean, giant stock-bean, horse-bean

Low water use

Fair salinity tolerance

Seeding depth: 1 -3 inches

Crude protein: = 30% .

C:N ratio: 21 (green manure/Brazil) o e USDA'TRCS’\
£

Special Note:

HUMAN: Although young pods/green seeds can be eaten,
mature beans can contain harmful compounds and must be
cooked prior to eating

LIVESTOCK: Because of the potential toxic compounds in the
seed, meal must be heat-treated to denature the enzymes or
limited to 30% of the ration

@ Back to Cover Crop Chart I




Velvet bean
(Mucuna prur/'ens (L.) DC.)

Warm Season, broadleaf

Annual, Biennial

Legume (N-fixation)

Upright and spreading plant architecture (vine)

Alternate names: ltchy bean, buffalobean, bengal bean,
devil bean, cowitch

Low water use
Seeding depth: 1-3 inches*
*  |n some circumstances, can be planted as deep as 4 inches

Crude protein:
—  leaves 11-23%
— grain 20-35%
C:N ratio: 29
Does not form arbuscular mycorrhizal associations
Moderate at accumulating nitrogen

Special Note:

*  Seed contains an amino-acid (L-dopa) that may be
used for medicinal purposes. However, if untreated it
can be toxic to humans or non-ruminant animals

2 GV
*  Tiny hairs on mature pods are a skin irritant. To Photo by Scoé‘gon
. . . wwwfeedlpedla’,erg/hode/ﬂo

avoid, terminate plant before seed production.
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Mung bean
(Vigna radiata L.)

Warm Season, broadleaf

Annual

Legume (N-fixation)

Upright and spreading plant architecture
Low to medium water use

Poor salinity tolerance

Seeding depth: 1% — 3 inches

Crude protein: 16-23%

C:N ratio: 10-15

Forms arbuscular mycorrhizal associations

www.Wikipédia.com

Self-pollinated

@ Back to Cover Crop Chart I




@ View table for known crop sequence effects

Soybean
(Glycine max (L.) Merr.)

USDA-NRCS, R/
Wa m Season, brOadleaf Bismarck Plant Materi§’I$C€ntef e

g

Annual

Legume (N-fixation)

Upright and spreading plant architecture
Medium water use

Poor salinity tolerance

Seeding depth: 1 -2 inches

Crude protein: hay 17%, grain 42%

C:N ratio: leaf 14, stem 39, root 34

Forms arbuscular mycorrhizal associations
Self-pollinated but flowers may attract pollinators

@ Back to Cover Crop Chart Warm Season Legume




Peanut
(Annual - Arachis hypogaea L.; Perennial — Arachis glabrata L.)

e Warm season, broadleaf
e Annual, Perennial
e Legume (N-fixation)

e Upright and spreading (annual) or prostrate
(perennial) plant architecture

Photo by Rebekah D. Wallace

e Alternate name: Groundnut S Seoreia BIENCOR OTE R 3
Photo:by:William V. Browh Jr. -gv*«,
Bugwood.org oy .
Perennial Peanut - Arachis glabrata

s 0 A
N R

e High water use

e Poor salinity tolerance

e Seeding depth: 1 -4 inches
*Perennial peanuts are planted using rhizomes only
e Crude Protein: 13 -20%
e Forms arbuscular mycorrhizal associations
e  Mainly self-pollinate (wind); small % cross-pollinate

e Rated ‘Efficient” at scavenging P & K from soil

e Perennial varieties used as cattle forage

@ Back to Cover Crop Chart I




Amaranth
(Amaranthus sp.)

Photo by P.F. Byrne
Bugwood.org

Warm Season, broadleaf

Annual

Upright plant architecture

Over 50 species; some exhibiting glyphosate

reS|Sta nce Photo by Howard F. Schwartz

Colorado State University,
www.Bugwood.org

Low water use

Tolerant of heat and drought
Seeding depth: % — 2 inches
Crude protein: =14%

Does not form arbuscular mycorrhizal
associations

5365194

5366013

Self-pollinated (wind)
Flowers may attract pollinators

:Photo py:Howa rgi*

.Colcﬁ‘édo Sta LRIy :sft? || '.Bugwr;o'_d;o g 53656'1'2 <



Buckwheat
(Fagopyrum esculentum Moench; Fagopyrum sagittatum Gilib)

e Cool Season, broadleaf

e Warm season growth characteristics
e Annual Do) ~
e Upright plant architecture

e Medium water use USDA-NRCS,

Bismarck Plant Materials Center

e Poor salinity tolerance

e Enhances soil P availability

e Seeding depth: 7% inch

e (Crude protein: straw 5%, grain 13%

e C(C:Nratio: leaf 810, stem 12-32, root 28-47

e Does not form arbuscular mycorrhizal associations
e Attracts pollinators

@ View table for known crop sequence effects
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Quinoa
(Chenopodium quinoa Willd. )

Warm season, broadleaf
Annual

Upright plant architecture
Moderate water use
Good salinity tolerance
Seeding depth: 7% - 1inch
Crude protein: 14%

C:N ratio: 14-25

Does not form arbuscular mycorrhizal
associations

P_hﬂto by Whitney.Cranshaw ey :
Colorado State University, Bugwood.org <"1 {

Self pollinates (wind); up to 15% may cross-
pollinate

Not susceptible to cereal diseases; slightly
vulnerable to soil nematodes

No registered herbicides for quinoa at this time 7 }ﬂﬁw%ﬁmabsh;o&

gColorado Sfa'tg’hniversit'y_, B
| @ Back to Cover Crop Chart I _



Chicory
(Cichorium intybus L.)

Warm Season, broadleaf
Perennial

Upright and spreading plant architecture
(vine)

Alternate names: French endive, succory
Medium water use
Seeding depth: % — % inch £

. Phgto by Joseph.l\/l. I?iTomasp
Crude proteln. 10_32% , . , b University of California - Davis,

www.Bugwood.org

Forms arbuscular mycorrhizal associations
Attracts pollinators

Rated ‘very good’ at scavenging nitrogen from
the soil

Highly invasive

Photo by Howard'F: Sghwartz

Colorado State University, www.Bugwood.org
@ Back to Cover Crop Chart I
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Cucurbita sp. [Family]

This is a broad grouping including squash,
gourd, cucumber, melon, and pumpkin

Warm Season, broadleaf
Annual

Prostrate plant architecture (vine)

5363590

Seeding depth: %2 —1 inch

Forms arbuscular mycorrhizal associations

Attracts pollinators
Photos by Howard F. Schwartz
Colorado State University,

Can be used for weed suppression as a www.Bugwood.org
‘smother crop’ ‘

5362179
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Safflower
(Carthamus tinctorius L.)

e Warm Season, broadleaf
e Annual
e Upright plant architecture

e High water use i SR R
i = 3 T r /l ‘ %
HRE Photo by Howard }.Schwartz 2 'Y PN v N

e (Good salinity tolerance Colormdo/StAta Unbyersiy s BaWood.gres. 1A | Photo by Howiard . Schartz
S e M=o -0 0 o 5358190 ] Colorado State University, wWw.BUEWo00d.org 5356401

e Deep rooted

e Effective at ‘mining” mobile nutrients deep
in the soil profile

e Seeding depth: 1—1 % inch

e Crude protein: hay 10-13%, grain 18%

e C(C:Nratio: leaf 21, stem 56, root 73

e Forms arbuscular mycorrhizal associations
e Flowers attract pollinators

@ View table for known crop sequence effects
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Sunflower
(Helianthus annuus L.)

e (3 plant with warm season growth
characteristics, broadleaf

e Annual

e Upright plant architecture
e High water use

e Fair salinity tolerance

e Deep rooted

e Effective at ‘mining” mobile nutrients deep
in the soil profile

e Seeding depth: 1 -3 % inches
e Crude protein: silage 11-12%, grain 20-28%

e C(C:Nratio: leaf 11-14, stem 41-46, root 50-
68, flower 14-19

e Forms arbuscular mycorrhizal associations
e Flowers attract pollinators

USDA-NRCS, !
Bismarck Plant MaterialsiCenter

@ View table for known crop sequence effects
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Browntop Millet
(Urochloa ramosa (L.) Nguyen)

Warm Season, grass

Annual, Perennial

Upright plant architecture
Alternate name: dixie signalgrass
Moderate water use

Seeding depth: % - 1inch

Forms arbuscular mycorrhizal associations , M’
Self pollinator (wind) | Mtesvof‘iéff‘

Special Notes:

If grown under dry or cold conditions, plant has potential to
accumulate toxic levels of nitrate. Test before feeding to
livestock.

Regarded as a weedy species in some areas of the United
States.

Can be used for soil remediation of lead and zinc f \'
contamination. P‘woto COurtesy.oft I\/I Millian, *

\Hosted’b the USDA-1 NRCS,
’ @ Back to Cover Crop Chart I



Foxtail Millet
(Setaria italica L.)

Warm Season, grass

Annual

Upright plant architecture
Alternate name: Italian millet
Low water use

Poor salinity tolerance I N )

Seeding depth 1 inCh ; f".ﬁot;{jl),y‘Howa}"d%. S;h\i‘lartz '\ \

|[Colérad State Univprsit\}, Www:B_ygwq_od.ofg v

Crude protein: hay 15%

C:N ratio: 44

Forms arbuscular mycorrhizal associations
Self pollinator (wind)

14
Photo by Howard F. SchwarJz
Coldrado State University, www.Bugwood.org

@ Back to Cover Crop Chart I
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Pearl Millet

(Pennisetum glaucum L.)

Warm Season, grass

Annual

Upright plant architecture

Low water use

Poor salinity tolerance

Seeding depth: 72— 1 inch

Crude protein: hay 13%

C:N ratio: 50

Forms arbuscular mycorrhizal associations
Self pollinator (wind)

@ View table for known crop sequence effects

@ Back to Cover Crop Chart I

Photo by Anne Verhallen
www.mccc.msu.edu”™

} fto by Anne Velfhallen
www.mccc.msu.edu

Photo by Je'f‘f‘re')},Wils_o:nf':‘~ B e\

USDAAgricultural



@ View table for known crop sequence effects

Proso Millet
(Panicum milaceum L.)

Warm Season, grass

Annual

Upright plant architecture

Medium water use

Poor salinity tolerance

Seeding depth: 1inch

Crude protein: hay 10%

C:N ratio: leaf 12-16, stem 12-35, root 17-26
Forms arbuscular mycorrhizal associations
Self pollinator (wind)

USDA-ARS; NGPRL

| @ Back to Cover Crop Chart I




Grain Sorghum
(Sorghum bicolor L. Moench)

e Warm Season, grass

e Annual

e Upright plant architecture

e Alternate name: Sorghum-sudan grass

*Grain sorghum and sudan grass were formerly separate species that
have been combined. They are separated in the chart due to different
plant attributes.

e Medium water use

e Fairsalinity tolerance

e Seeding depth: 1—2 inches

e Crude protein: hay 7%, stover 5%, grain 10%
e C:Nratio: leaf 11-17, stem 10-27, root 22-30
e Forms arbuscular mycorrhizal associations

e Self pollinator (wind)

e Stress conditions that limit growth (e.g., drought, frost)
can contribute to prussic acid accumulation in leaves

©® View table for known crop sequence effects

Photo by Hewatrd F. Schwartz
Colorado Ste‘Universlity, www:Bugwoo ’qg 5362694
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Sudan grass
(Sorghum bicolor L. Moench)

Warm Season, grass
Annual
Upright plant architecture

Alternate name: Sorghum-sudan grass

*Grain sorghum and sudan grass were formerly separate species that
have been combined. They are separated in the chart due to different plant
attributes.

Medium water use

Fair salinity tolerance

Seeding depth: 1 inch

Crude protein: hay 7-11%, silage 6-17%
C:N ratio: 48 -63

Forms arbuscular mycorrhizal associations
Rated ‘Excellent” at nutrient scavenging
Self pollinator (wind)

Stress conditions that limit growth (e.g., drought, frost) can
contribute to prussic acid accumulation in leaves YA :
Photo by Hd\ward F. Sch

Known alleopathic effects on annual ryegrass cotstidn SO
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Teff
(Eragrostis tef (Zuccagni) Trotter)

Warm Season, grass

Annual

Upright plant architecture

Medium water use

Poor salinity tolerance

Seeding depth: 7% inch

Crude protein: 10-18%

Forms arbuscular mycorrhizal associations
Self pollinator (wind)

“USDA-NRCS;: /| ‘
-Bismarck Plant Materials Cente

| @ Back to Cover Crop Chart I



@ View table for known crop sequence effects

Warm Season, grass
Annual

Upright plant architecture
High water use

Poor salinity tolerance

Corn
(Zea mays L.)

Seeding depth: 1 -2 inches

Crude protein: grain 9-10%, stover 5%, silage 8-11%

C:N ratio: stalk 11-65, leaf 13-20, root 20-49
Forms arbuscular mycorrhizal associations

Self pollinator (wind)

’ @ Back to Cover Crop Chart I
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Exhibit 6-5: A Comprehensive Guide to Cover Crop Species Used in the Northeast United
States
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United States Department of Agriculture

Q N RCS o Plant Materials Program

Service

Big Flats Plant Materials Center
3266-A State Route 352, Corning, NY 14830 « P 607.562.8404 « F 607.562.8516 « http://Plant-materials.nrcs.usda.gov

A Comprehensive Guide to Cover Crop Species Used in

the Northeast United States

Prepared by: Shawnna Clark

The following sections include 22 species that are used throughout the Northeast as cover crops. After
each section and at the end of this review, the sources of information used are listed. Each reference will provide

a more in depth description for the values given. This is a guide, based on literature from books, journal articles,

and web sites, and will differ based on location and annual climatic differences.

USDA IS AN EQUAL OPPORTUNITY PROVIDER AND EMPLOYER



Annual Ryegrass or Italian Ryegrass (Lolium multiflorum)

~annual, cool season, winter or spring annual (bunchgrass)

Planting Dates: Source Percent N (%): Source
mid-summer-early fall (@ least 40d before )
frost) 11 2.1-24 90, 71
Mar 15- May 1 or July 20- Sept 15 3,42,76 ave 1.5 (fall seeded) 91
1.37 71
Seeding Rates (Ibs/A): C:N Ratio:
20-30 bc; 10-20 dr; 8-15 mix 3,11 20:1-31:1 49,71
12-15 mix; 20-25 42
(depends on use) lbs/bu:
24-26
Seeding Depth (in):
.25-5 3,11 seeds/Ib:
71,77
217000-230000 vl
42,49
Flowering Dates:
Re-seeding
June-Aug 1 Characteristics:
S . 11,3
very high, if not killed P
y hig 71
Root System:
shallow, dense fibrous 3,91, 71 Mix with:
legumes, grasses 11
Winter-Kill Temp:
will over winter 3,71 Soils:
wide range, best in loam 3
Competition with weeds 5-8 pH 71
excellent 11, 3,71
Shade Tolerance:
Total Dry Matter Biomass (Ibs/A) intolerant 71
2600 (OSU Extension) 90
3300-4000 (seeded early spring or late .
3300-4000 IS/IE) y spring 20 N (Ibs/A): (high N user)
. 43 (takeup) (if survives winter,
1840 (Nov planted, seeded in March) 71 CA Study from UCSARP) 11,71
4000-8000 (multi-cut system, over full
season with high moisture and fertility) 11 62 (recycled) 90
B ~60 by mid-May following
1300-2000 (fall seeded) 91 corn in MD study 11
Root Biomass (lbs/A):
778 (Nov planted, harvest in March 71

Additional Comments:

~good for erosion control, improving aggregate stability

~can tolerate some flooding
~uses of a lot of water and N
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Austrian Winter Pea (Pisum sativum)

~summer annual legume (north)

Planting Dates: Source Root Biomass (Ibs/A): Source

early spring as early as possible 11, 20 350-1000 88

Mar-Apr or Sept-Oct 2 Percent N:

Aug or spring 66 2.6 90

Seeding Rates (Ibs/A): 3-4 71

60-90 dr 91 N (Ibs/A) (producing):

30-40; 20-30 mix 2,77 170-190 (PA) 66

140 3 90-150 (depending on incorporation) 11

100-220 20 119 (Southern Tier NY) 30

Seeding Depth (in): ave 99 26

.25-2 2,51, 71 50-150 (PA) 51
C:N Ratio:

Inoculants: 9:1-11:1 26

Rhizobium leguminosarum biovar viceae 77 17:1 90

Flowering Dates: Ibs/bu:

32-55 d after seeding 71 60 2

Canopy Cover: seeds/Ib:

26-36" fall 11 18000 76

Root System: Re-seeding Characteristics:

Shallow fibrous 66, 71 does not re-seed well 32

Winter-Kill Temp: Mix with:

will winter kill, but generally winter hardy (10 F) 11,71 cereals, brassicas, and other legumes 66, 71

sustained below 18 F 11

Will not overwinter N of MD 66 Soils:

Competition with weeds: 4.2-8.3pH 71

high 11 well limed, well drained clay or heavy

Total Dry Matter Biomass (Ibs/A) Shade Tolerance:

4000 (aboveground, in North East) 41, 67 Semi-tolerant 11

5100-6200 (ME seeded early spring)) 20, 90

5000 (planted in spring) (North East) 11, 41 Cost ($/Ib)

3000 (NY) 30 .60-1.20 11

Additional Comments:
~decomposes fast (low C:N ratio)
~reduces soil erosion, and supplies N to soil

~intolerant to salinity, drought, or water-logged soils
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Barley (Hordeum vulgare)

~spring, cool season annual, cereal
grass

Planting Dates: Source Percent N: Source
Apr-May or Aug-Oct 2,64 3.5 (PA Rodale) 92
spring or summer 33,43 1.2 71
spring 11, 20, 42 N (Ibs/A):
Sept 10-Sept 30 51 38 (PA, Rodale) 92
45-50 (killed end of Apr) 51
Seeding Rates (Ibs/A): (,ija(;)o P N) (seeded fall; killed in 26, 29
80-120 or 60-90 mix (bc) 2,20
?S(:)—rligg)dr; 80-125 bc; 25-50 mix n C:N Ratio:
50-125 43 20:1 71
72-96 42 medium 78
90-120 64
Seeding Depth (in): Ibs/bu:
75-2 2,43,51,11 48 2,51
Flowering Dates: seeds/Ib:
mid-late summer 71 13500-14000 2,42,51
Root System: Re-seeding Characteristics:
fibrous 11 does not re-seed well 71
Winter-Kill Temp: Mix with:
176 F 71 annual legumes, other small grains 11
Competition with weeds: Soils:
excellent 43,71 5-8.5 pH 78
light soils 11
Total Dry Matter Biomass
(Ibs/A):
iSF)?;) (aboveground, killed end of 51 Shade Tolerance:
2570 (cut May 9 PA, seeded in fall) 92 intolerant 78
3000-10000 (aboveground, grown until 43
full bloom, SE US)
ave 8800 (spring seeded in ME) 20 Cost $/Ib:
A17-.37 11

Additional Comments:

~drought tolerant, high salt tolerance; quick growing, reduces soil erosion
~does not tolerate wet soils, low fertile soils, good

salinity tolerance

~scavenger of excess nutrients and adds OM
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Brown Mustard (Brassica juncea)

~annual cool season forb

Planting Dates: Source Source
Apr-May 15 (summer cover crop) 48
mid July-Aug (after cash crop) 3 N content (Ibs/A):
mid May-June 11 Srzc_?u?]?j high residual N veg 11
spring (less in M1) or summer-fall (better) 33,11
Seeding Rates (Ibs/A): C:N Ratio:
10-12 dr; 10-15 be 71 15:1; low 71,78
5-12 dr; 10-15bc 3,11
6-8 48, 33 Ibs/bu:
Seeding Depth (in): 18 78
5-1.5 3,48

seeds/lb:
Flowering Dates: 200000-230000 48,78
Mid to late May 3

. Re-seedin

4-6 wks after planting 3,71 Character%stics:

high, do not let go to seed 3
Root System:
taproot 59,71 Mix with:

cereals, vetch 71
Winter-Kill Temp:
17-25F 11,71, 78 Soils:

loam to heavy soils 59
Competition with weeds: pH55-7.5 11
allelopathic; very high 3,30, 71

Shade Tolerance:
Total Dry Matter Biomass (Ibs/A): intolerant 78
8500 (Salinas Valley, CA) 11

Cost /Ib ($):
Root Biomass (Ibs/A): 1.50-3.00 11
700 Ibs/A (East Lansing MI) 61 66/A 11

Additional Comments:
~do NOT use in rotations with other
Brassicas

~good for weed suppression, nematode and soil fungal control, breaking up compacted soils, organic matter

~flowers will attract honey bees
~breaks down fast
~cannot tolerate flooding

~do not over-seed, too much will infect leaves with diseases
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Rapeseed or Canola (Brassica napus)

~annual spring forb (winter-types are Brassica rapa)

~canola is rapeseed that has been bred to have low conc. of glucosinates and erucic acid in the seed

Planting Dates: Source

6 wks prior to killing frost 59, 87
Apr 1- May 1 or Aug 1- Sept 1 2,71,76
spring around corn time planting 59
Aug 3,84
Seeding Rates (Ibs/A):

4-12 51
5-10 dr; 8-14 bc 3,11, 87
5-8 dr; 4-6 mix 2,72
Seeding Depth (in):

.25-1 3,71
Flowering Dates:

early spring 76
Canopy Cover:

80% or more 11
Root System:

deep taproot 11
Winter-Kill Temp:

low temps ~10 F (winter-type cultivars) 11
In ME will winter kill

Competition with weeds:

high (rapeseed) 59,71
Total Dry Matter Biomass (Ibs/A)

1500-2500 Ibs/A (ND) 48
4000-6700 Ibs/A (seeded mid-June, 373
harvested Sept) ’
6200-8000 Ibs/A 90d after seeding 30, 59
2500-3500 (MD) 84, 87

Additional Comments:

Root Biomass (Ibs/A) Source
4000-7600 (MA; MD) 72,82
1000 (MD sampled in fall) 94
Percent N:
low 78
Biomass of N
(Ibs/A)(accumulate):
120 lbs/A 11
C:N Ratio:
20:1-30:1 shoots: 10:1-20:1 roots 11
Ibs/bu:
50 48
seeds/Ib:

48, 49
140000-157000 !

76
Re-seeding Characteristics:
high in proper conditions 59, 76
Mix with:
small grains 59
Soils:
pH above 6 87
coarse textured 84
Shade Tolerance:
intolerant 11
Cost/Ib ($)
11,30

1.00-2.00; 80-100 $/A

~supplies organic matter, weeds suppression, enhances soil properties, captures nitrate, erosion control, use as forage

~does not perform well on poorly drained soils




WORKS CITED

2. Allied Seed. "Farm Science Genetics." Seed Information Chart. 2010. www.farmsciencegenetics.com (accessed 2011).

3. Bjorkman, Thomas and J.W. Shail. Cornell Cover Crop Guide. 2010. 2pp. Ver. 1.100716 http://calshort-

lamp.cit.cornell.edu/bjorkman/covercrops (accessed 2011).

11. Clark, Andy. Managing Cover Crops Profitably (3rd edition). Beltsville, Mayland: Sustainable Agriculture Network, USDA-SARE, 2007.

30. Hoyt, Julian Drelich and David. "The Alternative Forage, Brassicas." Brassicas. NY: Black River/St. Lawerence South Central and Sullivan

Trails Resource Conservation and Development Councils, 1980's.

48. North Dakota State University Extension Service. "Specialty Crops.” ProCrop. http:www.ag.ndsu.edu/procrop (accessed March 29, 2011).

49. Ohio State University Extension, multiple authors. "Agronomy Guide 14th edition." University of Ohio Extension. 2005.
http://ohioline.osu.edu/b472/.

51. Penn State Cooperative Extension. Agronomy Guide 2009-2010. http://extension.psu.edu/agronomy-guide (accessed 2011).

59. Sarrantonio, Marianne. Northeast Cover Crop Handbook. Emmaus,PA: Rodale Institute, 1994.

71. University of California Sustainable Agriculture Research and Education Program. UC SAREP Cover Crop Resorce Page.
http://www.sarep.ucdavis.edu/ccrop/ (accessed 2011).

72. Univeristy of Massachucettes. Brassica Crops. 2002. http://www.umass.edu/cdl/publications/Brassica.htm (accessed 2011).

73. University of Wisconsin Extension Service.n Alternative Crops. 2007. www.uwex.edu/ces/forage/pubs/altcrop.pdf (accessed 2011).
76. USDA NRCS Ohio. "Seeding Tables." Appendix A-Seeding Tables. Columbus, Ohio, April 2008.

78. USDA NRCS PLANTS Database. PLANTS Database. http://plants.usda.gov/java/.

82. Weil, Charles White and Ray. "Forage Radish Cover Crops Increase Soil Test Phosphorus Surrounding Radish Taproot Holes." SSSAJ, 2011:
121-130.

84. Weil, Raymond. Multipurpose Brassica Cover Crops for Sustaining Northeast Farmers. project, University of Maryland: SARE, 2007.

87. Penn State University Extension. “Agronomy Facts.” Penn State Crop and Soil Sciences. 2010. http://www.cropsoil.psu.edu/extension/facts

94. Dean, Jill E. and Ray R. Weil. “Brassica Cover Crops for Nitrogen Retention in the Mid-Atlantic Coastal Plain.” J. Environ.
Qual. 38:520-528 (2009).


http://www.cropsoil.psu.edu/extension/facts�

Turnips (Brassica rapa)
~annual, biennial cool season forb

Planting Dates: Source C:N Ratio: Source

Aug-fall 3 20-30 shoots; 10-20 roots 11

spring-fall 87

~4wks prior to ave date of first 28 F 11 Ibs/bu:

Seeding Rates (Ibs/A): 55

4-7 dr; 10-12 be 3,11

1.5-2 87 seeds/lb:

2-8 alone; 1-2 mix 140000-220000 49#17'

Seeding Depth (in): Re-seeding Characteristics:

.25-.75 3 Will re-seed

Flowering Dates: Mix with:

late spring 78 cereals, vetch 11

Root System: Soils:

taproot 11 5-8 pH 78
55-8.5 11

Winter-Kill Temp: Shade Tolerance:

yes- below 25 F 11 intolerant

Competition with weeds: Cost/Ib ($):

high 3,11, 49 1.00-2.00 -

Total Dry Matter Biomass (Ibs/A):

4000-6700 Ibs/A (seeded mid-June, harvested 73

Sept, WI)

6200-8000 in PA 59

Root Biomass (Ibs/A):

Additional Comments:

~grows very fast and alleviates soil compaction
~low drought tolerance and a high fertility requirement
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Buckwheat (Fagopyrum esculentum)

~annual warm season forb/green manure

Planting Dates: Source

12 wks prior to 1st frost 51,48,59,71
June 15-Aug 15 33,43, 64,73
June 55
June-July 2,3
Seeding Rates (Ibs/A): 73
30-50 23,71
50dr; 70 bc 55
36-72 32
60-80 43, 51, 48, 64
50-60 dr; up to 96 bc 11
Seeding Depth (in):

5-1 2,3,43,51
1-2 48, 55
Flowering Dates:

mid summer 78

4-6 wks after seeding 17,64, 71
Root System: 48
fine, extensive, fibrous, superficial 14, 64, 59, 71
Winter-Kill Temp:

frost intolerant 71
Competition with weeds:

it sown well, excellent 71
Canopy Cover: 55
dense

Total Dry Matter Biomass

(Ibs/A):

2000-3000 (NC) 14,17,43
1200-1800 Ibs/A (PA, WI) 51, 55
4000-6000 (6-8 weeks after seeding) 11

Root Biomass (Ibs/A):

Percent N: Source
1.25 17,71
N (Ibs/A):
43 aboveground (NC) 14
C:N Ratio:
34:1 (NC) 14
Ibs/bu:
48-52 2
seeds/Ib:
15000-20000 2,78
Re-seeding Characteristics:
yes, incorporate after 1 week 1
flowering
~mow at 40 days
Mix with:
cowpeas, sesbina 71
Soils:
most, poor on heavy limestone 51
avoid wet soils
Shade Tolerance:
intolerant 71
Cost ($/A):

14
30
30-32 1
11.00-12.50/bu 66

Additional Comments:

~use as smother crop, bee pasture, weed suppression, nutrient scavenging

~absorbs Ca, P
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Camelina sativa

~annual, summer oilseed crop or winter annual in warmer
climates

Planting Dates: Source Percent N: Source
Xue Pan, Nova
spring when soil temp is at least 38-40 F 87 2.42-2.73 (shoots) Scotia
University
Can be frost seeded in late Nov-Dec 96
C:N Ratio:
Seeding Rates (Ibs/A): High; due to its high cellulose content
3-5 87
Ibs/bu:
Seeding Depth (in): 50
Institute of Agricultural and Trade Policy
.25-.50 (http://www.iatp.org/iatp/publications.cfm?accountD=258 &refID
=97279)
Flowering Dates: seeds/Ib:
42-45 days from planting 96 225000-550000 87
Root System: Re-seeding Characteristics:
Tap root Will produce viable seeds 96
Winter-Kill Temp: Mix with:
12 87 Legumes, spring wheat 87
Competition with weeds Soils:
good 87 Marginal lands 96
Total Dry Matter Biomass (Ibs/A): Shade Tolerance:
1800-2000 Ibs of seed/A (sowed mid- .
march-april, harvested sept) 87 Low-medium
1000-1100 at 45 degrees N latitiude 96 Cost:
$4.00/ Ib Ernst
$45-$65/A (reference directly below0
Institute of Agricultural and Trade Policy
(http://www.iatp.org/iatp/publications.cfm?accountID=258&refID
=97279)

Additional Comments:

~tolerates drought stress
~Germinates and emerges in early spring
before cereal grains.
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Cereal Rye (Secale cereale)

~winter annual cereal grain (mainly for NE cv. 'Aroostook™)

Planting Dates: Source Percent N: Source
Aug 1- Sept 30 75 .89-1 90,71
late summer-fall 74
Late Aug-early Oct 64 N (lbs/A):
2wks before kill frost/ 4wks after 18 40-45 Ibs/A N uptake 26
Seeding Rates (Ibs/A): 171 Ibs/A of N in roots 71
90-120 (winter rye) 42 313 Ibs of N/A in tissue 71
100-140: 50-60 mix 64 8N(<(z;ccumulated(by May 19 plowdown in 7
60-120 dr; 90-120 broadcast 3,11 C:N Ratio:
60-200 59 40:1 monoculture 71
112-168 18 25:1 biculture 71
Seeding Depth (in): 40:1 @ boot; 14:1 young 51
.75-2 55 48:1-50:1 14,90
35:1 74
Flowering Dates: Ibs/bu:
early spring (Apr-May) 71,78 56
Root System: seeds/Ib:
extensive, fibrous 11,71 15000-18000 42’7;‘8555
Winter-Kill Temp: Re-seeding Characteristics:
will over winter 1 high if let go to seed 71
Competition with weeds: Mix with:
high 11,71 legumes, other grasses, vetches, brassica 11,71
Total Dry Matter Biomass (Ibs/A): Soils:
2800-4000 (in ME seeded late summer/fall) 11, 90, 20, 79 4.5-8.2 pH range 71,78
3880—7000 (planted Sept, harvested mid-May 29,73 low fertile 55
4000 Ibs/A aboveground 18 light loams, sandy 11
1600 Ibs/A top 51
Shade Tolerance:
Root Biomass (Ibs/A): intolerant
848 Ibs/A 5 months after seeding 71
600 Ibs/A 18, 89 Cost/lb (3);
18-50 —
6.00-8.0/ bu 66

Additional Comments:
~prevents soil erosion, quick forage for
grazing

~excellent scavenger for N and K, adds organic matter, suppresses weeds
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Forage Radish (Raphanus sativus); Oilseed Radish

~Annual cool season Forb

Percent N: Source
2.67 36
211 90
N (lbs/A):
140(in Ml and in MD)-200 Ibs/A of N 11,71,
released in early spring 94
170 (in MD)
184 N recycling 90
C:N Ratio:
13:1 36,71
19.5 90
Ibs/bu:
50 48
seeds/Ib:
140000 48, 77
Re-seeding Characteristics: 11
Will re-seed in warmer climates
Mix with:
other brassicas, mustards, small grains or 1
crimson clover
Soils:
well drained, pH 5.5-8.5 10
Shade Tolerance:
intolerant
Cost/lb ($):

11
1.5-2.50
Cultivars:

Planting Dates: Source

late summer-fall 3,43

4-10 wks before killing frost in fall 59

Seeding Rates (Ibs/A):

7-10 dr; 10-13 bc 3,43

Seeding Depth (in):

.25-5 10, 43

Flowering Dates:

50-60days

(Lesley Campbell, and Allison Snow OSU)

Root System:

Taproot (8-14 inches) 3,59

Winter-Kill Temp:

20-25 F (Dec-Jan) 82,11

Competition with weeds:

yes; allelopathic 87

Total Dry Matter Biomass (Ibs/A):

3000 Ibs/A for late Aug planting 87

3600 Ibs/A aboveground 46, 81, 82

3000lbs/A in 60d 10

6500 90

Canopy Cover:

within 1-4 months closed canopy (depends on 71

growing conditions)

Root Biomass (Ibs/A):

3000 (MD, sampled at max growth in fall) 94
11

as high as 3700 (belowground)

Groundhog Forage Radish

Additional Comments:

~quick forage for grazing, high N,P, S, Ca, B content

~significant amounts of N may be lost if next crop not planted in time to recapture N

~not recommended for planting in either corn or soybeans
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Hairy Vetch (Vicia villosa)

~winter annual legume

Planting Dates: Source Percent N: Source
2,3,38,51,
Aug 1-Sept 64, 66, 71, 25-4 90, 71, 87
75, 77, 87
sow by Oct 15 71 3.76 8
@ least 30-40d before killing frost 59 N (Ibs/A): (most occurs in May) 3
Inoculants: 80-160 Ibs/A provide 51
| oy | 1585
ave 110-115 (N content) 26, 30, 60
Seeding Rates (Ibs/A): 140-150 38
25-40 dr 2 71-85 (NC Coastal Plain) 80
15-20 dr; 25-30 bc 3,11 C:N Ratio:
20-40 dr 66 10:1-15:1 26
8:1-15:1 11
Seeding Depth (in): 11:1 71
25-15 2ot Ibs/bu:
60 2,51
Flowering Dates: seeds/Ib
May-July 59,71, 78 16000-20000 250
mid July-Aug
Re-seeding Characteristics:
Root System: high, has fraction of hard seed 3,59, 71
taproot 71 10-20% hard seed 66
Mix with:
Winter-Kill Temp: cereal grains, grass, brassicas 11
will survive winter if planted 30-40d before frost 66
Soils:
Competition with weeds 6-7 pH 11,71
high, once established 2 doe_s not pgrform well on poorly 61
drained soils
does best on sandy loam soils 59, 71
Total Dry Matter Biomass (Ibs/A):
2000-5000 8,29, 90 Shade Tolerance:
4000 aboveground (PA, drilled at end of Sept) 66 tolerant 11
4300-7000 Ibs/A 71
3000-4000 Ibs/A (normal, fall seeded in ME) Zoégf)é?l’ Cost/Ib ($)
1.70-2.50 1
~1.00 66

Additional Comments:
~supplies N to soil, improves soil tilth, erosion
control, suppresses weeds

~most useful in veg crop production when sown in

late summer

~High P and K requirement
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Japanese Millet (Echinochloa esculenta)

~summer annual grass

Source

Biomass of N (Ibs/A):

35 Ibs/A aboveground (NC)

14

C:N Ratio:

42:1 (NC)

14

Ibs/bu:

35

50

14

seeds/lb:

143000

Re-seeding
Characteristics:

Medium to high

Mix with:

Over seed into spring crop

20

Soils:

Med-heavy soils

Planting Dates: Source
after frost 43
June 15-July 15 (in MN and WI) 55
April- July 2,91, 48
Seeding Rates (Ibs/A):

15-30 dr; 25-35 bc; 8-12 mix 2
20-30 best 14, 27(1’ 43,
10-15 48,55, 91
Seeding Depth (in):

5-1 2,43,55,71
Flowering Dates:

Ripe grain after 45 days from seeding

End of June-Sept

(www.ext.msstate.edu/pubs/pub2111.htm)

Root System:

Extensive Fibrous 20
Winter-Kill Temp:

yes 43
Competition with weeds

high 43,71
88-91% weed suppression 6wks after 64
seeding

Total Dry Matter Biomass (Ibs/A):

3000 (NC)-5000 Ibs/A 14,73
high yields 55

5.8 or greater pH

Shade Tolerance:

Cost ($/A):

Additional Comments:

~drought tolerant

~late season green forage
~Exceptional wildlife plant

14.50

14
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Oats (Avena sativa)
~annual cool season grass

Planting Dates: Source Percent N: Source

Mar 15-Apr 25 52, 75,87 1.2-15 17,71

Aug-early Sept 64,71,73 Cover:

early spring-July 1 43 80% if planted as early as possible 1

no later than Sept 15 18 N (Ibs/A):

Spring (green manure) or fall (winter cover) 3 12 Ibs/A catch 71

Seeding Rates (Ibs/A): 77 (absorb in 8-10 weeks in NE) 11

80-110 dr; 110-140 bc 3,87 C:N Ratio:

64-120; or 60-90 mix 2 331 71

60-96 42,48,51,73,75

Seeding Depth (in): Ibs/bu:

5-2 2,43,51,77, 87 32 2,48, 87

Flowering Dates: seeds/Ib:

late spring 71,78 15500-19400 242,48,

Root System: Re-seeding Characteristics:

fibrous low when left over winter 71
So_me may survive, incorporate in 3
spring

Winter-Kill Temp: Mix with:

18F 71,87 vetches, brassicas, barley 71

Competition with weeds Soils:

strong when in a mix; allelopathic 71 tolerate pH as low as 4.5 71

Total Dry Matter Biomass (Ibs/A) best on loam-heavy loam

2500 Ibs/A 18, 46

8000-12000 Ibs/A 17,71 Shade Tolerance:

2000-8000 (up to 8000 in spring seeded) 11, 43 intolerant

5000-6000 (planted mid-Apr, harvested late

June, WI) 3

E/QIE))O (harvested between boot and dough in Cost/Ib ($):

Root Biomass (Ibs/A ): 17-37 11

977 Ibs/A 18 3.85-5.00/bu 66

Additional Comments:

~primary use for veg. crops, nurse crop for legumes

~suppresses weeds, erosion control
~quick cover




WORKS CITED

2. Allied Seed. "Farm Science Genetics." Seed Information Chart. 2010. www.farmsciencegenetics.com (accessed 2011).

3. Bjorkman, Thomas and J.W. Shail. Cornell Cover Crop Guide. 2010. 2pp. Ver. 1.100716 http://calshort-
lamp.cit.cornell.edu/bjorkman/covercrops (accessed 2011).

11. Clark, Andy. Managing Cover Crops Profitably (3rd edition). Beltsville, Mayland: Sustainable Agriculture Network, USDA-SARE, 2007.

16. Darby, Dr. Heather. "Managing Cereal Grains for Forage." University of Vt Extension

17. Davis, Greg. "Cover Crops from a Seed Perspective.” The Natural Farmer, Fall 1998: 20-23.

18. Degni, Janice. "Cover Cropping; Evoloving Practice or Useless Chore?" CCTTS Dairy and Field Crops Program, October 2002: 3-7.

42. Monsanto Company. "Performance From Field to Feed." 2011 Trelay seeds Forage Products. Livingston, WI, 2011.

43. Morse, Mark Schonbeck and Ron. Rodale Institute. 2004. http://newfarm.rodaleinstitute.org/features/0104/no-till/chart.shtml (accessed
2011).

46. Mutch, Sieglinde Snapp and Dale R. Cover Crop Choices for Michigan Vegetables. Michigan State University, 2003.

48. North Dakota State University Extension Service. "Specialty Crops.” ProCrop. http:www.ag.ndsu.edu/procrop (accessed March 29, 2011).

51. Penn State Cooperative Extension. Agronomy Guide 2009-2010. http://extension.psu.edu/agronomy-guide (accessed 2011).

52. Penn State University. Agronomy Guide 2011-2012. http://agguide.agronomy.psu.edu (accessed 2011).

64. Stivers, L.J., D.C. Brainard, G.S. Abawi, and D.W. Wolfe. Cover Crops for Vegetable Production in the Northeast. Ithaca, New York:

Cornell Cooperative Extension.

71. University of California Sustainable Agriculture Research and Education Program. UC SAREP Cover Crop Resorce Page.

http://www.sarep.ucdavis.edu/ccrop/ (accessed 2011).

73. University of Wisconsin Extension Service.n Alternative Crops. 2007. www.uwex.edu/ces/forage/pubs/altcrop.pdf (accessed 2011).

75. USDA NRCS Indiana. Table 1a-Winter Cover Crops in FOTG. Indiana NRCS, 2008.

77. USDA NRCS Ohio. "Technical Note: Agronomy OH-." Conservation Cover Establishment Guide. Columbus, Ohio, June 2008.

78. USDA NRCS PLANTS Database. PLANTS Database. http://plants.usda.gov/java/.

87. Penn State University Extension. “Agronomy Facts.” Penn State Crop and Soil Sciences. 2010. http://www.cropsoil.psu.edu/extension/facts



http://www.cropsoil.psu.edu/extension/facts�

Perennial Ryegrass (Lolium perenne)

~cool season perennial grass

Percent N: Source
23 71
Biomass of N (Ibs/A):

60 Ibs/A in aboveground tissue 71
C:N Ratio:

14-40 (based on plant growth stage)

Ibs/bu:

24 2,42,55,78
seeds/Ib:

227000-240000 242 55,17
Re-seeding Characteristics:

High, if not winter killed 64
Mix with:

clovers, trefoil, other grasses 71
Soils:

not tolerant of pH above 8 71
best on heavy soils with good drainage

Shade Tolerance:

tolerant

Cost/lb ($);

7-1.30 1
44-1.05 66

Planting Dates: Source
April-late Sept 77,87
Mar-May or Aug 1- Sept 15 71
Feb-May or Aug-Sept 2,64
early spring 20, 42
Seeding Rates (Ibs/A):

14-25 66
20-40; 4-15 mix 2,42
15-20; 4-8 mix 87
18-25; 10-15 mix 71
18-20 64
Seeding Depth (in):

.25-5 2,71,77,87
Flowering Dates:

mid-spring 78
May-Sept 71
Root System:

extensive fibrous 70
Winter-Kill Temp:

more cold hardy than annual, but will in

extreme temps 59, 64
Competition with weeds:

yes, best in a mix 71
Total Dry Matter Biomass (Ibs/A):

1750 lbs/A 18
3000-4000 (early summer in ME) 20
Root Biomass (Ibs/A):

1500 Ibs/A 18
6000 (Sown in corn and sampled following

spr. Before plowing, OH; all parts 60

underground) 42 (N content)

Additional Comments:

~good nutrient scavenger, establishes readily, excellent wear tolerance, high nutritive value

~great for erosion control
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Phacelia tanacetifolia
~annual cool season forb

Planting Dates: Source Percent N: Source

late spring- summer 4 71

Biomass of N (Ibs/A):

Seeding Rates (Ibs/A): 94.6 Ibs/A supplied to system 71, 85
71—11_212r 178 Ibs/A N belowground 71
127 Ibs/A N aboveground 71
Seeding Depth (in): C:N Ratio:
.25” 10-15
Ibs/bu:
Flowering Dates: (blue flower) n/a
6-8 weeks after seeding (late aug-sept) 71
seeds/Ib:
Root System: 235000
extensive fibrous 71
Re-seeding
Characteristics:
Winter-Kill Temp: low
18 F
Mix with:
Competition with weeds
yes, grows quick 71 Soils:
Wide range
(TSE?,L)E? ry Matter Biomass Shade Tolerance:
ave 4000 Ibs/A aboveground 71 Not shade tolerant
8500 85 Cost:
Not widely available,
Root Biomass (Ibs/A): expensive- American Meadows
VT $15.95/Ib
1300 Ibs/A in 6 months 71

Additional Comments:

~N catch crop, nectar source
~Low water use

One of the top producing honey producing flowers for honeybees and is also highly attractive to bumblebees and syriphid flies.

71. University of California Sustainable Agriculture Research and Education Program. UC SAREP Cover Crop Resorce Page. http://www.sarep.ucdavis.edu/ccrop/
(accessed 2011).

85. Wyland, L.J., L.E. Jackson, W.E. Cheney, K. Klonsky, S.T. Koike, and B. Kimple. "Winter Cover Crops in a Vegetable Cropping System: Impacts on Nitrate

Leaching, Soil Water, Crop Yield, Pests and Management costs." Agriculture, Ecosystems, and Environment, 1996: 1-17.



Red Clover (Trifolium pratense)

~short-lived biennial/perennial legume

Planting Dates: Source
Feb-May or Aug-Sept 2,42
Feb 1-Apr 15 or Aug 1-Sept 15 3
April-May 51
Seeding Rates (Ibs/A):
8-12; 4-8 mix 2
10-15 bc; 6-15 dr 51
10-12; 6-8 mix 42,87
12-14; 8-10 mix 73
Seeding Depth (in):

2,42,51, 77,
.25-5 57
Inoculants:
Rhizobium leguminosarium biovar
trifoli
Flowering Dates:
May 3,78
Root System:
thick, deep taproot 51, 59, 66, 87
Winter-Kill Temp:
low 87
Competition with weeds:
Total Dry Matter Biomass
(Ibs/A):
2000-2500 29:90, 54,58,
4000-8000 full season over wintered 11
4000-6000 (spring, fall seeded in ME) 20
Root Biomass (Ibs/A):
1000 (averaged at 48 dates, OH) 60

(N content in roots 22/A)

Additional Comments:
~can cause bloat in livestock

~addition of N to system, weed suppression, erosion control

Percent N: Source
2.61-2.77 90, 71
Biomass of N (Ibs/A):
100-150 Ibs/A fix 39
70-120 (In OH, PA, over wintered 75 by May 311 66
15, up to 120 by June 22) o
125.1 Ibs/A in aboveground; 46.3 Ibs/A in roots 71
70-80 seeded and turned under in spring 59
C:N Ratio:
15:1 90, 71
Ibs/bu:
60
seeds/Ib:

2, 49,
252000-275000 4251
Re-seeding Characteristics:
kill before go to seed, will re-seed 63
Mix with:
small grains, sweetclover, corn, soybeans, grass 1
Soils:
loams- clays, 43
6.2-7 pH preference 59
Shade Tolerance:
very tolerant 43, 66
Cost/lb ($):
1.40-3.30 —
.90-1.30 66
Distinct types:

11

Medium, and Mammoth
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Sorghum-Sudangrass (Sorghum bicolor x S. bicolor var. sudanese)

~warm season summer annual grass

Percent N: Source
.68-1.5 9071
Biomass of N (Ibs/A):

185 Ibs N/A recycled 90
78 aboveground (NC) 14
C:N Ratio:

63:1 90
50:1 14,71
Ibs/bu:

56 55, 87
seeds/Ib:

14000-28000 242 99,55
Re-seeding Characteristics:

Low in the northeast

Mix with:
buckwheat, seshina, sunn hemp, 50
soybeans, cowpeas
Soils:
can tolerate 8-9 pH 71
Or as lowas 5 pH 1
Shade Tolerance:

intolerant

Cost/lb ($):

4-1.00 1
16.20/A 1

Planting Dates: Source

. . 2,3, 43, 48, 64,
late spring-midsummer (May 1-July 1) 55,73, 75
when soil is at least 70 F 43
Seeding Rates (Ibs/A):
25-30 51
20 2,565,73,75
30-40dr; 40-50 bc 43,71
Seeding Depth (in):
5-1 2,42
Flowering Dates:
early summer 78
Aug 71
Root System:
fibrous 71,75
Winter-Kill Temp:
very frost sensitive 42,71
Competition with weeds:
very high 48,71
Total Dry Matter Biomass (Ibs/A):
4000-5000 (planted in early summer ME) 20
6000-10000 (seeded July 1, harvested 7
mid-Aug WI)
7000 (NC) 14
13000-18000 (potential in WY, planted 50, 03
May-July 1) '
Root Biomass (Ibs/A):
1350 21

Additional Comments:

~great use for SOM; Heat and Drought
tolerant

~very high salt tolerance

~if stressed or succumb to frost, can produce prussic acid

~great scavenger for residual N, Suppresses weeds, builds soil tilth, breaks up compacted soils
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Yellow Blossom® Sweetclover (Melilotus officinalis)

~cool season biennial legume

Planting Dates: Source Percent N: Source
Feb1-May or July 20-Aug 30 2 3%’5% & 2 7
Seeding Rates (Ibs/A): N (Ibs/A):
: DA R |
6-15; 3-8 in a mix 2 130-150 Ibs/A fix (NE) 49, 67
10-15 n averages ~100 59
9-20 20, 43, 59 C:N Ratio:
Flowering Dates: 12-23 78
May-Aug (kill before flowering to max N benefit) 71,78
Late June- July 64 Ibs/bu:
Root System: 60 2, 48,55
deep taproot 1, A;i' %,
seeds/Ib:
Winter-Kill Temp: 240000-260000 2,5‘:3{’3,74;9,
winter hardy 49,71
Re-seeding Characteristics:
Competition with weeds: high (hard seed) 18, 43
Grow slowly in first 60d 11
Mix with:
Total Dry Matter Biomass (Ibs/A): small grains, red clover 11
2000-6000 54
up to 3000 in establishment year (NE) 11, 67 Soils:
7500 Ibs/A aboveground 2nd year (ME) 20,59 6.5-7 59
best loam soils, tolerate heavy clay-
light sand 5
Root Biomass (Ibs/A):
2640 (Nov seeding yr. OH) 95 (N content) 60 Shade Tolerance:
C%%(:e(igly, yr following seeding, OH) 13 (N % intolerant
Inoculant:
T T Cost 5
1.00-3.00 11

Additional Comments:

~drought, flood, and salt tolerant

~good cover for wildlife, and can be harmful to
livestock (Coumadin)

~good smother crop or catch crop, rapid
growth rate

~greatest warm weather biomass producer of any legume
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Triticale (X Triticosecale)

~annual cool season cereal crop

Planting Dates: Source
Aug - Oct 15 (winter crop) 20,43,75,87 Biomass of N (Ibs/A):
late Apr- mid May (spring crop) 48,73 b}:isltl ’l\ale\tglrﬁestems elongate for 3
Aug 25-Sept 25 (winter crop) 3 66.2
Mar-Apr or Aug-Oct 2
Seeding Rates (Ibs/A):
75-100 20, 48 C:N Ratio:
80 dr; increase 30% if bc 3 20:1
90-120; 60-90 mix 2
Seeding Depth (in): Ibs/bu:
1.25-2 2,3,48 48-50 2,48
Flowering Dates: seeds/Ib:
48 days to heading 55 15000-18000 2,49,77
Root System: Re-seeding Characteristics:
fibrous high
Winter-Kill Temp:
Winter hardy 3 Mix with:
Other winter grains
Competition with weeds:
Moderate, not as good as rye Soils:
Total Dry Matter Biomass (Ibs/A): fertile, well drained 48
6000-7000 (planted Sept, harvested early June 73. 93
WI and in WY) !
4000-8000 flag leaf stage 3,43,56 Shade Tolerance:
2000 (late Aug planting) 87 Not tolerant
7000 (harvested June 2 in Arlington, W1) 55
4000 (harvested between boot and dough in 16

VT)

Additional Comments:

~use as a double crop and erosion control on highly erodible lands

~Good at reducing root rot in vegetables

~Advantage over wheat, can be sown earlier for more fall growth
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Wheat (Triticum aestivum)

~annual, winter cereal grain

Planting Dates:

Source

mid Sept-Oct 1

3,42, 43,
51, 64

Percent N:

Source

Aug 15-Spet 15

1.67

8

Mar-Apr or Aug-Oct

Seeding Rates (Ibs/A):

N (Ibs/A):

90-120

42,51

40-45 Ibs/A scavenges

26, 51

120-160 dr

87

50 (tops)

29

60-120; 60-90 in a mix

2

C:N Ratio:

80-110

64

20:1

26

Seeding Depth (in):

Leaf: 15-29; stem: 31-65; root: 24-
74; straw: 80-95 (end of season)

1-2

2,43,51, 87

lbs/bu:

60

Flowering Dates:

Spring (winter wheat)

seeds/lb:

Root System:

11000-18000

2,42, 77

fibrous

Re-seeding Characteristics:

Winter-Kill Temp:

later than ryes

18

winter hardy

Mix with:

Competition with weeds:

annual legumes, ryegrass, small
grains

11

Low, especially annual grasses

Soils:

Total Dry Matter Biomass
(Ibs/A):

well drained, med texture,

2500-4500 Ibs/A

51,64, 87

3800 (harvested between boot and
dough in VT)

16

Shade Tolerance:

4000-5500 (if planted in Aug, in CO)

11, 59

tolerant

78

3000-7000

43

Root Biomass (Ibs/A):

Cost/Ib ($);

1300

21

.10-.30

11

Additional Comments:
~good in rotation with veg crops

~excellent N scavenger
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White Clover (Trifolium repens)

~perennial, cool season legume

~'Ladino’ is longer lived than 'Dutch’ or 'New Zealand'

Planting Dates: Source Percent N: Source
Feb-May or Aug-Oct 2 2-3 90, 71
early spring-late summer 59, 66
spring or Aug 15-Sept 10 3,42 N (Ibs/A):
Feb 1-May 1 or July 20- Aug 20 77 116 Ibs/A to the system 71
Seeding Rates (Ibs/A): ;\:)130 Ibs/A (plow at bud or early flower stage and in 11, 59, 66
4-6; 2-4 in a mix 2,71 C:N Ratio:
6-14 59, 66 13:1 90
5-9dr; 7-14 bc 3 12:1 71
8-10; 1-2 mix 42
Seeding Depth (in): Ibs/bu:
.25-5 2,717,87 60 2,48
Innoculant: seeds/Ib:
Rhizobium leguminsarum biovar trifoli 711000-860000 2 42’72?’8‘;9' s
Flowering Dates: Re-seeding Characteristics:
late spring- summer 78 yes under favorable conditions 71,87
Also has creeping stolons 3
Root System: Mix with:
shallow, taproot 71,87 grasses 71
Winter-Kill Temp: Soils:
winter hardy 71 6-7 pH 59, 87
tolerate wet, loam clay 3
Competition with weeds:
high (once established) 71 Shade Tolerance:
tolerant 3,11, 71
Total Dry Matter Biomass (Ibs/A):
600-1400 90, 54 Cost/lb ($):
3000-6500 71 1.10-4.00 1
2.00-3.00 66

Root Biomass (Ibs/A):

Additional Comments:
~stoloniferous

~thrives in moist, shady condition
~causes bloat in horses

~poor summer growth, low yields
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USDA-NRCS - North Dakota
FOTG - Section IV - Conservation Practices

CONSERVATION PRACTICE SPECIFICATION
Windbreak/Shelterbelt Establishment — 380

This document provides conservation planners with the parameters, procedures, and requirements for
developing site-specific plans for windbreak and shelterbelt systems for a variety of purposes. Where
appropriate, specific references are cited to provide detailed information needed for a successful
design. Note: FOTG refers to NRCS’ Field Office Technical Guide.

The supporting documents needed to complete a windbreak design are:

= Windbreak Suitability Groups are found in county specific Interpretive Tables in FOTG —
Section Il — Soil Information.

= Tree Care and Management is located in FOTG Section | — Reference Subjects —
Windbreaks and Woodland.

= Expected 20-Year Tree Heights by Windbreak Suitability Groups is located in FOTG
Section Il — Windbreaks and Forest.

= Tree and Shrub Characteristics table is located in FOTG Section | — Reference Subjects —
Windbreaks and Woodland.

No matter the purpose of the planting, most plantings are simply modifications of two basic

windbreak/shelterbelt designs.

1. Building site or livestock shelterbelts, which are multiple row plantings, designed to protect
farmsteads, feedlots or other building sites. They may be designed to protect livestock or other
animals wherever that protection is needed.

2. Field windbreaks that are single- or multiple-row plantings designed to prevent erosion, protect
crops and roads, to harvest snow, to provide noise or visual screens or to supplement building site
or livestock shelterbelts.

WINDBREAK SUITABILITY GROUPS

To determine which trees will grow satisfactorily on which soils and to determine the expected heights
after 20 years, refer to Windbreak Suitability Groups found in county specific Interpretive Tables in
FOTG — Section Il — Soil Information for each soil component and Expected 20-Year Tree Heights,
respectively.

WOODY PLANT STOCK

To determine which type of plant stock is appropriate for windbreak/shelterbelts refer Tree Care and
Management, page 2.

STOCK STORAGE HANDLING AND CARE REQUIREMENTS

To determine proper stock storage, handling and care requirements, refer to Tree Care and Management
pages 3-4.

SITE PREPARATION

To determine an appropriate method of site preparation, refer to Tree Care and Management pages 4-8.

PLANTING

To determine an appropriate planting technique for a particular stock used in a windbreak/shelterbelt
system, refer to Tree Care and Management pages 8-11.

ORIENTATION, LOCATION, SETBACKS

When designing a windbreak, consider the effects of the surrounding topography and land
management on the ability of the windbreak to perform its function. Conversely, consider the positive
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and potentially negative impacts the windbreak may have on the surrounding land uses. A sample of
the items to consider include: areas of snow drifts, water runoff from melting snow, water erosion
potential, stifling of air flows during the summer, visibility hazards, ice blockage of drains, etc.

Orientation

Wherever possible the plantings should be oriented perpendicular to troublesome winds. Since winds
rarely blow from the same direction all the time, base the design on the predominant wind direction
during the time that the area needs protection. For snow control or harvest purposes and for winter
livestock or farmstead protection in North Dakota, predominant winter winds come from the northwest,
except in the Red River Valley where they generally come from the north-northwest.

However, not all damaging storms come from the predominant wind direction. Individual sites can
vary considerably. Late season snowstorms could plug a road from a southeast direction or fragile
crops could be blasted by a hot, dry wind from the southwest. Determine what needs protection and
from where the damaging winds originate and locate the windbreak/shelterbelt accordingly.

Locations
All Windbreaks

Windbreak design is often based upon the downwind protection provided by the windbreak at 20 years
of age. This distance is measured in multiples of windbreak height at 20 years and is referred to as H.
H = height of tree or shrub, measured at 20 years unless otherwise noted. For certain situations H
may be multiplied by values other than 10. (15-20 H for a snow spreading windbreak.)

On sloping land they should be located as near to the contour as possible to reduce erosion risks and
water loss.

In western North Dakota or on droughty soils consider locating windbreaks to allow the diverting of
water from adjacent areas into the windbreak for supplemental moisture.

Windbreaks to trap snow for supplemental water in stock ponds should be located in a position to
dump the majority of the snow close to, or in, the stock pond or major tributaries. Avoid tree species
such as cottonwood, willow etc. that are heavy water users. Windbreaks for this purpose should be as
narrow and dense as possible (ex: twin-row conifer or twin-row shrub).

Windbreaks will be positioned to avoid causing visibility problems at road intersections, curves and
driveway entrances. Generally speaking, the trees or shrubs at maturity should not spread into the
right-of-ways of roads. Refer to Tree and Shrub Characteristics for the spread (width) of plants at
maturity.

Maximum snow deposition will usually occur within a zone located 2-5 H from the most windward
dense row. This relationship holds true for dense windbreaks as well as porous windbreaks.
Differences in snowdrift depth are more pronounced on more dense windbreaks.

Tree and shrub plantings on native range and/or wetlands is permitted only after alternative treatments
have been evaluated and then only to protect infrastructure (building sites, roads, livestock).

Primary Windbreaks

Windbreaks primarily for wind protection and snow control are usually located to the north and west of
the area needing protection.

Windbreaks needed primarily for wind protection of crops shall be located in a manner that places
them between the troublesome winds at the critical stage of the crop needing protection.

Snow traps located 50-150" upwind of the primary windbreak can increase effectiveness of the rest of
the windbreak system by reducing the amount of snow needing to be stored in the primary windbreak.
(MLRA 55 and 56).
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Trapping of snow outside the primary windbreak in Major Land Resource Areas 53, 54, and 58 should
be planned with caution, since the removal of snow moisture from the root zone of the main windbreak
may adversely impact the life and effectiveness of the windbreak.

All areas needing protection should be located within the 10H - 15 H zone on the leeward side of the
windbreak. Estimates of 20-year heights of trees and shrubs needed to calculate areas of protection
can be found in Expected 20-Year Tree Heights.

Field windbreaks designed for snow spreading may be spaced up to 20 H apart.

Secondary Windbreaks

Secondary windbreaks are located on the leeward sides, usually the south and east, of the area
protected by the primary windbreak.

Secondary windbreaks usually consist of shrubs or short trees to stop the rare snowstorm from the
south or east while allowing summer breezes to penetrate the protected area.

Setbacks

All Windbreaks

Windbreaks shall be located no closer than 16 feet away from any property line unless a signed

agreement between both owners exists that would permit a closer planting.

According to North Dakota Century Code, no trees or shrubs may be placed within 33 feet of a section
line unless written permission has first been secured from the county commissioners or township
supervisors.

No trees shall be placed within the easement area of overhead transmission lines unless permission
has been secured from the appropriate utility company.

As per international treaty, no trees or shrubs shall be planted in a location where the foliage, at
maturity, will encroach upon the 20' wide (10' each side) line-of-site vista along the Canada-USA
border.

Windbreaks that are adjacent to, or cross, legal and private drainage ways should be set back at least
100' to prevent snow and ice buildup that will restrict spring drainage.

In all cases, if local units of government have established more restrictive setback distances, then the
more restrictive regulations will apply.

Prevailing Wind

Primary Windbreaks
For windbreaks north and/or west of the area needing #
protection, the most windward row must be at least 200 ’ [ [

feet from the area to be protected. See Figure 1.

. > \
When measuring from roadways, the measurement L 200 ‘l
should begin at the edge of the road surface nearest to |_
the proposed windbreak. See Figure 2. The most Figure 1
Prevailing lvégeth?;% 2:0;:1 (t))feaused for setback measurement purposes. This
N .

setback distance also applies to the ends of windbreaks that are

Wind perpendicular to roads and areas needing protection.

The setback distances may be reduced by 50 feet if topography,
200 - 600’ J healthy field windbreaks upwind, reduced fetch distances, or long
< > term crop management practices can be expected to remove 50
Figure 2
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percent or more of the typical snow load before it

O Prevailing
reaches the main windbreak.

Winds
Leeward rows of primary windbreaks, located to the

north or west of a road, even with the minimum 200-

foot setback to the windward row, should be no closer > 100"
than 100 feet to the nearest traveled portion of a public
road. See Figure 3. Figure 3

For snow control, windbreaks should not be placed
farther from the area needing protection than 35 times the expected 20-year height of the tallest
species to be planted or 600 feet, whichever is smaller.

Windbreaks planted to the south or east of roadways Prevailing
shall be located no closer to the road than 5 times (5H) —

the mature heights of the trees and/or shrubs in order Wind '
to reduce upwind snow deposition and shading

problems. Refer to Tree and Shrub Characteristics for |

mature plant heights. When measuring from < 5 times tallest >
roadways, measurements begin at the pprtlon of the species

road surface nearest the proposed planting. See .

Figure 4. Figure 4

Secondary Windbreaks

In North Dakota, secondary windbreaks are usually located to the south and east of the areas needing
protection. Secondary windbreaks should be located far enough away from the area needing
protection to allow snow deposition where it won't be a problem and to provide year-round accessibility
in and around the area protected.

The inside tree or shrub row in windbreaks on the south and east of areas needing protection shall not
be any closer than 100 feet. Where solar gain during the winter is important, windbreaks on the south
side of a building site shall be no closer than 3 times the mature height of the tallest plant. Exercise
caution in utilizing tall trees in secondary windbreaks that may restrict summer breezes.

WINDBREAK DESIGN
General Information

Windbreak tree species shall be selected that are compatible with the soils on which they will be
planted. Refer to the Expected 20-Year Tree Heights, located in FOTG — Section Il — Windbreaks and
Forest, to determine which plants will grow on which soils. Most soil map units contain small
percentages of minor soil components. See Windbreak Suitability Groups by County in Section 1l FOTG to
determine component soils within each map unit. Ensure that the species selected are compatible
with these minor components as well. Changes in soil properties within the planting site may require a
species change within the row. If there is any doubt, select species appropriate for the most limiting
soil condition.

Unless otherwise noted, 20-year plant heights will be used to determine setback distances and the
extent of protected areas. Expected 20-year heights of trees and shrubs, under good management,
can be found in Expected 20-Year Tree Heights.

Maximum snow depth can be expected within 2-5 H from the tallest tree or shrub row, under normal
winter conditions. The deepest part of the snowdrift will be closest to dense windbreaks and will be
located progressively farther away from the windbreak as windbreak density decreases.

Zones of protection will vary, depending upon density and height of the windbreak. Generally, the
denser the windbreak the greater the wind speed reduction and the smaller the zone of protection.
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No more than two rows in any windbreak system shall be of the same species unless site conditions
restrict the number of available species.

Ends of windbreaks should extend at least 200" past the area needing protection to account for end
effects and to allow for shifts in wind direction.

If there is insufficient space or suitable soils to install the normally required minimum number of rows,
a narrower windbreak is permissible, though a minimum of 1 shrub row and 2 deciduous tree rows- or
2 coniferous rows- shall be established.

Design Purpose

All Windbreaks

Design living snow fences and farmstead and feedlot windbreaks, for circumstances worse than
average. l.e.: Don't scrimp on setbacks, number of rows or diversity of species.

Field windbreaks can be designed for average conditions for the time of year during which protection
is needed.

The minimum number of rows for a primary windbreak will vary, depending upon the purpose of the
planting. Refer to Table 1 for spacings to achieve targeted within-row densities.

Any design of one or more rows is acceptable for a secondary windbreak.

For Snow Control

Two or more rows of deciduous trees and/or non-suckering shrubs; or one or more rows of conifers
and/or suckering shrubs. Multiple rows of different species are strongly encouraged. Refer to Table 1
for within-row and between-row spacings.

For Snow Spreading on Cropland, or Pastureland

Suckering shrubs, spruces, junipers, cedars or arborvitaes are not suitable.

The windbreak shall consist of one row of non-suckering shrubs, deciduous trees, larches or pines.
Multiple rows of pines or shrubs may become too dense to effectively spread snow. Extra
maintenance is required when relying upon a single row to ensure that no gaps develop in the
windbreak.

Lower limbs may be pruned or plants thinned, especially on pines or shrubs respectively, to increase
snow distribution, reduce drift height and subsequent delays in field operations near the windbreak.
Refer to Table 1 for within-row and between-row spacings.

For Erosion Control

One or more rows of deciduous shrubs, trees or conifers are appropriate for erosion control
windbreaks. See Table 1 for in-row spacings to achieve desired density. Use wind erosion formulas
to determine windbreak spacing across a field to achieve desired soil protection. For some sensitive
crops, any erosion, even if below soil loss limits, may be damaging to the crop. Windbreak systems
shall be designed to limit the maximum of soil erosion to, or less than, the amount the planned crop
will tolerate. To determine these tolerances, refer to table 502-4 — “Crop tolerance to blowing soil” in
part 502 of the National Agronomy Manual. The National Agronomy Manual is located in FOTG —
Section | — Erosion Prediction.

For Traditional Crop Protection

Plant one or more rows of deciduous shrubs, trees or conifers. Use 10 times the 20-year height,
measured parallel to the problem wind to determine the protected area. This measurement- when
combined with the results of the most current wind erosion calculations- will yield the appropriate
windbreak spacings. To increase farmability between windbreaks, reduce the spacings between
windbreaks to those of even tool bar widths. Increased windbreak density increases crop protection
benefits but slightly reduces the overall area receiving benefits. Be alert to how increased density for
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crop protection may result in delayed spring fieldwork because of narrow, deep snowdrifts. Refer to
Table 1 for within-row and between-row spacings.

For Specialty Crop Protection

Usually, more than one row of non-suckering shrubs or deciduous trees will be needed to provide
adequate wind protection. One or more rows of suckering shrubs or conifers may provide the desired
protection. Refer to Table 1 for within-row and between-row spacings. Ensure that the planting has
adequate density close to the ground. Assume that a planting achieving 60-80 percent density will
reduce soil loss to zero within the 10H protective zone.

Depending upon requirements of the crop, additional secondary windbreaks may be needed to
provide protection during critical crop stages.

Note: Be alert to creating frost pocket conditions by entirely encircling the crop field or by placing
windbreaks downslope from specialty crop fields. Frost pocket conditions can be lessened by pruning
the lower 3-4 feet of branches from trees as they mature to prevent cold air from concentrating on
sensitive crops; however this will also reduce crop protection provided by the windbreak.

Livestock and Building Site Protection

6 rows of trees and shrubs, minimum, for Major Land Resource Areas (MLRA) 53, 54, 58.
8 rows of trees and shrubs, minimum, for MLRA 55, 56.

Assuming that proper setback distances have been observed in the design, then the number of rows
in a livestock/building site windbreak may be reduced by one for each of the following that occurs:

e Spruce, juniper, redcedar, or a suckering shrub is planted in the most windward row.

e An effective field windbreak system is already established with the most leeward row no more than
300" from the proposed windbreak.

e A snowtrap of juniper, redcedar, closely spaced shrubs, or a twin-row high-density deciduous tree
or shrub planting, is located 50-100' windward of the proposed windbreak.

Refer to Table 1 for within row and between row spacings.

For Noise Barriers

Noise barriers reduce noise by deflecting the
noise away from the observer, by absorbing
some of the noise before it reaches the
observer or both. See Figure 5. They are most
effective when they can be placed as close as
possible to the noise source. Barriers should be
placed within 50-80 feet of the nearest traffic
lane. See Figure 6.

The amount of noise reduction attained is
dependent upon the type of surface between
the observer and the source over which the
noise passes as well as the width, setback
distance and composition of the noise barrier.
Vegetation, especially standing vegetation,
reduces and attenuates noise better than bare
or hard surfaces. Where year-round noise reduction is desired, conifers should constitute the majority
of the planting. See Table 1 for spacings.

Figure 5: How Sound Barriers Work
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Deciduous trees or shrubs can be used where
noise reduction is needed only during the
growing season. See Table 1 for spacings.

Tree and/or shrub barriers, when combined with

. 75" + ,
landforms, either earthen or constructed, show L ;|4 50 ;|
greater benefits in noise reduction than do - o
landforms alone or trees alone. See Figure 7. Figure 6: Vegetative Sound Barrier

When landforms or constructed barriers are

incorporated into the design they should be as

tall as the vehicle or object making the noise and

may be constructed of soil or other materials. If /
constructed of soil the landforms should be planted .
to tall grasses, shrubs or trees for maximum Earthen berm, 3-
effectiveness. 6'tall. 2:1 side

Barriers for reducing high-speed truck noise must slopes or flatter

be at least 75" wide if only trees or shrubs are used Figure 7: Vegetative Noise Barrier and
or at least 50' wide if vegetation is combined with a Landform

landform.

i

Barriers for reducing moderate noise levels (cars) must be at least 40" wide if only trees or shrubs are
used or at least 20' wide if vegetation is combined with a landform.

Noise barriers must be twice as long as the distance from the observer to the noise source.

No matter how severe the noise,
Short shrubs or noise barriers shall not be

Prevailing ground cover. positioned where the barriers will

— Mature height cause snow deposition or drifting

Wind below top of on the road sufficient to create a
berm. safety hazard to the traveling

public. For many of these
situations a living snow fence
system is often needed upwind
from the observer, thereby
reducing the amount of snow that
could cause a problem. See
Figure 8 for one alternative to

il
i

Earthen berm,
3-6'tall. 2:1
100" | side slopes or

A
\ 4

if flatter address this problem where there
space 200' or greater is no room to establish a living
< > snowfence system upwind from

< <

the observer.

Figure 8 Where Sound and Snow are Problems . - .
Information for designing noise

barriers was obtained from an
article by David | Cook and David Van Haverbeke in the Journal of Soil and Water Conservation,
November-December 1972, pages 259-261.

For Visual Screens

Rows of trees or shrubs shall be placed between the observer and the undesirable view needing to be
screened. Plantings shall be at least one row of conifers or at least 3 rows of deciduous trees or
shrubs or a combination of deciduous and coniferous plants. Increasing the number of rows in the
planting will increase the effectiveness in blocking unsightly vistas.

Often visual screens will be designed with species that are aesthetically pleasing to the observer or
landowner. Refer to Tree and Shrub Characteristics for species-specific information.
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Plantings may be established immediately adjacent to the sight to be screened, which allows more
open spaces around the observer. The plantings may be placed closer to the observer to site-specific
needs or landowner objectives. See Table 1 for in-row and between-row spacings.

Where visual screens may cause snow problems on roads or building sites, the more restrictive
setback distances for snow control must be followed.

For Wildlife

When the primary purpose of a planting is to improve conditions for wildlife, it is best to refer to the
Upland Wildlife Habitat Management-645 Standard for specific details appropriate for the wildlife
specie(s) of interest. All conservation practices are located in FOTG — Section IV — Conservation
Practices. However, the designs of windbreaks for other purposes can be modified to make the
practice more beneficial to wildlife while still addressing the original windbreak purposes.
Considerations for improving the wildlife value of windbreaks include, but are not limited to:

1. Provide dense areas (thickets) of suckering shrubs or conifers, especially spruce and juniper for
winter thermal protection.

2. Choose a variety of plants that will provide food throughout the growing season, especially during
mid and late winter. Refer to Tree and Shrub Characteristics for individual species value as a food
source.

3. Using tall grasses, standing corn, trees or shrubs, establish a snow trap 50-100 feet upwind to
prevent snow from covering the food sources and shelter areas.

4. Add additional rows that provide food or cover on the lee side of the planting.
Add a secondary windbreak to protect food and cover from storms from the south or east.

Connect isolated plantings by providing travel corridors of 3-4 rows of trees/shrubs between
established woody plantings.

For Boundary Delineation

Adhere to all appropriate Setbacks, All Windbreaks, on page 3 of this document when using trees or
shrubs to delineate property boundaries.

When using trees or shrubs to delineate field boundaries, be aware of the impact that the mature plant
might have on toolbar spacings, machinery operation, or adjacent fences. Avoid creating a future
nuisance for the landowner.

Any within-row spacing is appropriate for this purpose. See Table 1. Be aware of how different
spacings affect snow distribution and depth, timeliness of field operations, summer breezes, crop
protection, moisture harvest, etc.

Boundary plantings can be made more valuable for wildlife by adding additional rows, alternating
compatible species within the row, and/or using a variety of plants valuable to wildlife. See Table 2.

For Reducing Chemical Drift

Windbreaks reduce chemical drift hazards in two ways - by reducing the wind velocities across the
field where the chemicals are applied and by intercepting chemicals that have moved off site onto the
leaves, twigs, and bark of the windbreak plants.

The minimum requirement for this purpose is one row of shrubs, deciduous trees or conifers. Use the
appropriate within-row spacing found in Table 1. Where appropriate, use the tallest trees appropriate
for the site. Tall trees can intercept more of the laterally moving air mass. Multiple rows of tall trees
provide additional benefits since they provide more surface area that can intercept drift.

When installing a system of belts to reduce drift, space each belt at 10 times the expected 20-year tree
height. Spacings between belts may be decreased downward to fit even multiples of toolbar widths.
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Encourage landowners to use methods and machinery that minimize drift, thereby reducing the
amount of chemical moving offsite that must be trapped by the windbreak.

The most difficult part of designing windbreaks for reducing chemical drift is determining what species
of tree or shrub will be resistant to the chemical drift 20 years from now. Based on nearly 50 years of
herbicide application in North Dakota, phenoxy-type herbicides have been the most damaging to
trees. Conifers are most resistant to these types of herbicides, except during periods of rapid,
succulent growth.

For Irrigation Efficiency

Windbreaks can improve irrigation efficiency by reducing evaporation at the sprinkler head, reducing
evaporation from the plants and soil surface and by reducing transpiration through the plant. Plantings
of tall trees just outside the arc of the sprinklers can provide some of the benefits listed, as long as
they intercept the troublesome winds.

Another way to address irrigation efficiency is by installing a system of narrow shrub rows that are
short enough to allow the sprinklers to pass overhead. These shrub rows can reduce transpiration
from the growing crop and provide a microclimate that yields greater production. Preliminary data
would indicate that economically the shrub rows would use about the same amount of water that
would be saved by the growing crop. Benefits to the crop primarily accrue through stress reduction on
the growing crop, protection during critical stages, and erosion reduction.

Aesthetics

Aesthetics are in the eye of the beholder. Use any of the spacings listed in Table 1. Be alert to the
effects the windbreak will have on snowdrift locations and depths; alterations of airflow; impacts on
visibility, especially at roads; and maintenance requirements of the planting design.

Refer to Tree and Shrub Characteristics for individual species characteristics.

Carbon Storage

Carbon sequestration can be realized through several different mechanisms; cessation of sail tillage,
accumulation of carbon in roots and upper tree material, and accumulation of a duff layer. Generally
speaking, maximum carbon sequestration can be expected through:

= Close row spacings maximizing plants per acre without unduly causing plant stress that would
lead to early mortality. Use the minimum between-row and within-row spacing from Table 1.
When different species require different spacings, use the larger of the minimum spacings.

= Establishing long-lived trees.
= Planting trees that will grow large with extensive and deep root systems.
= Harvest of woody material for lumber or fossil fuel substitution.

For maximum carbon storage, minimize amount of tillage within the planting to that necessary for
establishment.

For long-term carbon sequestration, establish and maintain adequate firebreaks to prevent
catastrophic loss of the planting.
Composition

For sustainability and long-term effectiveness, try for a diversity of species within the planting, and
where compatible with plant forms and owner objectives, within the row. Refer to table 2 for
acceptable plant alternation schemes.

At a minimum, no more than two rows within any windbreak system shall be of the same species,
unless site conditions limit the number of available species.

For multirow plantings, consider at least one or more rows of conifers.
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Often a single species will be planted in each row. Generally, this makes subsequent maintenance
and renovation easier. However, single-row, single-species plantings are considerably more prone to
failure from drought, disease, and/or insects.

Mixing compatible species within the row can reduce the severity and spread of some insect and
disease infestations. Refer to Table 2 for acceptable plant alterations. Aside from potential benefits,
such mixing will usually complicate the management of the windbreak.

Appropriate selections of species and spacings can allow a planting to meet multiple purposes at the
same time.

For most situations a shrub or conifer will be used in the most windward row of a multiple row planting
to provide additional snow (moisture) for the growing plants within the planting and to "park" the
snowdrift in an area that is out of the way.

Species selection that allows for the production of nuts and fruits for human consumption, woody
materials such as grape vines for floral arrangements, nutraceuticals, or other agroforestry products
are appropriate for windbreaks, where production of these products does not hinder the primary
purpose of the windbreak.

Refer to Design Purposes, pages 5-9, for considerations specific to each purpose that may affect
composition of the planting.

Design Spacing

In-Row Spacing

Refer to Table 1 for in-row spacing of the appropriate type of plant to meet a particular purpose.

Between-Row Spacing

To provide adequate growing space, between-row spacings shall be at least 1 times the within-row
spacing for each type of plant, or wide enough to meet the minimum square footage per plant, except
for twin-row high-density windbreaks. Use the wider determination when two adjacent rows each have
different spacings. Ex: When a tree is adjacent to a shrub, use 1% times the tree spacing. See table
1 for general within-row spacings.

Several species require specific row spacing recommendations due to rapid growth rates and form.
Rows of conifers and deciduous trees should not be established within 25 feet of cottonwoods, hybrid
poplars, and tree willows nor should they be alternated with these species within the row. Rows of
conifers and deciduous trees should not be established within 20 feet of Siberian elm.

Closer spacing can increase disease potential and cause pines to self-prune lower limbs. Between-
row spacings can be modified upward to fit machinery widths. Row spacings wider than 30 feet are
usually inappropriate for the species suited to North Dakota. Obviously, this prohibition does not apply
to the area between twin-row pairs, snow traps, etc.

Wider spacings are permissible and will usually provide better growing conditions for the tree but will
increase the time before canopy closure, if closure happens at all. Canopy closure in the eastern part
of the State can be fairly effective at controlling unwanted herbaceous vegetation. In the western part
of the State, moisture stress and the presence of bromegrass and quackgrass limits the effectiveness
of canopy closure as a weed control method.

If spacings must be increased because of landowner desires or to provide adequate growing space, it
is best to increase the between-row spacing rather than the within-row spacing. Closer within-row
spacing, as recommended in Table 1, will provide quicker closure and more effective barrier to the
wind.
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Table 1: In-row Spacing by Plant Type for Specific Purposes (feet)

(Assumes vigorously growing, single row of species type listed.)

Q 2 o S £ % T ) L, 0
2 85 | s8S|522883%8 ¢ | 3858 5| &
3 S5 | S¥E|2828 288 & | SREEl | &
2 20 | F20 |88 T F o | 30<> § a
a [
Snow Control / Stoppage, Noise
Barriers Carbon Storage 3-6 3-4 Not with [Not with| 8- 14 6-10 Not | 8-14
80% + Density one row |one row with
one
row
Snow Spreading 35 -60% Not Not
. . 5-8 6-10 |10-16 Not . 10- |10-16
Density Suitable Suitable Suitable 14
Erosion Control, Intercepting
Chemical Drift 40 - 70% Density 4-8 4-6 6-10 8-14 1 8-16 6-10 18-1210-16
Traditional Crop Protection
40 - 70% Density 4-8 4-6 6-10 8-14 | 8-16 6-10 ([8-12(10-16
Specialty Crop Protection, Visual
Screens 60 - 80% Density 3-6 3-4 5-8 8-14 | 8-12 6-10 8-12( 8-14
- - — 0
pvestock Protection 60 - 80% 3-6 | Notwith | Notwith |Notwith| 8-14 | 6-10 [8-12| 8-14
Y one row | onerow |onerow
Building Site Protection, Visual
Screens 60 - 80% Density| 3-6 Not with | Not with [Not with| 8- 14 6-10 8-12| 8-14
one row | onerow |onerow
Minimum Square Footage Per Plant*
15 15 80 144 144 144 144 192

* The minimum square footage per plant means that a design using a minimum within-row spacing
will often require a wider between-row spacing in order to ensure enough growing space for each
plant. Adequate growing space per plant will maintain a healthy, vigorously growing plant, with a
reduced chance of disease incidence, and a strong likelihood that lower limbs will be maintained
throughout the life of the planting.

** Rows of conifers or deciduous trees should not be planted within 25 feet of cottonwoods, hybrid
poplars or tree willows, nor should these plants be alternated within the row.

These within-row and between-row spacings are specific to the varied purposes of windbreaks only.
Other forestry practices such as riparian forest buffers and tree/shrub establishment, etc. will likely
have different spacing requirements.

Within-Row Plant Alternation

To meet landowner needs, to improve aesthetics or function, or to reduce disease potential,
compatible plants may be alternated within the row. Such a planting scheme increases the complexity
of subsequent maintenance operations. See Table 2 for acceptable alternations.
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Table 2 - Acceptable Plant Alterations Within The Row

- 0
M x g9 2
2 o 25 S . 5
E Q2 T n S [Te) [
< o QS ‘S N * » O ®©
n = EQ o N 28 |53
o= n = 3. [a ] 0 £8 |88
og = g0 =3 g |gs |c3
¥ © & E-RY S = g |[Sa |3x
Short6 Sthrltlbs YES INSERT |INSERT |[INSERT |NO |[NO | NO
< 6'ta
Tall Shrubs | INSERT YES INSERT |INSERT |NO |[NO | NO
> 6 feet tall
Small
Deciduous INSERT |INSERT YES NO NO |NO | NO
Trees < 25'
Tall
Deciduous INSERT |INSERT NO YES NO |NO | NO
Trees > 25'
Pines NO NO NO NO YES |NO | NO
Larches * or NO NO NO NO NO |YES |YES
Spruces
Juniper or NO NO NO NO NO |YES |YES
Redcedar
Legend:

Yes = Using the within-row spacings from Table 1, replace every other plant with another plant
of similar size and type. Ex: A green ash windbreak designed with 12 feet between plants
could be altered to become a green ash, bur oak, hackberry windbreak with 12 feet between
plants

Insert = Using Table 1 above, select the appropriate between-plant spacing for the tallest plant
of the intended alternation scheme. (Select the upper end of the spacing range.) Plant the
shorter plant midway between the tall plants. Ex: A green ash planting designed with 12 feet
between trees could be altered to become a green ash, caragana, green ash, lilac planting
with 6 feet between plants.

No = The listed alternation scheme is not acceptable due to incompatible plant characteristics
that could affect form, survival, filling in, shade tolerance, disease etc.

Note: When determining whether a species is short or tall, refer to the maximum height listed
in Tree and Shrub Characteristics.

* When alternating larch, ensure landowner is aware that this species loses its needles in the
fall. This attribute will result in a windbreak with apparently dead trees throughout the fall and
winter.
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Specialty Designs
Twin-row, High-density Windbreaks

Each pair of twin rows will be planted to the
same species.

Twin-row, high-density windbreaks for snow
control/stoppage and livestock/building site
protection shall consist of at least three pairs
of twin-rows. The most windward row of the
most windward pair must be at least 200' from
the area needing protection. See Figure 8.

Within-row spacing for each pair of a twin-row,
high-density windbreak will generally be the
smallest value from Table 1 for the species
type to be planted. Spacing between rows
within each pair shall be the same as the
within-row spacing. See Figure 9. Spacing
between paired rows shall be 30-50 feet.

Windbreak Stubs for Snow Control

To reduce end effects- where existing
windbreaks are creating unwanted snowdrifts
on roads or other areas needing

protection- establish short windbreak

stubs. These 300-400' stubs shall consist

of 1-3 rows designed as a snow stoppage
windbreak (See Table 1) and oriented
perpendicular to the problem legs of the
existing windbreak. See Figure 10.

For non-cropland sites, the stubs may be
planted immediately adjacent to the
existing tree rows. With no access gaps,
the stubs may be placed as close as 200
feet from the near edge of the area
needing protection.

For cropland sites, leave a 50-80 foot
machinery access gap between the
existing trees and the new trees. When
access gaps are a part of the design, the
stub rows should be located 400 feet from
the near edge of the area needing
protection. Access gaps may be

35-60% 80%+ 35-60%

| Density Density | DenS|tv_|
VI‘

Figure 11: Feathered Windbreak Ends
to Reduce End Effect Drifting

USDA-NRCS - North Dakota
FOTG - Section IV - Conservation Practices

3-10'
between
plants and
each row

/,

30-50'
between
paired rows

Figure 9: Twin-Row, High-density Windbreak

400" with

300-400' stubs —»
Machinery

200" without 4%
gap

Figure 10: Windbreak Stubs for Snow Control

incorporated into designs on non-cropland also,
based on landowner desires, but the greater
setback distance will apply. See Figure 10.

Alternative End Effect Reduction

Another way to minimize adverse effects (snow
drifts and increased wind velocities) around the
ends of dense windbreaks is to change the design
of the last 200" from a snow stoppage windbreak to
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a snow-spreading windbreak. See Figure 11 for details.

Temporary Windbreaks

For more immediate protection, temporary windbreaks shall be planted at the time the main windbreak
is established. Temporary windbreaks will consist of a twin-row high density planting. To be effective,
temporary windbreaks must grow at least 1 foot per year faster than the fastest growing species within
the main windbreak.

Temporary windbreaks may only be used to
supplement a properly designed and located primary
windbreak. They do not count towards the minimum
number of row requirements. See Figure 12 for one
possible location.

Locate temporary windbreaks at least 50 feet
windward or leeward from the primary windbreak to
allow access for harvest or removal. Be alert to how
a temporary windbreak will affect snow deposition.
Leeward locations will protect the area quicker but
may cause problems with snow deposition.

Figure 12: Temporary Windbreaks Windward locations will eliminate snow problems,
but may be too far away to provide protection to the
building site any sooner than would the primary
windbreak.

Temporary windbreaks are inappropriate if anticipated growth rates of the species in the temporary
windbreak do not exceed 2 feet per year on the proposed site. Refer to Tree and Shrub Characteristics
for growth rates of individual species. In areas of reduced growth rates, constructed temporary
windbreaks may be an appropriate solution.

Effective temporary windbreak designs will often be a twin-row, high-density planting of hybrid poplars
or some other fast growing tree or shrub. Once the main windbreak is up and functioning, usually after
10-20 years, the temporary windbreak can be harvested or removed. Properly managed twin-row
plantings of poplars can yield a large amount of good quality lumber or firewood.

OPERATION AND MAINTENANCE

Weed Control
To determine an appropriate form of weed control refer to Tree Care and Management, pages 10-14

Replanting

Any tree or shrub that fails within three years should be replaced with a similar plant. Replants
shall maintain the intended function of the planting and be compatible with soils and climate.
Growth rates of replants (within 3 years) are usually such that little, if any, size difference is noted
after 10 years.

After three years a windbreak/shelterbelt shall have at least 85% of the trees planted in a healthy
condition with no two adjacent plants missing.

Disease, Insects, Weather and Animals

To determine ways to prevent or control damage due to disease, insects, weather or animals,
refer to Tree Care and Management pages 14-16. These pages also list several links that provide
more in-depth guidance.

Fire Protection
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Windbreaks can be damaged or destroyed by wildfires. In some situations, windbreaks can
aggravate the fire risk to a building site. Refer to Firebreak-394 for information on constructing and
maintaining effective firebreaks.

OPERATION AND MAINTENANCE FOR LANDOWNERS
To guide landowners in operation and management of their windbreak, provide a copy of pages 11-19

of Tree Care and Management or University of Nebraska pamphlet "Windbreak Management"
http://www.ianr.unl.edu/pubs/Forestry/ec1768.htm.

OPTIONAL INFORMATION FOR LANDOWNER USE

How Windbreaks Work http://www.ianr.unl.edu/pubs/Forestry/ec1763.htm

Windbreak Establishment http://www.ianr.unl.edu/pubs/Forestry/ec1764.htm
Windbreaks in Sustainable Ag http://www.ianr.unl.edu/pubs/Forestry/ec1772.htm
Windbreaks and Wildlife http://www.ianr.unl.edu/pubs/Forestry/ec1771.htm
Windbreaks for Rural Living http://www.ianr.unl.edu/pubs/Forestry/ec1767.htm
Windbreaks for Livestock Operations http://www.ianr.unl.edu/pubs/Forestry/ec1766.htm
Windbreaks for Snow Management http://www.ianr.unl.edu/pubs/Forestry/ec1770.htm
Windbreak Management http://www.ianr.unl.edu/pubs/Forestry/ec1768.htm

Windbreak Renovation, http://www.unl.edu/nac/brochures/ec1777/ec1777.pdf

10 Field Windbreaks http://www.ianr.unl.edu/pubs/Forestry/ec1778.htm

11. Fruit Bearing Shrubs for Multi-Use Shelterbelts and Orchards
http://www.agr.gc.ca/pfra/shbpubl/fruitshr.htm

CoNOOr~WNE
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Attachment 1 to Kansas Forestry Technical Note No. KS-10
Dated May 16, 2007

CONSERVATION TREE/SHRUB PLANTINGS
SUITABILITY GROUPS FOR KANSAS

INTRODUCTION

The purpose of this document is to provide guidance for tree and shrub adaptability
based on soils. Each tree or shrub species has climatic and physiographic limitations.
Within these parameters, a tree or shrub may be well or poorly adapted because of soll
characteristics. Additionally, some introduced species may pose a problem because of
spreading (by seed or root suckering) or displacing native species. Care should be
taken to select materials adapted to the specific planting site and will address the
identified resource concern. The species listed within the Conservation Tree/Shrub
Plantings and Attributes (Attachment 2) are for conservation tree plantings. Refer to
Kansas Forest Service (KFS) preferred tree lists located at
http://www.kansasforests.org/pubs/community/index.shtml for Trees recommended for
urban or landscape plantings

Windbreak Suitability Groups (Attachment 3) have been developed considering
individual species performance under specific conditions of soil, climate, physiography,
and management. These groups provide a guide for species best adapted for the soils
within your county and for predicting height, growth, and effectiveness. They may be
used when selecting woody plants for windbreaks, wildlife plantings, riparian buffers,
reforestation, other environmental plantings, recreation, landscaping, wetland
restoration or enhancement, and critical area plantings.

A number of attributes are included in the table for each species. These attributes were
rated subjectively and assigned a relative value to further assist those unfamiliar with
individual species characteristics or desirability for the intended use.

Explanation of Terms for Conservation Tree/Shrub Plantings and Attributes Table:
Species are grouped by plant type (shrubs, deciduous, and conifer) and arranged in
alphabetical order by common name.

Kansas Tree/Shrub Zones

Western Central Eastern


http://www.kansasforests.org/pubs/community/index.shtml

-2

1. Suitability Group - A windbreak suitability value given to each soil that reflects soil
productivity. Explanation of the Conservation Tree and Shrub Suitability Groups can be
found in the National Forestry Manual, Section 537.22(1). Identify soil in the planting
site to determine suitability group value. A designation of Not Suited (NS) means that
the tree/shrub is not suited for that zone.

2. Average Height 20 Years - Heights represent expected performance of the individual
plant species.

3. Growth Rate - Represented by a value relating to plant growth. F=Fast, M=Medium,
S=Slow.

4. Native Species - N=Native to Kansas, I=Introduced to Kansas

5. Windbreak Value - H=High, M=Medium, L=Low. A general rating (H, M, L) of species
for windbreaks rated on their ability to provide a useful component in the windbreak. An H
rating would indicate that the trees or shrubs are capable of developing a row that is

uniform, dense, or tall enough to provide the windbreak component for which it is planned.

6. Wildlife Value - A general rating of H, M, or L of a plant’'s composite of food and cover
values for wildlife. Criteria include basal area, season of growth, longevity of fruit, and
suitability for nests. Species with an H rating would provide food and cover for many
wildlife species.

7. Lumber Products - Y=Yes, N=No. A rating of Y indicates that the species may
have commercial value as timber.

8. Fuelwood Product - A Y rating indicates that the species has fuelwood value.

9. Drought Tolerance - The plant’s capability to grow in droughty or dry soil conditions.
H=Plant can withstand or has physiology to survive droughty periods, M=Some
tolerance to drought or dry conditions, L=Little or no tolerance for dry soil conditions.

10. Soil Texture - Adaptation to different soil textures. 1=Fine textured soil, 2=Medium
textured soil, 3=Coarse texture soils.

11. Soil Saturation - The plant’s capability to grow in saturated soil conditions. H=Plant
can withstand saturated soil conditions, M=Some tolerance to saturated conditions,
L=Little tolerance of water-saturated soil, N=No tolerance to water saturation.

12. Salinity Tolerance - The plant’s ability to tolerate soil salinity. H=Can tolerate high
levels of salinity, M=Some tolerance to salinity, L=Little tolerance to salinity, N=No
tolerance to salinity.

13. pH Range - The range in soil pH values that the plant species can be expected to
grow successfully.
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Soil Suitability Groups

Suitability Group 1

Description - These are deep, well drained to somewhat poorly, drained soils that
receive beneficial moisture from favorable landscape positions, flooding, runoff from
adjacent land, or they have a beneficial seasonal high water table during the spring.
Soils within this group are generally fine sandy loam to silty clay loam.

Limitations - High pH will have an effect on the selection of species on some soils in
this group. Competition from grass and weeds is the principal concern in establishing
the managing trees and shrubs. Occasionally, somewhat poorly drained soils may have
excessive water for some species.

Suitability Group 2

Description - Soils in this group are deep, poorly drained or very poorly drained, and
excessively wet or ponded during the spring or overflow periods. Wetness limits the
selection of species suitable for planting on these soils and may reduce the growth rate.

Limitations - Wetness, high pH, and drainage will have an effect on the selection of
tree and shrub species for soils in this group. Competition from grass and weeds is the
principal concern in establishing and managing trees and shrubs. Spring planting may
be delayed because of wet conditions. Soil blowing is a concern on the sandy and
organic soils.

Suitability Group 3

Description - Soils in this group are deep, well drained, loamy-textured soils with
moderate and moderately slow permeability on uplands.

Limitations - Competition from grass and weeds is the principal concern in establishing
and managing trees and shrubs on these soils. Water erosion is a concern on the
gently sloping to moderately steep areas.

Suitability Group 4

Description - Soils are moderately deep to very deep and have loamy surface textures
with clayey subsoils, have slow or very slow permeability, and occur on uplands.

Limitations - High clay content and water availability have an effect on the selection of
tree and shrub species for these soils. Competition from grass and weeds is the
principal concern in establishing and managing trees and shrubs. Water erosion is a
concern on the gently sloping to moderately steep areas.

Suitability Group 5

Description - Soils in this group are deep with loamy and sandy texture. This group
typically includes soils that normally have adequate soil moisture.

Limitations - Competition from grass and weeds and abrasion from soil blowing are the
principal concerns in establishing and managing trees and shrubs on these soils.



Suitability Group 6

Description - Soils are well drained, mostly loamy textures, and moderately deep over
sand, gravel, bedrock, and other layers that can severely restrict root growth. Soils
have low or moderate available water capacity.

Limitations - Droughtiness will have an effect on the selection of tree and shrub
species for use on these soils. Competition from grass and weeds is the principal
concern in establishing and managing trees and shrubs. Water erosion is a concern on
gently sloping to moderately steep areas. Supplemental watering and/or weed fabric
barrier may be needed for establishment.

Suitability Group 7

Description - Soils in this group are deep, excessively to moderately well drained,
sandy in texture, typically have low or very low available water-holding capacity, and do
not normally have adequate moisture.

Limitations - Drought conditions and abrasion from soil blowing are the principal
concerns in establishing and managing trees and shrubs on these soils. Specialized
site preparation (due to hummocky sand that is subject to blowouts) and specialized
planting methods (vegetation between rows is normally left undisturbed) are needed to
establish trees and shrubs. Supplemental watering and/or weed fabric barrier may be
essential for successful establishment.

Suitability Group 8

Description - Soils are calcareous at or near the surface. They do not receive
beneficial moisture from run-in, flooding, or seasonal high water tables.

Limitations - High calcium content and competition from grass and weeds are the
principal concerns in establishing the managing trees and shrubs on these soils. Water
erosion is a concern on gently sloping to moderately steep areas.

Suitability Group 9

Description - Soils are affected by salinity and/or sodicity.

Limitations - Concentrations of salt and/or restrictive layers will severely affect the
establishment, vigor, and growth of trees and shrubs on these soils.

Suitability Group 10

Description - Soils have one or more characteristics such as soil depth, texture,
drainage, available water capacity, slope, or salts which severely limit planting, survival,
or growth of trees and shrubs.

Limitations - Soils are usually not recommended for farmstead and feedlot windbreaks,
field windbreaks, and plantings for recreation and wildlife. However, onsite
investigations may reveal that tree and shrub plantings can be made with special
treatments (hand-planting, scalp planting, specialized site preparation, drainage, or
other specialized treatments). The selection of species must be tailored to the soil
conditions existing at each site. Limiting conditions and the specialized treatments
required to overcome these limitations must be documented on the planting plan.
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Conservation Tree/Shrub Plantings and Attributes Dated May 16, 2007
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Shrubs
Blackhaw 1,36] NS [ NS | 68 | NS | NS | S | N L H]IN] NJ]MI[12] N| N [48-75
Buttonbush 1,2 | 1,2 | 1,2 [12-15] 812 68 [ M | N LI MI]IN]|]N]|]MI[123] H L [5.3-85
Cherry, Choke 1,3-8/1,37[1,37[12-14]10-12] 6-10 | F | N | H[ H| N[ N | H |123] M [ H |5.2-84
Cherry, Sand (Prunus besseyii)| 1,3 | 1,3 | 1,3 4-6 4-6 4-6 S N M H N N H |23] N N 5.9-7
Cotoneaster, Peking 1,3-6/1,36[{1,36[ 6-10 | 68 | 57 | M [ H]H[NJ|]NJ[HI[123 N| H [5575
Currant, Golden 1,3-8/1,38{1,38) 35 | 35 | 35 [ M| N| H[ H|[ N[ N]| H 2 N | N 6-8
Dogwood, Redosier 1,35/1,35[1,35| 68 [ 68 | 68 | F [ M| M|[NI[N L [123] H | M [ 48-7
Dogwood, Roughleafor Gray [1,3-6/1,35[1,35[ 68 | 68 | 68 | F| N| H[ M| N[ N]|] H 12 L L [45-75
Elderberry 1,3 NS | NS [ 57 | NS | NS F [N L HIN] N[ M| 2 N | N 5-7
Euonymus, Eastern Wahoo 1,34 1 NS [ 68 ] 68| NS [ M | N LI M| N|]N]J]MI[123 N| N [6.1-7.8
Euonymus, Winterberry 1,3-5/1,3-5[ NS [12-18]12-16] NS F [ H LI N[ N]MIJ123 N L [4.7-75
Forsythia 1,35/1,35[1,35| 68 [ 68 | 68 | F [ M[{M|IN[N]MIJ123 N L [4.7-75
Hazel, American (hazelnut) 1,35| NS [ NS [ 35 [ NS | NS | M | N L H]N]J]N L [2,3] M| N 5-7
Honeysuckle, Freedom 1/ NS [ NS [1-689 NS [ NS | 68 | F [ H]H[N|]N|[MI[123 N[ N [6-75
Indigobush (Amorpha fuiticosa) 2 2 2 4-6 4-6 4-6 M N L L N N L 11,23] M M 5-8.5
Lilac 1,3-5/1,35(1.359 810 [ 8-10 | 68 | S [ H]IM[ N[ N]|[HI[123] N L [5.8-7.8
New Mexico Forestiera NS [ NS [1,36] NS [ NS | 68| M [ N[ H] H] N]|] NJ] H[123 N|] M |575
Peashrub (Caragana), Siberian | 1,3-5( 1, 3-5( 1, 3-5( 12-14| 10-12| 6-10 F I H M N N H 23] L M 6-9
Plum, American 1368 1,35[1,35/810| 68 [ 68 | M [ N[ H]H]N]| N MI[23] M L 5-7
Plum, Sandhill 1,3-79(13571357 68 | 68 [ 46 | M [ N[ H] H] N]|] NJ] H[23]L L | 5-75
Russian Almond NS [1,36[/1,36] NS [ 35 | 355 | M [ H]IM[N]|]NJ[HI[123 N[ N [575
Saltbush, Fourwing 9 9 1379 68| 46 | 46 [ S| N|J H] H[ N[ N[ HIJ123 N| H [ 669
Sumac, Fragrant 1,3-8/1,38[{1,38/ 58 | 58 | 47 [ M | N| H|[ H| N[ N]| H [123] L L 5-8




Conservation Tree/Shrub Plantings and Attributes

Attachment 2 to Forestry Technical Note No. KS-10
Dated May 16, 2007

Suitability Ave. Height
Tree/Shrub Group (feet) 20 yrs. Attributes Soil Adaptation
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Deciduous Trees
American Hop Hornbeam 1 NS NS | 13-18| NS NS S N L M N Y L [2,3] L N 4-7.4
Ash, Green 15 [ 1,2 [ 1,2 ]2832[2428[2426] F N[ H] M| Y[ Y [ ™M[123 H] L [ 58
Baldcypress 15 [ 1,2 [ 1,2 [15-20] 15-20] 15-18] M | LMY T[T Y][MTJ123 H] N 456
Basswood, American 15 [ NS [ NS [2630 NS [ NS [ M| N[ M| M YT Y[ M][23] L] NTJ4575
Birch, River 1,2 [ NSNS 350 NS NS F[I N[ L] LYY T[T L]o2l LT LT 36
Catalpa, Northern 1,36[1,36[1,36[26-28]26-28] 24-26] F | M| H]Y]TY][HT[23[M] L J[537
Cherry, Black 1 NS | NS [2630] NS [ NS T FIN]T LM YT]TY [ MT[23] N[ NTJ575
Coffeetree, Kentucky 1,36[1,36] 1,2 [26-28][26-28]2426 M | N[ M [ M| Y] Y[ M [123][ M [ M [4875
Cottonwood, Eastern 1,2 [ 1,2 1,2]5565[5060[4555] F | N[ H] H] Y| Yy [ ™mM[123[ H] L [5575
Elm, Lacebark 1,3-8[1,3-8]1,35][24-28] 22-26 [ 20-24] F | H]I M NT]T Y[ HTJ123 N N 487
Elm, Siberian NS | NS [1,38] NS | NS [25-28] F | H] L] Y] Y[ ™MJi23 N[ N [558
Hackberry 15 | 15 1 [2830[26-28]29-26] F I N[ H]IH] Y] Y[ HTJ123 M M| 458
Hawthorn 1,36[1,36[1,36[2024][2024]1822] M [ NI M H] NT Y[ HTJ12] N[ N 4572
Hickory 15 [ NS [ NS 2430 NS [ NS [ S N[ M| H] YT Y[ MI[123[ M| N [474
Honeylocust 38 | 38 | 38 [30-36[2832[2628] F [ N H] M [ Y[ Y] HT[123[ H] L | 68
Locust, Black 38 [ 38 | NS [26-30[2426] NS | FI N[ M| M NT Y [ ™MT[123][ L ] N [4875
Maple, Silver 13 [ 1,2 [ NS [36-38[323 NS [ F I N[ M| M Y[ Y[ MI[123 H] L [465
Maple, Sugar 1,35 NS [ NS {2430 NS I NS S NI MM Y] YT LTJ23] L[ NIJ3775
Mulberry, Red/White 2/ 16 | 18 [ 1-8 [20-22[20-22[1820 M [ Na [ H ] H] Y[ Y [ H [123 M| M| 58
Oak, White 1 NS [ NS [2428] NS NS T ST NTH]TH]YT]T Y[ WMT]23] L] NTJ4568
Oak, Black 1,36 NS [ NS [2630] NS I NS [ M| NI M H]T Y] Y[ MIJ123] L [ N [4568.
Oak, Bur 18 | 18 [ 15 [24-28[2426[2426] S | N[ H| H] Y[ Y[ H[123[ H] L [458
Oak, Chinquapin 1,36[1,36] NS [2428[2226] NS [ M [ N[ M H] Y] Y] H] 2] N[ NT]G®658
Oak, English 3-5 [1,35]1,35]40-60][40-60]30-50] M | M H]TY[Y [ M[12] M| L [457
Oak, Northern Red 1,35 1 NS [60-75]55-70] NS [ M [ Y[ M H]T Y[ Y[ MT]12] Mm ] N [4565




Attachment 2 to Forestry Technical Note No. KS-10

Conservation Tree/Shrub Plantings and Attributes Dated May 16, 2007
Suitability Ave. Height
Tree/Shrub Group (feet) 20 yrs. Attributes Soil Adaptation
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Oak, Pin 15 | 1,2 | NS [2628[2426] NS | F | N| H [ H [ Y[ Y[ M[L2] Y| N [4565
Oak, Sawtooth 1,35]1,35] NS [2630[ 2428 NS [ M | | | H| H[ N]| Y[ MJ[123[ N[ N [497.0
Oak, Shumard 1,35]1,35] NS [2630| 2428 NS [ M | N | H | H ][ Y| Y[ MJ[123[ N[ N [5575
Oak, Swamp White 15 | 1 | NS [2428[2426] NS | F | N | H [ H | Y[ Y[ M]|123 M| N [4365
Osage Orange 1-9 | 1-9 | 1-9 [1822[1822[1620] M | | | H [ M [ N[ Y [ H [23| M | L | 458
Pawpaw 1.2 | 1,2 | NS [1822[1518] NS [ M | N | L [M [ N[ N[ L [23] L | N [5172
Pecan 15 | NS | NS [2630] NS | NS [ S [ N[ M [ H [ Y[ Y[ M][123 H]| N [4575
Persimmon 1,35 NS [ NS [2025] NS [ NS [M [ N| H|H][ Y| Y][MJ[123[ N[ L [ 47
Redbud, Eastern 1,36[1,35] 1,3 (1418|1014 710 [ M [ N | M [ M [ N| N [ M [1,2] N | N [4575
Soapberry, Western 1,36(1,36(1,36|2228|2226[1822| M | N | M [ M [ N| Y | H [23] N| N[ 57
Sycamore, American 1.2 | 1,2 | NS [3236[3034] NS | F [ N| L [ M| Y][Y [ M][23] H]| N [4965
Walnut, Black 1.3 | 1 1 [2628|2426[1822] M [ N | H| H| Y | Y[ M| 2 | N[N [5575
Willow 1,2 | 1,2 [ 1,2 [2530[2228[1822] F [ N[ L [ M| Y[ Y| L |23 H[N] 68
Conifer Trees
Arborvitae, Oriental 15 | 15 | NS [165620]1418] NS | F | I [ H [ M [ N N [ M [123] N | M [4.768
Juniper, Chinese 1,37[1,37[1,37]1520[1520[1520] F | | | N[ M [ N | N[ M [123[ N[ Y | 488
Juniper, Rocky Mountain NS | NS [1,39] NS [ NS [1418| M | | [ H [ H| N[ N| H |23 N[ N]| 58
Pine, Austrian 1,37]1,37[1,35]2428[2024|1822| M | | | H|[ M [ N| N[ M| 2 | N| Y [6575
Pine, Eastern White 1,35 NS [ NS [3034] NS [ NS [ F [ 1 [H|[M[ Y[ NJL[2]N|[N]465
Pine, Ponderosa 1,38(1,38(1,38(1822|1620[1418] M | | | H [ M [ Y | N | H [23] N | N | 67
Pine, Southwestern White 1,35[1,35[1,35]1822[1620[1418] M | | | H [ M [ N | N | H [23] N | Y [ 575
Redcedar, Eastern 1,39[1,39[1,39[1418[12:15] 1012 M | N | H | H [ Y | N | H [123[ N | N | 478
Footnote:

1/ Freedom Honeysuckle is a introduced shrub that can become invasive in some locations.
2/ White mulberry is a introduced tree that can become invasive in some locations.
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Describes CTSGs and how they are utilized in
selecting tree and shrub species

pp. 3-4

Soil Names
Alphabetically

Includes an alphabetical list of all soils series
and the CTSG soil group/subgroup within each

pp. 5-14
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Number

Includes a list of all soils series by CTSG group
number

pp. 15-24

Vegetative Zone Map

Map showing vegetative zones within Nebraska
(formerly rainfall zones)

p. 25

Descriptions of each
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groups
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Each table lists species adapted to each CTSG
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CTSG 9L

continued... Each table lists species adapted to each CTSG

Plants recommended | by vegetative zone, including 20-year heights p. 92
for each CTSG and mature height/spread CTSG 9w
p. 93
CTSG 10
p. 94
pp. 95 - 104

Includes a complete listing of tree and shrub
species and their attributes.

Summary - List of
Attributes by Species
for Conservation
Tree/Shrub Plantings
in Nebraska

This list can be used to select species based
on their attributes and the purpose of the
planting (e.g., shade tolerance, flooding
tolerance, wildlife value, density, wood
products, and suckering, other
attributes/concerns).

Each field office/DC shall list individual soils that are included in each CTSG for your service area. It
is recommended that this task be accomplished using the reports in Web Soil Survey, under the Soll
Data Explorer tab. The following table shows where these reports are located in Web Solil Survey.

. Tab of Soil Data Map (M) User Options
Soil _ Map or Explorer Menu or
Interpretation Table Name Table (M| Minor RDepth Notes
Soils ange
) Windbreaks and . . . Lists Tree and
Windbreaks Environmental Soil Reports Soil Erosion T o Shrub Species By
Plantings Soil
Conservation Suitabilities and Land Classificati M.T Rates Dominant
Tree and Limitations for Use an assihcations ’ Soil In Map Unit
Shrub Group
Conservation . S ° Rates Individual
Tree and Soil Reports Land Classifications T Soils in Map Unit
Shrub Group
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Conservation Tree/Shrub Groups (CTSGS)

Introduction

A Conservation Tree/Shrub Group (CTSG) is a physiographic unit or area having similar
climatic and edaphic or soils-related characteristics that control the selection and height
growth of trees and shrubs. Each Conservation Tree/Shrub Group is based on two soil-
related elements: 1) Major Land Resource Area (13 in NE), and 2) Soil Group (22 in NE).

1) Major Land Resource Area (MLRA) refines the list of woody plant species selected
and adapted to a specified geographic area with similarities in climate. See USDA
Agricultural Handbook 296 (2006) for a definition of a MLRA:
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/survey/geo/?cid=nrcs142p2 0
53624.

States can further subdivide a MLRA by varying elevations (i.e., hardiness zones)
and diverse ranges of average annual precipitation that influence species selection
and performance.

2) Soil Group further refines the list of woody plants based on groupings of soil-related
conditions. Rather than try to correlate plant data for each and every soll
component, a component is evaluated against criteria and placed in one of the 22
Nebraska soil groups. Woody plants are then correlated to a specific soil group
within the identified MLRA. If needed, local custom criteria can be used to override
the calculated soil group, as well as recognize additional local soil groups.

The correlation and display of adapted woody species, height performance, other
attributes, and associated practices and measures using the CTSG system need to be
clearly understood by clients. The performance of species is expressed as the expected
height at a base age (usually 20 years in continental U.S. and Alaska and 10 years for
tropical and subtropical areas). Other attributes may be correlated to each species,
such as longevity, wildlife value, crown shape and spread. In addition to height
performance and other attributes, the CTSG, MLRA, and soil group may be used to
determine facilitating practices and measures that can enhance survival and growth of
woody species for correlated soil components. For example, a soil component in Soll
Group 7 (sandy) in an agricultural area in MLRA 67A will likely have blowing sand that
will damage new seedlings in a zone of low precipitation. Permanent irrigation (i.e.,
Irrigation System — Micro-Irrigation, 441) and moisture-conserving “weed barrier” (i.e.,
Mulching, 484) in combination with small physical barriers on the windward side of
planted seedlings (e.g., straw bales or snow- fence) could offer mitigating actions to
insure better survival and establishment.

States are responsible for developing CTSG interpretations for MLRAS that occur wholly
within their state. For MLRAS that cross state boundaries, the individual state with the
greatest extent of the MLRA is responsible for developing CTSG interpretations but
must coordinate with adjacent states having the MLRA. States make periodic reviews
and updates to such displays so that information and data are current in section Il of the
eFOTG, the Web Soil Survey, and other applicable documents. Although the CTSG
designation is very helpful in conservation planning, it does not override the need for on-
site evaluation for properly selecting trees and shrubs and estimating design heights
and other planning requirements (190-V-NFM, Dec. 15, 2008).
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http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/survey/geo/?cid=nrcs142p2_053624
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/survey/geo/?cid=nrcs142p2_053624

All soil series mapped in the state have been placed with similar soils into one of the 22
CTSGs. Refer to Conservation Tree/Shrub Group Descriptions for a brief description of
the characteristics of each soil group. Each tree or shrub species has certain climatic
and physiographic limits. Within these parameters trees and shrubs may be well or
poorly suited because of climate, site and soil characteristics. These 22 groups are
derived from splitting out additional soil characteristics, such as calcareousness,
dryness, soil texture, soil depth, water holding capacity, depth to water table, salinity,
and pH. Individual species performance will vary under specified conditions of climate,
physiography, and management. Factors such as weed competition, moisture
conservation, spacing, and arrangement must also be considered.

A map of Nebraska Vegetation Zones is included for your reference. It may also be
found in the Nebraska Field Office Technical Guide, Section I-Maps. Each county in
Nebraska is included in one of four vegetative zones, based on precipitation ranges.
Because vegetative zones are large, climatic differences within a zone should also be
considered when recommending species. Some species adapted to the eastern end of
a zone may not be as adequately adapted to the western end due to rainfall generally
varying from “more” in the east to “less” in the west.

This information provides guidance for selecting species best suited within each
vegetative zone for each of the 22 groups of soils. It can also be used for predicting
survival, height, growth, species attributes and effectiveness for the purpose of the
planting. It can be used to select plants for windbreaks, riparian plantings, recreation
and wildlife plantings, ornamental or environmental plantings, reforestation, and critical
area plantings.

The expected 20-year tree or shrub height and height/spread at maturity is listed in
individual tables by CTSG and vegetative zone. This information should be employed
when determining: the spacing and placement of tree/shrub plantings, the area to be
protected by the windbreak, the species components, the effectiveness of the planting
purpose, and other planting design considerations.

Named varieties of plants cooperatively released through the NRCS/USDA Plant
Materials Program have been included in the tables. These varieties have proven
superior and should be used when they are available. Native plant species should
receive higher preference than non-native (introduced) species when planning a tree or
shrub planting.
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SOIL NAMES ALPHABETICALLY

Component Name CTSG |phase

Ackmore 1

Aksarben 4

Albaton 2K

Albaton variant 2K

Albinas 6

Alcester 3

Alda 1S

Alda 10 channeled, frequently flooded
Alice 5

Alliance 3

Almeria 10

Altvan 6

Angora 3

Anselmo 5

Anselmo 3 very fine sandy loam
Aowa 1

Aowa 10 channeled, frequently flooded
Arvada 10

Ascalon 5K

Ashollow 8

Ashollow 10 > 30 percent slopes
Badland 10

Bahl 4CK

Baltic 2K

Bankard 10

Bankard variant 10

Barney 10

Barney variant 10

Bayard 5

Bazile 2

Beckton 9w

Belfore 3

Benfield 10

Benkelman 1

Betts 8

Betts 10 > 30 percent slopes
Bigbend 10

Bigwinder 1S

Birdwood 10

Blackloup 10

Blackwood 3

Blake 1

Blanche 6

Blencoe 2

Blendon 5

Blendon variant 5

Blownout land 10

Blueridge 10

Blyburg 3

Boel 1S

Boel 10 channeled, occasionally flooded
Boelus 3

Bolent 2

Bolent 10 channeled, occasionally flooded

Page 5 of 104

NE T.G. Notice 648
Section Il

NRCS — February 2014



SOIL NAMES ALPHABETICALLY

Boone

10

Boyd

10

Bridget

3

Bristow

10

Broadwater

10

Brocksburg

Brownson

Brunswick

Buffington

Bufton

Burchard

Busher

Bushman

Butler

Calamus

Calamus

channeled, occasionally flooded

Calco

Campus

Canlon

Canyon

Carr

Caruso

Caruso variant

Cass

Cass

channeled, frequently flooded

Cass variant

Chappell

Chase

Cheyenne

Clamo

Clarno

Clawhammer

Coleridge

Colfer

Colo

Colo

channeled, frequently flooded

Coly

Coly

> 30 percent slopes

Contrary

Cooper

Cortland

Cozad

Cozad

saline-alkali

Cozad variant

Craft

Craft

channeled, frequently flooded

Craft

Creighton

Crete

Crete variant

Crofton

Crofton

RN © [{o) =N © - [N RN RN ala - [é)] RN
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Crowther

—_
o

Cullison

—_
o

Cutcomb

—_
o
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SOIL NAMES ALPHABETICALLY

Dailey 7
Dankworth 7
Darr 6
Deroin 3
Detroit 4
Dickinson 5
Dix 10
Doger 7
Doughboy 8
Dow 3
Draknab 5
Duda 10
Dudley 9L
Dunday 7
Dunn 5
Duroc 3
Dwyer 7
Eckley 10
Edalgo 10
Els 1S
Els 1SK |calcareous
Elsmere 1S
Elsmere 1SK |calcareous
Eltree 3
Enning 10
Epping 10
Eudora 1
Filbert 2
Filley 5
Fillmore 10
Fillmore 2 drained
Fillmore variant 10
Fishberry 10
Fluvaquents 10
Fluvaquents, loamy 10
Fluvaquents, sandy 10
Fluvaquents, silty 10
Fonner 6
Fonner variant 6
Fontanelle 2
Forney 2K
Gannett 10
Gannett variant 10
Gates 3
Gates 10 > 30 percent slopes
Gavins 10
Gayville 9L
Gayville variant 9L
Geary 3
Geary variant 3
Gering 9L
Gibbon 2
Gibbon 9L saline-alkali
Gibbon variant 2

Gilliam
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Glenberg 5K

Glenberg 10 channeled, frequently flooded
Goshen 3

Gosper 1

Gosper 9L saline-alkali
Gothenburg 10

Grable 5K

Grable variant 5K

Graybert 3

Grigston 3

Gullied land 10

Gus 10

Gymer 4

Hadar 5

Haigler 9L

Hall 3

Harney 3

Hastings 3

Hastings variant 3

Haverson 8

Haxtun 5

Haynie 8

Haynie 10 channeled, occasionally flooded
Haynie variant 8

Hedville 10

Hemingford 5

Hennings 5

Hennings 7 loamy fine sands
Hersh 5

Hersh 7 loamy fine sands
Hersh 10 > 30 percent slopes
Hisle 10

Histosols 10

Hobbs 1

Hobbs 10 channeled, frequently flooded
Hoffland 10

Holder 3

Holder variant 3

Holdrege 3

Holdrege variant 3

Holly Springs 10

Holt 7

Holt variant 7

Hord 3

Hord variant 3

Humbarger 3

Humbarger variant 3

Ida 8

Ida 10 > 30 percent slopes
Imlay 10

Inavale 7

Inavale 10 channeled, frequently flooded
Inglewood 7

Inglewood 10 channeled, occasionally flooded
Interior 10
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Ipage 7

Janise 9w

Jankosh 9w

Jansen 6

Jansen variant 6

Janude 3

Jayem 5

Jayem 7 loamy fine sands
Johnstown 3

Josbhurg 3

Judson 3

Kadoka 6D

Kanorado 4CK

Keith 3

Keith variant 9L

Kenesaw 3

Kennebec 1

Kennebec 10 channeled, frequently flooded
Kenridge 1

Keota 10

Keota 8

Keya 3

Kezan 2

Kezan 10 channeled, frequently flooded
Kipson 10

Kipson variant 10

Kuma 3

Kyle 4C

Labu 4C

Labu 10 > 30 percent slopes
Laird 10

Lamo 1K

Lamo variant 1K

Lancaster 6D

Lancaster variant 6D

Las 1SK

Las Animas 1SK

Las Animas 10 channeled, frequently flooded
Lawet 1K

Lawet 9L

Lawet variant 3

Leisy 3

Lemoyne 5

Leshara 1

Lewellen 9w

Lex 1SK

Lex 9W |saline-alkali

Lex variant 1SK

Lexsworth 9w

Libory 1

Lisco 10

Lockton 1S

Lodgepole 10

Lohmiller 10 channeled, frequently flooded
Lohmiller 4K

Page 9 of 104

NE T.G. Notice 648
Section Il

NRCS — February 2014



SOIL NAMES ALPHABETICALLY

Longford 4

Longpine 10

Loretto 3

Lossing 1K

Loup 2

Loup 10 frequently ponded
Lute 9w

Luton 2K

Lynch 10

Mace 6D

Malcolm 3

Malmo 4C

Manter 5

Manvel 8

Mariaville 10

Marlake 10

Marshall 3

Maskell 3

Massie 10

Mayberry 4C

McCash 3

McConaughy 3

McCook 8

McCook 10 channeled, occasionally flooded
McCook variant 8

McCuligan 2K

McGrew 1K

McGrew 9W |saline-alkali
McKelvie 7

McKelvie 10

McPaul 1

Meadin 10

Meckling 1K

Medihemists 10

Melia 3

Merrick 3

Minatare 10

Minnequa 9L

Minnequa 10 saline-alkali
Mitchell 8

Mitchell variant 8

Modale 1

Monona 3

Monona 10 > 30 percent slopes
Monona variant 3

Moody 3

Morrill 3

Morrill variant 3

Moville 1

Muir 3

Mullen 5

Munjor 5K

Munjor 10 |channeled, frequently flooded
Munjor variant 5K

Muscotah 2
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Napa 10

Napier 3

Nenzel 7

Nimbro 8

Niobrara 10

Nishna 2K

Nodaway 1

Nodaway 10 channeled, frequently flooded
Nora 3

Nora variant 3

Norrest 4

Norway 10

Norwest 1K

Novina 1

Nuckolls 3

Nuckolls variant 3

Obert 10

Obert 2K

Oglala 3

Olbut 9w

Olmitz 3

Olney 5K

Omadi 1

Onawa 1

Onawet 2K

O'Neill 6

Onita 4

Ord 1S

Ord variant 1S

Orella 10

Orpha 7

Orpha 10 > 30 percent slopes
Ortello 5

Ortello 7 loamy fine sands
Orwet 2

Otero 8

Otero variant 8

Otoe 4C

Overlake 5

Ovina 1

Owego 2K

Padonia 4C

Pahuk 7

Paka 10 > 30 percent slopes
Paka 3

Pathfinder 9L

Pawnee 4C

Pawnee variant 4C

Percival 1K

Phiferson 6DK

Phiferson 10 > 30 percent slopes
Pierre 4C

Pivot 7

Pivot 10 > 17 percent slopes
Platte 1S
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SOIL NAMES ALPHABETICALLY

Platte 10 channeled, frequently flooded
Pohocco 3

Pohocco 10 > 30 percent slopes
Ponca 3

Ponderosa 5

Ponderosa 3 very fine sandy loam
Ponderosa 10 > 30 percent slopes
Promise 4C

Ralton 6K

Redstoe 10

Ree 3

Reliance 4K

Richfield 3

Ringgold 5

Riverwash 10

Rock outcrop 10

Ronson 10

Rosebud 6D

Rosebud 10 > 17 percent slopes
Roxbury 1

Rusco 2

Rusco variant 2

Rushcreek 6K

Salix 1K

Salmo 9w

Salmo 10 channeled, frequently flooded
Saltillo 10

Saltine 10

Samsil 10

Sanborn 10

Sandose 5

Sansarc 10

Sarben 10 > 30 percent slopes
Sarben 5

Sarben 7 loamy fine sands
Sardak 7

Sarpy 7

Satanta 3

Satanta 6 gravelly substratum
Savo 4

Schamber 10

Scott 10

Scott variant 10

Scoville 5

Scroll 6K

Selia 10

Shale outcrop 10

Sharpsburg variant 10

Shelby 3

Shelby 10 > 30 percent slopes
Shell 1

Shell variant 3

Shingle 8

Sidney 5K
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Simeon 7

Skilak 9L

Skilak 10 > 17 percent slopes
Slickspots 10

Smithland 1

Sogn 10

Solomon 2

Steinauer 8

Steinauer 10 > 30 percent slopes
Sulco 8

Sulco 10 > 30 percent slopes
Sully 8

Talmo 10

Tassel 10

Thirtynine 3

Thurman 7

Ticonic 5

Tieville 2

Tomek 3

Trent 3

Tripp 3

Tryon 2

Tryon 10 frequently ponded
Tuthill 5

Udarents 10

Udorthents 10

Uly 3

Uly 10 > 30 percent slopes
Uly variant 3

Ulysses 3

Urban land 10

Ustipsamments 10

Ustorthents 10

Valent 7

Valent 10 > 30 percent slopes
Valentine 7

Valentine 10 > 30 percent slopes
Verdel 4C

Verdigre 4

Vetal 5

Wabash 2

Wakeen 6D

Wakeen 10 > 17 percent slopes
Wakeen variant 6D

Wann 1S

Wann 10 channeled, occasionally flooded
Wann 9L saline-alkali

Wann variant 1S

Wann variant 9L saline-alkali
Wathena 1S

Waubonsie 1

Wewela 7

Whitelake 10

Wildhorse 10

Wood River 9L saline-alkali
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Wood River 10

Woodbury 2

Woodly 3

Wymore 4C

Yockey 10

Yockey 9W  |saline-alkali
Yutan 3

Zoe 9w

Zook 2
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Component Name

CTSG

Phase

Ackmore

Aowa

Benkelman

Blake

Carr

Coleridge

Cooper

Eudora

Gilliam

Gosper

Hobbs

Kennebec

Kenridge

Leshara

Libory

McPaul

Modale

Moville

Nodaway

Novina

Omadi

Onawa

Ovina

Roxbury

Shell

Smithland

Waubonsie

Blencoe

Bolent

Butler

Calco

Caruso

Chase

Clamo

Clarno

Colo

Filbert

Fillmore

drained

Fontanelle

Gibbon

Gibbon variant

Kezan

Loup

Muscotah

Orwet

Rusco

Rusco variant

Solomon

Tieville

Tryon

Wabash

Woodbury

Zook

Alcester

QININININININININININININININININININININININININININD 2l 2 2 2

Page 15 of 104

NE T.G. Notice 648
Section Il
NRCS - February 2014



SOIL NAMES BY GROUP NUMBER

Angora

Anselmo

very fine sandy loam

Belfore

Blackwood

Blyburg

Bridget

Burchard

Contrary

Cozad

Cozad variant

Creighton

Deroin

Dow

Duroc

Eltree

Gates

Geary

Geary variant

Goshen

Graybert

Grigston

Hall

Harney

Hastings

Hastings variant

Holder

Holder variant

Holdrege

Holdrege variant

Hord

Hord variant

Humbarger

Humbarger variant

Janude

Johnstown

Josbhurg

Judson

Keith

Kenesaw

Keya

Kuma

Lawet variant

Leisy

Loretto

Malcolm

Marshall

Maskell

McCash

McConaughy

Melia

Merrick

Monona

Monona variant

Moody

Morrill
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Morrill variant

Muir

Napier

Nora

Nora variant

Nuckolls

Nuckolls variant

Oglala

Olmitz

Paka

Pohocco

Ponca

Ponderosa

very fine sandy loam

Ree

Richfield

Satanta

Shelby

Shell variant

Thirtynine

Tomek

Trent

Tripp

Uly

Uly variant

Ulysses

Woodly

Yutan

Aksarben

Buffington

Bufton

Crete

Detroit

Gymer

Longford

Norrest

Onita

Savo

Verdigre

Alice

Alliance

Anselmo

Bayard

Bazile

Blendon

Blendon variant

Boelus

Busher

Cass

Cass variant

Cortland

Dickinson

Draknab

Dunn

Filley

Hadar
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SOIL NAMES BY GROUP NUMBER

Haxtun

Hemingford

Hennings

Hersh

Jayem

Lemoyne

Manter

Mullen

Ortello

Overlake

Ponderosa

Ringgold

Sandose

Sarben

Scoville

Ticonic

Tuthill

Vetal

Albinas

Altvan

Blanche

Brocksburg

Campus

Caruso variant

Chappell

Cheyenne

Darr

Fonner

Fonner variant

Jansen

Jansen variant

O'Neill

Satanta gravelly substratum

Brunswick

Calamus

Colfer

Dailey

Dankworth

Doger

Dunday

Dwyer

Hennings loamy fine sands

Hersh loamy fine sands

Holt

Holt variant

Inavale

Inglewood

Ipage

Jayem loamy fine sands

McKelvie

Nenzel

Orpha

Ortello loamy fine sands

Pahuk
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Sarben

loamy fine sands

Sardak

Sarpy

Simeon

Thurman

Valent

Valentine

Wewela

Ashollow

Betts

Coly

Craft

Crofton

Doughboy

Haverson

Haynie

Haynie variant

Ida
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Keota

Manvel

McCook

McCook variant

Mitchell

Mitchell variant

Nimbro

Otero

Otero variant

Shingle

Steinauer

Sulco

Sully

Alda 10 channeled, frequently flooded
Almeria 10

Aowa 10 channeled, frequently flooded
Arvada 10

Ashollow 10 > 30 percent slopes

Badland 10

Bankard 10

Bankard variant 10

Barney 10

Barney variant 10

Benfield 10

Betts 10 > 30 percent slopes

Bigbend 10

Birdwood 10

Blackloup 10

Blownout land 10

Blueridge 10

Boel 10 channeled, occasionally flooded
Bolent 10 channeled, occasionally flooded
Boone 10

Boyd 10

Bristow 10

Broadwater 10

Brownson 10
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Calamus 10 channeled, occasionally flooded
Canlon 10

Canyon 10

Cass 10 channeled, frequently flooded
Clawhammer 10

Colo 10 channeled, frequently flooded
Coly 10 > 30 percent slopes

Craft 10 channeled, frequently flooded
Crofton 10

Crowther 10

Cullison 10

Cutcomb 10

Dix 10

Duda 10

Eckley 10

Edalgo 10

Enning 10

Epping 10

Fillmore 10

Fillmore variant 10

Fishberry 10

Fluvaquents 10

Fluvaquents, loamy 10

Fluvaquents, sandy 10

Fluvaquents, silty 10

Gannett 10

Gannett variant 10

Gates 10 > 30 percent slopes

Gavins 10

Glenberg 10 channeled, frequently flooded
Gothenburg 10

Gullied land 10

Gus 10

Haynie 10 channeled, occasionally flooded
Hedville 10

Hersh 10 > 30 percent slopes

Hisle 10

Histosols 10

Hobbs 10 channeled, frequently flooded
Hoffland 10

Holly Springs 10

Ida 10 > 30 percent slopes

Imlay 10

Inavale 10 channeled, frequently flooded
Inglewood 10 |channeled, occasionally flooded
Interior 10

Kennebec 10 channeled, frequently flooded
Keota 10

Kezan 10 channeled, frequently flooded
Kipson 10

Kipson variant 10

Labu 10 > 30 percent slopes

Laird 10

Las Animas 10 channeled, frequently flooded
Lisco 10
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Lodgepole 10

Lohmiller 10 channeled, frequently flooded
Longpine 10

Loup 10 frequently ponded

Lynch 10

Mariaville 10

Marlake 10

Massie 10

McCook 10 channeled, occasionally flooded
McKelvie 10

Meadin 10

Medihemists 10

Minatare 10

Minnequa 10 saline-alkali

Monona 10 > 30 percent slopes

Munjor 10 channeled, frequently flooded
Napa 10

Niobrara 10

Nodaway 10  |channeled, frequently flooded
Norway 10

Obert 10

Orella 10

Orpha 10 > 30 percent slopes

Paka 10 > 30 percent slopes
Phiferson 10 > 30 percent slopes

Pivot 10 > 17 percent slopes

Platte 10 channeled, frequently flooded
Pohocco 10 > 30 percent slopes
Ponderosa 10 > 30 percent slopes

Redstoe 10

Riverwash 10

Rock outcrop 10

Ronson 10

Rosebud 10 > 17 percent slopes

Salmo 10 channeled, frequently flooded
Saltillo 10

Saltine 10

Samsil 10

Sanborn 10

Sansarc 10

Sarben 10 > 30 percent slopes
Schamber 10

Scott 10

Scott variant 10

Selia 10

Shale outcrop 10

Sharpsburg variant 10

Shelby 10 > 30 percent slopes

Skilak 10 > 17 percent slopes
Slickspots 10

Sogn 10

Steinauer 10 > 30 percent slopes

Sulco 10 > 30 percent slopes

Talmo 10

Tassel 10
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Tryon 10 frequently ponded
Udarents 10

Udorthents 10

Uly 10 > 30 percent slopes
Urban land 10

Ustipsamments 10

Ustorthents 10

Valent 10 > 30 percent slopes
Valentine 10 > 30 percent slopes
Wakeen 10 > 17 percent slopes
Wann 10 channeled, occasionally flooded
Whitelake 10

Wildhorse 10

Wood River 10

Yockey 10

Lamo 1K

Lamo variant 1K

Lawet 1K

Lossing 1K

McGrew 1K

Meckling 1K

Norwest 1K

Percival 1K

Salix 1K

Alda 1S

Bigwinder 1S

Boel 1S

Els 1S

Elsmere 1S

Lockton 1S

Ord 1S

Ord variant 1S

Platte 1S

Wann 1S

Wann variant 1S

Wathena 1S

Els 1SK |calcareous
Elsmere 1SK |calcareous

Las 1SK

Las Animas 1SK

Lex 1SK

Lex variant 1SK

Albaton 2K

Albaton variant 2K

Baltic 2K

Forney 2K

Luton 2K

McCuligan 2K

Nishna 2K

Obert 2K

Onawet 2K

Owego 2K

Kyle 4C

Labu 4C

Malmo 4C
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Mayberry 4C

Otoe 4C

Padonia 4C

Pawnee 4C

Pawnee variant 4C

Pierre 4C

Promise 4C

Verdel 4C

Wymore 4C

Bahl 4CK

Kanorado 4CK

Lohmiller 4K

Reliance 4K

Ascalon 5K

Bushman 5K

Glenberg 5K

Grable 5K

Grable variant 5K

Munjor 5K

Munjor variant 5K

Olney 5K

Sidney 5K

Kadoka 6D

Lancaster 6D

Lancaster variant 6D

Mace 6D

Rosebud 6D

Wakeen 6D

Wakeen variant 6D

Phiferson 6DK

Ralton 6K

Rushcreek 6K

Scroll 6K

Cozad 9L saline-alkali
Craft 9L

Crete variant 9L

Dudley 9L

Gayville 9L

Gayville variant 9L

Gering 9L

Gibbon 9L saline-alkali
Gosper 9L saline-alkali
Haigler 9L

Keith variant 9L

Lawet 9L

Minnequa 9L

Pathfinder 9L

Skilak 9L

Wann 9L saline-alkali
Wann variant 9L saline-alkali
Wood River 9L saline-alkali
Beckton 9w

Janise 9w

Jankosh 9w

Lewellen 9w
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Lex 9W |saline-alkali
Lexsworth 9w
Lute 9w
McGrew 9W |saline-alkali
Olbut 9w
Salmo 9w
Silver Creek 9w
Yockey 9W  |saline-alkali
Zoe 9w
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Conservation Tree/Shrub Groups (CTSGs)

Descriptions

Group 1 (Wet Favorable)

Soil depth to a restrictive layeris at least 40 inches (100 cm). The depth to a water table during
the growing season is at least 1.5 feet (45 cm) but less than 4 feet (120 cm). If the soil is
frequently or occasional flooded for 2 or more months during the growing season, with duration
of brief, long, or very long, then the depth to a water table during the growing season may
exceed 4 feet. The available water capacity is greater than 9 inches (22.5 centimeters). Inthe
upper 12 inches (30 cm) of the soil profile free carbonates do not exceed a concentration of 5
percent calcium carbonate equivalent, the range of pHis between 5.6 and 8.4, and electrical
conductivity is 4 mmhos/cm or less.

Subgroup 1K (Wet Favorable-Calcareous)

Soil criteria is the same as Group 1 except:

_In the upper 12 inches (30 cm) of the soil profile free carbonates range between 5 and 15
percent calcium carbonate equivalent and the range of pH is between 6.5 and 8.4.

Subgroup 1S (Wet Favorable-Droughty)
Soil criteria is the same as Group 1 except:
_ The available water capacity is between 6 and 9 inches (15 and 22.5 cm).

Subgroup 1SK (Wet Favorable-Droughty-Calcareous)

Soil criteria is the same as Group 1 except:

_ The available water capacity is between 6 and 9 inches (15 and 22.5 cm)

_In the upper 12 inches (30 cm) of the soil profile free carbonates range between 5 and 15
percent calcium carbonate equivalent and the range of pH is between 6.5 and 8.4.

Group 2 (Wet)

Soil depth to a restrictive layeris at least 40 inches (100 cm). The depth to a water table during
the growing season is at least 0.5 feet (15 cm) but less than 1.5 feet (45 cm). The available
water capacity is greater than 3 inches (8 cm).

In the upper 12 inches (30 cm) of the soil profile free carbonates do not exceed a concentration
of 5 percent calcium carbonate equivalent, the range of pHis between 5.6 and 8.4, and
electrical conductivity is 4 mmhos/cm or less.

Subgroup 2K (Wet-Calcareous)

Soil criteria is the same as Group 2 except:

_In the upper 12 inches (30 cm) of the soil profile free carbonates range between 5 and 15
percent calcium carbonate equivalent and the range of pH is between 6.5 and 8.4.

Group 3 (Loamy)

Soil depth to a restrictive layeris at least 40 inches (100 cm). The depth to a water table during
the growing season is at least 4 feet (120 cm). If the soil is frequently or occasional flooded with
duration of brief, long, or very long, it must be for less than 2 months during the growing season.
The available water capacity is at least 9 inches (22.5 cm). In the upper 12 inches (30 cm) of the
soil profile free carbonates do not exceed a concentration of 5 percent calcium carbonate
equivalent, the range of pHis between 5.6 and 8.4, and electrical conductivity is 2 mmhos/cm or
less. The texture is non-clayey between 8 inches (20 cm) and 48 inches (120 cm).
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Group 4 (Clayey Favorable)

Soil depth to a restrictive layeris at least 20 inches (50 cm). The depth to a water table during
the growing seasonis at least 4 feet (120 cm). The depth to a water table may be less than 4
feet (120 cm) if it is for less than 2 months during the growing season. The available water
capacity is at least 6 inches (15 cm). In the upper 12 inches (30 cm) of the soil profile free
carbonates do not exceed a concentration of 5 percent calcium carbonate equivalent, the range
of pHis between 5.6 and 8.4, and electrical conductivity is 4 mmhos/cm or less. The texture
between 8 inches (20cm) and 20 inches (50 cm) is non-clayey over >35% clay.

Subgroup 4K (Clayey Favorable-Calcareous)

Soil criteria is the same as Group 4 except:

__Inthe upper 12 inches (30 cm) of the soil profile free carbonates range between 5 and 15
percent calcium carbonate equivalent and the range of pH is between 6.5 and 8.4.

Subgroup 4C (Clayey)

Soil depth to a restrictive layeris at least 20 inches (50 cm). The depth to a water table during
the growing season is at least 4 feet (120 cm). The depth to a water table may be less than 4
feet (120 cm) if it is for less than 2 months during the growing season. The available water
capacity is at least 6 inches (15 cm). In the upper 12 inches (30 cm) of the soil profile free
carbonates do not exceed a concentration of 5 percent calcium carbonate equivalent, the range
of pHis between 5.6 and 8.4, and electrical conductivity is 4 mmhos/cm or less. The whole soil
profile is >35% clay, but the 0 to 8 inches (20 cm) can be non-clayey

Subgroup 4CK (Clayey-Calcareous)

Soil criteria is the same as Group 4C except:

_In the upper 12 inches (30 cm) of the soil profile free carbonates range between 5 and 15
percent calcium carbonate equivalent and the range of pH is between 6.5 and 8.4.

Group 5 (Droughty)

Soil depth to a restrictive layeris at least 40 inches (100 cm). The depth to a water table during
the growing season is at least 4 feet (120 cm). If the soil is frequently or occasional flooded with
duration of brief, long, or very long, it is for less than 2 months during the growing season. The
available water capacity is at between 6 and 9inches (15 and 23 cm). In the upper 12 inches
(30 cm) of the soil profile free carbonates do not exceed a concentration of 5 percent calcium
carbonate equivalent, the range of pHis between 5.6 and 8.4, and electrical conductivity is 4
mmhos/cm or less. The whole soil profile is non-sandy or loamy or loamy-skeletal.

Subgroup 5K (Droughty-Calcareous)

Soil criteria is the same as Group 5 except:

__In the upper 12 inches (30 cm) of the soil profile free carbonates range between 5 and 15
percent calcium carbonate equivalent and the range of pH is between 6.5 and 8.4.
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Group 6 (Very Droughty)

Soil depth to a restrictive layeris at least 20 inches (50 cm). The depth to a water table during
the growing seasonis at least 4 feet (120 cm). The depth to a water table may be less than 4
feet (120 cm) if it is for less than 2 months during the growing season. The available water
capacity is between 3 and 6 inches (8 and 15 cm). In the upper 12 inches (30 cm) of the soll
profile free carbonates do not exceed a concentration of 5 percent calcium carbonate
equivalent, the range of pHis between 5.6 and 8.4, and electrical conductivity is 4 mmhos/cm or
less. The soil has a non-sandy surface, and is loamy/loamy skeletal over sands/gravels. The
drainage class for the soil is excessively, somewhat excessively, or well drained.

Subgroup 6K (Very Droughty-Calcareous)

Soil criteria is the same as Group 6 except:

_In the upper 12 inches (30 cm) of the soil profile free carbonates range between 5 and 15
percent calcium carbonate equivalent and the range of pH is between 6.5 and 8.4.

Subgroup 6D (Droughty-Moderately deep)

Soil depth to a restrictive layeris between 20 and 40 inches (50 and 100 cm). The depth to a
water table during the growing season is at least 4 feet (120 cm). The depth to a water table
may be less than 4 feet (120 cm) if it is for less than 2 months during the growing season. The
available water capacity is at least 6 inches (15 cm). In the upper 12 inches (30 cm) of the soil
profile free carbonates do not exceed a concentration of 5 percent calcium carbonate
equivalent, the range of pHis between 5.6 and 8.4, and electrical conductivity is 4 mmhos/cm or
less. The soil has a non-sandy surface, and is loamy/loamy skeletal over impervious layer.

Subgroup 6DK (Droughty-Moderately deep-Calcareous)

Soil criteria is the same as Group 6D except:

_In the upper 12 inches (30 cm) of the soil profile free carbonates range between 5 and 15
percent calcium carbonate equivalent and the range of pH is between 6.5 and 8.4.

Group 7 (Sandy)

Soil depth to a restrictive layeris at least 40 inches (100 cm). The depth to a water table during
the growing season is at least 4 feet (120 cm). The depth to a water table may be less than 4
feet (120 cm) if it is for less than 2 months during the growing season. The available water
capacity is at least 3 inches (8 cm). In the upper 12 inches (30 cm) of the soil profile free
carbonates do not exceed a concentration of 5 percent calcium carbonate equivalent, the range
of pHis between 5.6 and 8.4, and electrical conductivity is 2 mmhos/cm or less. All horizons
have a sandy texture.

Group 8 (Loamy-Calcareous)

Soil depth to a restrictive layeris at least 40 inches (100 cm). The depth to a water table during
the growing season is at least 4 feet (120 cm). The depth to a water table may be less than 4
feet (120 cm) if it is for less than 2 months during the growing season. The available water
capacity is at least 9 inches (22.5 cm). In the upper 12 inches (30 cm) of the soil profile free
carbonates range between 5 and 15 percent calcium carbonate equivalent, the range of pHis
between 6.5 and 8.4, and electrical conductivity is 4 mmhos/cm or less. The texture is non-
clayey between 8 inches (20 cm) and 48 inches (120 cm).
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Subgroup 9L (Dry-Saline/Alkaline)

Soil depth to a restrictive layeris at least 20 inches (50 cm). The depth to a water table during
the growing seasonis > 1.5 feet (45 cm). The depth to a water table may be less than 1.5 feet
(45 cm) if it is for less than 2 months during the growing season. The available water capacity is
at least 3 inches (8 cm). In the upper 12 inches (30 cm) of the soil profile, the range of electrical
conductivity is between 4 and 16 mmhos/cm. Sodium Adsorption Ratio (SAR) will be > 13. Soil
texture will vary, and will be saline and/or sodic.

Subgroup 9W (Wet-Saline/Alkaline)

Soil depth to a restrictive layer1is at least 20 inches (50 cm). The depth to a water table during
the growing season is between 1.5 and 5 feet (45 and 150 cm). The available water capacity is
at least 2 inches (5 cm). In the upper 12 inches (30 cm) of the soil profile electrical conductivity is
between 4 and 16 mmhos/cm. Sodium Adsorption Ratio (SAR) will be > 13. Soil texture will
vary, and will be saline and/or sodic. These soils are poorly or very poorly drained.

Group 10 (On-site Evaluation)

Soils have one or more characteristics that are severely imitating to the planting and growth of
trees and shrubs: soil depth is less than 20 inches (50 cm); available water capacity is less than
3 inches (8.0 cm); depth to a water table during the growing season is less than 0.5 feet (15 cm)
or occurs for longer than 3 months during the growing season; in the upper 12 inches (30 cm) of
the soil profile free carbonates are greater than 40 percent calcium carbonate equivalent, pH is
less than 4.0 or greater than 8.4, electrical conductivity is greater than 16 mmhos/cm, or sodium
adsorption ratio is 25 percent or greater. Slopes > 30%. All channeled phases that are
frequently or occasionally flooded. Soils that occasionally or frequently pond for long or very
long duration.
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ZONE | ZONE I ZONE Il ZONE IV
Soils . 20-YEAR MATURE 20-YEAR MATURE 20-YEAR MATURE 20-YEAR MATURE
Group TreeShrub Type Species
HEIGHT (ft) HGT/ S(th))READ HEIGHT (ft) HGT/ %T)READ HEIGHT (ft) |[HGT/SPREAD (ft)) HEIGHT (ft) | HGT/SPREAD (ft)

1 CONIFEROUS TREES|Arborvitae, American or Not Not Not Not 15-20 25-30/20 15-20 25-30/20
Northern White Cedar Recommended |Recommended |Recommended |Recommended
Thuja occidentalis

1 CONIFEROUS TREES]|Arborvitae, Oriental 1/ Not Not Not Not Not Not 15-20 15-20/15
Thuja orientalis Recommended |Recommended |Recommended |Recommended |[Recommended |Recommended

1 CONIFEROUS TREES|Baldcypress Not Not 20-25 25-30/20 20-25 30-35/20 20-30 40-50/20
Taxodium distichum Recommended [Recommended

1 CONIFEROUS TREES|Fir, Douglas Not Not Not Not 20-25 30-35/20 20-30 40-50/20
Pseudotsuga mennziesii |Recommended |Recommended |Recommended |Recommended

1 CONIFEROUS TREES|Fir, White Not Not 20-25 30-45/30 20-25 30-45/25 20-30 40-50/25
Abies concolor Recommended |Recommended

1 CONIFEROUS TREES|Juniper, Rocky Mountain [10-20 15-25/15 10-20 15-25/15 Not Not Not Not
1/ Recommended |Recommended |Recommended |Recommended
Juniperus scopulorum

1 CONIFEROUS TREES|Pine, Austrian 5-20 30-50/20-30 15-30 30-55/20 20-30 35-50/20 20-35 40-60/20
Pinus nigra

1 CONIFEROUS TREES|Pine, Eastern White Not Not 25-30 35-40/20 20-25 40-50/20 30-35 40-60/20
Pinus strobus Recommended [Recommended

1 CONIFEROUS TREES|Pine, Jack 15-20 30-40/15 15-20 35-45/15 20-30 35-45/15 20-30 35-45/15-20
Pinus banksiana

1 CONIFEROUS TREES]|Pine, Limber 1/ 10-15 25-40/15 10-15 25-45/15-20 15-20 30-45/15-20 20-25 35-55/15-20
Pinus flexilis

1 CONIFEROUS TREES|Pine, Ponderosa 1/ 15-25 30-50/20 15-30 30-55/20 20-30 35-55/20 20-35 40-60/20
Pinus ponderosa

1 CONIFEROUS TREES|Pine, Southwestern White [15-25 30-50/20 15-30 30-55/20 Not Not Not Not
1/ Recommended |Recommended Recommended |Recommended
Pinus strobiformis

1 CONIFEROUS TREES|Redcedar, Eastern 1/ 10-20 20-25/15 10-20 20-25/15 10-25 25-35/15-20 15-25 30-40/20
Juniperus virginiana

1 CONIFEROUS TREES|Spruce, Colorado Blue 15-20 25-35/20-30 15-20 30-40/20-30 20-25 30-45/20-30 15-20 40-60/25-30
Picea pungens

1 CONIFEROUS TREES|Spruce, Norway Not Not 25-30 30-40/20 25-30 30-45/20 25-35 45-60/25
Picea abies Recommended |Recommended
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ZONE | ZONE Il ZONE Il ZONE IV
Soils . 20-YEAR MATURE 20-YEAR MATURE 20-YEAR MATURE 20-YEAR MATURE
Group TreeShrub Type Species
HEIGHT (ft) HGT/S(E)READ HEIGHT (ft) HGT/%T)READ HEIGHT (ft) |HGT/SPREAD (ft) HEIGHT (ft) | HGT/SPREAD (ft)

1 CONIFEROUS TREES|Spruce, White 15-20 25-35/15 20-25 30-40/20 20-25 30-45/20 20-30 30-45/20
Picea glauca (variety
Black Hills)

1 DECIDUOUS TREES [Apricot, Manchurian Not Not 5-10 10-15/10 10-15 10-15/10 10-20 10-20/10
Prunus armeniaca Recommended |Recommended

1 DECIDUOUS TREES |Ash, Green 1/, 3/ 15-20 25-35/25 20-25 30-40/30 20-30 35-50/3 25-30 40-60/30-40
Fraxinus pennsylvanica

1 DECIDUOUS TREES |Aspen, Quaking 1/ 15-20 30-40 15-20 30-40 15-20 30-40 15-20 30-40
Populus tremuloides

1 DECIDUOUS TREES [Basswood/ Linden, 20-25 30-40/30 20-30 30-40/30 20-30 35-45/30 25-35 50-70/30-40
American
Tilia americana

1 DECIDUOUS TREES |[Birch, Paper 4/ Not Not 20-30 15-25/45 20-30 15-25/45 20-30 15-25/50
Betula papyrifera Recommended |Recommended |[(Niobrara Valley

only)

1 DECIDUOUS TREES |Birch, River 4/ Not Not 20-30 15-25/45 20-30 15-25/45 20-30 15-25/50

Betula nigra Recommended |Recommended |[(Niobrara Valley
only)

1 DECIDUOUS TREES |Boxelder 15-20 25-35/20 15-20 25-35/20 20-25 30-35/20 20-25 35-40/20
Acer negundo

1 DECIDUOUS TREES |Catalpa, Northern 1/ Not Not 25-30 25-30/20 25-30 30-40/20 25-30 40-50/25
Catalpa speciosa Recommended |Recommended

1 DECIDUOUS TREES |Cherry, Black Not Not Not Not 15-20 35-40/20 20-30 30-50/20
Prunus serotina Recommended |Recommended |Recommended |Recommended

1 DECIDUOUS TREES |Cottonwood, Eastern 1/ 30-55 60-80/40 30-55 65-85/40 45-55 65-85/40-50 50-60 70-90/40-60
Populus deltoides
Recom. cultivars: Might
Mo, Noreaster, Platte

1 DECIDUOUS TREES [Crabapple 8-12 10-15/15 10-15 10-15/15 10-15 10-15/15 5-20 15-20/15
Malus sp .
Recom. cultivars: Radiant,
Siberian, Midwest 1/,
Roselow Sargent

1 DECIDUOUS TREES |Crabapple, Prairie Not Not Not Not 5-20 15-20/15 5-20 15-20/15
Malus ionensis Recommended |Recommended |Recommended |Recommended

1 DECIDUOUS TREES |EIm, American 1/ 15-30 15-35/20 15-35 20-40/20 25-40 25-40/20 25-40 55-60/30
Ulmus americana
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ZONE | ZONE I ZONE 11l ZONE IV
Soils . 20-YEAR MATURE 20-YEAR MATURE 20-YEAR MATURE 20-YEAR MATURE
Group TreeShrub Type Species
HEIGHT (ft) HGT/ S(th))READ HEIGHT (ft) HGT/ %T)READ HEIGHT (ft) |[HGT/SPREAD (ft)) HEIGHT (ft) | HGT/SPREAD (ft)

1 DECIDUOUS TREES |EIm, Siberian 1/ 15-30 15-35/20 Not Not Not Not Not Not
Ulmus pumila Recommended |Recommended |Recommended |[Recommended [Recommended |Recommended

1 DECIDUOUS TREES [Hackberry 1/ 15-20 30-40/20 20-25 40-50/20 20-30 45-55/20 20-30 50-60/30
Celtis occidentalis

1 DECIDUOUS TREES |Hawthorn, Cockspur 1/ 15-20 15-20/15 15-20 15-20/15 15-20 15-20/15 15-20 15-20/15
Crataegus crusgalli

1 DECIDUOUS TREES [Hawthorn, Washington1/ |15-20 15-20/15 15-20 15-20/15 15-20 15-20/15 15-20 15-20/15
Crataegus phaenopyrum

1 DECIDUOUS TREES |Hickory, Bitternut Not Not Not Not Not Not 10-15 45-55/20
Carya cordiformis Recommended |Recommended |Recommended |Recommended |[Recommended |Recommended

1 DECIDUOUS TREES |Hickory, Shagbark Not Not Not Not Not Not 10-15 45-55/20
Carya ovata Recommended |Recommended |Recommended |Recommended |[Recommended |Recommended

1 DECIDUOUS TREES [Honeylocust 1/ 15-25 30-40/20 20-30 30-40/20 25-30 35-45/20 25-35 40-50/25-30
Gleditsia triacanthos

1 DECIDUOUS TREES |Hophornbeam, Eastern Not Not 10-15 15-20/10 10-20 20-25/10 15-20 20-25/10-20
Ostrya virginiana Recommended |Recommended

1 DECIDUOUS TREES [Kentucky Coffeetree 20-25 30-40/15 25-30 30-40/20 25-30 35-45/20 25-30 45-70/25-30
Gymnocladus dioicus

1 DECIDUOUS TREES |Locust, Black 1/, 2/ 20-25 25-35/15 25-30 25-35/15 25-30 35-45/20 25-30 40-50/20
Robinia pseudoacacia

1 DECIDUOUS TREES [Maple, Amur 10-15 10-15/15 10-15 10-15/15 15-20 15-20/15 15-20 15-20/15
Acer ginnala
Recommended cultivar:
Flame

1 DECIDUOUS TREES [Maple, Silver 25-30 30-40/20-25 25-30 35-45/20-25 30-35 40-60/30-40 35-40 50-70/30-50
Acer saccharinum

1 DECIDUOUS TREES |Maple, Sugar Not Not Not Not Not Not 20-25 40-50/30
Acer saccharum Recommended |Recommended |Recommended |Recommended |[Recommended |Recommended

1 DECIDUOUS TREES [Mulberry, Red 1/ 15-20 15-25/15 15-20 30-35/15-20 20-25 35-40/20 20-25 40-45/25-30
Morus rubra

1 DECIDUOUS TREES [Mulberry, Russian or 15-20 15-25/15 15-20 30-35/15-20 20-25 35-40/20 20-25 40-45/25-30
White 1/
Morus alba var. tatarica
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ZONE | ZONE I ZONE 11l ZONE IV
Soils . 20-YEAR MATURE 20-YEAR MATURE 20-YEAR MATURE 20-YEAR MATURE
Group TreeShrub Type Species
HEIGHT (ft) HGT/S(E)READ HEIGHT (ft) HGT/%T)READ HEIGHT (ft) |HGT/SPREAD (ft)) HEIGHT (ft) | HGT/SPREAD (ft)

1 DECIDUOUS TREES |Oak, Black Not Not 15-20 35-50/20-25 20-25 40-50/30 25-30 40-60/30-40
Quercus velutina Recommended |Recommended

1 DECIDUOUS TREES |Oak, Bur 1/ 15-20 25-35/20-25 15-25 30-40/20-30 20-25 45-55/40-50 25-30 60-80/40-60
Quercus macrocarpa

1 DECIDUOUS TREES |Oak, Chinkapin Not Not 15-20 35-50/20-25 20-25 40-50/30 25-30 40-60/30-40
Quercus muhlenbergii Recommended |Recommended

1 DECIDUOUS TREES |Oak, English Not Not 25-35 45-55 25-35 50-60 30-40 55-65
Quercus robur Recommended |Recommended

1 DECIDUOUS TREES |Oak, Gambel 1/ 5-10 15-20 10-15 25 Not Not Not Not
Quercus gambelii Recommended |Recommended |Recommended |Recommended

1 DECIDUOUS TREES |Oak, Northern Red Not Not 15-20 35-50/20-25 20-25 40-50/30 25-30 40-60/30-40
Quercus rubra Recommended |Recommended

1 DECIDUOUS TREES |Oak, Pin Not Not Not Not Not Not 25-30 40-60/30-40
Quercus palustris Recommended |Recommended |Recommended |Recommended |[Recommended |Recommended

1 DECIDUOUS TREES |Oak, Swamp White Not Not 15-20 30-40/20 15-25 30-45/20 20-30 40-50/20-30
Quercus bicolor Recommended |Recommended

1 DECIDUOUS TREES |Oak, White Not Not 15-20 35-50/20-25 20-25 40-50/30 25-30 40-60/30-40
Quercus alba Recommended |Recommended

1 DECIDUOUS TREES |Osage-orange 1/ Not Not 15-20 20-25/15 15-20 25-30/15 15-20 30-40/20-25
Maclura pomifera Recommended |Recommended

1 DECIDUOUS TREES |Pawpaw Not Not Not Not Not Not 15-20 15-25/10-20
Asimina Adans. Recommended |Recommended |Recommended |Recommended |[Recommended |Recommended

1 DECIDUOUS TREES |Pear, Chinese (Harbin) Not Not 15-20 15-20/15 15-20 15-25/15 20-25 20-25/15
Pyrus ussuriensis Recommended |Recommended
Recommended cultivar:
McDermand

1 DECIDUOUS TREES |Pecan, Northern Not Not Not Not 60-70 70-80
Carya illinoensis Recommended |Recommended |Recommended |Recommended (South of Platte (South of Platte

River only) River only)

1 DECIDUOUS TREES |Redbud, Eastern 1/ Not Not 10-15 10-15/10 10-20 10-15/10 15-20 15-20/10-20
Cercis canadensis Recommended |Recommended

1 DECIDUOUS TREES |Sycamore, American Not Not 30 40/50 30-35 40-45/20 35-40 50-70/30-40
Platanus occidentalis Recommended |Recommended
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ZONE | ZONE I ZONE 11l ZONE IV
Soils . 20-YEAR MATURE 20-YEAR MATURE 20-YEAR MATURE 20-YEAR MATURE
Group TreeShrub Type Species
HEIGHT (ft) HGT/ S(th))READ HEIGHT (ft) HGT/ %T)READ HEIGHT (ft) |HGT/SPREAD (ft)) HEIGHT (ft) | HGT/SPREAD (ft)
1 DECIDUOUS TREES [Walnut, Black Not Not 20-25 30-40/30 20-25 40-50/30 25-30 40-60/30
Juglans nigra Recommended |Recommended
1 DECIDUOUS TREES |Willow, Black 1/ 20-25 25-35/20 20-25 30-35/20 25-30 30-35/20 25-30 35-50/20
Salix nigra
1 DECIDUOUS TREES [Willow, Peachleaf 1/ 20-25 20-30/20 20-25 20-30/20 20-25 20-30/20 20-25 20-30/20
Salix amygdaloides
1 DECIDUOUS TREES [Willow, White or Golden  |20-30 25-35/20 20-25 30-35/20 25-30 30-35/20 25-30 35-40/20
1/
Salix alba
(Cultivars Vitellina or
Tristis; often called Golden
Willow)
1 CONIFEROUS Juniper, Common 4-7 4-7/15 4-7 4-7/15 4-7 4-7/15 4-7 4-7/15
SHRUBS (Prostrate) 1/
Juniperus communis
1 DECIDUOUS Antelope Bitterbrush 2-10 Not Not Not
SHRUBS Purshia tridentate Recommended Recommended Recommended
1 DECIDUOUS Blackhaw, Rusty Not Not 15-20 20-30
SHRUBS Vibernum rufidulum Recommended Recommended
1 DECIDUOUS Buffaloberry, Silver 1/ 5-8 10-12 10-12 10-12
SHRUBS Shepherdia argentea
1 DECIDUOUS Buttonbush Not Not Not 8-10
SHRUBS Cephlanthus occidentalis |Recommended Recommended Recommended
1 DECIDUOUS Cherry, Nanking Not 4-5 4-5 5-7
SHRUBS Prunus tomentosa Recommended
1 DECIDUOUS Chokeberry, Black Not 4-8 5-8 6-8
SHRUBS Aronia melanocarpa Recommended
1 DECIDUOUS Chokecherry, Common 1/ |5-8 6-12 6-12 8-14
SHRUBS Prunus virginiana
1 DECIDUOUS Coralberry Not Not 2-3 2-3
SHRUBS Symphoricarpos Recommended Recommended
orbiculatus
1 DECIDUOUS Cotoneaster, Peking 4-5 5-6 5-8 5-10
SHRUBS Cotoneaster acutifolia
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ZONE | ZONE I ZONE 11l ZONE IV
Soils . 20-YEAR MATURE 20-YEAR MATURE 20-YEAR MATURE 20-YEAR MATURE
Group TreeShrub Type Species
HEIGHT (ft) HGT/S(E)READ HEIGHT (ft) HGT/%T)READ HEIGHT (ft) |HGT/SPREAD (ft)) HEIGHT (ft) | HGT/SPREAD (ft)
1 DECIDUOUS Cranberry, Highbush Not Not 6-12 10-12
SHRUBS Viburnum trilobum Recommended Recommended
1 DECIDUOUS Currant, Buffalo 1/ 3-6 3-6 3-6 3-6
SHRUBS Ribes odoratum
1 DECIDUOUS Currant, Golden 1/ 2-4 2-4 4-6 4-6
SHRUBS Ribes aureum
1 DECIDUOUS Dogwood, Gray 4-6 6-8 6-8 6-10
SHRUBS Cornus racemosa
1 DECIDUOUS Dogwood, Redosier 5-6 5-7 6-8 8-10
SHRUBS Cornus sericea
1 DECIDUOUS Elderberry Not 4-6 4-6 4-8
SHRUBS Sambucus canadensis Recommended
1 DECIDUOUS Euonymus, Winterberry 5-10 5-10 8-14 8-14
SHRUBS Euonymus bungeanus
Recommended cultivar:
Pink Lady Winterberry
1 DECIDUOUS Hazelnut, American Not 6-8 6-8 6-10
SHRUBS Corylus americana Recommended
1 DECIDUOUS Indigo, False 4-6 6-8 6-8 8-10
SHRUBS Amorpha fruiticosa
1 DECIDUOUS Lilac 1/ 5-6 5-6 5-8 6-10
SHRUBS Syringa vulgaris
1 DECIDUOUS Mahogany, Mountain 1/ 5-10 Not Not Not
SHRUBS Cercocarpus montana Recommended Recommended Recommended
1 DECIDUOUS Nannyberry 1/ Not Not 15-25 15-25
SHRUBS Viburnum lentago Recommended Recommended
1 DECIDUOUS Peashrub, Siberian 1/ 3-6 4-8 6-10 8-12
SHRUBS Caragana arborescens
1 DECIDUOUS Plum, American 1/ 5-7 5-8 5-8 6-10
SHRUBS Prunus americana
1 DECIDUOUS Rose, Arkansas (Prairie) |1-2 1-2 1-2 1-2
SHRUBS Rosa arkansana
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ZONE | ZONE Il ZONE Il ZONE IV
Soils . 20-YEAR MATURE 20-YEAR MATURE 20-YEAR MATURE 20-YEAR MATURE
Group TreeShrub Type Species
HEIGHT (ft) HGT/S(E)READ HEIGHT (ft) HGT/%:)READ HEIGHT (ft) |HGT/SPREAD (ft) HEIGHT (ft) | HGT/SPREAD (ft)
1 DECIDUOUS Rose, Hansen Hedge 4-6 4-6 4-8 6-8
SHRUBS Rosa Sp.
Rosa rugusa x R. woodsii
1 DECIDUOUS Rose, Woods 3-5 3-5 4-5 4-5
SHRUBS Rosa woodsii
1 DECIDUOUS Sagebrush, Big 3-6 Not Not Not
SHRUBS Artemisia tridentata Recommended Recommended Recommended
1 DECIDUOUS Sagebrush, Silver 3-6 Not Not Not
SHRUBS Artemisia cana Recommended Recommended Recommended
1 DECIDUOUS Saltbush, Fourwing 1/ 2-5 Not Not Not
SHRUBS Atriplex canescens Recommended Recommended Recommended
1 DECIDUOUS Sandcherry, Western 2-3 2-3 2-4 3-6
SHRUBS Prunus besseyi
1 DECIDUOUS Serviceberry, Saskatoon 1/|5-7 5-7 6-10 6-10
SHRUBS Amelanchier alnifolia
(Nutt)
1 DECIDUOUS Snowberry, Common Not Not 3-4 3-4
SHRUBS Symphoricarpos albus Recommended Recommended
1 DECIDUOUS Snowberry, Western 3-4 3-4 3-4 3-4
SHRUBS Symphoricarpos
occidentalis
1 DECIDUOUS Sumac, Skunkbush 1/ 3-5 4-6 4-6 4-8
SHRUBS Rhus trilobata
Recommended cultivars:
Big Horn, Konza Fragrant
1 DECIDUOUS Willow, Sandbar 10-15 10-15 10-15 10-15
SHRUBS Salix exigua

1/ Adapted to calcareous soils
2/ Black locust can be severely impacted by insect damage; recommend limiting use to wildlife and pollinator plantings, rather than for windbreaks
3/ Green Ash - only to be used in diverse tree and shrub plantings, not in windbreaks
4/ Conservation mulch improves growth and survival




Page 37 of 104

ZONE | ZONE Il ZONE Il ZONE IV
GSOHS TreeShrub Type Species 20-YEAR MATURE 20-YEAR MATURE 20-YEAR MATURE 20-YEAR MATURE
roup
HEIGHT (ft) HGT/%T)READ HEIGHT (ft) HGT/S(:)READ HEIGHT (ft) HGT/%T)READ HEIGHT (ft) HGT/S(:)READ
1K |CONIFEROUS TREES |Arborvitae, American or Not Not Not Not 15-20 25-30/20 15-20 25-30/20
Northern White Cedar 1/ Recommended |Recommended |Recommended |Recommended
Thuja occidentalis
1K |CONIFEROUS TREES |Arborvitae, Oriental 1/ Not Not Not Not Not Not 15-20 15-20/15
Thuja orientalis Recommended |Recommended |Recommended |Recommended |Recommended Recommended
1K |CONIFEROUS TREES |Juniper, Rocky Mountain 1/ 10-20 15-25/15 10-20 15-25/15 Not Not Not Not
Juniperus scopulorum Recommended |Recommended |Recommended |Recommended
1K |CONIFEROUS TREES |Pine, Bristlecone 1/ 5-10 25-30/15 Not Not Not Not Not Not
Pinus aristata Recommended |Recommended |Recommended Recommended |Recommended |Recommended
1K |CONIFEROUS TREES |Pine, Limber 1/ 10-15 25-40/15 10-15 25-45/15-20 15-20 30-45/15-20 20-25 35-55/15-20
Pinus flexilis
1K |CONIFEROUS TREES |Pine, Ponderosa 1/ 15-25 30-50/20 15-30 30-55/20 20-30 35-55/20 20-35 40-60/20
Pinus ponderosa
1K |CONIFEROUS TREES |Pine, Southwestern White 1/ [15-25 30-50/20 15-30 30-55/20 Not Not Not Not
Pinus strobiformis Recommended Recommended |Recommended |Recommended
1K |CONIFEROUS TREES |Redcedar, Eastern 1/ 10-20 20-25/15 10-20 20-25/15 10-25 25-35/15-20 15-25 30-40/20
Juniperus virginiana
1K |DECIDUOUS TREES |Apricot, Manchurian Not Not Not Not 10-15 10-110 10-20 10-20/10
Prunus armeniaca Recommended [Recommended |Recommended [Recommended
1K |DECIDUOUS TREES |Ash, Green 1/, 3/ 15-20 25-35/25 20-25 30-40/30 20-30 35-50/3 25-30 40-60/30-40
Fraxinus pennsylvanica
1K |DECIDUOUS TREES |Aspen, Quaking 1/ 15-20 30-40 15-20 30-40 15-20 30-40 15-20 30-40
Populus tremuloides
1K |DECIDUOUS TREES |Catalpa, Northern 1/ Not Not 25-30 25-30/20 25-30 30-40/20 25-30 40-50/25
Catalpa speciosa Recommended |Recommended
1K |DECIDUOUS TREES |Cottonwood, Eastern 1/ 30-55 60-80/40 30-55 65-85/40 45-55 65-85/40-50 50-60 70-90/40-60
Populus deltoides
Recom. cultivars: Might Mo,
Noreaster, Platte
1K |DECIDUOUS TREES |Crabapple 8-12 10-15/15 10-15 10-15/15 10-15 10-15/15 5-20 15-20/15
Malus sp .
Recom. cultivars: Radiant,
Siberian, Midwest 1/, Roselow
Sargent
1K |DECIDUOUS TREES |Crabapple, Prairie Not Not Not Not 5-20 15-20/15 5-20 15-20/15
Malus ionensis Recommended |Recommended |Recommended |Recommended
1K |DECIDUOUS TREES |Elm, American 1/ 15-30 15-35/20 15-35 20-40/20 25-40 25-40/20 25-40 55-60/30
Ulmus americana
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ZONE | ZONE Il ZONE Il ZONE IV
GSOHS TreeShrub Type Species 20-YEAR MATURE 20-YEAR MATURE 20-YEAR MATURE 20-YEAR MATURE
roup
HEIGHT (ft) HGT/%T)READ HEIGHT (ft) HGT/S“T)READ HEIGHT (ft) HGT/%T)READ HEIGHT (ft) HGT/S“T)READ
1K |DECIDUOUS TREES [EIm, Siberian 1/ 15-30 15-35/20 Not Not Not Not Not Not
Ulmus pumila Recommended |Recommended |Recommended |Recommended [Recommended |Recommended
1K |DECIDUOUS TREES [Hackberry 1/ 15-20 30-40/20 20-25 40-50/20 20-30 45-55/20 20-30 50-60/30
Celtis occidentalis
1K |DECIDUOUS TREES |Hawthorn, Cockspur 1/ 15-20 15-20/15 15-20 15-20/15 15-20 15-20/15 15-20 15-20/15
Crataegus crusgalli
1K |DECIDUOUS TREES |Hawthorn, Washington 1/ 15-20 15-20/15 15-20 15-20/15 15-20 15-20/15 15-20 15-20/15
Crataegus phaenopyrum
1K |DECIDUOUS TREES |Honeylocust 1/ 15-25 30-40/20 20-30 30-40/20 25-30 35-45/20 25-35 40-50/25-30
Gleditsia triacanthos
1K |DECIDUOUS TREES |Locust, Black 1/, 2/ 20-25 25-35/15 25-30 25-35/15 25-30 35-45/20 25-30 40-50/20
Robinia pseudoacacia
1K |DECIDUOUS TREES |Mulberry, Red 1/ 15-20 15-25/15 15-20 30-35/15-20 20-25 35-40/20 20-25 40-45/25-30
Morus rubra
1K |DECIDUOUS TREES |Mulberry, Russian or White 1/ |15-20 15-25/15 15-20 30-35/15-20 20-25 35-40/20 20-25 40-45/25-30
Morus alba var. tatarica
1K |DECIDUOUS TREES |Oak, Bur 1/ 15-20 25-35/20-25 15-25 30-40/20-30 20-25 45-55/40-50 25-30 60-80/40-60
Quercus macrocarpa
1K |DECIDUOUS TREES |Oak, English 1/ Not Not Not Not 25-35 50-60 30-40 55-65
Quercus robur Recommended [Recommended |Recommended |[Recommended
1K |DECIDUOUS TREES |Oak, Gambel 1/ 5-10 15-20 10-15 25 Not Not Not Not
Quercus gambelii Recommended |Recommended |Recommended |Recommended
1K |DECIDUOUS TREES |Osage-orange 1/ Not Not 15-20 20-25/15 15-20 25-30/15 15-20 30-40/20-25
Maclura pomifera Recommended |Recommended
1K |DECIDUOUS TREES |Redbud, Eastern 1/ Not Not 10-15 