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Sagebrushirsidifficult torestanplish:
BUT, It can. be doneE.




Wyoming CoealtMine Reclamation

Shrub; Establishment

25 years of:trials

Numerous techniques, methods,
and equipment used. There Is
more than one way.



Wyoming
Coal"Mine Reclamation

Norsagebrush reclamation.

4 Minesistartedadding sagebrushito their
Seedimixtures, USIng various technigues With their
OWnN equipment. Some successful; Sseme not.

Sagebrush establishment technigques
Were becoming standardized. Mines contracting
out reclamation. But, success still marginal and
intermittent. A lot of research occurring.

Mines standardizing and optimizing
methods and technigues. Several new Innovative
technigues emerging. Mines applying for bond
release on 10-20 year old reclamation.




SUMMARY

B Sagebrushireclamation SUuccess nas snown a
consistently rmproving trend.

m \We know a lot more than we did a few
years ago.

m Successful proven techniques and practices
do exist to grow sagebrush.



B SUCCesSs Isinet guaranteed.

B Seed germination is substantially limited by,
Water stress.

B ['he successful establishment ofibig
sagebrush has typically been correlated with
favorable precipitation (Snow Cover).



ame, seediminx — Different year
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Several'lemerging technigues, to
EVercome these limitations and
allow for greater-and more
consistent establisnment.



Tihese technigues may. provide a niche
for cheatgrass establishment.

and

Wildlife predation Is also showing a
negative iImpact that may limit long-
ferm Ssuccess.
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ProVen ieCARIGUES

m Use good guality Iocally adapted seed (yellow
tagged source raentified).

m Use “good™ topsoil:

m Broadcast seed (or drill into very: firm seed bed).
Sage needs light to germinate.

m Seed-soil contact critical.
m Substantially reduce competitive grass seed rate.
m Enhance soil moisture (several techniques).
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Emerging, 'echniques

m No mulch or cover: crop — Use surface
roughing.

m Micro-topography.

m Compact subsoil OK.

m Diverse seed mixtures & lower rates.
m [Ime seeding to snow fall.

m Grazing management.
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Questionable Techniques

m lrrigation??
m Fertilizing.
B \Mycorrhiza fungi mmoculation??
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- ,['J,uk,r:sgnw reconstruction — macro-

rww aphy. |.

L), e;laﬂﬂL]Jm of *reclamziion®?
2101lity vs, recopsiruction
m Mi cm—topography
Crezite (or [@2ve) milero-sites for saad
yrotaetion sipel e rppinzition
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ISittle macro-tepograpiic
lanaierm: dIVersity.
et aler teNwork With
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\Viore tepographic landfonmaiVersIty
Grade the Site torestore these conditions
AISE MOre MICre-topoanapny.
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eIstnorth facing slope — new

nacro-tepography. - \V\Vnatanpoeut
MICrO=IOpPearapny?

—
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MIICre=topoegrapny:
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IIICro-topograpny
NGLJUSETOr SHRUDS

22



IMIICro-topograpny
RECKPIIES
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SmallNDepressIons
and swales
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SURSeNtRPreparation

m 1) 'RiIp the compacted subsoilto promote
root penetration and water: imnfiltration
before reapplying topsoil?

m 2) Place topsolil directly on compacted
subsoil. Water infiltration only through
topsoll, then pools In root zone.
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Compacteasubserl
[P0 NOT?
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Compacted surface
NG RIP OrRRGE?. AdISC?LOPSONY
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[DISG subseil
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Topsell Salvage & Replacement

m NMaintain soinli structure and moisture to the
maximum extent possiole.

m Minimize stockpiling.
m \Working with frozen soil 1S good.

m ['wo very different methods of preparing
soll for seeding.
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hoepsorl salvage
soll - loss of structure
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NopsensStockpiing

m Stockpiling topsoll s not beneficial.
B [lemporary Vs permanent reclamation.
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Tepsoll*Replacement & Preparation
Prepare firmmfiriable seedea

o — pulverize lumps; 2 passes different
direction.

o — spike-tooth, spring-tooth, tine-tooth.
Creates fine loose soll.

N — Firms the seed bed. Often several
PASSES.

— Drill; broadcast, or hydroseed.
— grass or: straw.
— annual grain
— annual grain
— Seed soil contact with broadcasting.
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Intensive Seil Preparation
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\/arious iullage Equipment




\/arous compInations of IMPIEMENRtS
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tipackers & Rollers
Firm seea. bed critica! 1T drill seeding
and alse ciitical 1 broadcasting.
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<IN, foetpHint
Tumethe moisture

Ready forseeding




Seedbed?
NetTer Sagebrush

43



o)
<5}

. - .. .....l..”\u.mu_...wﬂ...wmp..r.__nnq}ﬁ..

.

_ "L w L AT e e A

. N - 3 = L .ﬂ._
Bt

«D) AR
FA PR e

S seend

! ©2003, Okla. St. Univ.

o




Alternative Technigue
MimimaltSeedbed Preparation

B Not conducive todrilliseeding.

B Broadcast seed right inrreugh, unprepared
soll'surface.

m Conserves soll structure.
m Maintain micro-sites for seed germination.
m Control erosion and water: retention.

m Rough surface will “melt down™ in a few
years.

45



No orfiviimimal SonliPreparation
Ready/ 1or seeding?
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Matchithe serlfpreparation te
yOur: Seeding technIque or
Implement.

Drill vs Broadcast

48



Figure C-1. Random roughness, Ry, of 0.25 in, site 1

USDA Ag. Handbook No. 703



USDA Ag. Handbook No. 703



USDA Ag. Handbook No. 703
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USDA Ag. Handbook No. 703



USDA Ag. Handbook No. 703



USDA Ag. Handbook No. 703



Fig. C-9. Random roughness, R, of 2.15-inches, Site 4

USDA Ag. Handbook No. 703



Common'Seed Bed\Preparation.
Ready forrarilliseeding, then shetldde
sometiing tofelaimoeisture (mulch?): But;
thenwall there e eneugh IIght for
germination eiisagenrusn?
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e Mulchrer Notte Mulch?

m Mulching creates shade, It keeps the soll
(emperature down WAICh RElpS conserve
water.

m Mulcehing creates a rough surface which
Interrupts wind flow and speed. Again,
conserving moisture as well as holding the
seed.

m Erosion control — limits rain drop impact
and soil displacement.
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e Mulchrer Notte Mulch?

m Mulch Is dryzand'can act as a wick, sucking
up the moisture where the wind then
evaporates It.

m Applying mulch works the soil, causing loss
of soil structure and micro-sites.

m Mulch Is expensive to purchase and apply.
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Mulching

B Straw mulchior: grass (Wetland) mulch:.
B Recommended Rate @ 2 ton/acre.

m Must crimp: In ground.

m Seed most species before mulching,

m But, seed (broadcast) sagebrush on top of
mulch. Sagebrush needs light to germinate.
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Mitlching Coen’s

B EXPEensIVe.
m Over works the soil, need'to crimp.

m \Must seed sagebrush on top of mulch and
other species under It.

m May introduce weeds.
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Straw. Blower
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St Crimper
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Alternatives to Mulching

o — seed aniannual grain.a year
pefore reclamation seeding. Then mow It
and seed Into the stubble.

B Some of the same problems as muich.
EXpensive, over worked: soil, wick for
evaporation. Adds an extra year.

m Advantages — Quick green cover, aesthetics,
the cows like It.
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Alternatives to Mulching

o — Similarto
cover crop, annual grain (Re-green), but
seed It while seeding the reclamation mix.

m Problem — competition for moisture and
nutrients.
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NUFSE Crop/CoVer: Crop
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INUIISE Crop
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Nattiral N urse'Crop
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Nurse Crop
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Nurse Crop
liumpleweed andiKochia
Sometimes; iHalogeton
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Kochia & I'umbleweed
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BIEMV Slide
“WEED CONTROL ANDISEEDING?

77



78



79






[T WeWant SRtns andtaIversity.

[T ISt gerng (erRappen guick.
\We need to be patient.

\We need to accept non-competitive,
non-noxious annual weeds.
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Alternatives to'Mulching
Alternative seedbed preparation

= — Similar bBenefits,
controls erosion and conserves soil
mojisture.

m Creates shade, It keeps the soil temperature
down which helps conserve water.

m Creates a rough surface which interrupts
wind flow and speed. Again, conserving
moisture as well as holding the seed.

m Erosion control achieved by rough surface.
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SUrfiace Roughening

Just leave after topsoll replacement.
RiIp replaced topsoll with blade or dozer.

_and Imprinter.

Pltter gouger.

_arge construction disc.
Extreme surface roughening
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No orfiviimimal SonliPreparation
Ready/ 1or seeding?
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Ripped tepsell= ready, forBreadcast
seeding fellowed by packing.
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Tihe type efiseederis critical for
these seedbeds.

B Sagebrushrseed must be distributed on
surface. It needs, light to'germinate.

B Some sort of broadcast seeder.
m But, also need seed-soil contact.

m Some sort of packer/roller to press seed into
solil.

89



90



[FanRaNimprinter
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lmprinter
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[DISe withrBreadcast seederand drag.

Tthis Would netwaork Well“fer Sagelrush:
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Ritter=Gouger similar toypreVious
Implementina swalewwitihana
PrEACCASHING.
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[Zavvson Aerator: With seeder,
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Extreme Surfiace Reughening

B [rackhoe shovel to dig, poke, and/orpushito
create basins

B [Dozer basins

m Microbasins 1Y to 2 feet deep by 4 feet
wide

m Placed Ina random overlapping pattern
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Extreme Surface Roughening 103
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Surface roughening and rocks




107



Sagebrush Seed Rurchase

m [_ocally collected vs SE United States?
m \Wildland collection vs farm raised?

B Pure Live Seed (PLS); purity +
germination

m Short shelf life

m \\eed free seed (cheatgrass)

m Mix or individual seed?

m Granite Seed vs Wind River Seed?
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B1g SagelrusiiSeed

m 2,500,000 seeds/pouna

m Seed cost = $35/PLLS pound: (highly
variable)

m $35/2,500,000 seeds = $0.000014/seed
Cool Season Grass Seed

m 150,000 seeds/pound

m Seed cost = $3/PLS pound

m $3/150,000 seeds = $0.00002/seed
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[For: smiall-Seeded SpecIes, TeWer
POUNCS PEr: ACIEe are. required
PECAUSE Of: the greater number of
SEeds Per pound.
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B1g SagelrusiiSeed

m Short shelfilife (1-5 years low humidity; 1ow
[emperature)

B But maintains viability m soil 4"years
m LLight fluffy trashy seed

m Needs light to germinate

m Needs soil contact

m Needs correct moisture
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Vifilalanad collection




Buy it ifa mix?.
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Big Sagebrush Shrubland Seed

Mixture

Common Name

Desired
Species
%

No. of
Seeds
per
Pound

No.o
PLS in
Mix for
Desired

Blend

Per acre=

571,200

Grasses

Little bluestem

3.0

225,000

26.136

Bluebunch wheatgrass

20

145,000

17.424

Blue grama

3.0

711,000

26.136

Sandberg bluegrass

3.0

925,000

26,136

Grass Total:

11.0

05,832

Forbs

Y arrow

1.0

4.124.000

8.712

White prairie clover

1.0

275,000

8,712

Purple prainie clover

1.0

275,000

8,712

Blazingstar

1.0

§3.000

8,712

Lewis flax

1.0

285,000

8,712

Prairie coneflower

1.0

1,032,000

8,712

Munroe globemallow

1.0

750,000

8.712

American vetch

1.0

33.000

8.712

Hairv vetch

1.0

20,000

8,712

Forb Total:

0.0

78,408

Shrubs

Silver sagebrush

846.000

87.120

Big sagebrush

40.0

2,520,000

348,480

Fubber rabbitbmsh

693,000

87.120

Fringed sagewort

1,000,000

87.120

Winterfat

123,000

87.120

Shrub Total:

696,960

Mix Total:

871,200
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Pounds/acre
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Number of PILS/Ft2

m General recommendationis 20 PLLS/ft2
Wwhen drill seeding.

m 40 PILS/ft# when broeadcasting.
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How many:plants persquare foot
0O YouWant?

Number of PLLS te achieve I1t?
% Germination?
% Field Emergence?
% Survival
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Alfalta drill'seeded at: 10" RPILS [BS/acre
(200,000 seeds/Ib =46, seeds/ft?)

20 emerged seedlmgs/ft2
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Seed rate snouldipe calculatedifronan
expected field'emergence for each
SPECIES and the desired numier: of plants
PEr unit area.
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Forexample, fieldiemergence forrsmall
seeded grasses andtfores s around 52%
[f:the germination IS greater than 80%,

and 33% If germination Is between 60%

and 80%.

Expect around 30-50% field emergence.
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Twenty PLLS per: ft2, withian expected
field emergence ofi 50%, produces
approximately 10 plants per: ft2on the

seeded area.
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Caniyour: soil support 10 mature"
plants per #27
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Inraddition te expected field emergence,
the competitive ability, ofieach seeded
Species must be evaluated to determine

SpPecies seeding rates.
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In general, grasses are more
competitive than foros; forhs are
more competitive than shrubs, and
SAFUIRS are mMore Competitive than
trees.
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AMENQ grasses, the naturalized
SPEecies are ustally more aggressive
[han native SPeCIes.

Within native species onithe
Northern Great Plains and Great
Basin, cool-season grasses are more
competitive than warm-season
grasses.
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{

5 00 We want 1. that

....
N

sguare roet?
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The seedmgwall thim. naturally
during thefrst few years.

Agagressive, early germinating
SPEecies may restrict later species.

The soil has limited moisture,
nutrients, and light.
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1o establish Sagelbrush

m Substantrally: reduce or eliminate aggressive
cool season grasses.

B Seed bunch grasses over rnizematous (sod
forming) grasses

® Include warm season grasses and forps.
m Include legumes.
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Native# plants/it2

137



Reclamation # plants/fitz?
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10 year: olaticittle bluestemi=1-plant
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Grazed crested Wheatgrass pasture
5 plants

a4 43 42 4
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7. year-oldheavily. browsed
Sagehrush
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3 Vearrold sagenrush
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Before formulating and orderng
a seed mix— Give It some
thougnt.

\What 1s yourgoal?

How many plants per ft? do you
want?

What plants do you want?
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Seeding Methods

m Hydro seegaing
m Drill seeding
m Broadcast seeding
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Big sagelrushiseed needs 16 e on the
surface (notelewaIt) butit alSe Reeds
seed/soll contactand moisture

(

oreferably sney cover)
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IHy/are, seeding
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SIIRUG:
Cer-drove.
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DrlliSeeding

B Big sageprush seed must be on the surface.
Depth bands.

m [Viust have a firm seedbed and seed-soil
contact. Press wheels/cultipacker.

m Follow contour of land.

m Big sagebrush seed will not flow through
many seed boxes (technigues to overcome
this).
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INoI Drll
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[ILSeeder

[Dr
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Breadcasting: seed

m Hand broadceasting

m \Whirlybird broadcasters
m All broadcasters

m Modified rangeland drills
m Grass drill seeders

m Grasslander

m Home-made seeders.
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Rolling seed in Ispreferapble
(e/dragging It
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Orliand Seed ingnht 6N top ot
SNOW. Nave It melt m.

IHand seed right pefore
snowstorm.

159



WhiryoiraiBroadcasters
IMost cannot handle fltihy seed
and hard-te, regulate seed rate.
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BroadCcaster
Mosticannot nandle oy,
sagenrush. seed.
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AIr Seeder
Problemiwith fluthy, seea
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Olatiie seeder/roller
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Tyerangelanaidrili
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Rangeland Seeder
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Dirtiax Trillion
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Truax Seed Delivery Sysiem

Flufy Small
Seed Box S Bom
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Brillien Grass Driil
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Grasslander
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Grasslander seed. boxes
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Breadcast Seeding:\w/aerater.
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[DIsc/Imprnter/Broadcaster
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Inter-seeding falcata
. alfalfa and other
forbs while aerating
= the soll.
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Seeding Trme

m (October-November)

m , When the upper: few mches of:soll'Is
thawed. Time before storm or seed right on
top of light snow cover.

m (March-May).
\Warm season grasses and diversity.
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RPlanting:Containenzed Seedlimngs

EXPensive
L_abor intensive
“Mother Plant™ approach
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Bitterreet Native Growers







ANotNer consideration Is
Management ei Reclamation
(Husbandry Practices)
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[Frgation

m Not routimely. practiced by: mining Industry.
m Impractical forvery large acreage.

m Concern that emerged vegetation will be
dependant on additronal water and once
discontinued will die.

= May have applicability for O&G it used
sparingly.
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Cheatgrass

B Seeding these lower rates of aggressive cool
season grasses allows a niche for
cheatgrass.

m Cheatgrass can be a problem even with high
CSG seed rates.

m Plateau being used to control cheatgrass.
Will BLLM allow 1t’s use?

m Early Spring grazing can be used to manage
cheatgrass.
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Native area cheatgrass
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€heatgrass
oW MUCHIS acceptanlein
reclamation?
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ISt pESSIIE to Keep 1t eut?
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Eveniif there Is,;some;cheatgrass?

PALAEE X N iy
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Or. a cool-seasen grass monocultire?
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[IDIVErSITY?
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Woeven wire exclosures erected Iin
2008, sagebrushis 9 years eldana
as bEen: “UnBreWSsed™ for. 3 Years
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9Vir-old'sage fenced for past Syears
At tall.
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9V 6ld 'sage Not fencea
ornches tall
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Wildlife/lcnvestock Impact on
Sagenrushestanlishment?
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Cows like reclamation

. .
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Bult, they:can alse e Used.
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VIV Recommended IleCRMIGUES

Use good guality lecally adapted (yellow.
tagged source rdentified) sagebrush seed.

Include sage seed In a diverse mixture
Including warm Season grasses, forns,
legumes, subshrubs, and other shrubs and
seed at 40 PLLS/ft?.

|_eave subsoil somewhat compacted.

Spread 6 of “live” topsoill.
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ITtoepsorliisirough and cloddy (“fist* size 16
‘boot™ size); leave It and broadcast Seed
then cultipack/imprint.

[T topsoll Is leese-ary-light-fluffy,
cultipack or roll'it, then broadcast seed
and cultipack/imprint.

IT topsoil Is compacted/settled, rip or disc
It to make a cloddy seed bed then
broadcast and cultipack/imprint.

| like the “Grasslander™ seeder.
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9,

10.

1195

12.

I"like the “Dixen Land Imprinter/seeder™.
Seed inwinter right before a'snowifall:

Be patient, Russian thistle and kochia will
e out competed in a few years.

Manage the reclamation. Over grazing,
browsing, and cheatgrass Invasion need to
be controlled.
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9 Thank You

A Questions 7772

Scott Benson
bensons@knight-tech.com




