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AlcoaAlcoa’’s Rehabilitation Processs Rehabilitation Process



To restore a self-sustaining jarrah forest
ecosystem, planned to enhance or maintain
water, timber, recreation and conservation
values.

MINE REHABILITATION OBJECTIVE

















APPLIED SEED

3 T in 2004

50-80 spp

~20 km radius
provenance zone
each mine

~$500,000



Eucalypt seeds

No treatment



Acacia seeds

boiling



Grevillea wilsonii

smoke



Ripping and SeedingRipping and Seeding



PLANTING
Loxocarya cinerea
Resprouter

Tissue culture

24,000 in 2002



Adenanthos
barbiger

Common in forest

Moderate return in
direct return pits

Absent from stockpiled
pits

Cannot obtain seed

cuttings

39,000 in 2002







Plant Numbers, RecalcitrantPlant Numbers, Recalcitrant
Plantings all MinesPlantings all Mines

YearYear plantsplants sppspp per haper ha
 19971997 2000 (2000 (exptlexptl.).) 7 7 55
 19981998 14,19014,190 1414 3131
 19991999 67,60067,600 1515 170170
 20002000 184,552184,552 1616 229229
 20012001 213,678213,678 1919 230230
 20022002 229,757229,757 2828 385385
 20032003 184,000184,000 2323 354354
 20042004 166,660166,660 2121 341341
 20052005 133,000133,000 2020 301301
 20062006 118,000118,000 2424 295295
 20072007 230,000230,000 2828 400400







FertilisingFertilising



6 months



2 years



4 years



13 years



Why Use Topsoil?Why Use Topsoil?



Topsoil BenefitsTopsoil Benefits

 Texture and Physical propertiesTexture and Physical properties
 Nutrients and Nutrient Holding capacityNutrients and Nutrient Holding capacity
 Biological AttributesBiological Attributes



Properties Properties JarrahJarrah forest soils forest soils

 TopsoilTopsoil
 Hydraulic conductivityHydraulic conductivity
3000-20,000 mm/day3000-20,000 mm/day
 Plant Available WaterPlant Available Water
0.04-0.1 mm0.04-0.1 mm33/mm/mm33

 Total NTotal N
0.05-0.2%0.05-0.2%
 Organic COrganic C
0.5-4.0%0.5-4.0%

 Pit floorPit floor
 Hydraulic conductivityHydraulic conductivity
5-100 mm/day5-100 mm/day
 Plant Available waterPlant Available water
0.1-0.3 mm0.1-0.3 mm33/mm/mm33

 Total NTotal N
0.001-0.01%0.001-0.01%
 Organic COrganic C
0-0.1%0-0.1%



Biological PropertiesBiological Properties

 SeedsSeeds
 MicrobesMicrobes
 Nutrient Cycling, binding and releaseNutrient Cycling, binding and release



Seed storage strategies inSeed storage strategies in
Western AustraliaWestern Australia

Vegetation
Community

Canopy seed
store (m-2)

Soil seed
store (m-2)

jarrah forest 7 767
heath 363 155
Kalbarri heath 716 1647
Kalbarri heath 303 1641
wheatbelt 1121 not measured



ORIGIN OF SPECIESORIGIN OF SPECIES
in 4000m2 sampling areain 4000m2 sampling area

25planting

52applied seed

137topsoil

No. of speciesSource of plants



Seed in Topsoil Studies (Seed in Topsoil Studies (JarrahJarrah Forest) Forest)

 TaceyTacey &  & GlossopGlossop  1980 1980 JarrahdaleJarrahdale 0-10cm0-10cm 301 / m301 / m22

 Vlahos & Bell Vlahos & Bell  1986  1986 HuntlyHuntly 0-3cm0-3cm 767 / m767 / m22

 Koch Koch et alet al  1996 1996 HuntlyHuntly 0-10cm0-10cm 352 / m352 / m22

 Ward Ward et alet al  1997 1997 HuntlyHuntly 0-5cm0-5cm 535 / m535 / m22

JarrahdaleJarrahdale 240 / m240 / m22

WillowdaleWillowdale 529 / m529 / m22

 Martin Smith Martin Smith et alet al 2000 2000 JarrahdaleJarrahdale 0-10cm0-10cm 1605 / m1605 / m22

 Esther CromerEsther Cromer  2003 2003 HuntlyHuntly 0-10cm0-10cm 128 / m128 / m22

 VeniciaVenicia  GiannasiGiannasi  2004 2004 WillowdaleWillowdale 0-5cm0-5cm 168 / m168 / m22

 Koch Koch et alet al   2007 2007 HuntlyHuntly 0-5cm0-5cm 471 / m471 / m22



Optimal HandlingOptimal Handling



Seed Stores in the TopsoilSeed Stores in the Topsoil
(0-5cm)(0-5cm)

SEASON GERMINABLE SEM
    SEEDS M-2

Summer 435  (72)
Autumn 265  (49)
Winter 207  (39)
Spring 261  (56)



Seed Losses During Mining and RehabilitationSeed Losses During Mining and Rehabilitation

408 363 424 212

317 261 380 121

56.1

88.2 168.2

52.5 67.5

88.538.6 111.7

FOREST

CLEARED

CREATE
STOCKPILE

RESPREAD

RIPPING

DIRECT
RETURNED
TOPSOIL

77.6% 71.9% 89.4% 56.8% 73.9%

31.3%
22.9% 39.7%

14.5% 12.4% 31.8%
13.4%

  52.7%10.0% 20.9%

15.5%

100%





Emergence of Emergence of StylidiumStylidium  calcaratumcalcaratum
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Emergence of Acacia Emergence of Acacia pulchellapulchella

0
5

10
15
20
25
30
35
40
45
50

P
e

rc
e

n
ta

g
e

 

E
m

e
rg

e
n

c
e

0 1 2 5 10 15

Depth of Seed Burial (cm)



Emergence of HakeaEmergence of Hakea
amplexicaulisamplexicaulis
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Effect of Ripping Date onEffect of Ripping Date on
Seedling EstablishmentSeedling Establishment
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To Optimise Topsoil SeedTo Optimise Topsoil Seed
(our research has shown)(our research has shown)

 Strip and return in dry season (summer-Strip and return in dry season (summer-
autumn)autumn)

 Direct return (donDirect return (don’’t stockpile)t stockpile)
 Rip in dry season (summer-autumn)Rip in dry season (summer-autumn)
 Keep the top layers on the top (doubleKeep the top layers on the top (double

strip)strip)
 Can take out some of the inert gravelCan take out some of the inert gravel

fraction and use the fraction and use the ‘‘concentrated seedconcentrated seed
fractionfraction’’





Operational issuesOperational issues

 DistanceDistance
 Planning aheadPlanning ahead
 CostCost
 AvailabilityAvailability
 Seasonal issuesSeasonal issues
 Dieback (for Alcoa)Dieback (for Alcoa)
 Communication and EducationCommunication and Education





Problem TopsoilProblem Topsoil

 Weed seeds Weed seeds –– solution, bury top layers if solution, bury top layers if
possible.  Most weed seed in top 10cm,possible.  Most weed seed in top 10cm,
virtually none below 20cm.virtually none below 20cm.

 Toxic or Toxic or pyriticpyritic materials  materials –– solution, bury solution, bury
the soil and use benign materials nearthe soil and use benign materials near
surface.surface.


