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Summary 
 

A demonstrated framework 

Restoration in biodiverse ecosystems is faced with many challenges, including 

temporal and spatial resource issues. Because of this, restoration practices informed 

by scientific programs have proven to be successful in achieving the highest quality 

restoration in Western Australia. For example the research by Botanic Gardens and 

Parks Authority (BGPA) with Rocla Quarry Products has established a framework to 

deliver biodiverse restoration of Banksia woodland and is a prime example of what 

can be achieved. Research and technology development across a diverse spectrum 

including an analysis of reconstructed soil profiles; topsoil seed bank stripping, 

storage and return; direct seeding technology; aerosol smoke application; and 

strategic tubestock planting, now allows Rocla to return one of the highest levels of 

species and plant replacement per unit area (100 plants/5m2) in the resources sector. 

This framework and the principles within it are not specific to Banksia woodland 

restoration and can be applied more generally to mining projects requiring restoration.  

 

It is with this approach that restoration is currently being undertaken at Sinosteel 

Midwest Corporation Limited’s (SMC) operations (both at Koolanooka and Blue 

Hills). After three years, significant advancement has occurred and although some 

challenges still exist, it is thought these will be readily overcome provided the 

framework is followed. 

 

Advantages of small scale operations  

The most significant issue with mine site restoration is how to achieve biodiverse 

outcomes across large areas. This is the issue that is currently facing mining 

companies in the Pilbara region of Western Australia (Environmental Protection 

Authority 2014) that are currently facing square kilometre scale restoration deficits. 

Large scale restoration requires a large amount of restoration resource (predominantly 

topsoil and seed), which is predominantly limited across operations. For smaller scale 

operations (hectare scale) the collection and storage of valuable restoration resources 

is manageable, as demonstrated by leading mine site restoration practitioners Alcoa 

and Rocla Quarry Products.  

 

Upon completion of mining at SMC a total of 103 ha at Koolanooka and 107 ha at 

Blue Hills Mungada East and West have been identified as requiring restoration. This 

total of ~200 ha is staged to occur over 7 years resulting in approximately 20-30 ha of 

restoration to be undertaken annually (a similar scale to the successful restoration 

operations above). 

 

 

 

 

 



 

3 
 

Advantages of short-timeframe operations 

Operations that have short time frames between disturbance and restoration have 

many advantages over those with long time-frames. This predominantly relates to 

restoration resource availability, specifically topsoil. In many systems topsoil 

provides ~85% of the floral biodiversity, provided it is handled appropriately. Direct 

return of topsoil from cleared to restored sites results in biodiverse outcomes being 

optimised. Any significant storage of topsoil may result in degradation of the resource 

and therefore other supplementary restoration practices (sowing seed and planting 

tubestock) must be undertaken to ensure biodiversity targets are reached.  

 

The short-timeframes of operations at booth Koolanooka (3 years) and Blue Hills (2 

years) has allowed direct return of topsoil in some restoration areas as well as and 

where required topsoil has been stored for a minimal time before use in restoration. 

This is likely to maximise this resource across SMC’s operations. Where topsoil has 

been stored, research is being undertaken to quantify the impact of this practice and to 

understand the scale of supplementary restoration required to achieve targets. 

 

Smaller scale operations provide additional opportunities to more intensely manage 

restoration. For example SMC understood the risk of variable and drying 

environments on restoration success and therefore invested in developing the state’s 

first Controlled Environment Facility for restoration research. This allowed various 

rainfall scenarios to be applied to restoration best practice to understand implications 

for biodiversity outcomes. Outcomes highlighted that applying mean annual rainfall 

to sites increased seedling emergence 6-fold, compared to the below average ambient 

conditions received over the past two years. If the application of mean rainfall in the 

first year establishes an appropriate trajectory for restoration, then SMC will 

undertake investigate supplementary irrigation to provide suitable establishment 

niches for plants. 

 

Well defined and achievable targets 

The focus of all restoration programs is on achieving well defined targets which form 

the basis of robust completion criteria. SMC along with Kings Park have defined 

restoration targets as guided by the EPA (70% target). The outcomes of this analysis 

have resulted in the following targets: Koolanooka – target of 59 species to be 

restored to the TEC offset area with a mean species richness of ~29 species (per 20 m 

x 20 m quadrat); Blue Hills target of 59 species to be restored with a mean species 

richness of 15 at Mungada East and 17 at Mungada West (per 20 m x 20 m quadrat). 

Plant density data is incomplete with plant density information only available for 

common perennial species at Koolanooka. Additional vegetation surveys will need to 

be undertaken by consultants at Blue Hills to establish plant density targets for 

restoration. 
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Significant progress towards restoration success 

The following points highlight the progress to date in achieving restoration success at 

SMC’s operations. 

 

Defining plant community targets 

 Vegetation surveys conducted by Bennett 2004, Markey & Dillon 2008, 

Woodmans 2008, Ecologia 2008 and Maia 2012 reports have been combined to 

generate a species list for the SMC tenement at Blue Hills. The data from the 

surveys has provided assistance with the selection of reference communities and 

a narrow species list has been created for seed collection at Blue Hills.   

 

Informing seed collection 

 In 2013, Western Botanical collected seeds of 15 species from Koolanooka and 

Blue Hills based upon the species lists provided in the 2013 reports. Subsamples 

were provided Kings Park in 2014.  Seed batches generally contained a large 

proportion of chaff (particularly for the Myrtaceae) and seed x-ray analysis 

showed low fill for key species Acacia ramulosa var. ramulosa and also Ptilotus 

obovatus. Seed predation appeared to be a key factor explaining low fill.  

 Western Botanical collected seeds again in 2014, collecting 95 species, at least 14 

of which had not been previously collected. 

 

Success in germination solutions  

 Kings Park has tested seed fill of 107 accessions of 74 species, and has tested 

germination of 70 accessions of 63 species over the past three years. Of these, 

only 7 have germination issues that are unresolved. 

 Seed quality information is recorded in a spreadsheet, and includes the weight of 

100 seeds, and the number of seeds per 100 g, which will enable seed mixes to be 

developed based on seed numbers, rather than seed weights. Basing seed mixes 

on seed weight is common practice in the industry, however this may result in 

some species being over-represented and others under-represented in the mix.  

 Seed quality, viability and/or germination of 19 species was assessed in the last 

year, and seed pre-treatments to maximize seed germination before sowing were 

identified. Senna pleurocarpa and Acacia ramulosa var. ramulosa exhibited 

physical dormancy and required hot water pre-treatments to increase germination. 

The Myrtaceae species tested (Eucalyptus sp., Calothamnus sp., Melaleuca sp.) 

were non dormant thus do not require pre-treatments. 

 Seed priming experiments in the laboratory increased germination percentages 

and rates, however, emergence in the field was very low, and the benefit of 

priming was not yet demonstrated.  The low field emergence was likely due to 

low rainfall, so the benefit of seed priming should be assessed under different 

rainfall scenarios. 

 Seed burial bags were retrieved after one year under the soil surface at 

Koolanooka waste rock dump and after 2 years at the TEC offset area. After 1 

year, the treated seeds showed higher germination compared to the untreated 
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seeds, yet not all treated seeds germinated. All seeds had germinated after 2 years 

of burial. 

 Small seeds should be sown on the soil surface or at shallow depths (i.e. via 

surface broadcasting). Smaller seeds tend to require light for germination and 

have smaller seed resources to push the cotyledon through to the soil surface. 

Large seeds perform better when buried, and, where possible, should be buried 1-

5 cm in the soil (e.g. via direct seeding). 

 Seed storage experiments are underway to identify appropriate storage 

conditions.  The conditions being assessed are ambient room conditions (20°C), a 

drying room (15°C, 15% RH) and a freezer (dried at 15% RH, then stored 

at -18°C in sealed containers). 

 

Overcoming a topsoil deficit 

 With topsoil being at a premium, research at SMC sites has highlighted that 

topsoil can be mixed with rock to cover a larger area, as the addition of rock to 

topsoil (topsoil + rock) had no negative impact on emergence. However, the 

addition of rock should be made with care as it could significantly increase runoff 

rates on slopes as it decreased infiltration rates in rainfall simulation experiments.  

 At Blue Hills, topsoil has been double stripped, with the top layer termed ‘woody 

debris’, and the lower layer termed ‘topsoil’.  An ex situ assessment of seedling 

emergence from both soil layers showed that the ‘woody debris’ contained the 

soil seed bank, whereas the ‘topsoil’ contained very little seed. The ‘woody 

debris’ will be useful to provide propagules for restoration and the ‘topsoil’ will 

be useful as a sub-soil or growth medium.  Had this assessment not been carried 

out, the lower layer of soil could have mistakenly been used as a source of 

propagules.  

 

Plant growth medium solutions  

 Cross ripping has been demonstrated to improve soil properties at SMC 

operations. In heavily compacted areas, ripping increases water infiltration 

relative to areas that were not ripped. Ripping is necessary even with the addition 

of topsoil.  

 Selection of substrates is critical with seedling emergence from broadcast seed 

being significantly lower in ‘fines’ substrate than topsoil and topsoil + rock 

substrates. 

 Seedling survival is also influenced by growth medium, as survival of Acacia 

acuminata was substantially higher in the topsoil and topsoil + rock covers (71-

77%) compared with the fines and fines + rock (0-10%) on the slope of the 

Detritals waste rock dump, two years after seeding.  

 Soil crusting issues indicate that soil should be spread dry and seeded as soon as 

possible to ensure that seed integrates into the soil, rather than being sown after 

rainfall when the soil crust develops. 

 

 

 



 

6 
 

Coping with climate variability 

 The importance of rainfall for seedling emergence was demonstrated in the field 

trial at Koolanooka, as under ambient precipitation (68 mm), emergence was very 

low (< 1%), however, with irrigation to simulate an average (140 mm) and above 

average year (170 mm), emergence was much higher (up to 10%).  These results 

indicate that restoration success may be hampered by low rainfall years, but also 

highlights the benefits of irrigation, which may be technical feasible on a small to 

medium scale. 

 

Progress towards 70% species replacement in the TEC offset 

 Research is currently being undertaken to investigate seedling propagation (via 

seed and cuttings) of species for which there is limited or no seed available.  

Cuttings of 10 species have been collected this year and are currently growing in 

the glasshouse at BGPA.  Strike rate is being assessed, and plants will be used in 

field trials in 2015.   

 62 species from the TEC offset area target community either return from topsoil, 

or seeds or cuttings have been collected.  To reach 70% reinstatement, 59 species 

should be restored, which means that the research is progressing well towards the 

target. However, seeds and cuttings may not be available in sufficient quantities 

to restore the whole site. 

 

Informing restoration practice 

 A restoration manual to outline the practical implications for restoration is 

currently being drafted. 

 

Challenges ahead 

 

Limited seed availability 

 Although seed has been collected from a wide range of species, several collections 

have few seed, and so seed germination has not been assessed.  In addition, the 

quantity of seed collected is likely to be insufficient for most species for restoring 

species at required plant densities using seed broadcasting. Therefore, only 13 

species have had adequate numbers of seed for field trials (testing specific 

restoration substrate requirements) by Kings Park. SMC has undertaken a 

significant and more focussed seed collection program to ensure sufficient seed is 

available for restoration programs in 2015/16 at all sites, and although the number 

of species collected has increased, the volumes of seed may not be sufficient for 

seed broadcasting.  To overcome this deficiency, tube stock may need to be 

produced from small seed collections, and it may be possible to test the 

effectiveness of seed farming by using irrigation to improve seed production of 

vegetation in undisturbed vegetation and/or irrigation of rehabilitation sites. 

 Due to difficulty in acquiring adequate seed for some species and/or difficulties in 

germination, Kings Park has identified species to be tested for suitability for 

tubestock propagated from seed and/or cuttings. Field trials are planned in 2015 at 
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the Koolanooka TEC offset area to test the suitability of tubestock as a method of 

vegetation restoration to inform potential infill planting in the coming years. 

 

Variable rainfall 

 As above SMC have highlighted that low winter rainfall has resulted in very low 

seedling emergence from seed sown in field trials. The requirement to ensure 

water is not limiting in the first years of establishment may need to be addressed 

by SMC operations with supplementary irrigation. 

 Field trials in 2016 will assess the benefits of providing supplementary irrigation, 

specifically, whether irrigation can be provided with a single or double 

application, or whether continuous irrigation during the growing season is 

required.  

 

Exploration tracks 

 A number of exploration tracks and drill pads will be cleared at Blue Hills in 

2015, however, it is unknown whether the standard practice for restoring 

exploration tracks is in fact best practice.  Kings Park intends to assess the 

vegetation on restored exploration tracks and undertake a topsoil management 

trial on tracks to be cleared in 2015 to improve the restoration of exploration 

tracks. 
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Plant Community Analysis 

Plant Community Targets for Blue Hills 
The area impacted by mining activities at Blue Hills Mungada East and West 

mine sites cover seven floristic community types (FCT  1a, 2, 4, 12, 13, 14 and 17) 

using Woodman (2008) or six vegetation communities (Arr, Ew, El, Aan, ApCp and 

AaPo) using Bennett (2004) classification systems. Floristic community types 12 or 

Arr are likely to be suitable for restoration to waste rock dumps as they are found on 

flats to mid-upper slopes of BIF ranges with ironstone gravel soils. Also, FCT 12 or 

Arr are the largest community types impacted by mining and will also provide the 

main source of topsoil and hence contain the soil seed bank of the species to be 

restored.  

Quadrats were chosen from vegetation surveys conducted by Bennett (2004), 

Ecologia (2008), Maia (2012) and Markey and Dillon (2006) within or adjacent to the 

mine foot print proposed in “Attachment 3 to Ministerial Statement 811 - Section 45C 

change to proposal”.  A total of 112 species, subspecies and varieties were identified 

in 12 quadrats (20 m x 20 m) at Mungada East and 12 quadrats at Mungada West 

mine sites (Fig. 1). Species lists was adjusted to remove weed species, misidentified 

species and plant nomenclature corrected and updated using Florabase 

(<http://florabase.dpaw.wa.gov.au >accessed July 2014). A total of 84 plant taxa were 

identified for each site with 56 species common to both sites. Of the 112 taxa 

identified at both sites 40 herbs and 2 grasses were annuals (37.5% of all taxa). 

Two separate lists were created for selecting suitable species for restoration of 

the waste rock dumps at Mungada East (Table 1) and Mungada West mine sites 

(Table 2). As per condition of mining approval, a minimum of 70% of the species are 

required to be restored i.e. 59 species at each site. Mean species richness/quadrat was 

15.1 ± 3.7 for Mungada East and 17.1 ± 1.2 at Mungada West. A difference in species 

richness between sites is due to a larger number of Ecologia quadrats, which did not 

record annual species, used in analysis for Mungada East. To restore a vegetation 

community that is most similar to undisturbed sites, species targeted for restoration 

should be selected on the basis of frequency of occurrence i.e. 100% of very common 

taxa should be targeted for restoration, 80% of the common taxa and 60% or 55% of 

uncommon taxa.  

 

 

  



 
 

 

Figure 1. Location of vegetation survey quadrats by Bennett (2004), Ecologia (2008), Maia (2012), Markey and Dillon (2006) and Woodman (2008) 
at Mungada West and East mine sites. 
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Table 1. List of species likely to be suitable for vegetation restoration of waste rock dump at 

Mungada East mine site, Blue Hills. 
Frequency 

% 
Family Species Life form 

very common species restore 100% of these species = 7 species 

67 Fabaceae Acacia ramulosa var. ramulosa  shrub or tree 

67 Myoporaceae  Eremophila latrobei subsp. latrobei  shrub 

67 Rutaceae Philotheca brucei subsp. brucei  shrub 

58 Dilleniaceae Hibbertia arcuata  shrub 

58 Euphorbiaceae Calycopeplus paucifolius shrub 

58 Proteaceae   Grevillea obliquistigma subsp. obliquistigma  shrub 

50 Myoporaceae  Eremophila clarkei  shrub 
    

common species restore 80% of these species = 24 species 

42 Fabaceae Acacia assimilis subsp. assimilis  shrub 

42 Fabaceae Mirbelia bursarioides  shrub 

33 Araliaceae Trachymene ornata annual herb 

33 Asteraceae   Lawrencella rosea  annual herb 

25 Adiantaceae   Cheilanthes austrotenuifolia  perennial fern 

25 Amaranthaceae   Ptilotus obovatus  shrub 

25 Asclepiadaceae   Rhyncharrhena linearis  shrub or climber 

25 Asparagaceae Thysanotus manglesianus  twining perennial herb 

25 Asteraceae   Myriocephalus guerinae  annual herb 

25 Asteraceae   Waitzia acuminata var. acuminata  annual herb 

25 Fabaceae Acacia aulacophylla  shrub or tree 

25 Fabaceae Acacia sibina shrub or tree 

25 Rutaceae Drummondita microphylla  shrub 

25 Rutaceae Philotheca sericea  shrub 

17 Fabaceae Acacia caesaneura shrub or tree 

17 Asteraceae   Rhodanthe battii  annual herb 

17 Asteraceae   Rhodanthe chlorocephala subsp. rosea annual herb 

17 Asteraceae   Rhodanthe maryonii shrubby annual herb 

17 Crassulaceae Crassula colorata var. acuminata  succulent annual herb 

17 Fabaceae Acacia acuminata  shrub 

17 Fabaceae Acacia effusifolia  shrub or tree 

17 Fabaceae Acacia exocarpoides  shrub 

17 Geraniaceae Erodium cygnorum annual or perennial herb 

17 Lamiaceae Prostanthera patens  shrub 

17 Myrtaceae   Aluta aspera subsp. hesperia shrub 

17 Myrtaceae   Eucalyptus ewartiana  mallee 

17 Myrtaceae   Melaleuca nematophylla  shrub 

17 Poaceae Rytidosperma caespitosum grass 

17 Proteaceae   Hakea recurva subsp. recurva shrub or tree 

17 Sapindaceae Dodonaea inaequifolia  shrub or tree 
    

uncommon species restore 60% of these species = 28 species 

8 Adiantaceae   Cheilanthes adiantoides  perennial fern 

8 Apiaceae Daucus glochidiatus annual herb 

8 Araliaceae Trachymene cyanopetala annual herb 

8 Asparagaceae Thysanotus pyramidalis perennial herb 

8 Asparagaceae  Arthropodium dyeri  perennial herb 

8 Asteraceae   Blennospora drummondii annual herb 

8 Asteraceae   Brachyscome ciliocarpa annual herb 
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8 Asteraceae   Brachyscome perpusilla annual herb 

8 Asteraceae   Calocephalus multiflorus  annual herb 

8 Asteraceae   Calotis hispidula  annual herb 

8 Asteraceae   Calotis sp. Perrinvale Station (RJ Cranfield 7096) P3 annual herb 

8 Asteraceae   Gilruthia osbornei annual herb 

8 Asteraceae   Myriocephalus rudallii annual herb 

8 Asteraceae   Podolepis canescens annual herb 

8 Asteraceae   Podolepis lessonii annual herb 

8 Asteraceae   Rhodanthe collina annual herb 

8 Asteraceae   Rhodanthe laevis annual herb 

8 Asteraceae   Rhodanthe manglesii annual herb 

8 Asteraceae   Rhodanthe polycephala annual herb 

8 Brassicaceae Stenopetalum anfractum annual herb 

8 Campanulaceae Lobelia winfridae annual herb 

8 Campanulaceae Wahlenbergia preissii annual herb 

8 Colchicaceae Wurmbea densiflora perennial herb 

8 Epacridaceae Astroloma serratifolium  shrub 

8 Fabaceae Acacia incurvaneura shrub or tree 

8 Fabaceae Acacia murrayana  shrub or tree 

8 Fabaceae Acacia tetragonophylla  shrub 

8 Fabaceae Acacia woodmaniorum (DRF) shrub 

8 Fabaceae Senna artemisioides subsp. petiolaris shrub 

8 Goodeniaceae Goodenia berardiana  annual herb 

8 Goodeniaceae Goodenia occidentalis annual herb 

8 Goodeniaceae Velleia cycnopotamica annual herb 

8 Goodeniaceae Velleia hispida annual herb 

8 Goodeniaceae Velleia rosea annual herb 

8 Haloragaceae Gonocarpus nodulosus annual herb 

8 Myrtaceae   Melaleuca leiocarpa shrub 

8 Myrtaceae   Micromyrtus acuta (P3) shrub 

8 Myrtaceae   Micromyrtus trudgenii (P3) shrub 

8 Plantaginaceae Plantago debilis  annual or perennial herb 

8 Poaceae Austrostipa nodosa grass 

8 Poaceae Austrostipa scabra perennial grass 

8 Poaceae Lachnagrostis plebeia annual grass 

8 Poaceae Monachather paradoxus perennial grass 

8 Proteaceae   Persoonia pentasticha (P3) shrub 

8 Rutaceae Drummondita fulva (P3) shrub 

8 Sapindaceae Dodonaea viscosa subsp. spatulata shrub 

8 Solanaceae Solanum lasiophyllum shrub 
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Table 2. List of species likely to be suitable for vegetation restoration of waste rock dump at 

Mungada West mine site, Blue Hills. 
Frequency 

% 
Family Species Life form 

very common species restore 100% of these species = 6 species 

67 Fabaceae Acacia ramulosa var. ramulosa  shrub or tree 

67 Rutaceae Philotheca brucei subsp. brucei  shrub 

58 Fabaceae Acacia exocarpoides  shrub 

58 Myoporaceae  Eremophila latrobei subsp. latrobei  shrub 

50 Asteraceae   Waitzia acuminata var. acuminata  annual herb 

50 Goodeniaceae Velleia rosea annual herb 
    

common species restore 80% of these species = 32 species 

42 Amaranthaceae   Ptilotus obovatus  shrub 

42 Fabaceae Acacia assimilis subsp. assimilis  shrub 

42 Myoporaceae  Eremophila clarkei  shrub 

42 Myrtaceae   Melaleuca nematophylla  shrub 

42 Myrtaceae   Micromyrtus trudgenii (P3) shrub 

42 Rutaceae Philotheca sericea  shrub 

42 Sapindaceae Dodonaea inaequifolia  shrub 

33 Adiantaceae   Cheilanthes austrotenuifolia  perennial fern 

33 Adiantaceae   Cheilanthes sieberi subsp. sieberi  perennial fern 

33 Asparagaceae Thysanotus manglesianus  twining perennial herb 

33 Fabaceae Acacia incurvaneura shrub or tree 

33 Fabaceae Acacia tetragonophylla  shrub 

33 Fabaceae Mirbelia sp. Bursarioides shrub 

25 Araliaceae Trachymene ornata annual herb 

25 Asteraceae Cephalipterum drummondii annual herb 

25 Asteraceae   Calocephalus multiflorus  annual herb 

25 Asteraceae   Podolepis lessonii annual herb 

25 Chenopodiaceae Maireana tomentosa subsp. tomentosa shrub 

25 Dilleniaceae Hibbertia arcuata  shrub 

25 Fabaceae Acacia aulacophylla  shrub or tree 

25 Phormiaceae Dianella revoluta var. divaricata  perennial herb 

25 Poaceae Austrostipa elegantissima perennial grass 

25 Proteaceae   Hakea recurva subsp. recurva  shrub or tree 

25 Rutaceae Drummondita fulva shrub 

17 Apiaceae   Xanthosia kochii shrub 

17 Asparagaceae Arthropodium dyeri  perennial herb 

17 Asteraceae   Lawrencella rosea  annual herb 

17 Asteraceae   Millotia myosotidifolia  annual herb 

17 Asteraceae   Myriocephalus guerinae  annual herb 

17 Asteraceae   Rhodanthe chlorocephala subsp. rosea annual herb 
17 Asteraceae   Rhodanthe manglesii annual herb 

17 Fabaceae Acacia acuminata  shrub 

17 Fabaceae Acacia burkittii shrub or tree 

17 Fabaceae Acacia effusifolia  shrub or tree 

17 Goodeniaceae Goodenia berardiana  annual herb 

17 Goodeniaceae Scaevola spinescens  shrub 

17 Lamiaceae Prostanthera patens  shrub 

17 Myrtaceae   Micromyrtus racemosa shrub 

17 Solanaceae Solanum nummularium shrub 

17 Stylidiaceae Stylidium sp.  
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uncommon species restore 55% of these species = 21 species 

8 Aizoaceae Gunniopsis glabra perennial herb 

8 Asclepiadaceae   Rhyncharrhena linearis  shrub or climber 

8 Asteraceae Schoenia cassiniana annual herb 

8 Asteraceae   Bellida graminea annual herb 

8 Asteraceae   Brachyscome ciliocarpa annual herb 

8 Asteraceae   Calotis hispidula  annual herb 

8 Asteraceae   Gilruthia osbornei annual herb 

8 Asteraceae   Lawrencella davenportii annual herb 

8 Asteraceae   Myriocephalus rudallii annual herb 

8 Asteraceae   Olearia pimeleoides shrub 

8 Asteraceae   Rhodanthe battii  annual herb 

8 Brassicaceae Stenopetalum filifolium annual herb 

8 Campanulaceae Lobelia winfridae annual herb 

8 Chenopodiaceae Maireana trichoptera perennial herb 

8 Chenopodiaceae Rhagodia drummondii shrub 

8 Crassulaceae Crassula colorata var. acuminata  succulent annual herb 

8 Droseraceae Drosera macrantha subsp. macrantha  perennial herb climber 

8 Euphorbiaceae Calycopeplus paucifolius shrub 

8 Fabaceae Acacia acanthoclada subsp. glaucescens shrub 

8 Fabaceae Acacia caesaneura shrub or tree 

8 Fabaceae Acacia sibina shrub or tree 

8 Fabaceae Senna artemisioides subsp. petiolaris shrub 

8 Goodeniaceae Goodenia occidentalis annual herb 

8 Haloragaceae Gonocarpus nodulosus annual herb 

8 Malvaceae   Sida calyxhymenia  shrub 

8 Myrtaceae   Aluta aspera subsp. hesperia  shrub 

8 Myrtaceae   Melaleuca leiocarpa shrub 

8 Plantaginaceae Plantago debilis  annual or perennial herb 

8 Poaceae Austrostipa scabra perennial grass 

8 Poaceae Austrostipa trichophylla perennial grass 

8 Poaceae Lachnagrostis filiformis annual grass 

8 Poaceae Monachather paradoxus perennial grass 

8 Poaceae Rytidosperma caespitosum grass 

8 Portulacaceae Calandrinia eremaea annual herb 

8 Proteaceae   Grevillea obliquistigma subsp. obliquistigma  shrub 

8 Proteaceae   Persoonia manotricha shrub 

8 Santalaceae Santalum acuminatum shrub or tree 

8 Santalaceae Santalum spicatum shrub 

8 Solanaceae Solanum lasiophyllum shrub 

    

 

Plant Community Targets for Koolanooka 
The reference communities for each restoration domain have been provided in previous 

annual reports and species are listed in Table 4.  The species likely to be difficult for restoration to 

post mine sites due to inadequate seed supply or low germinability will likely require propagation and 

are listed in the Tube stock Program section.  
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Seed Science 
The core principle to this program is to undertake the research and development required to 

ensure that seeds collected for SMC rehabilitation are used to their full potential through 

optimising each step in the chain of seed usage - from collection, storage, propagation and 

delivery to site.  Species-specific information on seed use must, therefore, be tailored to site-

specific needs for effective seed use in rehabilitation. Past failures in the effective use of seed 

can be linked to the need to develop site-specific, bioregional approaches to seed utilisation 

that address the core issues of timing of collection, quality of seed, viability of seed, 

dormancy release and site delivery techniques. 

Seed collection 2014 
Due to difficulties in obtaining sufficient seed for a large number of species from commercial 

collectors, BGPA staff have initiated their own collection program to collect seed for 

research purposes.   

 

Seed was collected from Koolanooka on 2nd and 18th September and from Blue Hills on 3rd 

September 2014. Due to under representation in commercial collections annuals were 

intensively targeted for collection during field trips as well as perennial species such as 

Grevillea spp. (Table 3). Frequent site visits allowed for a different suite of species to be 

collected on each trip within a small time frame.  

 

In 2013, Kings Park provided Western Botanical with a target list for collection and basic 

standards for seed supply.  Western Botanical collected 95 species in 2014, at least 14 of 

which had not been previously collected.  We would like to assess the seed quality and 

germination of these species which had not been previously collected.  Collections range 

from 0.006 to 5000 g. Collections with very few seeds should not be included in seed 

broadcasting, but should be used to generate tubestock.  Seeds could be sown late in 2015 for 

planting in 2016.   

 

Seed collection and collection of cuttings for seedling propagation in 2014 has helped to fill 

the gaps in the TEC offset reference community list so that there is now just one ‘very 

common’ species (Cheilanthes sieberi / adiantoides - fern) that needs to be investigated on 

the best method for restoration to site (Table 4). This fern has spores that are usually present 

in topsoil, however, it is likely that certain site conditions need to be met before it will 

establish from the spore bank (Paul 2010). Of the 34 ‘common’ species to be restored, 26 

either return from topsoil, or seed or cuttings have been collected.  

 

Collection strategy- Learning from seed collection 

After collecting seed in this quarter, the following points are important to consider: 

 Collect seed regularly (i.e. once a fortnight or once a month over the season) to ensure 

seeds from a large variety of species are collected, rather than just a one-off collection trip. 

 Record the location (using GPS) of each population of plants from which seeds were 

collected. 
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 Record the location (using GPS) of populations of plants with immature seed, and estimate 

when the seeds are likely to be fully mature. 

 Use seed bags to collect seeds that are likely to be ready between collection visits.  

 Ensure experienced staff who know the area are seed collecting.  

 Ensure that species are correctly identified and that a herbarium specimen is collected. 

 The abundance of seed appears to vary from season to season.  Given that the rainfall at 

Koolanooka was below average in the winter of 2014, the seed availability may also have 

been lower than average.  Hence, it is important to commence a seed collection program 

several years prior to restoration, so that seed can be collected over a number of years, to 

protect against a bad season.  This strategy will be useful at Blue Hills, where a seed 

collection program can commence immediately. Also, it can take a number of years to 

build a relationship with a seed collector, and be confident in the quality and diversity of 

their collections.  The short time frame of mining at Blue Hills will mean that seed 

collection should be undertaken each year. 

 Small quantities of seed of some species were collected by a commercial collector in 2013 

and were hence not available for research.  For those small collections, a few seeds 

(approx. 100) could be provided for non-destructive testing (i.e. x-ray analysis) and 

germination testing (and the resulting seedlings grown on to produce tube stock plants), 

thereby negating the need for BGPA staff to duplicate collection efforts.  

 Seed farming could play a role in increasing the amount of seed available for restoration at 

Blue Hills. Seed farming requires knowledge of seed propagation and a consideration of 

genetic issues and maternal environment effects, hence research must be undertaken 

before a seed farm is established.   
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Table 3. Species, seed collection date, seed fill % (as determined by x-ray analysis after seed cleaning),  100 seed weight (g), seeds per 100g, 
and total number of filled seeds collected by Kings Park staff at Koolanooka (K) and Blue Hills (BH) during September 2014. 

Species Accession Date collected Collection 
location 

Seed fill 
(%) 

100 seed 
weight (g) 

Seeds per 
100 g 

Number of 
filled seeds 

Allocasuarina acutivalvis 14-021 2/09/14 K 76 0.265 37793 3159 
Aristida contorta 14-036 18/09/14 K 97 0.122 81878 142 
Austrostipa elegantissima 14-031 18/09/14 K 55 0.164 60951 169 
Goodenia berardiana 14-029 4/09/14 K 92 0.176 56818 617 
Grevillea levis 14-040 18/09/14 K 84 1.691 5913 179 
Grevillea paradoxa 14-032 18/09/14 K 95 1.091 9170 1285 
Lawrencella davenportii 14-037 18/09/14 K 91 0.313 31956 3415 
Maireana carnosa 14-035 18/09/14 K 15 0.466 21462 126 
Myriocephalus guerinae 14-022 3/09/14 BH 87 0.570 17530 4406 
Myriocephalus guerinae 14-023 2/09/14 K 90 0.227 44037 9952 
Podolepis canescens 14-028 3/09/14 BH 86 0.040 247350 60 
Podolepis canescens 14-033 18/09/14 K 93 0.036 275735 3020 
Ptilotus obovatus 14-034 18/09/14 K 60 0.351 28529 17003 
Rhodanthe battii 14-024 3/09/14 BH 97 0.247 40453 1969 
Schoenia cassiniana 14-038 18/09/14 K 80 0.498 20080 12 
Trachymene cyanopetala 14-030 3/09/14 BH 75 0.154 64823 2502 
Trachymene ornata 14-025 3/09/14 BH 97 0.172 58072 5052 
Trachymene ornata 14-026 4/09/14 K 95 0.205 48780 3094 
Velleia rosea 14-027 3/09/14 BH 99 0.268 37332 1112 
Waitzia sp. 14-039 18/09/14 K 91 0.051 196592 2873 
Grevillea levis 14-040 18/09/14 K 84 1.691 5913 

 
Calothamnus gilesii 14-041 18/09/14 K 98 0.020 512295 105861 
Melaleuca nematophylla 14-042 18/09/14 K 94 0.007 1404494 118820 
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Table 4. TEC offset reference community species list (DEC Community 3: Allocasuarina Low Open Woodland) and additional species in DEC 
Communities 4 and 5, and ATA Community 15. Species are ranked by species frequency, noting whether seed has been collected, its seed 
dormancy class (PY=physical, PD=physiological, MPD=morphophysiological, ND=non-dormant; non-dormant and physical dormant species 
being most easy to germinate), whether it has been observed emerging from the topsoil seed bank in situ and whether seed and/or cuttings have 
been collected.  Data for DEC 3 was compiled from DEC plots KOOL32, KOOL 34 and Maia plots K1, K3, K4, K5, K6, K7, K8, Kings Park 
plots TRS 1-10 and TRS walk. 

 Family Species 
Returns 

from 
topsoil 

Seed 
collected 

Cuttings 
collected 

Dormancy Life form DEC 3 DEC 4 DEC 5 ATA 15 

V
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 (100%
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 =

 19
 sp

.) 
 Malvaceae Sida sp. dark green fruits  

 
yes PY shrub 89 14 * 

 
Geraniaceae Erodium cygnorum yes 

  
PD? annual or perennial herb 84 43 * 

 
Pteridaceae Cheilanthes sieberi / adiantoides  

  
  fern 79 100 

  
Poaceae Austrostipa elegantissima  yes 

 
PD perennial grass 74 86 * * 

Dioscoreaceae Dioscorea hastifolia  yes yes PD climber 74 14 
  

Poaceae Monachather paradoxus  yes 
 

ND/PD perennial grass 74 86 * 
 

Fabaceae Acacia ramulosa var. ramulosa  yes 
 

PY shrub 68   
 

* 

Fabaceae Acacia tetragonophylla  yes 
 

PY shrub 68   * * 

Casuarinaceae Allocasuarina acutivalvis  yes 
 

ND shrub/small tree 63 29 * 
 

Euphorbiaceae Calycopeplus paucifolius  yes yes PD? shrub 63   
  

Amaranthaceae Ptilotus obovatus  yes 
 

PD? shrub 63   * 
 

Solanaceae Solanum lasiophyllum  yes 
 

PD? shrub 63 14 * * 

Fabaceae Acacia exocarpoides yes yes 
 

PY shrub 58 14 
 

* 

Sapindaceae Dodonaea inaequifolia yes yes 
 

PY shrub 58 14 * * 

Proteaceae Grevillea paradoxa  yes yes PD? shrub 58 71 
 

* 

Solanaceae Solanum ellipticum  yes 
 

PD? shrub 58 57 
 

* 

Fabaceae Acacia acuminata  yes 
 

PY shrub/tree 53 14 * * 

Fabaceae 
Daviesia hakeoides subsp. 
hakeoides 

 yes yes PY shrub 53 71 
  

Asteraceae Rhodanthe battii yes yes 
 

ND/PD annual herb 53   
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 Family Species 
Returns 

from 
topsoil 

Seed 
collected 

Cuttings 
collected 

Dormancy Life form DEC 3 DEC 4 DEC 5 ATA 15 

C
O

M
M

O
N

 (80
 %

 of these species to b
e achieved, 34 sp.) 

Asteraceae Podolepis canescens  yes 
 

ND/PD annual herb 47   
  

Asteraceae Waitzia acuminata  yes 
 

ND/PD annual herb 47   
 

* 

Proteaceae Hakea recurva subsp. recurva  yes 
 

ND shrub 42   * * 

Amaranthaceae Ptilotus polystachyus  yes 
 

PD? annual or perennial herb 42   * 
 

Fabaceae Acacia assimilis subsp. assimilis  yes 
 

PY shrub 37 86 * * 

Myrtaceae Melaleuca nematophylla  yes 
 

ND shrub 37   
  

Malvaceae Sida sp. Golden calyces glabrous  
  

PY shrub 37   
  

Araliaceae Trachymene ornata  yes 
 

ND/PD/MPD annual herb 37   
 

* 

Goodeniaceae Velleia rosea yes yes 
 

ND/PD annual herb 37   
 

* 

Poaceae 
Amphipogon caricinus var. 
caricinus 

 yes 
 

PD? perennial grass 32 57 
  

Scrophulariaceae Eremophila clarkei  yes yes PD shrub 32   * * 

Asteraceae Lawrencella davenportii  yes 
 

ND/PD annual herb 32   
  

Chenopodiaceae Maireana planifolia  yes 
 

ND/PD shrub 32   * 
 

Amaranthaceae Ptilotus gaudichaudii yes yes 
 

PD? annual herb 32   
  

Fabaceae 
Acacia nigripilosa subsp. 
nigripilosa 

 
  

PY shrub 26   * * 

Casuarinaceae Allocasuarina dielsiana  yes 
 

ND tree 26   
  

Euphorbiaceae 
Euphorbia tannensis subsp. 
eremophila 

 
  

PD? 
annual or perennial 
herb/shrub 

26   
  

Fabaceae Mirbelia microphylla  
  

PY shrub 26 86 * 
 

Malvaceae Abutilon oxycarpum  
  

PY shrub 21   
  

Poaceae Austrostipa variabilis  
  

PD perennial grass 21   
  

Rutaceae Philotheca brucei subsp. brucei  
  

PD? shrub 21 29 * 
 

Fabaceae 
Senna glutinosa subsp. 
chatelainiana 

 yes 
 

PY shrub 21   
  

Apiaceae Xanthosia bungei  
  

ND/PD/MPD shrub 21 86 
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Family Species 
Returns 

from 
topsoil 

Seed 
collected 

Cuttings 
collected 

Dormancy Life form DEC 3 DEC 4 DEC 5 ATA 15 

Asparagaceae Arthropodium dyeri  
  

ND/PD/MPD perennial herb 16 71 * 
 

Ericaceae Astroloma serratifolium  
  

PD/MPD shrub 16 86 
  

Poaceae Austrostipa trichophylla  yes 
 

PD perennial grass 16 14 * 
 

Polygonaceae Comesperma integerrimum  yes 
 

  shrub 16 14 
  

Goodeniaceae Goodenia pinnatifida  yes 
 

ND/PD herb 16   
  

Fabaceae Mirbelia bursarioides  
  

PY shrub 16   
  

Goodeniaceae Scaevola spinescens  
  

PD shrub 16   * 
 

Fabaceae Acacia coolgardiensis  yes 
 

PY shrub 11 29 * 
 

Fabaceae 
Acacia stereophylla var. 
stereophylla 

 yes 
 

PY shrub 11 86 
  

Portulacaceae 
Calandrinia eremaea ‘dull-
seeded variant’ 

 
  

  annual herb 11   
  

Asteraceae Calotis hispidula yes 
  

ND/PD annual herb 11   
  

Hemerocallidaceae Dianella revoluta var. divaricata  yes 
 

PD? perennial herb 11 57 * 
 

Chenopodiaceae 
Enchylaena tomentosa var. 
tomentosa 

 
  

PD? shrub 11   * * 

Myrtaceae Melaleuca hamata  yes 
 

ND shrub 11   
  

Myrtaceae Melaleuca radula  yes 
 

ND shrub 11   
  

Thymelaeaceae Pimelea angustifolia  
  

PD? shrub 11   * 
 

Asparagaceae Thysanotus manglesianus  yes 
 

  perennial herb 11 86 * 
 

Araliaceae Trachymene cyanopetala yes yes 
 

ND/PD/MPD annual herb 11   
  

Hemerocallidaceae Tricoryne elatior  
  

  perennial herb 11   
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 Family Species 
Returns 

from 
topsoil 

Seed 
collected 

Cuttings 
collected 

Dormancy Life form DEC 3 DEC 4 DEC 5 ATA 15 

U
N

C
O

M
M

O
N

 (20%
 o

f th
ese sp

ecies to b
e restored

 =
 4

 sp
.) 

 Fabaceae Acacia umbraculiformis  yes 
 

PY shrub uncommon   
  

Casuarinaceae 
Allocasuarina acutivalvis subsp. 
prinsepiana 

 
  

ND shrub/small tree uncommon   
  

Myrtaceae Aluta aspera subsp. hesperia  
  

PD shrub uncommon 29 
  

Malvaceae Androcalva luteiflora  
 

yes PY? shrub uncommon   
  

Pittosporaceae Bursaria occidentalis  
  

PD?MPD? shrub/small tree uncommon   
  

Pteridaceae Cheilanthes lasiophylla  
  

  fern uncommon   
  

Crassulaceae Crassula colorata var. acuminata  
  

  annual herb uncommon   
  

Poaceae Cymbopogon ambiguus  yes 
 

PD? perennial grass uncommon   
  

Myrtaceae Enekbatus dualis P1  
  

  shrub uncommon   
  

Myrtaceae Eucalyptus sp.  
  

ND tree uncommon   
  

Cyperaceae Lepidosperma sp. Koolanooka   
  

PD perennial herb uncommon 14 
  

Myrtaceae Melaleuca barlowii P3  yes 
 

ND shrub uncommon   
  

Urticaceae Parietaria cardiostegia  
  

  annual herb uncommon   
  

Proteaceae Persoonia hexagona  
  

PD shrub uncommon   
  

Thymelaeaceae 
Pimelea microcephala subsp. 
microcephala 

 
  

PD? shrub uncommon   
  

Apocynaceae Rhyncharrhena linearis  
  

  shrub or climber uncommon   
  

Fabaceae Senna charlesiana  
  

PY shrub uncommon   * 
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 Malvaceae Abutilon cryptopetalum  
  

PY shrub 5   
  

Fabaceae Acacia andrewsii  yes 
 

PY shrub 5   * 
 

Casuarinaceae Allocasuarina campestris  yes 
 

ND shrub 5 29 
  

Loranthaceae Amyema gibberula var. tatei  
  

  aerial hemiparasite 5   
  

Poaceae Anthosachne scabra  yes 
 

ND/PD grass 5   
  

Poaceae Aristida contorta  yes 
 

ND? 
annual or perennial 
grass 

5 29 
  

Poaceae Austrostipa hemipogon  
  

PD perennial grass 5   
  

Poaceae Austrostipa scabra  yes 
 

PD perennial grass 5 14 
  

Hemerocallidaceae Caesia sp. Koolanooka Hills P1  
  

  perennial herb 5   
  

Polygonaceae Comesperma volubile  
  

  shrub 5   * 
 

Crassulaceae 
Crassula sp. – probably C. 
colorata 

 
  

  annual herb 5   
  

Apiaceae Daucus glochidiatus  
  

ND/PD/MPD annual herb 5   
  

Chenopodiaceae 
Dysphania melanocarpa f. 
melanocarpa 

 
  

PD? annual herb 5   
  

Myrtaceae Eucalyptus ebbanoensis  yes 
 

ND tree 5 14 
  

Asteraceae Gilruthia osbornei yes yes 
 

ND/PD annual herb 5   
  

Goodeniaceae Goodenia mimuloides  
  

ND/PD annual herb 5   
  

Proteaceae Grevillea levis  yes yes PD? shrub 5   
  

Proteaceae 
Grevillea obliquistigma subsp. 
obliquistigma 

yes yes 
 

PD? shrub 5 43 * * 

Lamiaceae Hemigenia sp. Yalgoo  
  

PD? shrub 5   * 
 

Dilleniaceae Hibbertia arcuata  
  

MPD shrub 5 71 * 
 

Chenopodiaceae Maireana brevifolia yes yes 
 

ND/PD shrub 5   
  

Chenopodiaceae Maireana carnosa yes yes 
 

ND/PD shrub 5   * 
 

Asteraceae Rhodanthe maryonii  yes 
 

ND/PD annual herb 5   
  

 Family Species 
Returns 

from 
topsoil 

Seed 
collected 

Cuttings 
collected 

Dormancy Life form DEC 3 DEC 4 DEC 5 ATA 15 
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Family Species 
Returns 

from 
topsoil 

Seed 
collected 

Cuttings 
collected 

Dormancy Life form DEC 3 DEC 4 DEC 5 ATA 15 

Euphorbiaceae Ricinocarpos muricatus  yes 
 

PD? shrub 5 29 
  

Malvaceae Sida calyxhymenia  yes 
 

PY shrub 5   
  

Solanaceae Solanum cleistogamum  
  

PD? shrub 5   
  

Solanaceae Solanum sp.  
  

PD? shrub 5   
  

Stylidiaceae Stylidium confluens  
  

MPD? perennial herb 5 57 
  

S
u

rrou
n

d
in

g com
m

u
n

ities 

Fabaceae  Acacia aneura  
  

  shrub/tree     
 

* 

Fabaceae  Acacia anthochaera  yes 
 

PY shrub     * 
 

Fabaceae  Acacia erinacea  yes 
 

PY shrub     * 
 

Apocynaceae  Alyxia buxifolia  
  

  shrub     * 
 

Goodeniaceae  Brunonia australis  yes 
 

ND/PD perennial herb   29 * 
 

Asteraceae Cephalipterum drummondii  yes 
 

ND/PD annual or perennial herb     
 

* 

Asteraceae  Cratystylis spinescens  
  

  annual or perennial herb     
 

* 

Orchidaceae Cyanicula amplexans   
  

  orchid   29 
  

Droseraceae Drosera macrantha   
  

  
perennial herb or 
climber 

  86 
  

Chenopodiaceae Enchylaena lanata  
  

PD? perennial shrub     * 
 

Myrtaceae  Eucalyptus horistes  
  

        * 
 

Myrtaceae  
Eucalyptus loxophleba subsp. 
loxophleba 

 
  

ND tree     
 

* 

Myrtaceae  
Eucalyptus loxophleba subsp. 
supralaevis 

 yes 
 

ND tree     * 
 

Myrtaceae  Eucalyptus oldfieldii  yes 
 

ND       * 
 

Proteaceae  Hakea preissii  
  

  shrub     
 

* 

Lamiaceae  Hemigenia ciliata   
  

PD? shrub   43 
  

Chenopodiaceae Maireana georgei  yes 
 

PD? shrub     * 
 

Myrtaceae Melaleuca cordata   
  

ND shrub   57 
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Family Species 
Returns 

from 
topsoil 

Seed 
collected 

Cuttings 
collected 

Dormancy Life form DEC 3 DEC 4 DEC 5 ATA 15 

Asteraceae  Olearia humilis  
  

  shrub     * 
 

Thymelaeaceae  Pimelea microcephala  
  

PD? shrub     
 

* 

Asteraceae  Podolepis lessonii  
  

ND/PD annual herb     
 

* 

Amaranthaceae  Ptilotus obovatus var. obovatus  
  

PD? shrub     
 

* 

Chenopodiaceae Rhagodia drummondii  yes 
 

PD?       * 
 

Chenopodiaceae Sclerolaena diacantha  
  

        * 
 

Hemerocallidaceae Stypandra glauca   
  

      14 
  

Asparagaceae Thysanotus pyramidalis   
  

  perennial herb   29 
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Seed quality and germination testing 
 

Background: The main considerations when determining the quality of a seed batch 

are the purity of the collected material and the viability of the seeds. An accurate 

assessment of both seed purity and viability is necessary for rehabilitation planning, 

providing a guide as to how much material to collect in order to deliver a known 

number of germinable units corresponding to target areas and densities. Many seed 

batches contain non-seed material such as chaff, seed decoys and floral parts. Whilst 

careful cleaning should reduce the proportion of non-seed material, even the best 

possible cleaning efforts sometimes cannot separate all foreign matter. The purity of a 

seed batch refers to the proportion of seed to non-seed material.  

 

Seeds of 15 species were collected and cleaned by Western Botanical seed collectors. 

Western Botanical identified one species as Waitzia acuminata, however, on closer 

inspection at Kings Park this species is likely Rhodanthe sp. Species identification is 

crucial in the seed collection process and ideally future collectors should provide 

herbarium specimens to confirm correct species identification.  

 

Approach: Most of the species required additional cleaning at Kings Park due to high 

levels of non-seed material such as chaff (particularly the Myrtaceae) and 

predated/damaged seed (e.g. Acacia ramulosa var. ramulosa) (Fig. 3). Seeds were 

cleaned using sieves, a seed aspirator and by hand sorting. It is useful to know the 

amount of seed per gram (filled, viable seed) in a seed batch to estimate how many 

grams of each species will be required when seeding the restored sites. This can be 

determined through x-raying the seeds to determine seed fill (seeds containing an 

endosperm and/or embryo) and conducting germination and viability tests. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  X-ray image of Acacia ramulosa var. ramulosa seeds showing low seed 

quality. 
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A sample of each seed batch was x-rayed and weighed to determine the average seed 

fill and seed weight. Seed germination testing was used to:  

• Determine seed germination under a range of standard test conditions (i.e. 

across a temperature range from 10-35°C, under 12h/12h light/dark, with a 

smoke stimulant). 

• Identify the presence/absence of dormancy and classify the type of dormancy 

(i.e. physical, physiological or morphological dormancy). 

• Identify species requiring more research to maximise germination and 

prioritise these by their importance for restoration. 

• Develop research strategies for possible methods of alleviating dormancy in 

priority species (i.e. hot water for species with physical dormancy, after-

ripening or stratification for species with physiological dormancy). 

• Develop a spreadsheet to store and communicate seed germination information 

(additional to the 56 species tested in 2012/2013). 

 

After maximum germination had been reached, seeds that did not germinate were cut 

open with a scalpel (cut-test) to determine if they were viable (indicated by a white 

and firm embryo and/or endosperm), non-viable (a brown and/or squishy embryo 

and/or endosperm), or physically dormant (water-impermeable and therefore too hard 

to cut through).  

 

Results: Overall seed fill and seed purity was relatively low for P. obovatus and A. 

ramulosa var. ramulosa (Table 3). The results of the germination tests conducted in 

this quarter show that all species had relatively high germination (>75% - cut-test 

adjusted). Germination was optimum between 15°C and 35°C for most species, 

however the Myrtaceae species showed high germination at slightly lower 

temperatures (10°C) (Table 3). Maximum seed viability was relatively low for C. 

gilesii, A. ramulosa var. ramulosa, P. obovatus and E. leptopoda ssp. Arctata (< 

80%). Hot water pre-treatment increased germination of physically dormant Acacia 

ramulosa var. ramulosa and Senna pleurocarpa seeds. Seed fill of Myriocephalus 

guerinae, Lawrencella davenportii, Rhodanthe battii and Grevillea levis was high 

(>87%) but germination was low, so it is likely that these four species have 

physiological dormancy. KAR increased germination of some species slightly, and 

further investigation is required to optimise germination.  
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Table 5. Family, species, the average number of filled seeds per gram, average seed 
fill, optimum germination temperature (°C), average maximum germination (%), 
pretreatment (if required) and average maximum seed viability (%) of species 
collected from Koolanooka and Blue Hills by Western Botanical seed collectors and 
BGPA staff. The maximum final germination (%) is based on cut-test adjusted results. 
 

Family Species 
Seed 
fill 
(%) 

Filled 
seeds/g 

Optimum 
germination 
temperature 

(°C) 

Max 
germination 

(%) 

Pre-
treatment 
required? 

Max 
seed 

viability 
(%) 

Amaranthaceae Ptilotus obovatus 30 89 15-35 96 No 67 

Asteraceae Waitzia acuminata ssp 
acuminata (actually 
Rhodanthe sp.) 

98 669 TBA TBA TBA TBA 

Casuarinaceae Allocasuarina dielsiana 91 366 15-35 100 No 100 

Chenopodiaceae Atriplex semilunaris 74 166 15-30 100 No 97 

Fabaceae Acacia ramulosa var. 
ramulosa 

45 6 20 79 Hot water 53 
 

Fabaceae Senna pleurocarpa 100 73 15-35 100 Hot water  83 

Myrtaceae Calothamnus gilesii 95 4694 10-25 98 No 48 

Myrtaceae Eucalyptus leptopoda ssp 
arctata 

100 1520 10-25 100 No 68 

Myrtaceae Eucalyptus loxophleba 
ssp supralaevis 

100 1938 15-35 100 No 100 
 

Myrtaceae Eucalyptus ewartiana 97 1450 15-20 83 No 58 

Myrtaceae Melaleuca barlowii P3 100 7163 10, 15, 35 98 No 97 

Myrtaceae Melaleuca cordata 98 3410 10-15 98 No 95 

Myrtaceae Melaleuca hamata 99 14940 10, 15, 30, 
35 

99 No 86 

Myrtaceae Melaleuca leiocarpa 91 8225 10-35 98 No 91 

Sapindaceae Dodonaea inaequifolia 89 307 NA- 
Duplicate 

NA Hot water NA 
 

Asteraceae Myriocephalus guerinae 90 398 TBA  KAR?  

Asteraceae Lawrencella davenportii 91 291 TBA  KAR?  

Asteraceae Rhodanthe battii 97 393 TBA    

Proteaceae Grevillea levis 84 49 TBA  KAR?  

 
 

Implications for practice: Information on seed fill, germination and viability 

percentages can be used to adjust seeding rates for restoration. Low seed quality (A. 

ramulosa var. ramulosa, P. obovatus) and high levels of chaff (Myrtaceae) should be 

considered when seed collecting and, if possible, larger quantities of seed should be 

collected to achieve a satisfactory level of plant abundance within the restored site. 

Seed quality varies with season and recent collections may reflect upon the previously 

poor season (2013) when rainfall was particularly low. Timing of collection is also 

crucial as it can be responsible for low seed quality.  
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Seed storage 
Background: Seed banking is often crucial for rehabilitation success. Storing seeds is 

the most efficient method of capturing a genetically representative sample of 

germplasm for a species and conserving it in the long-term. For conservation of high-

value seeds, such as those from rare or threatened species, hard to collect species, 

threatened ecological communities, or endemic species, ensuring maximum storage 

life is paramount. In these cases seeds should be carefully dried and stored in freezers 

at -18°C. 

 

It is crucial, also, that the storage conditions maintain the initial seed viability until 

the seeds are required for use. Maintaining the initial seed viability means that it is 

more likely that seeds retrieved from storage will produce healthy, vigorous seedlings. 

Seeds subjected to adverse storage conditions can age rapidly, leading to loss of 

vigour and pre-mature seed death. Poor storage practices will result in reduced 

germination and weak seedlings unable to survive once re-introduced into a habitat. 

Optimising the storage environment will ensure the effort put into collecting high 

quality seed is translated into viable, germinable and vigorous seedlings when 

required for rehabilitation.  

 

Approach: This year, a storage trial was set up to: 

 Assess desiccation and freeze tolerance of seeds to classify storage behaviour 

and identify appropriate storage techniques. 

 Determine the effects of the storage environment on seed dormancy status and 

the germination requirements following storage. 

 Develop a database to store and communicate seed banking information. 

 

Results: Seeds of five species (Allocasuarina acutivalvis, Melaleuca nematophylla, 

Maireana tomentosa, Acacia assimilis, Dodonaea inaequifolia) have been carefully 

dried and stored in a freezer at -18°C, in a drying room at 15°C/15% RH and in 

ambient conditions (20°C- control). Germination was tested before storage and will 

be tested every 6 months over 18 months.  Initial results indicate that germination has 

not decreased during storage for six months (Fig 3.) 
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Figure 3.  Germination of Allocasuarina acutivalvis prior to storage and after storage 
for 6 months at ambient conditions, in a dry room, and in freezer.  
 

Germination under water stress 
Background: Germination is a high-risk event in the plant life cycle and species from 

arid communities vary in their ability to germinate under water stress. A species’ 

ability to germinate under low water potentials has been suggested to indicate its 

potential for success under arid conditions therefore it is important to know the base 

water potential (i.e. the water potential below which fewer than 50% of the seeds will 

germinate) of species needed for restoring degraded semi-arid landscapes. 

Understanding germination of native species under water stress is useful for 

improving revegetation projects in semi-arid regions through appropriate selection of 

species adapted to the local conditions and through use of appropriate seeding rates 

(Bochet et al. 2007).  

 

Large seed mass (generally >1 g) is generally associated with relatively slow growth 

rates and increased drought tolerance (Daws et al. 2008). Larger-seeded species may 

therefore have a greater ability to survive in water-limited environments, yet this is 

largely unknown for different species and habitats. 

 

Approach: Under controlled laboratory conditions, seeds of nine different 

Koolanooka and Blue Hills species were incubated in solutions of PEG (polyethylene 

glycol) equivalent to water potentials of 0 (water only), –0.25, –0.5, –0.75, –1.0, –

1.25, –1.5 MPa.  

 

Results: The water potential at which <50% germination occurred varied 

between -0.25 and -1.50 MPa, indicating that there is a variation in the ability of 

different species to germinate in dry soil. The species with the second smallest seed 

(Eucalyptus oldfieldii) was the least tolerant to low water potentials, as it had the 

highest Ψ50 (-0.25 MPa) (Table 4). 
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Table 6.  Family, species, water potential at which < 50% germination occurred 
(Ψ50), 100 seed weight (g), dormancy type and pre-treatment of 8 species required for 
restoration of the Sinosteel tenement. 

Family Species 
Ψ50 

(MPa) 

100 seed 

weight 

(g) 

Dormancy 
Pre-

treatment 

Asteraceae Waitzia nitida  - 0.75 0.02 non-dormant NA 

Casuarinaceae Allocasuarina campestris - 1.25 0.17 non-dormant NA 

Chenopodiaceae Maireana planifolia - 1.50 0.53 non-dormant NA 

Fabaceae Acacia exocarpoides - 0.75 3.20 physical Hot water 

Fabaceae Acacia murrayana - 0.75 2.30 physical Hot water 

Fabaceae Senna glutinosa ssp. chatelainiana - 0.75 2.17 physical Hot water 

Proteaceae Hakea recurva - 1.50 1.72 non-dormant NA 

Myrtaceae Eucalyptus oldfieldii - 0.25 0.04 non-dormant NA 

 

Seed burial depth 
Background: It is important to know the best seeding methods to enable seedling 

emergence of the target species and to improve restoration outcomes. Different 

species composition may be observed depending on the seeding technique utilized for 

restoration and the species' optimum burial depth to attain highest germination and 

emergence. The optimum burial depth differs between species where seeds from some 

species must be buried to enhance germination while seeds of other species must be 

broadcast on the surface or buried at shallow depths (Montalvo et al. 2002). 

 

Approach: Under controlled glasshouse conditions, seeds of nine different 

Koolanooka and Blue Hills species were buried at eleven different soil depths (0 - 10 

cm) and seedling emergence was recorded regularly. 

 

Results: Total seedling emergence varied between all nine species and the depth of 

seed burial strongly influenced seedling emergence (P < 0.05). Final emergence was 

significantly affected by both burial depth and seed size (P < 0.001). Most small seeds 

sown on the soil surface emerged successfully, however emergence declined with 

increasing depth (Fig. 4). Larger seeds showed greater emergence from all depths (P < 

0.05) and approximately 60% of the larger seeds buried at 9 cm depth emerged. 

However, larger seeds showed significantly lower germination and emergence when 

sown on the soil surface. 
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Figure 4. The relationship between seed mass and emergence with different burial 

depths (species pooled). Small seeds show higher emergence when surface sown 

(black line).  

 

Implications for practice: Small seeds should be sown on the soil surface or at 

shallow depths (i.e. via surface broadcasting). Smaller seeds tend to require light for 

germination and have smaller seed resources to push the cotyledon through to the soil 

surface. Large seeds perform better when buried, and, where possible, should be 

buried 1-5 cm in the soil (e.g. via direct seeding). Burial provides large seeds with 

protection from predators and reduces the risk of seed desiccation. In this instance, 

seeds from Myrtaceae and Asteraceae are regarded as small, whilst seeds of Fabaceae 

and Proteaceae are considered large. 

 

Seed priming  
 
Background: Seed priming, a pre-germinative treatment, has been explored as an easy 

method for improving seedling emergence at Koolanooka. The treatment involves 

partially hydrating a seed in water or an osmotica, to a point just before germination, 

and then redrying to the original moisture content. This method is used extensively in 

agriculture and horticulture to improve emergence, stress tolerance and germination 

rates, and has been explored in a restoration context in the US and Australia as a 
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means of improving emergence under water stress. 

 

Approach: Seven Koolanooka species, Acacia assimilis, Acacia coolgardiensis, 

Acacia ramulosa, Allocasuarina acutivalvis, Eucalyptus loxophleba, Podolepis 

canascens and Melaleuca nematophylla were used in this experiment. Seeds were 

primed and then germinated firstly in the laboratory, and then in the glasshouse and 

field and germination and emergence was compared between primed and non-primed 

seeds.  

 

Results: Laboratory results showed significantly increased rates of germination for six 

of the seven species, and higher final germination percentages under water stress for 

three species. Contrarily, glasshouse and field data did not show any differences 

between primed and non-primed seeds in either final emergence percentages or 

germination rates.  In the field, seedling emergence was less than 1%, highlighting 

just how challenging these environments are to restore. Dry storage of primed seeds 

from two species showed that the beneficial effects of priming on germination can be 

lost in as little as three weeks. 
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Figure 5. Final germination percentage (FGP) and germination rate (the reciprocal of 
time in days to 50% final germination) for primed and non-primed seeds of seven 
semi-arid species germination over seven water potentials incubated at optimal 
temperatures for germination. 
 

 

Implications for practice 

Although seed priming was not effective in a low rainfall year, further testing is 

required to determine its effectiveness in an average or high rainfall year.  
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Topsoil and Growth Media 
 

Koolanooka 

Soil water retention curve  

Research Question:  

 How much water does Koolanooka soil hold and how much water within the 

soil profile is available to plants?  

 

Background: Soil water retention refers to the amount of “plant available water” a soil 

can hold. Soils can hold water by surface tension forces, by adsorption on mineral or 

organic surfaces, and by osmotic forces from solutes. These forces vary with soil type 

and determine the amount of work that must be done (by a root) to remove water from 

the soil. The relationship between the amount of water held in the soil and the 

intensity with which is held is known as the “water retention curve” of the soil.  

 

Approach: The soil water retention curve of soil from Koolanooka (topsoil, waste 

rock, fines and TEC reference soil) was measured using pressure plates, an apparatus 

commonly used for this purpose. Three replicate samples of each soil type were wet 

to field capacity (saturated) then placed in three pressure plates (-10, -100, -1500 

kPa). A control sample was also wet to field capacity, weighed (wet weight), then 

placed in an oven (105°) for 72 hours and weighed again (dry weight). After 10 days 

(once equilibrium had been reached), the remaining soil samples were removed from 

the pressure plates and weighed (wet weight) then placed in an oven (105°C) for 72 

hours and weighed again (dry weight). 

 

Results: All Koolanooka soil types showed relatively similar water retention curves, 

particularly the topsoil and reference site soil (Fig. 5), however slight differences can 

be noted. While waste rock has lower field capacity (maximum water content after 

drainage), below field capacity waste rock had the lowest water suction potential 

indicating that there is more ‘plant available water’ in this soil medium. Contrary to 

this, the fines material had higher field capacity but soil water is more tightly held in a 

drying soil (<30% v/v water content) due to a greater water suction potential, hence 

less water available for plants compared to waste rock and topsoil. 
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Figure 6. The soil water retention curves for the Koolanooka waste rock, topsoil, 
fines and TEC reference. The graph indicates that as the soil water content decreases, 
the amount of pressure required to extract remaining water from the soil matrix 
increases. 
 

 

Implications for practice: The topsoil was very similar to the TEC reference site 

therefore this is the best growing medium for the Koolanooka TEC species. However, 

the waste rock is likely to be beneficial for seed germination and emergence when 

water is limiting as there is comparatively more water available to plants. It may be 

appropriate to conduct future research on soil profiling to determine what is best for 

seedling growth and plant establishment, particularly for the Blue Hills tenement. Soil 

water retention curves will also be calculated for Blue Hills topsoil to determine the 

plant available water thus helping to ascertain the likelihood of germination and 

emergence. 
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Soil water content and precipitation within Koolanooka TEC offset area 2014  

 

Approach: Soil moisture probes attached to data loggers were installed in the 

Koolanooka TEC offset area to investigate the variation in soil water content over the 

year.  The probes were buried 3 and 10 cm below the surface of the soil to record soil 

moisture around the seeds (3 cm) and the young roots (10 cm).  

 

Results: Soil water content is more variable at 3 cm depth compared to 10 cm depth as 

the surface soil quickly dries after rainfall whilst moisture is retained lower in the soil 

profile (Fig. 1). Therefore those seedlings that are slow to germinate and grow roots 

to access soil water at depth are at a greater risk of desiccation and mortality. 

 

 

 
 
Figure 7. Mean daily volumetric soil moisture content (%) within the top 3 cm and 10 
cm of Koolanooka topsoil and total daily precipitation (mm) recorded at Morawa - 
Station 008296 (Bureau of Meteorology 2014). Arrows indicate when BGPA staff 
visited Koolanooka.  
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The effect of soil properties and water on seedling emergence: 2014 trial 
 
Approach: The 2014 field trials at Koolanooka TEC offset area were installed to 

investigate the effect of soil properties and water on seedling emergence. The 

irrigation under the CEF (Controlled Environment Facility or Rainout shelter) was 

repaired.  A rotary hoe was used to plough the highly compacted soil prior to seeding. 

Three water treatments were investigated: ambient (outside the CEF), ‘average’ and 

‘above average’ (both achieved by irrigation under the CEF). Three soil types were 

investigated: topsoil, topsoil with the addition of waste rock, and fines (ultrafine 

waste) (Fig. 8). Six replicate plots (3 m x 1 m) were set up within each treatment and 

surface sown with 8 TEC species (A. anthochaera, A. assimilis, A. acuminata, M. 

nematophylla, D. inaequifolia, P. canescens, A. acutivalvis, M. tomentosa) on 28th 

May 2014. Seedling emergence within the CEF was recorded on 24th June, and 29th 

July 2014 and seedling emergence within the ambient plots was recorded on 24th 

June, 29th July, 2nd September and 18th September 2014.   

 

Results: Seedling emergence differed between species (Fig. 9 and 10). Soil properties 

affected seedling emergence, with emergence higher in topsoil and topsoil + rock 

compared with fines (Fig. 9). Although we hypothesised that topsoil + rock would 

have higher emergence than topsoil alone (as we thought the addition of rock would 

concentrate the water), this did not appear to be the case, as emergence was similar in 

both soils. However, perhaps seedling survival will differ between the two soils.     

 

Water had a pronounced effect on seedling emergence (Fig. 10).  In the ambient 

treatment, which received natural rainfall, very few (<1%) seedlings emerged. In 

contrast, the emergence under average and above average rainfall was significantly 

higher than in the ambient treatment, and was up to 10%. Seedling emergence in the 

ambient treatment was likely lower than in the irrigation treatments as ambient 

rainfall was less (68 mm) than the water supplied in the irrigation treatments (140 and 

170 mm). Seedling emergence did not differ significantly between the two irrigation 

treatments, indicating that there doesn’t appear to be a linear relationship between 

amount of water and emergence; rather there might be a threshold rainfall that is 

required before emergence is possible.    
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Dry                            Wet 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                            CEF                   Ambient 
 
Figure 8. Layout of the TEC offset trials inside and outside the CEF. The ‘dry’ 
(orange) treatment is irrigated with 13 mm of water and the ‘wet’ treatment (blue) is 
irrigated with 16 mm of water every four days. 
 
 
 

 
 
Figure 9. Mean seedling emergence (%) in each substrate averaged across both water 
regimes (average and above average) in the CEF from seeds sown on 28th May 2014.  
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Figure 10. Mean seedling emergence (%) across three watering regimes, ambient 
(receiving rainfall outside the CEF, where 68 mm of rainfall was recorded for the 
period between 28th May and 18th September) and two irrigation treatments in the 
CEF (average = 140 mm and above average = 170 mm). 
 
 

Implications for practice: The topsoil was very similar to the TEC reference site 

therefore this is the best growing medium for the Koolanooka TEC species. However, 

the waste rock is likely to be beneficial for seed germination and emergence when 

water is limiting as there is comparatively more water available to plants. It may be 

appropriate to conduct future research on soil profiling to determine what is best for 

seedling growth and plant establishment, particularly for the Blue Hills tenement. Soil 

water retention curves will also be calculated for Blue Hills topsoil to determine the 

plant available water thus helping to ascertain the likelihood of germination and 

emergence. 
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Effect of soil properties on seedling emergence and survival from topsoil and 

broadcast seeding: 2012 trial 

 

Research questions:  

 Which soil type is best for seedling survival and plant establishment?  

 What percentage of seedlings survives post-emergence? 

 

Approach:  

TEC offset trial 

The TEC offset area was ripped prior to the spread of the soil covers.  Five soil covers 

were installed in May 2012: TEC topsoil, TEC topsoil (75%) + waste rock (25%), 

ultrafines, ultrafines (75%) + waste rock (25%), and existing waste rock. Two of the 

covers (ultrafines, ultrafines + waste rock), were each  placed on an area of 10 x 10 m, 

and the other three covers (TEC topsoil, TEC topsoil + waste rock and existing waste 

rock) were placed on an area of 30 x 10 m. The covers were spread to a depth of 10 to 

20 cm. After the soil covers were spread they were ripped. 

Within each of the five soil covers, four, 2 x 2 m plots were seeded. Seeded plots 

were raked to incorporate the seeds into the soil. Five, 2 x 2 m unseeded plots were 

also established to monitor seedling emergence from the soil seed bank. Seedling 

survival in the topsoil, topsoil + rock and waste rock covers was monitored in May 

2014; 24 months after seeds were sown.  

 

Slope trial 

The five soil covers used on the TEC were also spread on the Detritals waste dump 

slope to assess ecological processes related to erosion and runoff and their 

implications for emergence and vegetation development. The topsoil used in the TEC 

and slope trials were sourced from different locations. After spreading the soil covers 

on the slope, the lower half of the slope was ripped (Fig. 11). Once the lower half of 

the slope was ripped, four 2 x 2 m plots were seeded on both the ripped and not ripped 

parts of the slope. Runoff plots and soil moisture probes were also installed on the 

non-ripped area to study hydrology of the different soil covers on the constructed 

slopes in June 2012 (Fig. 12). A rainfall gauge was installed on the slope. 

 

  



 

41 
 

 

 

 

 

 

 

 

 

 

 
 
Figure 11. Spread of topsoil on Detritals waste dump slopes and b) ripping on the 

lower part of the slopes. 

 

 
Figure 12. Sketch of the Detritals waste dump experimental setup. 
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Results:  

Seedling emergence 

There were numerous weeds (e.g. Ruby dock, Dysphania), however a number of TEC 

species were established and minimal seedling death was evident. The majority of 

established TEC plants were Acacia sp., followed by Allocasuarina sp. Most plants 

were found in the topsoil and topsoil mixed with rock plots, while there were few 

plants in the waste rock. More plants were found in the topsoil plus rock plots on the 

waste rock dump slope; while on the flat TEC offset area more plants were found in 

the topsoil (Fig. 13). 

Figure 13. Average number of seedlings which emerged in 2x2 m plots on the slope 
of the Detritals Waste Dump (averaged across rip and no rip) and the TEC offset area 
in 2012.  Includes annuals but not weeds. 
 

Seedling survival 

Seeded species 

We had previously reported that on the slope of the Detritals Waste Dump, seedling 

emergence for three of the four species did not differ between the five soil covers.   

Only Waitzia nitida showed higher emergence in “topsoil + rock” than the other soil 

covers.  Seedling survival was assessed in November 2014, over two years after the 

experiment was installed. Seedling survival for Acacia acuminata was substantially 

higher in the topsoil and topsoil + rock covers (71-77%) compared with the fines and 

fines + rock (0-10%) (Fig. 14). Ripping increased survival on the waste rock cover. 

Survival of Allocasuarina acutivalvis was very low. Only four seedlings of Melaleuca 

nematophylla initially emerged, and none survived. Survival of Waitzia nitida was not 

assessed as it is an annual. 
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Figure 14. Seedling survival of Acacia acuminata and Allocasuarina acutivalvis on 
the Detritals Waste Dump in November 2014. Seeds were sown in  
June 2012 across five soil covers in both ripped and unripped parts of the slope. 
 

 Topsoil seed bank and wind dispersed species 

A large number of seedlings had germinated from the soil seed bank on the detritals 

waste dump (Fig. 15). The majority of plants growing in waste rock were Maireana, 

Sclerolaena and Atriplex species. These disturbance opportunist are commonly found 

growing on waste dumps around Koolanooka mine site and would have been present 

in the waste rock seed bank or dispersed to site by wind as some species have fruits 

with papery wings. In contrast the majority of plants growing in topsoil were Acacia 

exocarpoides and Dodonaea inaequifolia. In topsoil only plots survivorship of Acacia 

exocarpoides seedlings was over 60% and for Dodonaea inaequifolia over 80% (Fig. 

16). 

 

 
Figure 15. Average number of seedlings alive in 2x2 m plots plots on the ripped and 
unripped parts of slope of the Detritals Waste Dump in November 2014, that 
germinated from the soil seed bank (topsoil and topsoil + rock) and wind dispersed 
species (all plots) but not including species that were seeded.  
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Figure 16. Survival (%) of seedlings of Dodonaea inaequifolia and Acacia 
exocarpoides on the ripped and unripped areas of topsoil and topsoil + rock on the 
Detritals Waste Dump Slope in November 2014.   
 

Implications for practice: Weed control will need to be undertaken on the TEC offset 

area as weed cover was greater than 10% in some areas. Due to the established TEC 

plants present, the trial area containing topsoil and topsoil with rock will not require 

further soil management (i.e. ripping). However, the waste rock trial area will require 

application of topsoil (and potentially ripping) and seeding immediately after. The 

area surrounding the trial site will also require soil management and seeding. Mixing 

rock with topsoil is recommended on the slope area. Restoration of the TEC offset 

area will commence in 2015 and a restoration plan will be provided by Kings Park.  
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In situ seed persistence and germination  

 
Research Questions: 

 What demographic stage limits seedling recruitment? Dormancy loss, 

germination, emergence, survival? 

 Does pre-treatment increase seed germination and do all treated seeds 

germinate in the first year? 

 Do seeds survive (persist) or die if they do not germinate in the first year? 

 

Background: Broadcast seeding is widely used in industry, but a major limiting factor 

is poor seedling establishment. Commonly less than 10% (and often as low as 3%) of 

broadcast seeds germinate and result in an established plant. It is largely unknown 

whether such recruitment failures are due to seed dormancy, germination, emergence 

or survival. Viable seeds will germinate if exposed to the appropriate conditions, but 

not if they are in a dormant state. Dormancy prevents germination during periods 

when conditions are suitable for germination, but at a time of year when seedling 

survival is unlikely. Instead dormant seed require some cueing process before 

becoming non-dormant and germinating. Seed dormancy is present in around 70% of 

all angiosperms and represents one of the most significant impediments to the use of 

seeds in rehabilitation. Dormant seeds tend to persist (remain alive and ungerminated 

in the soil seed bank) however, the level to which a seed can persist varies across 

species and is largely unknown, particularly for pre-treated seeds that do not 

germinate. It is hypothesised that the limiting life stage is germination for dormant 

seeds and emergence for non-dormant seeds, and that pre-treating dormant seeds 

increases seed germination. 

 

Approach: Two seed burial trials were set up (1. waste rock plateau and 2. TEC offset 

area) to answer these research questions: 

1. Mesh bags containing 4 Acacia species (treated and untreated with hot water >95°C 

for 1 min) were buried just beneath the soil surface (~ 1 cm depth) for 6, 12, 18 and 

24 months.  

2. Mesh bags containing 6 species (dormant and non-dormant) were treated (where 

applicable) and buried 1 cm beneath the soil surface for 3, 6, 9, 12, 15 and 18 months.  

 

Extracted seeds were examined in the laboratory and germination was counted. Seeds 

that did not germinate were incubated for 4 weeks (at optimum germination 

temperature) and germination was recorded regularly.  

 

Results: As expected, treated seeds had higher germination compared to untreated 

seeds, and total germination for both treated and untreated seeds increased after 12 

months of burial compared to 6 months (Table 7, Fig. 17). However, treated seeds did 

not all germinate in the first year. Dormancy of these species is broken with time due 

to the combination of seed aging and the seed environment. The filled seeds that 

failed to germinate are currently being monitored for germination in the laboratory to 
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determine whether the lack of germination is due to seed dormancy and/or mortality 

(e.g. through predation, aging). 

 

Table 7. Mean percent germination, empty, and filled seeds of four species from three 
replicate mesh bags each containing 50 seeds. Mesh bags were retrieved in May 2014, 
12 months since burial in Koolanooka topsoil. Seeds were either treated with hot 
(>95C) water for 1 minute or untreated (control). 

 
 
 

Figure 17. Total germination (%) of the four selected Acacia species sown in burial 
bags at Koolanooka retrieved after 6 months (November 2013 extraction) and 12 
months after burial (May 2014 extraction). 
 
 

Implications for practice: Hot water pre-treatments increase germination of Acacia seeds in 

situ, therefore treating seeds prior to seeding is recommended. Dormancy will be broken and 

germination will occur when conditions are right for seedling survival, however this may take 

a long time, for instance < 30% of untreated Acacia seeds germinated after 12 months. 

  

Species 

Mean germination 
(%) 

Mean empty seeds 
(%) 

Mean filled seeds 
(%) 

Treated Control Treated Control Treated Control 

Acacia acuminata 17 13 72 11 6 83 

Acacia anthochaera 8 3 62 11 27 85 

Acacia coolgardiensis 13 12 65 31 23 59 

Acacia erinacea 8 0 33 0 43 0 
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Blue Hills 

Soil surface crust (soil impedance) 

Research Question:  

 Does woody debris reduce soil surface crusting?  

 Will subsoil have a higher level of crusting than topsoil (due to a higher clay 

content)?  

 How does soil impedance change over time? 

 

Background: Soil surface crusting (soil mechanical impedance) is a key factor 

inhibiting seedling emergence of buried seed and impeding radicle penetration from 

surface sown seed. Crusting varies with soil type and mechanical impedance is 

usually greater in clay soils and lower in sandy soils. Crusting may be reduced with 

the addition of debris, which breaks up the soil surface and may provide a ‘safe-site’ 

for seedling emergence. Timing of seed sowing to coincide immediately after topsoil 

spreading and site ripping could reduce the impact of increasing soil impedance over 

time.  

 

Approach: Fresh topsoil and subsoil was spread in plots to a depth of 10 cm. Three 

subsoil plots were covered with woody debris (of varying size). Soil mechanical 

impedance within each plot was measured using a pocket penetrometer (10 replicate 

readings). Impedance measurements are to be taken immediately after spreading 

(before rainfall), then quarterly.  

 

Results: No soil impedance was detected after spreading for all soil treatments. After 

autumn rains topsoil had a significantly lower soil impedance (P <0.05) compared to 

the subsoil and subsoil with woody debris (Fig. 18). Addition of woody debris did not 

reduce soil crusting.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 18. Mean soil impedance recorded in top 1 cm of topsoil, subsoil and subsoil 
with woody debris (n = 36). 
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Implications for practice: Topsoil is the best growing medium for plants and should not be 

diluted (e.g. with subsoil) as this may increase soil impedance and inhibit seedling 

emergence. 

 

Soil chemistry 
 
Approach: Blue Hills topsoil and woody debris soil was analysed at ChemCentre for 

electrical conductivity (EC), pH, total soluble salts (TSS), organic carbon (OrgC), 

total nitrogen (N), total phosphorus (P) (orthophosphate, condensed phosphate, and 

organic phosphate), aluminium (Al), Boron (B), Calcium (Ca), cadmium (Cd), cobolt 

(Co), iron (Fe), potassium (K), magnesium (Mg), manganese (Mn), molybdenum 

(Mb), sodium (Na), nickel (Ni), phosphorus (P) (elemental), sulphur (S), zinc (Zn), 

arsenic (Ar), lead (Pb), and selenium (Se).  

 

Results: Table 8 shows the chemical properties that differed between topsoil and 

woody debris.  Higher levels of seven nutrients were found in the topsoil compared to 

the woody debris, but higher levels of phosphorus and potassium were found in the 

woody debris compared with the topsoil. The pH of the topsoil was basic, but the 

woody debris was acidic.  Higher organic carbon was found in the woody debris 

compared with the topsoil. Table 9 shows the chemical properties which did not differ 

between the two soils. 
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Table 8. Soil chemical properties of Blue Hills topsoil and woody debris in which significant (P <0.05) differences were found between each 
soil type. 

 
 
 
Table 9. Soil chemical properties of Blue Hills topsoil and woody debris in which no significant (P >0.05) differences were found between each 
soil type. 
Soil chemical property TSS (%) Total N 

(%) 
Al 

(mg/kg) 
Cd 

(mg/kg) 
Fe 

(mg/kg) 
Mo 

(mg/kg) 
Ni 

(mg/kg) 
P 

(mg/kg) 
S 

(mg/kg) 
Zn 

(mg/kg) 
As 

(mg/kg) 
Se 

(mg/kg) 
Topsoil (mean) 0.12 0.05 426 0.02 34.6 0.02 0.90 2.00 42.3 1.56 0.20 0.10 
Woody debris (mean) 0.05 0.06 550 0.01 35.6 0.01 0.30 4.00 42.3 1.13 0.20 0.10 

Soil chemical property EC 
(mS/m) 

pH OrgC 
(%) 

Total P 
(mg/kg) 

B 
(mg/kg) 

Ca 
(mg/kg) 

Co 
(mg/kg) 

Cu 
(mg/kg) 

K 
(mg/kg) 

Mg 
(mg/kg) 

Mn 
(mg/kg) 

Na 
(mg/kg) 

Pb 
(mg/kg) 

Topsoil (mean) 37.7 8.47 0.26 267 2.57 2266 2.67 2.07 113 196 103 193 0.90 
Woody debris (mean) 10.7 5.07 0.78 310 0.93 303 0.78 1.77 143 46 60 41 1.17 
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How does topsoil stockpile age, topsoil source and waterproofing affect the 

topsoil seed bank? 

 

Research questions: 

 What is the effect of topsoil storage on the soil seed bank? 

 Which species are present and at what density in topsoil harvested without 

woody debris and topsoil harvested with woody debris? 

 What is the effect of topsoil source on seedling emergence and survival? 

 What is the effect of woody debris on seeding emergence and survival? 

The expected outcomes are to; 

 Identify what species are not present in the soil seed bank or have insufficient 

quantity that will need to be supplemented with broadcast seed to meet 

restoration targets. 

 Maximize seedling emergence from the topsoil seed bank, reducing the 

quantity of seed required for broadcasting. 

 Improve seedling survival thereby reducing the quantity of seed required for 

broadcasting. 

Approach: The treatments are as follows: three topsoil age treatments (direct return, 1 

year of storage and 2 years of storage) X two topsoil source treatments (topsoil 

harvested without woody debris and topsoil harvested with woody debris) X two 

waterproofing treatments (topsoil stockpile covered and uncovered by tarpaulin) (Fig. 

19 and 20).  

 

 
 
 
 
 
 
 
 
 
 

Figure 19. Layout of stockpiles for analysing the effect of topsoil age, cover and 
topsoil source on the soil seed bank. 
 

 

 

 

 

 

 

 

Four topsoil stockpiles 
Topsoil harvested with woody debris 

Four topsoil stockpiles 
Topsoil harvested without woody debris.  

uncovered uncovered covered covered 
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Figure 20. Plot layout for the analysis for the effects of topsoil source and woody 
debris on topsoil seed bank and seedling emergence.  
 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 21. Emergence within the Blue Hills ‘topsoil harvested with woody debris’ 
(topsoil) plots. 
 

Topsoil harvested with woody debris 

Woody debris added to topsoil 
harvested without woody debris.  

Topsoil harvested without woody debris.  

Microplot sown with seed to analyse the effect of 
topsoil source and woody debris on seedling 
emergence. 
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We predict that the collected ‘topsoil’ is actually subsoil and the ‘woody debris’ 

stockpile contains the topsoil. We expect to see more species emerging from the 

upper layer of soil (‘woody debris’). 

 

Three methods for analysing the effects of topsoil storage on the soil seed bank were 

used; 1. in situ seedling emergence from a) the soil seed bank and b) seed 

broadcasting, 2. seed burial, and 3. ex situ emergence from topsoil.  

 

1a. In situ seedling emergence from the soil seed bank 

Approach: The in situ trial investigated seedling emergence from two sources of 

topsoil (‘woody debris’ vs ‘topsoil’) as well emergence when from plots where 

‘woody debris’ was replaced over the ‘topsoil’ (35% cover of ‘woody debris’). 

Seedlings emerging from each plot were recorded monthly and seedling specimens 

collected are currently being identified. In 2015 and 2016 additional plots will be 

created to analyse the effect of covering topsoil stockpiles. 

 

1b. In situ seedling emergence from direct seeding 
Approach: In addition to determining the recruitment from the soil seed bank, the 

potential for seedling recruitment from seed sown into the two sources of topsoil was 

assessed. Seed of five species was broadcast into three 70 x 70 cm microplots within 

each treatment plot (100 seeds of each of the five species sown into each microplot) 

(Table 10). Seedling emergence was monitored monthly. 

 

Table 10. Species selected for sowing into microplots in Blue hills topsoil trials 
testing the effect of topsoil source and woody debris on seedling emergence from 
broadcast seed. 

Family Species Life form 

Fabaceae Acacia assimilis subsp. assimilis shrub 
Casuarinaceae Allocasuarina acutivalvis shrub/small tree 
Chenopodiaceae Maireana tomentosa shrub 
Sapindaceae Dodonaea inaequifolia shrub 
Myrtaceae Melaleuca nematophylla shrub 

 
Results: Seedling scoring within the microplots took place on 3rd September 2014. No 

emergence was found in the plots. This is likely due to inadequate rainfall between 

the sowing period (June 28th) and the time of scoring (3rd September) (48.2 mm). 

 

2. Analysing the effects of topsoil storage on seed persistence 

While seedling emergence studies from topsoil are useful to determine the species 

present in the topsoil, and the decline in their abundance during stockpiling, seed 

burial experiments are better able to determine the change in seed dormancy status 

and the decline in persistence over time. In this in situ experiment, bags of seeds of 

six species (Waitzia acuminata, Podolepis canescens, Acacia acuminata, Acacia 

anthochaera, Melaleuca nematophyll, and Allocasuarina acutivalvis) were buried on 

19th February 2014 at two soil depth treatments (1 cm and 50 cm) within the two 



 

53 
 

topsoil source treatments and two stockpile cover treatments. BGPA staff will collect 

the seed burial bags in early November 2014 and count the number of viable seeds so 

as to understand the decline in seed persistence in topsoil stockpiles. 

 

3. Ex situ seedling emergence from the soil seed bank 

Approach: Soil samples were taken from the two soil stockpiles supplied by Sinosteel, 

‘woody debris’ (which contained some topsoil) and ‘topsoil’ (which was collected 

after the woody debris had been stripped) at the Blue Hills trial. The soil was stripped 

in 2013 and the samples were supplied from the stockpiles in January 2014. Each 

sample was sieved (1 cm) and one litre of soil was spread to a depth of ~ 2 cm on 

white sand in 54 replicate trays (26 L of topsoil and 25 L of woody debris soil). Soil 

samples were then treated with aerosol smoke (1 hr). The soil trays were kept in the 

glasshouse at Kings Park and were watered daily. Seedlings were counted and 20 

species were identified.  

 

Results: Seedling emergence and species richness was higher in the ‘woody debris’ 

samples, with 172 seedlings and 23 species (3 species unidentified) emerging from 

the ‘woody debris’ soil compared with just one seedling (Crassula colorata) 

emerging from the ‘topsoil’ (Fig. 22, Table 11). The topsoil and woody debris soil 

analysed in this trial were collected from fresh soil stockpiles, which explains the high 

number of annual seedlings recorded. 

 

 
Figure 22. Maximum ex situ seedling emergence and species richness from Blue 
Hills topsoil and woody debris.   
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Table 11. Ex situ emergence of species identified in the Blue Hills ‘woody debris’ 
soil.  

Species  % of total seedlings 

Acacia sp.  1.2 

Calandrinia eremaea 2.3 

Calocephalus multiflorus 50.0 

Centrolepis aristata 1.7 

Crassula colorata 5.8 

Erodium cygnorum  0.6 

Gonocarpus sp.  2.3 

Haloragis odontocarpa 11.0 

Hydrocotyle sp. 0.6 

Isolepis sp.  1.2 

Lepidosperma sp. Blue Hills 0.6 

Lobelia winfridae 0.6 

Myriocephalus guerinae 2.9 

Nicotiana sp.  6.4 

*Oxalis sp. (weed) 1.2 

Phyllangium paradoxum 1.2 

Riccia sp.  2.3 

Trachymene cyanopetala 1.2 

Wahlenbergia sp.  0.6 

Waitzia acuminata ssp. acuminata 4.1 

 

 

Implications for practice 

Ex situ and in situ soil seed bank sampling in subsequent years of this trial will enable 

us to quantify and identify which species are lost from the soil seed bank after 1 and 2 

years of stockpiling, and therefore need to be targeted for seed collection to enable 

their restoration.  

The greater seedling abundance and species richness within the “woody debris” soil 

compared with the “topsoil” indicates just how important it is to assess the soil seed 

bank, and the potential for soil to be a source of propagules for restoration. This 

research has determined that the woody debris soil is a better source of seeds than the 

so-called topsoil.  It is likely that during clearing of vegetation the topsoil seed bank 

was collected with the woody debris, and the subsequent stripping collected the 

subsoil. Hence, if the current clearing and stripping process is continued then ‘woody 

debris’ should be considered the primary source of a soil seed bank for vegetation 

restoration and ‘topsoil’ should be used as growth medium underlying “woody 

debris” soil. However, if ‘topsoil’ is used alone it will require larger quantity of seed   

than ‘woody debris’ for direct seeding. The suitability of ‘topsoil’ for seeding or its 

benefit in being used as subsoil underlying “woody debris” needs to be determined.  
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Tube stock program 

Tube stock propagation via cuttings and seed for 2015 trials 
 
Background: For species that are difficult to germinate (e.g. Eremophila sp.) or do not 

set sufficient seed to collect for broadcasting, seedlings must be raised under nursery 

conditions and the species introduced to site via tubestock planting. Production of 

plants under nursery conditions can fall under two broad propagation strategies, 

traditional seed based and vegetative propagation. The first of these is relatively well 

established, while the second will require research for some species groups. 

 

Vegetative propagation can be achieved by combining traditional horticultural 

techniques with an understanding of ecological and reproductive characteristics of the 

species. By investigating how a species perpetuates under natural conditions, 

nurseries may be able to vegetatively propagate the species and produce nursery stock 

when there are constraints of seed propagation. The two main types of vegetative 

propagation are tip cuttings and tissue culture (maintaining growing plant tissues 

under culture conditions within a strictly controlled environment – nutrient, hormone 

light and temperature). Vegetative propagation is beneficial when seed propagation is 

difficult, large nursery stocks are required in a short time period, specific genotypes 

and/or disease free plants are required. The disadvantages of the system include 

greater production costs, a reduction in the amount of genetic diversity, and 

investment in propagation infrastructure.  

 

After plants are successfully produced via vegetative propagation methods they can 

move into traditional nursery production. Nursery production may be possible in the 

Kings Park glasshouse facilities, however this decision is dependent on SMC’s 

objectives and investment strategy. If the development of a company specific (SMC) 

or regionally focused (e.g. GIOA) nursery is preferred, Kings Park would assist with: 

 Development of specifications for growing seedlings for rehabilitation on site. 

 Development of specifications relevant to curation and databasing. 

 Advice on operation of the nursery and annual review of performance (or as 

required). 

 

TEC species that are difficult to restore (due to difficulties in collecting seed and/or 

germination, or costly seed) were propagated via cuttings or seeds at the Kings Park 

glasshouses.   

 

Approach:  

Cuttings 

Tip or semi hardwood cuttings were taken from healthy plants of 10 species (Table 7) 

at Koolanooka.  Cuttings were wrapped in damp newspaper and sealed in plastic bags 

for transport, then stored in a refrigerator overnight. In the Kings Park glasshouse, 

cuttings were dipped in clonex rooting gel (3g/L indole-3-butyric acid) before 
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planting into punnets containing 30% peat moss, 30% coarse sand, and 30% native 

potting mix. The punnets were placed inside plastic incubators to reduce water loss 

and increase humidity then incubators were placed onto heat mats (set at 30oC soil 

temperature) and watered every 2-3 days. Softwood cuttings were more successful 

than hardwood cuttings. Once roots had formed, the plants were transplanted into 

forestry tubes containing 1:1 native potting mix and Koolanooka TEC topsoil. These 

cuttings will be used for tube stock planting trials at TEC offset site in 2015. 

 

Seeds 

A total of 440 Hakea recurva seedlings were grown from seed and planted in forestry 

tubes (with 1:1 native potting mix and Koolanooka topsoil) for restoration field trials 

in 2015, and 401 seedlings have survived. Seedlings of Grevillea paradoxa and 

Grevillea levis which had germinated in the germination trials were potted up, and 88 

and 10 seedlings respectively of each are alive. Seeds of Goodenia berardiana, 

Waitzia acuminata and Podolepis canescens were also sown in forestry tubes and 

seeds will be collected from plants when they are mature to determine the potential 

for these species to be used in a seed orchard. 

 

Table 7. Number of alive tubestock produced from cuttings and/or seed of species 
from Koolanooka as of end of January 2015 

Species Cuttings Seed Total 

Calycopeplus paucifolius 556 556 

Eremophila clarkei  225 225 

Sida dark green fruits 12 12 

Dioscorea hastifolia  2 2 

Androcalva luteiflora 7 7 

Mirbelia sp. 7 7 

Grevillea paradoxa 61 88 149 

Grevillea levis 68 10 78 

Daviesia hakeoides 99 99 

Sticky leaves 17 17 

Hakea recurva 401 401 
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Field trips  
 
Monday 17th – Friday 21st February 2014 (Koolanooka and Blue Hills) 

 Collected soil samples from 5 different soil covers at Koolanooka for soil analysis 

(i.e. physical/chemical analysis and water retention curve). 

 Measured infiltration at the Koolanooka TEC reference site. 

 Collected soil core samples for calculating soil bulk density.  

 Set up Blue Hills topsoil storage trial, spreading topsoil and woody debris (~10 cm 

depth). 

 Collected soil samples from Blue Hills stockpiles at the trial site (topsoil and woody 

debris stockpile). 

 Measured soil crust in plots and stockpiles. 

 Installed soil moisture and temperature data loggers. 

 Buried seed bags (4 species) at the surface (1-5 cm) and at ~30 cm depth within 

stockpiles. 

 Covered half of the stockpiles with tarpaulin  

  

Monday 26th – Thursday 29th May (Koolanooka and Blue Hills) 
 Retrieved seed burial bags from waste rock dump (flats) 

 Counted emergence and survival on the waste rock dump (slope) and the TEC offset 

area 

 Turned the soil (with rotary hoe) inside/outside the CEF to reduce soil compaction. 

 Set up new plots inside and outside the CEF and sowed seed of 8 TEC species 

 Altered the irrigation to ‘pulse’ rainfall and increased the overall amount of watering.  

 Tested the homogeneity of watering within the CEF. 

 The water tank was filled on Wednesday and watering commenced on Thursday 29th 

May.  

 Set up micro-plots and sowed seeds in Blue Hills trials.  

 
Tuesday 24th – Wednesday 25th June (Koolanooka) 

 Sowed primed seeds (7 TEC species) in Koolanooka topsoil (outside CEF) in 8 plots 

(1 m x 1.5 m), raking the soil before seed sowing. (Sarah Boys Honours project). 

Collected 10 L Koolanooka topsoil for Sarah’s glasshouse trials 

 Counted emergence in the CEF and within the TEC offset area 

 Repaired irrigation in the CEF  

 

Tuesday 29th July (Koolanooka) 
 Scored emergence inside and outside the CEF.  

 Checked the irrigation within the CEF. 

 Collected cuttings of Eremophila clarkeii and Calycopeplus paucifolia in TEC area 

(to be used in a small propagation trial at Kings Park). 

 

29th July (Koolanooka) 

 Seed and cuttings collection 

 Seedling scoring  

 Checked irrigation in CEF 
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2nd-5th September (Koolanooka and Blue Hills) 

 Seed collection at Koolanooka and Blue Hills 

 Seedling scoring at Koolanooka and Blue Hills 

 Cuttings collection from Koolanooka 

 Checked irrigation in CEF 

 

18th-19th September (Koolanooka) 

 Seed and cuttings collection  

 Seedling scoring  

 Checked irrigation in CEF 

 Retrieved soil temperature and moisture data from HOBO dataloggers 

 

October (Koolanooka) 

 Seed collection and cuttings 

 

25th-27th November (Koolanooka and Blue Hills) 

 Seed collection and cuttings (dependent on previous trips and observations of 

seed available) 

 Retrieval of soil temperature and moisture data from dataloggers at 

Koolanooka and Blue Hills 

 Retrieve seed burial bags 
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Future research 
 

 Continue monitoring Blue Hills topsoil trials. 

 Test seed germination of species collected by Western Botanical which have 

not yet been assessed. 

 Implement a trial on the Koolanooka TEC offset area to investigate irrigation, 

seeding and tubestock (see below). 

 Initiate a research program on the exploration tracks (see below). 

 Implement glasshouse trials to better understand water retention and 

movement through soil, and water requirements for germination, emergence 

and survival. 

 Create a restoration plan for Koolanooka TEC offset area including topsoil 

application, ripping, seeding, potential for irrigation, weed control, goat 

control.  
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Experimental design for Koolanooka TEC offset research program 2015 
 
The aims of the following experiments are to determine; 

 the contribution of topsoil seed bank after spreading 

 what is seedling emergence rates and plant survival from broadcast seed 

 Topsoil vs no topsoil (topsoil not likely to be sufficient to spread over entire 

The effect of irrigation on germination and seedling emergence and survival. 

o Different watering regimes (pulse vs continuous) 

 The effect of timing on seedling emergence from broadcast seed. 

 For species difficult to obtain seed and/or germinate from seed is tubestock 

planting more cost effective and/or seed efficient than seed broadcast. 

 The effect of method of propagating tubestock; seed vs cuttings. 

 The effect of tube stock burial depth. 

 Seed farming of annuals using irrigation. 

 Effect of grazing on seedling survival and plant establishment. 

 
The expected outcomes are; 

 Identify what species are not present in the soil seed bank or in sufficient 

quantity and will need to be supplemented with broadcast seed to meet 

restoration targets. 

 Maximize seedling emergence from the topsoil seed bank reducing the 

quantity of seed required for broadcasting. 

 Quantify the benefits of irrigation and determine the optimum water use. 

 Improve seedling survival resulting in reduction in quantity of seed required 

for broadcasting or propagating tubestock. 

 Improve seed use efficiency by determining the most effective method for 

plant delivery to site; seed vs tubestock. 

 
 

Experiment 1 – Analysis for the effects of topsoil on seedling emergence and 
survival and plant establishment.  
Treatments: Two topsoil treatments (with and without topsoil) x two seed 
broadcasting treatments (with seed and no seed). 
Six monthly counts of seedling emergence and plant mortality. 
 
Experiment 2 – Analysis for the effects of irrigation on seedling emergence, 
seedling survival, plant establishment and seed production 
Treatments: Four irrigation treatments (no irrigation, single pulse, double pulse and 
continuous irrigation) x two seeding treatments (no broadcast seed and with broadcast 
seed). 
Six monthly counts of seedling emergence and plant mortality. In first year, for 
annuals, will measure plant density, flowering and seed production.  In following 
year(s) will measure seed production of perennial species. Irrigation to commence 
when first ‘substantial’ cold front passes over restoration site. Irrigation interval will 
be 3 or 4(?) days. 
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Experiment 3- Analysis for the effect of timing on seed broadcasting 
Treatments: Two seed sowing time after earthworks treatments (before first rain and 
after first rain) 
 
Experiment 4 – Analysis for the effects of method of plant delivery to site  
Treatments: Three plant source treatments (tubestock from cuttings, tubetsock from 
seed and broadcast seed).  
 
Experiment 5 – Analysis for the effect tubestock planting depth on survival and 
plant establishment. 
Treatments: Two tubestock planting depths (0 cm and 10 cm) 
 
Experiment 6 – Analysis for the effects of grazing by herbivores on seedling 
survival and plant establishment. 
Treatments: Two exclusion treatments (plots fenced and unfenced) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Schematic experimental design/layout for the analysis for the effects of 
topsoil, seed broadcasting and irrigation on seedling emergence, survival and plant 
establishment, TEC offset restoration site, Koolanooka.  
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Measurement of abiotic and biotic factors that may explain differences between 
treatments. 
 
Soil properties to be measured and monitored 

 Texture 

 Nutrients 

 Soil impedance 

 Temperature (probes inserted just below soil surface) 

 Moisture (probes placed at 2 cm and 50 cm below soil surface) 

 
Plant performance 

 Ecophysiology 

 Plant growth (height, spread, cover) 

 Plant reproductive capacity 

 
 
Plant community analysis 
Similarity between restoration site and undisturbed TEC community. 
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Blue Hills exploration tracks 
 
In 2015 we would like to assess the success of the restoration of exploration tracks at 
Blue Hills, and investigate management practices to ensure that SMC is achieving 
best practice in exploration track restoration. 
 

 Some tracks already restored to DMP standards  

o Assess the processes in standard practice for track clearing and 

restoration 

o Assess completion criteria for DMP standards 

o Consultants to conduct a vegetation survey along and adjacent to the 

tracks to determine which species are present and which absent 

o Investigate additional plant sources for restoration – add the missing 

species using seed or tubestock 

o Assess possible compaction and other soil characteristics that may 

limit plant growth 

 Additional tracks will be created 

o Undertake a topsoil management trial 

 Control the timing of topsoil clearing and return – is the soil 

exposed to rainfall during handling? 

 Assess direct return vs stockpiling 

 Assess clearing practices – pushed to one side using a grader or 

stockpiled? 

 Is there a possibility for irrigation, either one pass or 

continuous? 

o Create management guidelines and completion criteria for best practice 

 Research will be undertaken in three locations 

o Tracks that were restored in 2009  

o Tracks that were cleared in 2014 and topsoil was stockpiled 

o Tracks that will be cleared in 2015 
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