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Instructions: 

• Document length: maximum 10 pages, excluding this cover page and the last page on project tags. 

• We welcome the submission of Annexes (i.e. bachelor or master thesis, references, species lists, maps, 
drawings, pictures) to further HeidelbergCement’s understanding and future use of your findings, however 
they will not be reviewed by the Jury, and we kindly ask for these to be sent separately to the National 
Coordinators.  

• Please use the attached template for species data collected during the project and submit with the project 
report. 

• Word/PDF Final Report files must be less than 10 MB. 

• If you choose to submit your final report in your local language, you are required to also upload your final 
report in English if you wish to take part in the international competition. 

• To be validated, your file must be uploaded to the Quarry Life Award website before 20th September 2018 
(midnight, Central European Time). To do so, please log in, click on ‘My account’/ ‘My Final report’. 

•  In case of questions, please liaise with your national coordinator. 

• You should not publish additional private information in your final report (e.g.: address, day of birth, email-
address, phone number), just complete the categories we ask for below under “Contestant profile”.  

 

The final reports should comprise the following elements: 

For research stream projects:  

• Abstract (0,5 page)  

• Introduction : 

o For projects that are building upon a previous project, write a summary of actions that were 
already completed in the previous project.  

o Project objectives  

• Methods: a detailed description of the methods used during the project is required.  

• Results: the results of the project should be outlined and distinguished from the discussion.  

• Discussion: 

o Results should be analysed and discussed with reference to region/country taking into account 
other publications.  

o Outline the added value of the project for science and for the quarry / company.  

o Recommendations and guidance for future project implementation and development on site is 
requested. Where possible, please mention the ideal timing and estimated costs of 
implementation.  

• Final conclusions: a short summary of results and discussion.  

For community stream projects:  

• Abstract (0,5 page)  
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• Introduction  

o For projects that are building upon a previous project, write a summary of actions that were 
already completed in the previous project.  

o Project objectives  

o A short description of the site and the team members and the targeted audience of the project.  

• Actions and activities: a detailed description of planned or implemented actions and outreach activities done 
to elaborate the project, list of stakeholders involved.  

• Discussion: 

o Project teams should discuss the pros and contra and illustrate experiences.  

o Outline the added value of the project for biodiversity, the society and the quarry / company.  

• Deliverables: practical implementation and development recommendations of the project are required. 
Where possible, please mention the ideal timing and estimated costs of implementation.  

• Final conclusions: a short summary of the project findings and discussion.  
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Abstract  

Hanson Construction Materials (Hanson) is world leading in ecological restoration of Banksia woodlands, 

however as Hanson endeavours to expand its resource extraction in lands that were previously pine plantations, 

greater research is required to understand how to restore these highly modified landscapes. The removal of the 

plantations has led to weed colonization, limiting native plant recruitment through poor seed dispersal and 
competitive ability. Weed control generally occurs through herbicide application, however this can also have 

negative impacts on native seeds sown during restoration. With limited to no native topsoil resources for use in 

restoration, successful seeding efforts become more vital for restoration success. This project aims to increase 

the success of seeding through the investigation of a ‘herbicide protection pod’ - a seed enhancement 

technology. Activated carbon is known to absorb herbicides and when used in conjunction with sown agricultural 

or native seed species has provided increased protection to the seeds and the selectivity of the herbicides. Our 

proof of concept study tested an extruded pellet formulation containing activated carbon and one of the common 

native species used in post-mine restoration at Quarry Life site Gaskell, Jacksonia furcellata (Bonpl.). The pellets 
were sown in trays with Lolium rigidum Gaudin (Annual Ryegrass) an invasive annual weed and half of the trays 

were sprayed with herbicide Simazine. Our results showed that pelleting did not impede, and actually imroved,  

seedling emergence of J. furcellata when compared to non-pelleted J. furcellata seeds (pellets = 70%, seed = 

52%, P = 0.08). Simazine eradicated Annual Ryegrass and impaired the emergence of non-pelleted J. furcellata 

seedlings (45%) with only 12% survival after six weeks. In contrast, 60% of J. furcellata seedlings emerged from 

pellets exposed to Simazine and significantly more survived (55%, P <0.01). Combining seed-based 

enhancement technologies with ecologically-guided engineering applications is a novel and rapidly developing 

field and these are promising results for the use of this technology to effectively protect native seed species from 
herbicides. This research should be expanded to include more species, herbicides and in-situ trials, having the 

prospect for improving restoration success.  
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Introduction 
The Southwest of Western Australia is a global biodiversity hotspot that has been extensively cleared since 

European settlement resulting in the widespread fragmentation of native vegetation (Hopper & Gioia, 2004). The 

large-scale decline of Banksia woodlands along the Swan Coastal Plain (<30% remain) has warranted their 

listing as an ‘Endangered Ecological Community’ under the Commonwealth EPBC Act 1999. The woodlands 

have been lost from the central part of their range due to extensive urban development and their northern range 

due to the establishment of exotic pine plantations and sand mine extraction (Maher, 2009). Since the 1990s 
mining approvals and tenement conditions have had statutory environmental compliance requirements to return 

the site to a condition that will allow the lease to be relinquished post-sand extraction. The expectation is to 

rehabilitate and revegetate the site with local native plants to pre-mining conditions.   

Seed broadcasting in restored areas currently results in significantly higher seedling establishment than in areas 

without seed application; however, generally the proportion of broadcast seeds that emerge and establish is low. 

For example, in Banksia woodlands up to 93% of seeds can fail to establish (Turner et al., 2006). Failure of 

current restoration practices to consistently establish native plants from seed (<15% of projects being successful 

in Australia), indicates that these approaches do not address the primary barriers to plant establishment. With 
tens of thousands of hectares needing restoration, requiring 10-15kg/ha of seed for low-moderate reinstatement 

of diversity, and with a mean price of $2,800/kg (based on current commercial seed prices) it is imperative that 

seed resources are used wisely and efficiently to minimize waste and costs.   

It is assumed that the low efficiency rates in these restoration sites are related to a number of factors, of which 

altered soils and weed competition are the most significant (Fisher et al., 2009; Stanbury et al., 2018). Current 

soil conditions are often associated with the legacy of previous land use (e.g. the post-mine landscape). The 

interaction between the abiotic and biotic legacy is often greatest where altered soil conditions support the 

establishment of invasive weed species (Stanbury et al., 2018).  

Within restoration, seeding efforts are often delayed to allow the application of herbicides to decline to a level 

that does not adversely affect the targeted native species requiring reinstatement (Madsen et al., 2014b; Davies 

et al., 2017). Not only does this allow for other weed species to invade, but also requires additional time and 

labor costs. Activated carbon has been previously used within agricultural systems through the use of bands to 

seeded rows of agricultural species in order to deactivate herbicides (Lee, 1973) and decrease non-native plants 

(Nolan et al., 2015). However, when using herbicides this does not provide complete control, as weed seed 

within the row will is also protected (Lee, 1973).  

Recent scientific studies have explored the use of activated carbon in ‘extruded’ seed pellets (seeds embedded 

in a soil matrix) to de-activate herbicides and have a protective ability to the embedded seeds from the 

potentially damaging effects of herbicides (Madsen et al., 2014a; Madsen et al., 2014b; Madsen et al., 2016a; 

Madsen et al., 2016b; Madsen & Svejcar, 2016; Davies et al., 2017; Davies et al., 2018). Investigations into seed 

enhancement technologies for native plant restoration in Western Australian by Kings Park Science has been 

with the support of Dr Madsen, whom initiated these new developments for large scale restoration within the 
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United States. The technologies investigated at Kings Park Science that include ‘extruded’ seed pellets have 

shown promise for use in the Australian restoration industry.  

Recent work by Honours student V. Brown (Brown, 2017) has shown that extruded pellets containing low doses 
of activated carbon can successfully protect grass seeds from selective weed (Lolium rigidum Gaudin; Annual 

Ryegrass) herbicide spraying. Expanding on Brown’s work, the goal of this project was to develop seed 

enhancement technologies for a native species to increase the selectivity of herbicide treatments, with the aim to 

lower weed invasion and therefore improve the success of native plant establishment in restored ecosystems. 

This is of particular importance as the Quarry Life site Gaskell is located on the Gnangara mound (an aquifer 

providing drinking water to Perth residents) where herbicide usage is strictly controlled and limited (Gerritse et 

al., 1996). If successful, this outcome will result in the simultaneous herbicide application and sowing of target 
restoration species, decreasing labor and costs to land managers, while increasing the likelihood of native plant 

establishment. This project aims to test the hypothesis that activated carbon extruded pellets will provide 

herbicide protection to native seeds of.  

 

Methods 
For this project, we utilised seeds from Jacksonia furcellata (Bonpl.) as the first native species evaluated using 

the extruded pelleting recipe developed by Brown (2017) (Annex 2). Jacksonia furcellata known commonly as 

Grey Stinkwood, is a native Western Australian legume species in the Fabaceae family, and is one of the more 

common native species used in post-mine restoration at the Gaskell site, and surrounding region.  The species 

occurs on sandy soils and is a common species at Gaskell Quarry. It is a prostrate to decumbent or weeping 

erect shrub that can grow up to 4 m high with yellow and orange/red flowers. The species flowers October to 

December or January to March (FloraBase – the Western Australian Flora, Department of Biodiversity, 

Conservation and Attractions; http://florabase.dpaw.wa.gov.au, accessed March 2018). Lolium rigidum Gaudin, 
Annual Ryegrass (hereafter referred to as ryegrass) was selected to replicate the weed load established at 

Gaskell in Gnangara, WA. Ryegrass is a highly pernicious invasive annual weed in natural ecosystems across 

the southwest of Western Australia (Neve & Powles, 2005; Hussey et al., 2007), and is located within Gnangara. 

Jacksonia furcellata seeds sourced for this project were collected from wild plant populations in the Gnangara 

region of Perth, Western Australia by Greening Australia - Western Australia Inc. in March 2016. Once received 

in October 2016, seeds were stored at 15°C and 15% relative humidity in a controlled environment room at 

Kings Park Botanic Garden, Perth, Western Australia. At the beginning of the project in 2018 we used a vacuum 

aspirator (“Zig Zag” Selecta, Machinefacriek BV, Enkuizen, the Netherlands) to help separate the seeds from 

non-seed chaff material and to improve the seed fill rate (i.e. intact healthy embryos). Filled seeds were heavier 

than the chaff material and therefore were separated via varying the vacuum strength of the aspirator. Prior to 

germination testing, non-viable seeds were removed via x-ray analysis to eliminate seed quality as a potential 

impediment to germination responses (Fig.1). Seeds were then heat-treated to overcome physical dormancy by 

placement for 30 seconds in boiling water. Ryegrass seeds bred for cropping rotations, were obtained from 
Valley Seeds (Australian seed breeders, Yarck, Victoria) and tested for seed fill using x-ray analysis. 
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A

 

B

 

Figure 1. (A) The process of screening seed for viability. Photograph of Jacksonia furcellata seeds and (B) an x-
ray image of J. furcellata seeds. The white shaded seed on the x-ray image indicates a fertile, viable embryo.  
 
Before setting up the glasshouse trial, the potential for seed germination and emergence from extruded pellets 

was tested in the laboratory. To evaluate baseline seed germination, two replicates of 50 seeds were surface 

sterilized and plated onto two 90 mm Petri dishes containing water agar growth media. For pelleted seeds, two 

replicates of 10 pellets were placed onto sterilised white sand in two containers and watered to field capacity. 

One Petri dish and container replicate was then placed into an incubator set at constant 15°C with a 12-hour 

light/dark photoperiod and the other into an incubator set at constant 20°C with a 12-hour light/dark photoperiod. 

These two incubators were used to replicate the optimum conditions for seed germination of J. furcellata. 

Germination was scored as the emergence of the radicle from seed (on Petri dishes) and emergence (growth) 

out of the extruded pellets. Germination was checked every 3 days for 14 days. 

 

Pellet formation 

The pellet formation and production process evaluated the optimum activated carbon recipe identified in Brown 

(2017) (Annex 2) that had been adopted from US-based studies (Madsen et al., 2014b). Locally-sourced 

materials included activated carbon, diatomaceous earth, Hanson silica sand and water-holding crystals. These 

materials (Fig. 2.A) were mixed thoroughly with J. furcellata seeds and added to an industrial pasta machine 

(TR-75 Pasta Extruder, Rosito Bisani Imports Inc.). During the mixing process water containing a dissolved 

powder-based fungicide was added and mixed in the machine, creating a dough. The fungicide was added to 

minimize pathogen attack on the seeds embedded within the pellets (Brown et al. in review). The dough mixture 
was extruded through an 8 mm circular die and cut lengthways at approximately 20 mm (Fig. 2.B). Each pellet 

averaged six seeds equating to 13 g of pellets per 100 seed.  
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Figure 2. (A) Photograph of dough materials. (B) Photograph of the industrial pasta machine (TR-75 Pasta 
Extruder, Rosito Bisani Imports Inc) extruding pellets. 
 

Glasshouse trial design 

A total of 20 trays (28 cm wide x 34 cm long x 6 cm deep) were filled with approximately 4 cm of sand (Silica, 

sourced from Hanson). The experimental design (see Fig. 3.A) tested 13 g of J. furcellata pellets (averaging 100 

seed sown per tray) with and without herbicide application, in combination with and without 200 ryegrass seeds. 

All pelleted treatments were replicated four times and in addition, four trays each containing 100 J. furcellata 

seeds (non-pelleted) with and without herbicide application, in combination with and without 200 ryegrass seeds 

were included as controls. Seeds of both species and pellets were sown 10- 15 mm deep. Trays with herbicide 
treatment were separated during the application process to decrease cross-contamination and then all trays 

were positioned randomly within a controlled glasshouse environment (~22°C) at Kings Park Botanic Garden, 

Perth, Western Australia, from June to September 2017 (Fig. 3.B). Emergent counts were used to quantify the 

effectiveness of the activated carbon extruded pellets in protecting the native seeds embedded within the pellet 

against the herbicide application. Seedling emergence counts were collected every 3 days for a total duration of 

42 days (6 weeks).  

Herbicide application and watering regime 

All trays were hand watered immediately after sowing seeds and pellets, and then once every 2-3 days. 
Following the first application of water, Simizine (Simizine 900 WG, 4Farmers, Welshpool, WA) was applied at 

the recommended rate of 5 kg ha-1 to trays with herbicide treatments, using a 500 ml spray bottle with trigger 

equating to 10.3 ml / tray. Simizine is a pre-emergent, or soil applied herbicide, used to control invasive grasses 

such as ryegrass (Congreve and Cameron, 2015). Seedling death associated with each treatment was recorded 

every 3 to 5 days for a total duration of 42 days (6 weeks).  
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A 

 

B 

 
Figure 3. (A) Simplified experimental design of treatments. Black rectangles indicate trays; bolded are sown 
Jacksonia furcellata seeds, unbolded are sown pelleted J. furcellata. Green boxes indicate trays also sown with 
ryegrass and red box indicates trays that have been sprayed with a pre-emergent herbicide (Simizine). (B) 
Photograph of the randomised treatment tray set up in the glasshouse. 
 

Statistical analysis 

Time until 50% emergence (E50) was determined from the rate of emergence for J. furcellata seeds and pelleted 

J. furcellata seeds with and without Simizine application. Mean percentage emergence, survival and mortality 

were analysed using Analysis of Variance (ANOVA). 

 

Results 

The baseline tests in the laboratory incubators indicated that extruded pellets did not impede germination and 

emergence of Jacksonia furcellata seeds. By day 14, extruded pellets at both 15°C and 20°C had reached an 

average of 40% emergence in comparison to 67% germination and emergence of pure seed.  

Time until 50% emergence was greater for non-pelleted J. furcellata sown seeds exposed to Simizine (seed E50 

= 13 days, seed + herbicide E50 = 23 days) and half of the replicates of both seed treatments did not reach 50% 

emergence. In contrast, there was no significant difference between E50 of pelleted J. furcellata seeds with or 

without Simizine (pellet E50 = 19.18 ± 1.42 days, pellet + herbicide E50 = 19.11 ± 1.13 days, P = 0.97). Ryegrass 

seeds exposed to Simazine showed signs of herbicide accumulation and commenced mortality after 12 days 

(Fig. 4.B & C and Fig. 5.A & D). Simazine effectively eradicated the ryegrass weed seedlings by 34 days 

(99.21% ± 1.66 mortality; Fig. 5.A & D). 
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B

 

C

 

D

 
Figure 4. Photographs of the experiment results (A) Jacksonia furcellata and ryegrass seedlings without 
herbicide (B) Jacksonia furcellata and ryegrass seedlings with herbicide (C) Jacksonia furcellata in activated 
carbon pellets and ryegrass seedlings with herbicide (D) Jacksonia furcellata in activated carbon pellets. 

 
Pelleting did not impede emergence of J. furcellata seeds when compared to non-pelleted J. furcellata seeds 

(pellets = 69.63% ± 3.73 days, seed = 51.50% ± 11.50 days, P = 0.08; Fig. 5.B). Mean emergence of J. 

furcellata seeds exposed to Simazine was 45% (± 25) and seedlings showed signs of herbicide accumulation 

and commenced mortality after 22 days (Fig. 4B and Fig. 5.C & D). Simazine impaired emergence of J. furcellata 

seedlings, and by 42 days 11.5% ± 4.50 survived (Fig. 4.B and Fig. 5.C & D). In contrast, emergence of pelleted 

J. furcellata seeds exposed to Simazine was 59.75% ± 4.27 days, and survival was significantly higher at 42 

days with 55.13% ± 5.11 (P <0.01; Fig. 4.C & D and Fig. 5.C & D). 
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Figure 4. Comparison of mean emergence and survival (% ± SE) of (A) ryegrass seedlings with and without 
herbicide, (B) Jacksonia furcellata seeds (control) and J. furcellata seeds within pellets, (C) J. furcellata seeds 
(control) and J. furcellata seeds within pellets with herbicide and (D) the comparison of mean mortality (% ± SE) 
of all treatments. 

 

 
Figure 5. Mean survival at six weeks (% ± SE) of ryegrass and Jacksonia furcellata seeds with and without 
herbicide application; Ryegrass H = ryegrass with herbicide, Jf seeds = J. furcellata seeds, Jf seeds – H = J. 
furcellata seeds with herbicide, Jf pellet = pelleted J. furcellata seeds, Jf pellet – H = pelleted J. furcellata seeds 
with herbicide. Statistical significance is denoted by different lower-case letters (P < 0.05). 
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Discussion 

The application of herbicide Simizine delayed and inhibited the emergence and survival of sown Jacksonia 

furcellata seeds and eradicated the weed ryegrass seedlings. In contrast, the survival of J. furcellata seeds 

embedded inside extruded pellets that were exposed to the pre-emergent herbicide Simizine was significantly 

higher. This demonstrates and confirms the hypothesis that extruded pellets that contain activated carbon 

protects seeds of J. furcellata from herbicide application and that pelleting did not impede emergence of J. 

furcellata seedlings when compared to non-pelleted J. furcellata seeds. 

When compared to seeds that were sown without the herbicide application, the greater seedling emergence and 

growth of J. furcellata seedlings from pellets indicates that the pellets are providing an improved growth medium 

than the underlying silica sand growing environent. This is most likely due to the improved soil-seed contact and 

diversity of particle sizes and products within the pellet providing a more favourable growing niche. For instance,  

the application of super absorbent polymer products, such as Stockosorb 660, in the agricultural and forestry 

industries (Ekebafe et al., 2011) has been shown to improve plant performance with respect to seedling survival 

and plant biomass (Viero & Little, 2006; Thomas, 2008a; Chehab et al., 2017; Crous, 2017).  The pellets in this 

study contained this which has been shown to retain water ranging between 70 and 290 times of its own weight, 
depending on water quality and soil type (Anon, 2014; Crous, 2017) , and has most likely contributed to the 

improved performance observed.  

The addition of activated carbon (AC) in the pellets in order to provide protection from herbicides, likely provides 

other benefits to germination and seedling emergence. Activated charcoal and carbon are often used in 

industries such as plant propagation and tissue culture in order to improve cell growth, plant growth and 

development (Vantis & Bond, 1950; Thomas, 2008b). A study by Kabouw et al. (2010) found that AC application 

in sand increased germination rate, describing that AC could act directly as increased organic matter and/or alter 

water retention and act indirectly via increases or decreases in bacterial biomass with changing pH. AC has also 
been shown to significantly reduce negative effects of plant-plant competition (allelopathic effects) and reduce 

non-native plants by adsorption of allelopathic substances excreted by plant roots (Kabouw et al., 2010; Nolan et 

al., 2015). However, this process may not be beneficial to all species, as Wurst and van Beersum (2009) 

discovered legumous species exhibited impeded nodulation by which activated carbon disrupted the 

communication between the legume and N2-fixing bacteria. Our study did not find any detrimental effect to 

legume J. furcellata, but this may be due to the short time period of the trial focusing only on emergence.   

 

Conclusions 

This project investigated a new development for the on-ground practice of ecological restoration, contributing to 

the knowledge and advancement of economically efficient solutions to improve native plant establishment 
success rates, that will have global relevance. Seed enhancement technologies may be the required direction 

and method to overcome bottlenecks to restoration success, and this project is a proof-of-concept step towards 
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making these technologies possible for native plant establishment. The ‘herbicide protection’ pellets combined 

with advanced seed pre-treatments and potential site delivery methods provides new seeding opportunities for 

Banksia woodland restoration of post-pine environments which have high weed loads and weed encroachment. 

Management implications and benefits 

As Hanson undertakes expansion of its resource extraction into lands that were previously pine plantations and 

areas of high degradation, greater research is required to understand these highly altered landscapes in order to 

further develop successful restoration practices. Restoring highly modified landscapes that do not contain a pre-

mine source of wild native plants or native species in the topsoil, can constrain and limit the capacity of Hanson 

to rehabilitate after mining has ceased. With limited to no native topsoil resources, successful seeding efforts 

become more vital for restoration success. With the added consequence of high weed colonization after the 

removal removal of pine plantations, these degraded sites can limit native plant establishment and recruitment.  

Improving restoration success in post-mine landscapes by developing innovative ecologically-guided engineering 

solutions for seed deployment technologies, while deriving economic and social benefit from post-resource 

extraction and use is now necessary. When compared to broad-acre spreading of activated carbon, this study 

demonstrated that activated carbon can be used more efficiently by adding the product to extruded seed pellets. 

In this way we have been able to spray a pre-emergent herbicide to manage for weed species whilst 

simultaneously successfully sowing and establishing native seeds. Future studies need to consider a broader 

range of species and test these technologies under a range of site conditions. If successful, these ‘herbicide 
protection’ pellets and related seed enhancement technologies offer a new solution for companies such as 

Hanson to manage and re-seed their operations with a greater confidence that native seeds can establish in the 

absence of topsoil. 
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