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Foreword 
The industrial hemp industry is experiencing strong growth as new technologies improve production and a 
range of value-added products are developed. Industrial hemp currently has a wide range of applications 
including textiles, paper, rope, fuel, oil and stockfeed, as well as, building materials, cosmetics and pet food. 
The hemp industry in Australia is equipping itself to increase the size and scale of production predominantly 
through improved agronomy.  
 
AgriFutures Australia has been increasing investment in industrial hemp to improve production to address a 
global market demand. Key to improved economic growth of the sector is to build capacity and knowledge 
through member networks from the industrial hemp value chain and access to ‘experts’, both within 
Australia and around the world.  
 
AgriFutures Australia supported the Australian Industrial Hemp Conference, held in in Fremantle, Western 
Australia in February 2020. The event served as a forum for growers, government, agribusiness, researchers, 
processors and industry representatives to discuss issues of importance and share the latest findings in 
industrial hemp research. The conference covered a diverse range of topics and facilitated discussion of 
industrial hemp production and marketing.  
 
This record of conference proceedings offers an opportunity to extend the information from contributors to 
a broader audience. It reflects the combined desire of many in the industrial hemp value chain to further 
develop the industry and capitalise on the enormous potential that industrial hemp offers. I wish to thank all 
authors and participants for their contributions to this publication. 
 
This report is an addition to AgriFutures Australia’s diverse range of research publications and it forms part 
of our Emerging Industries R&D program, which aims to of identifying and supporting the emergence of 
agricultural industries that can reach or exceed a $10M per annum threshold in the next five years. 
 
AgriFutures Australia’s publications are available for viewing and download at: www.agrifutures.com.au. 
 
 
Michael Beer 
General Manager, Business Development 
AgriFutures Australia 

http://www.agrifutures.com.au/
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Executive Summary 

Despite the calamitous summer and the then, at the time, looming shadow of the COVID-19 

pandemic preceding the second Australian Industrial Hemp Conference went very well in the end. 

The organizing committee were grateful for the window of opportunity that opened between the 

summer’s fires and the pandemic. This Conference was marked by increased numbers of delegates, 

presenters and exhibitors and by the very warm hospitality of our Western Australian hosts. The 

Hon. Alannah MacTiernan WA’s Minister for Agriculture and Georgina Wilkinson President of 

iHempWA deserve special mention for their commitment to seeing the show arrive in WA and for 

their kind, welcoming hospitality.  

Two hundred and seventy seven delegates, 47 expert speakers and 20 exhibitors had a great four 

days together at the Esplanade Hotel in Fremantle, including workshops on the Tuesday, two very 

full days of presentations on the Wednesday and Thursday and a memorable trip to the South West 

on the Friday to visit DPIRD’s industrial hemp varietal trial site and businesses in the SW utilizing 

hemp crop products in housing, clothing and food. Many delegates from the first Conference in 

Geelong returned to renew friendships and welcome newcomers.  

Unfortunately, COVID-19 meant some overseas guests were unable to make it to Fremantle. Despite 

this the number of overseas delegates was the same as the first Conference. Conference organizers 

were very grateful for the efforts of the large Chinese delegation from Heilongjiang, who unable to 

make the Conference due to COVID-19, provided local representatives to speak on their behalf.  

Speakers presented across 10 sessions over two days with parallel sessions held in the middle of the 

second day on the health, hurd, food and fibre products from this crop. Importantly, each session 

included a chaired Q&A time at its conclusion and a hemp inspired tea, coffee and food break so 

conversations could continue.  

The introduction of topics on CBD production, processing and regulation was important given the 

investment rush to this area. Clear political and scientific leadership on its production and regulation 

will be important for Australian growers, investors, medical researchers and the wider community 

over the next few years. The realization of multiple product streams, perhaps including CBD, will be 

key to the crop’s future. Hemp seed (grain) for human food is currently the mainstay income from 

the crop, particularly in Tasmania, with a small number of grower/processors successful in the 

production of hurd (shiv) for the building industry. Fibre production and refinement remains the 

least developed of industrial hemp’s product streams in Australia despite clear local and 

international markets for hemp fibre products.        

The organizing committee of Robert Bell (Robert Bell Projects & AIHA), Georgina Wilkinson 

(iHempWA & AIHA), Charles Kovess (AIHA), Menghe Miao (CSIRO), Mac Fergusson (RMIT), Johnny Ni 

(AusBiotech) and myself would like to thank all the delegates, speakers, reviewers, exhibitors, 

sponsors and importantly their families, for their support in making the Conference very successful.  

See you in Tasmania in March 2022 for the third Australian Industrial Hemp Conference.  

Take care and stay safe, 

 
Stuart Gordon  
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Session 1 – Conference Opening: New Agriculture 

 

GROWING WA’s HEMP INDUSTRY 
 

Hon. Alannah MacTiernan MLC 
 

Minister for Regional Development, Agriculture and Food: Ports 
Minister Assisting the Minister for State Development, Jobs and Trade  

Western Australia 
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Session 1 – Conference Opening: New Agriculture 

 

CREATING THE AGRIFOOD AND FIBRE INDUSTRIES OF THE FUTURE 
 

Dr Michael Robertson (and Colleagues) 
 

Science Director  
CSIRO Agriculture and Food 

Wembley, WA 
 

E: Michael.Robertson@csiro.au  T: +61 (0)417 721 510 

 
 

ABSTRACT 
The agriculture and food sectors have experienced unprecedented change in the last 30 years, and 

the future will continue bringing with it challenges and opportunities. This paper offers examples of 

how research and development is responding to these changes, with a focus on crop-based 

industries. Future trends influencing crop industries include; a hungrier world (population growth 

and a rising middle class), choosing customers (demanding safe, healthy, sustainable, ethical food 

and fibre), transformative technologies (particularly in digital that will enable new traceability 

systems), and a bumpier ride (due to the influences of globalisation, environmental changes, and 

resulting risk). Examples are provided to show how research and technology is responding to such 

challenges and opportunities. Examples outlined in this talk include: 

 Value-adding to commodity crops. The creation of new varieties of canola that possess enriched 

levels of omega-3 fatty acids will create new opportunities for feedstocks into aquaculture and 

new food products for humans. 

 Healthy grains. Cereal grains bred to contain high levels of resistant starch that can deliver 

health benefits in terms of cardiovascular disease and bowel function. The creation of the plant-

based burger by V2Foods for a fast food chain is another example of science and technology 

responding to consumers demanding healthy food options. 

 Digital innovation: The development and commercialization of a crop canopy temperature 

sensor that can detect when irrigation is needed is an example of how transformative 

technologies are responding to the pressing demands of industry - in this case the scarcity of 

water for irrigation in the cotton industry. Water availability will constrain the ability of the 

industry to expand into northern and southern Australia away from the heartland of northern 

NSW and southern Queensland. These systems will enable more efficient water management.  

 Novel textile fibres: Synthetic fibres provide attractive usability properties for consumers. 

However, rising awareness of pollution by synthetic and non-recyclable textiles has stimulated 

researchers to develop synthetic-like traits for cotton fibres, thus minimizing the pollution and 

waste problem from clothes based on synthetics. This is a response to choosy customers, an 

environmental imperative and modern genetic technologies. 

Successful crop industries of the future, such as hemp in Australia, will need to respond to these 

challenges and opportunities. Research and technology will continue to innovate and provide 

solutions and will be an essential part of the establishment of emerging industries. 
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Session 1 – Conference Opening: New Agriculture 

 

EMERGING INDUSTRIES: INDUSTRIAL HEMP 
 

Mr Tom McCue 
 

Senior Manager, Emerging Industries Business Development 
AgriFutures Australia 
Wagga Wagga, NSW 

 
E: tom.mccue@agrifutures.com.au  T: +61 (0)407 438 258 
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Session 2 – Industrial Hemp for Human Health 

 

CANNABIS: A PLANT OF MANY APPLICATIONS AND COMPLICATIONS 
 

Antony (Tony) Bacic, Veronica Borrett, Monika S. Doblin, Mathew G. Lewsey and Jim Whelan 
 

ARC Research Hub for Medicinal Agriculture,  
La Trobe Institute for Agriculture and Food (LIAF),  

AgriBio Building, La Trobe University,  
Bundoora, VIC 

 
E: t.bacic@latrobe.edu.au T: +61 3 9032 7424   

 
 

ABSTRACT 
A large proportion of the world’s medicines have their origin in plant-derived natural products which 
continue to dominate lead compound discovery. Furthermore, the commercial cultivation of plants 
is critical to the pharmaceutical industry as an affordable source of active pharmaceutical 
ingredients for several established therapeutics such as opioids and emerging treatments such as 
medicinal cannabis and peptides. Internationally, consumers, clinicians, governments, regulators, 
and the pharmaceutical industry are vitally interested in ensuring that commercial products are safe, 
efficacious and affordable. Despite this, more research on the numerous plant varieties, large-scale 
cultivation practices and extraction techniques used to identify active compounds for the 
formulation of therapeutics is required.  Nowhere is this more relevant than in the emerging 
cannabis industry. 

Since Neolithic times, humans have cultivated cannabis (Cannabis sativa) for stem fibres, seed oil 

(both derived from hemp varieties), and psychoactive cannabinoids making it one of the most 

versatile and earliest known domesticated plants. Industrial hemp has been an economically 

important crop in China since ancient times and continues to be grown world-wide for a myriad of 

uses. With respect to drug-type cannabis plants, various organs including the seeds, flowers, leaves, 

and their psychoactive preparations have been used medicinally as an analgesic and hypnotic, but 

evidence of their efficacy remains largely anecdotal.  

In Australia, the search for novel therapeutic agents that are safely and sustainably produced has led 

Governments (State and Federal) and industry to recognise the importance of ensuring the 

provenance of crops, that they are adapted to their growing areas and reliably produce high yields of 

the desired pharmaceuticals, and that these can be efficiently extracted and separated from other 

compounds that may adversely affect their efficacy. Equally important is that reliability of supply, 

high quality and a reasonable price, to ensure a secure path to market. The growth of the medicinal 

cannabis market has been staggering, with global production predicted to grow from $11B in 2017 

to $100B by 2035, i.e. an annual growth rate of between 17-22% (Prohibition Partners)! We have a 

time-limited opportunity to leverage our combined research expertise in agriculture, biology, 

synthetic chemistry and high-tech capabilities with our Industry Partners’ technical, regulatory, 

market, supply chain and extraction capabilities to consolidate Australia as the world-leader in 

Medicinal Agriculture.   

The ARC Research Hub for Medicinal Agriculture was established as a cross-disciplinary research and 

training program in collaboration with industry to address agronomy and cultivation, germplasm 

generation, novel extraction technologies and chemistries, through to the discovery and functional 

characterisation of novel lead compounds. We anticipate that the resulting knowledge will be 



26 
 

applicable across related industries and will build the specialised workforce needed to underpin 

Australia’s developing medicinal agriculture industry. 
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Session 2 – Industrial Hemp for Human Health 

 

REGULATING MEDICINAL CANNABIS CULTIVATION AND MANUFACTURE IN 

AUSTRALIA: IT’S NOT HEMP  
 

Adjunct Prof. John Skerritt1 
 

Deputy Secretary for Health Products Regulation2  
Australian Department of Health  

Woden, ACT  
 

E: john.skerritt@health.gov.au  T: (02) 6289 4200   
 
 

 
 

 
                                                           
1 John Skerritt addressed the Conference remotely via WebEx 
2 The Health Products Regulation Group comprises the Therapeutic Goods Administration and the Office of Drug Control 
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Session 2 – Industrial Hemp for Human Health 

 

HEALTH BENEFITS OF CBD: CURRENT EVIDENCE AND FUTURE DIRECTIONS 
 

Dr Amie Hayley 
 

Centre for Human Psychopharmacology 
Swinburne University of Technology  

Hawthorn, VIC 
 

and 
 

Institute for Breathing and Sleep  
Austin Hospital  
Melbourne, VIC 

 
 

ABSTRACT 
Background: Cannabidiol (CBD) is a naturally occurring, non-psychotomimetic compound derived 
from the Cannabis sativa plant. Preliminary preclinical findings suggest that CBD may exhibit 
antiepileptic, antioxidant, anti-inflammatory, anxiolytic, antidepressant and/or antipsychotic 
properties. Clinical studies also support the use of CBD as a safe, well-tolerated and efficacious agent 
for mitigating symptoms associated with multiple sclerosis, as well as certain forms of paediatric 
epilepsy and seizure disorders. However, the longer-term pharmacological profile remains less 
described, and the potential toxicological and/or negative interactive effects are largely unknown. 
Despite these limitations, public enthusiasm for its therapeutic application have nonetheless 
contributed to a global CBD market now worth over AUD$4.5billion.  
 
Aims: The aims of this presentation are threefold: 
1. Critically appraise available preclinical and clinical evidence pertaining to the demonstrated 

and/or potential health benefits of CBD, 
2. Examine the rapid popularisation of CBD as a health aid and how this has impacted the 

trajectory of research in this area and 
3. Discuss the future of CBD research and the need to prioritise high-quality multidisciplinary and 

translational research.  
 
Discussion: Cannabinoid therapeutics is a rapidly expanding field of research. Despite its emergent 
profile, the clinical application of CBD remains somewhat controversial. This presentation will 
summarise current evidence pertaining to the substantiated and/or claimed health benefits of CBD, 
report on public and scientific trends related to its use and will provide an overview of 
recommended future research directions.   
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Session 2 – Industrial Hemp for Human Health 

 

CANADA’S APPROACH TO THE REGULATION OF INDUSTRIAL HEMP AND 
CANNABIS FOR MEDICAL PURPOSES 

 
Michael McGuire  

 
Director 

Licensing and Medical Access Directorate 
Controlled Substances and Cannabis Branch  

Health Canada 
 
 

ABSTRACT 
Canada has been a global leader in the regulation of industrial hemp for more than 20 years and has 
had rules in place related to the use of cannabis for medical purposes for almost the same amount 
of time. Both regimes were impacted by Canada’s decision to legalize and strictly regulate the use of 
cannabis for non-medical purposes nation-wide in October 2018, but in different ways.  
 
This presentation will provide an overview of how both are regulated in Canada today, how the 
hemp and cannabis supply chains work, and the challenges that lie ahead. 
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Session 3 – Growing industrial hemp: International perspectives 

 

HEMP INDUSTRY IN CANADA:  
CURRENT STATUS AND OUTLOOK INTO THE FUTURE  

 
Jan J. Slaski   

 
Principal Researcher, Plant Sciences 

InnoTech Alberta,  
Vegreville, Alberta, Canada 

 
E: jan.slaski@InnoTechAlberta.ca T: +1 780 632 8436   

 
 

ABSTRACT 
During the past two decades, since the legalization of hemp as an agricultural crop, growth of the 
Canadian hemp industry was primarily driven by a booming demand for grain for health food 
products and, to some extent, for cosmetics. In 2018, value of the Canadian hemp industry was $285 
million including $96 million in revenue from export sales and $42 million in revenue from domestic 
sales.    
 
In October 2018 the Cannabis Act was introduced in Canada. This legislation legalized the 
recreational use of marijuana, but even more importantly, it permitted utilization of whole industrial 
hemp plants including flowers, leaves and chaff. Therefore, the new regulations empowered fresh 
tangible opportunities for this genuinely multipurpose crop. As a result, according to the projections 
of the Canadian Hemp Trade Alliance, value of the hemp industry in the country will surpass $1 
Billion by 2023.  
 
This talk will review the four pillars supporting current and future development of the Canadian 
hemp industry value chain that include hemp for food, fibre, feed and fractions (cannabinoids, i.e. 
CBD).  The hemp industry in Canada is poised to continue to grow. Unsaturated domestic markets 
for food and cosmetic products and the development of new and improved products and 
formulations is expected to drive need for the seeds. In addition, off-type seeds, screenings and seed 
hulls that are currently not permitted as livestock feed will be soon allowed for inclusion in feeding 
rations since the registration process with Canadian regulators has already commenced. In 2019 the 
first commercial-scale fibre processing facilities have been launched in Alberta. Thousands of acres 
of fibre-type varieties were contracted by the processors to secure high-quality feedstock for their 
operations. Acreages of purposely grown hemp for fibre will rise as new decortication plants are 
scheduled to be built in the upcoming years. Ample availability of bast and hurd will lead to further 
development of environmentally friendly fibre-based products such as construction materials, bio-
composites, textiles, etc. Finally, the fractions (non-narcotic cannabinoids) - the fourth pillar of the 
Canadian hemp industry - came to play in 2018 and continued to gain commercial traction in 2019 as 
multiple processors established facilities across the country. It is worth to notice that to date 
Canadian growers tend not to rely on the fractions as a sole source of income (as is currently 
observed in some other jurisdictions) but rather pursue a more economically sustainable approach 
involving all revenue streams offered by this multi-purpose crop. 
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Session 3 – Growing industrial hemp: International perspectives 

 

CHINA HUMANS AND HEMP – A NEW AGE OF HEALTH  
 

Prof. Sun Yufeng3  
 

Chief Expert 
Institute of Bast Fiber Crops  

Daqing Branch of the Heilongjiang Academy of Sciences 
Daqing, Heilongjiang, China 

 
 
 

 
 

 

                                                           
3 Prof. Sun Yufeng and his delegation’s visit to the 2nd AIHC was cancelled due to the outbreak of the 
Coronavirus. His presentation was given by Mr Alex Meng, an associate from Melbourne VIC. 
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Session 3 – Growing industrial hemp: International perspectives 

 

AN UPDATE ON THE NZ IHEMP INDUSTRY AND THE ISSUES WE FACE IN 2020  
 

Richard Barge 
 

Chairman, 
NZ Hemp Industries Association Inc., 

Howick, Auckland NZ 
 

E: richard@hemptastic.co.nz  T: +64 9 533 6690 
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Session 3 – Growing industrial hemp: International perspectives 

 

POTENTIAL OF INDUSTRIAL HEMP IN POLAND  
CHALLENGES AND OPPORTUNITIES  

 
Prof. Malgorzata Zimniewska 

 
Institute of Natural Fibres and Medicinal Plants  

Poznan, Poland 
 

E: malgorzata.zimniewska@iwnirz.pl 
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Session 4 – Hemp varieties for Australia 

 

PLANS FOR A NATIONAL INDUSTRIAL HEMP CULTIVAR TRIAL  
 

Tony Eyres and Andrew Bulkeley   
  

Principals 
Rounding Up 
Botany, NSW 

 
E: tony.eyres@rounding-up.com   T: +61 (0)429 069 072 

 
 

ABSTRACT 
AgriFutures Australia4 is supporting the development of national industrial hemp variety trials 
(IHVT), to address a core issue identified by Australian industry as essential to its growth ambitions.  
The primary objective of the IHVT is to determine the best performing grain varieties of industrial 
hemp for Australia. Whilst focusing on an initial three years, longevity of the trial scheme is key with 
a goal to design and establish a programme that can extend for a decade. 
 
Agricultural advisory firm, Rounding Up was engaged by AgriFutures Australia to consult widely with 
the industry on priority areas, develop and cost a trial scheme, suggest a suitable management 
construct and attract capital to fund and oversee delivery nationally. Rounding Up worked in 
conjunction with a Project Steering Committee with representation from private research providers, 
corporate entities and industry bodies including the Australian Industrial Hemp Alliance (AHIA) and 
the Tasmanian Hemp Association. 
 
Industry consultation by Rounding Up included convening 10 workshops around Australia, meeting 
300 stakeholders and conducting over 600 phone calls while encouraging industry participants to 
complete an online survey. 
 
This consultation helped to shape a core piece of project activity being the development of a 
framework and detailed set of protocols for IHVT. These protocols prescribe transparency and 
objectivity in the selection of varieties, site locations and compliance in delivery. They instil simplicity 
in design and execution without compromising the integrity of the trials and learnings to be 
achieved.  
 
Draft trial framework and protocols were subject to further technical review, leveraging off 2020 
Industrial Hemp Conference in Fremantle. Rounding Up’s industry engagement identified suitable 
participants that brought considerable experience from across the value chain from growing, 
processing, agronomy, research design, extension through to end-users. 
 
Detailed experimental processes (ie. site preparation, planting, harvesting, drying), accurate data 
collection and recording, audit oversight, laboratory methodology and timely reporting are all 
defined. The protocols include oversight by an expert biometrician to ensure statistical rigour in 
design and analysis of outputs. 
 
Keywords: national; variety trials; grain yield; replicated; independent data 

                                                           
4 AgriFutures Australia is the trading name for Rural Industries Research & Development Corporation (RIRDC), a statutory authority of the 

Federal Government established by the Primary Industries Research and Development Act 1989 
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ABSTRACT 
Hemp (Cannabis sativa) breeding has the potential to provide significant improvements to hemp 
seed, fibre and medicinal production and for local economies. For over a decade, Ecofibre Limited 
(Ecofibre) has been researching and breeding high yielding hemp cultivars that are suited for 
production in 0-45°S and N latitudes.   
 
In recent years, the breeding program has transitioned from the initial introduction and 
acclimatization of poorly adapted international germplasm to delivering increased yields from our 
commercial cultivars. In the process Ecofibre has become a leader in Cannabis breeding in Australia 
by applying modern breeding techniques and tools. 
 
Our original commercial varieties in NSW and QLD traditionally yielded an average of 0.7-0.8 t of 
seed per hectare. Our newest Tasmanian grain variety, which is due for commercial release in late 
2020, is capable of delivering an average of 1.5-2.1 t/ha.  
 
In our pre-breeding program, we are selecting promising early stage lines from Ecofibre’s genebank 
and conducting replicated yield and adaptability trials in-field across NSW, QLD and Tas. A number of 
these lines have yielded extremely well compared to established commercial varieties, sourced 
domestically and internationally. In particular, advanced breeding lines EC1900159, EC1900121 and 
EC1900144 have yielded in excess of 8 t/ha (replicated research plots – multi-year trials). 
   
As we progress this genetic pipeline the next step is to improve the uniformity of height and 
maturity date of these lines, which will optimise machine harvestability and commercial yields. We 
will also optimise for seed oil content; the highest yielding line from our grain breeding program has 
an oil content of approximately 37% of seed weight, versus a typical average of 32%.  
 
In my talk, I present a summary of our recent research findings, together with background on 
Ecofibre's experience in breeding and selection of advanced breeding lines for food applications.  
 
Keywords: Cannabis sativa; hemp breeding; high seed yielding cultivars; quality attributes; 
adaptation   
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ABSTRACT 
In the two years since the Geelong Conference, Hemp Farming Systems has continued to work with a 
diversity of hemp seed and grain growers, mainly in southern Australia. We hope this will change as 
more and more farmers in the 'North' realize that it is possible to grow successful hemp seed and 
grain crops if they are sown in late winter and mid- to late summer (in the extensive area where 
frost is a constraint). This assumes that the summer is either too wet or too hot and dry to 
accommodate the seven or more months needed for biomass crops. However, where frost is not a 
problem and if there is ample water hemp should grow at any time of year – provided the seed of 
agronomically relevant, day-length insensitive genotypes is available. 
 
Logically, it should be possible to fit a 'Helicoverpa/Heliothis – free' window into this scheme of 
things. Unfortunately, an infestation in northern NSW in August 2019, leads us to think that winter 
active H. punctigera might be an issue in the future (perhaps a symptom of climate change). H. 
punctigera is less likely to be resistant to conventional insecticides, so that is a 'bonus'.  
 
Broadleaf weed management is a critical issue for seed and grain crops, while the crop is 
establishing. The Australian Pesticides and Veterinary Medicines Authority (APVMA) permits the 
application of two pre emergence herbicides and one post-emergence herbicide for the 
management of broad leaf weeds. Each has had a damaging effect on hemp seedlings under specific 
circumstances involving the soil type, temperature and/or soil moisture. This is a critical area where 
further careful observation, monitoring and communication is required. There are some 
inconsistencies in the APVMA permits and have taken steps to remedy this. 
 
The value of remote sensing imagery cannot be underrated when it comes to assessing the over-all 
condition of a crop, especially when it is 'well grown'. This technology has allowed us to determine in 
large fields (~40 ha) the extent and intensity of weed infestations, herbicide induced plant mortality, 
and the degree of success of irrigations. 
 
Whilst we continue to learn more and more about more and more, there are many areas of 
constraint where we find that detailed knowledge is lacking; this is where we regret the absence of a 
nation-wide research program dedicated to the industrial hemp crop (but thanks to Agrifutures for 
getting the ball rolling). For instance, we work on the assumption that a 4 month seed/grain crop will 
require 4 ML per ha as rain or irrigation. How can this be reduced or is it in fact sufficient? 
 
 
Keywords: environmental constraints; insect problems; weed management; remote sensing; filling 
knowledge gaps 
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INTRODUCTION 
Hemp Farming Systems provides on-farm technical and other support to farmers who want to 
include industrial hemp in their farming systems. Hemp may be an ancient crop in terms of when it 
was first cultivated but Australian growers are still pioneers in many ways. There is so much to learn.  
 
John Muir stressed the basic agronomic requirements of a range of hemp-based cropping systems in 
the paper at the February 2018 Conference in Geelong. And these must be correctly implemented if 
crops are to succeed: 

 The variety (aka chemovar5) must be sown at the right time of year for that location to achieve 
the desired result, be it biomass, seed or grain. The driving phenomenon is that the flowering 
period of the most popular varieties is triggered by day length. 

 Soil tests are needed to establish the pre-sowing fertilizer requirements of a given field. 

 The seed bed needs to be fine and deep with no low (= wet) spots, and the fertilizer should be 
spread evenly, well before sowing. 

 Weed management is critical, especially for seed/grain crops. 

 Hemp has positive roles to play in farming systems, so that rotations should be planned to 
benefit hemp and the co-crops. 

 
These are pretty basic points, and they can apply to any arable crop you can think of. But whilst the 
principles are the same, the details are different. Hemp has its own way of doing things. For 
instance, it is provably wrong to assume hemp seed will dry on the head as quickly as canola seed – 
it takes twice as long. Also, hemp is not wheat. It will go mouldy or even catch fire, if left in the back 
of a truck for four days before it is dried.  
 
We have continued to work with farmers in eastern and southern Australia over the past two years, 
and this paper reports some of the additional things we have learned. At this point are pleased to 
acknowledge Hemp Farms Australia because they have given us the opportunity to engage with their 
farmer clients.  
 
We are always thinking about the future expansion of industrial hemp across Australia – what are 
the realities, advantages of and constraints to growing hemp North of, say, 25°S. Hypotheses to be 
explored include; (i) hemp crops can be grown all through the year in northern Australia, and (ii) 
there are good reasons for doing this. For instance, grain farmers and processors may need a 
continuous supply of fresh produce, seed growers may wish to supply winter grown seed for early 
spring sowing or, late summer sowing where monsoonal rain in the summer may preclude sowing in 
Spring.  
 
Caveats: A further point is that we have also become increasingly frustrated by (i) what we do not 
know and (ii) the nationwide paucity of public sector crop research scientists who can help us to solve 
problems in a systematic and meaningful way.  
 
Climate  
Frost 
Most Australians live near the coast and do not realize how many frosty nights the rural heartland 
experiences, especially in southern Australia; frost can be the factor that limits hemp cultivation in 
these areas. This extends well beyond the SE corner into southern Queensland, and further West – 
see Figure 1.  
  

                                                           
5 A chemovar is a chemically distinct entity in a plant or microorganism, with differences in the composition of 
the secondary metabolites.  
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Figure 1 – Bureau of Meteorology: Potential frost days in July [1] 

 
We know that leaves and flowers can be scorched by frost, to the extent that an early winter crop 
may not need desiccation. We have also seen crops virtually wiped out by frost in an area where the 
locals say frost is 'not too bad'.  
 
Research in Canada indicates that seedlings are more frost tolerant than older plants [2]. This was 
confirmed by a small trial. Seedlings growing from a few seeds sown in July grew well even though 
the leaves and flowers of the main crop, which had been sown in May were badly scorched. This 
points to the possibility of sowing seed/grain crops at the end of winter: Late enough to avoid frost 
damage, and early enough to avoid inundation by heavy rain in January to March in the East, or the 
prolonged summer drought in Western Australia.  
 

 
Figure 2 – Photo shows seed head that is totally dried out after severe frost 
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The degree of frost tolerance (defined as degrees below a specific air temperature) in the commonly 
grown cultivars (as seedlings and when seed is setting) is another of our many unknowns. This would 
make a good topic for a research organization that has the appropriate facilities. 
 
Heat 
At the other end of the scale, the high temperatures during the latter half of 2019 have made us 
think about their influence on the success of hemp as a crop in Australia. For instance, the 
germination rate of a consignment of seed that had to be stored due to unforeseen circumstances in 
a 'conventional' Queensland shed during November fell from 70 to 10%. Germination was also very 
uneven. It varied from close to perfect to zero, e.g., there were meter long strips with 30 perfect 
seedlings surrounded by bare patches. Close examination indicated that the precision of the seed set 
could not have been improved: the un-germinated seeds were still in place. The effect of the Thiram 
seed coating was questioned, but the whole batch of seed had been treated evenly. We suspect that 
seeds in the bags on the outside of the stack became too warm, whereas those in the inner bags 
were better insulated from the hot air in the shed. 
 
A clue to the cause came from Canada [3]. A detailed study of seed survival at a range of storage 
conditions; temperature (20, 25, 30, 35 and 40oC), relative humidity (60, 70, 80 and 90% RH) and 
time (up to 24 weeks), indicated germination dropped off markedly in seeds held at 25°C or more.  
 
The temperature in the QLD shed had not been checked but with outside temperatures in the 35-
40°C range it must have exceeded 25°C for lengthy periods each day. We surmised that the small 
batches of seed that germinated came from the inside of the stack where they were thermally 
insulated by all the seeds around them. 
 
Measurements of soil temperature were also checked. They peaked in the 60-70°C range (midday) 
on the soil surface and were not much cooler at a depth of 25-30 mm where the seed had been 
placed. This did not explain the uneven plant stand but it did give an indication of the tolerance of 
young hemp seedlings to high. 
 
Wind 
Hemp Growers in southern Victoria had to re-sow part of their crop because the combination of 
temperatures in the high 30s and a strong wind created a sand-storm. The seedlings were literally 
sand blasted.  
 
New varieties: day-length insensitivity and bisexuality 
Another primary focus particularly for the seed and grain sector is the evaluation of varieties that are 
insensitive to day-length and, if possible, monoecious. The former characteristic means that they will 
produce seed 'anywhere, at any time' without the need for the day length trigger. 'Monoecious' 
means that male and female flowers develop on the same plant, so that all plants produce seed, not 
just about half. Regular (not freak) yields of 3 MT/ha harvested seed have been reported from 
monoecious varieties growing in eastern Europe and Colorado.  
 
A question to be answered: can monoecious seed/grain crops be sown at a lower than normal 
density (perhaps 20 kg/ha) to induce bushier plants, carrying more seed per plant? 
 
Variety testing needs to be done by experts and we hope that the Agrifutures project that is getting 
underway will focus on helping us to garner new knowledge, such as this. 
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Helicoverpa (Heliothis) spp. 
We learned that human logic does not always apply to noctuid moths. We found no Helicoverpa 
caterpillars in a hemp seed crop harvested in August 2017 in northern NSW. We concluded that this 
was because cotton and other crops on which Helicoverpa proliferates had been harvested at least 
one life cycle previously or had only just been sown as winter crops.  
 
Was this a light bulb moment? The logic and relevance, following the principles of sustainable pest 
management, were that this was a case of pest avoidance: 'late sown seed/grain crops avoid 
Helicoverpa attack'. 
 
However, two years later, and only 280 km to the West, another seed crop had a larval population 
that required a pesticide application in August. Again, other host crops in this cotton growing area 
had been out of the ground for over a month. The whole area was subject to drought (and frost). 
Most of the neighbouring fields had been cultivated well enough to bust pupae. We assumed that 
the culprit was H. armigera, but it was probably H. punctigera because this species does not pupate 
over winter [4]. We have some confirmation but need to check in 2020.  
 
Climate change seems to be impacting on many other givens – why not the phenology of insects? 
Perhaps this is a clue to the conundrum. It is also worth noting that we found Helicoverpa 
caterpillars boring the stem at the top of the plant, so that the tips broke off at their exit hole about 
10 cm from the growing point. An implication is that this behaviour will make insecticides less 
effective (as the caterpillar is inside the stem), or it could be a facet of H. punctigera behaviour.  
 
This coincided with the discovery of the larvae of a cerambycid beetle (not identified) with the same 
habit.  We can also report that the red shouldered leaf beetle will attack hemp crops in the 
Bundaberg area.    
 
On the subject of pests, we must also mention that we have seen plants destroyed by feral pigs. We 
have also seen pictures of leaf damage caused by caterpillars that look very much like the 
armyworm, Spodoptera litura. This has to be checked – because the caterpillars could also be S. 
frugiperda, the fall army worm, a pest of significance that has invaded Africa, India and the rest of 
Asia over the last three years. 
 
Post-emergence herbicides 
Pendimethalin (aka Stomp) has been approved by the AVPMA for one application to hemp fields 
pre-sowing or pre-emergence. This process will kill some grass and broad leaf weed seedlings as they 
emerge. The current minimum recommended rate depends on the concentration in the products of 
specific manufacturers.  It varies from about 0.6 to 1.2 - 2.0 L product/ha. 
 
Hemp fields are getting larger. The advantages are obvious, but it means that soil texture can vary 
considerably within one crop. Modifications in sowing depth and irrigation schedules can be made, 
but not every farmer would think about the rate of herbicide application. We have encountered a 
problem with pendimethalin in two fields where there were patches of sandy soil sitting on clay or a 
heavier loam. One had been treated with pendimethalin at 2 L/ha as recommended by the APVMA, 
the other, mistakenly, at 3 L/ha. The hemp plants in the sandy patches were stunted or dead. The 
plants that survived had a swelling at the top of the root, to the extent that they looked like white 
radishes (see Figure 3). This was put down to a response to the herbicide. We have suggested the 
AVPMA permit should be modified to accommodate this new information, mentioning that the 
application rate should be reduced to perhaps 1 L/ha in light/sandy soil. This is a special warning for 
farmers growing hemp in sandy soil near the coast or on river terraces.  
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Figure 3 - The photos show poor or no plant growth on a sandy patch and the swollen roots of the 
plants growing there. 
 
Pesticide approvals 
The APVMA regulates which pesticides can be applied to all crops in Australia and states the safety 
issues that apply. This information is part of the packaging of pesticide products. Hemp crops are 
considered to be 'minor' and are not are not mentioned in these label instructions, but the APVMA 
has given special authority to farmers to apply certain pesticides. These authorities are distributed 
across six permits that partially repeat other entries and sometimes mix up different classes of 
pesticide. Hemp Farming Systems is working with AIHA and AVPMA to; (a) rationalize this situation 
and (b) extend the list of permitted materials, especially in the organic sector. We are ready to move 
towards finalizing this issue and welcome any further advice. 
 
Irrigation 
A rule of thumb is that an irrigated hemp seed/grain crop will need about 4 ML of water. Experience 
in the 2019 winter and summer indicates that this may not always be enough. Farmers need to be 
aware – especially when climate change seems to make everyone think twice about sowing crops. 
 
Seed rates and germination tests 
It might be considered a no brainer, but it is necessary to heed the results of germination tests and 
adjust sowing rates according to tests carried just before sowing. There is also varietal variation in 
the size of seeds. This means that varieties with small seeds can be sown at a lower rate (kg/ha) than 
larger seeds. 
 
Smearing 
When the seeder is pulled across wet clay soil that has just been irrigated, it smears the surface and 
creates a hard crust (see Figure 4). This impervious layer is situated just where the seedlings want to 
break-free from the soil five or six days later. Alternatively, the furrow into which the seed has been 
placed is not covered and the seed is left exposed. In either case, many of the seedlings do not 
survive. The simple advice is to let the surface of clay soils dry a little before sowing. 
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Figure 4 – Photo showing the consequences of a ‘smearing’ effect 

 
Drones and multispectral imagery 
Hemp fields are getting larger – that is the name of the game. We at HFS like to know what is 
happening right across a field. Drone and multispectral imaging technology enables one to see, for 
instance, where weeds are taking over, that frost has dried out a patch near a wind break and will 
have to be harvested soon, or that a bid to irrigate failed. A time series can be accumulated by visits, 
drone in hand or via satellite imagery. 
  
 

 
Figure 5 – Multispectral pseudo-imaging of an irrigated crop 

 
False or pseudo-colour imagery has been around for perhaps 20 years, but just a couple of years ago 
the multispectral imaging was invented. This extends the versatility of the technique by capturing 
light in the blue, green, red, near-infrared and red-edge electromagnetic bands. The latter is 
particularly valuable for detecting change in chlorophyll quality (and therefore healthy plant growth) 
over time. As important, the detectors are designed to make them small drone friendly. The red 
sectors in Figure 5 show areas in a 70 ha field where irrigation did not properly (satisfactorily) reach 
the crop. The blue patches indicate different weed densities. 
 
Conclusions 
This is an overview of what we have learned in the last couple of years. We have covered a wide 
range of topics but there are always lingering thoughts and doubts in our minds. What are we not 
seeing? For instance, are diseases having an undetected impact?  Like everyone working in 
agriculture we ask: what is the weather going to do?  How do we help our clients become climate 
smart? For instance, is it possible to integrate effective windbreaks (trees) with the space needed for 

The smearing effect – note poor germination 
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irrigations systems to operate to prevent blasting from wind driven sand and to add the biotic 
diversity needed to support the natural enemies of the insect pests?   
 
Every time we become familiar with a hemp field we learn something new. One thing that is not new 
is the realization that that there are so many things we and others want to know – but there are so 
few people in this well-resourced, lucky country to carry out the research needed to answer some 
fairly basic questions.  
 
Our industry is too small to support the investment in research via levies. We need support from 
research scientists. Sadly some State Governments seem to be petrified by the H word. Thank 
goodness for Western Australia and South Australia. 
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ABSTRACT 
Industrial hemp (Cannabis sativa) has gained worldwide interest as a new crop for seed and 
medicinal applications and it is being cultivated in temperate to subtropical regions. However, little 
knowledge is available about the interactions between environment and genotype on time to 
flowering at lower latitudes. Furthermore, a drying and warming climate might affect plant 
responses, and thus it is critical to understand the challenges that farmers will face with this crop in 
the future regarding variety selection and fertilisation. In this study, we assessed and compared the 
responses of a high latitude variety of industrial hemp (Morphet Late) with lower latitude hemp 
varieties (ECO-1, ECO-2 and ECO-3) to different day lengths and temperature conditions mimicking a 
subtropical environment. A series of trials under controlled tropical environments (E1: 11.5 h day 
length; 25±2°C; E2:12.5 h day length; 25±2 °C; E3:11.5 h day length; 24 °C daily and 15 °C night) were 
established to test the responses to nitrogen (N) (0, 50, 100, 150 kg/ha of N) including phenology 
and growth. Phenological data were collected during growth, and final harvest was carried out once 
all female plants were flowering. We observed significant responses of days to emergence, days to 
flowering and final biomass between varieties, N rates and different environments. There were also 
marked growth differences between female and male plants, time to flowering and biomass with 
different environments of the more photosensitive variety Morphet Late versus ECO-1, ECO-2 and 
ECO-3. The latter two varieties responded similarly under all conditions, with similar results between 
N rates, plant early growth rate and total dry plant biomass. This study highlighted the importance of 
nutrition and environment (day length and temperature) on time to flower, early growth and 
biomass on the selected tropical and temperate varieties of hemp (Cannabis sativa L.) 
 
Keywords: Cannabis sativa; tropics; genetic; flowering; nitrogen; daylength 
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ABSTRACT 
Industrial Hemp (Cannabis sativa L species) is a versatile crop that has been grown in Western 
Australia (WA) for many years on a small scale. Due to recent changes in food standards and 
regulations there has been considerable interest from growers, industry and government to develop 
industrial hemp (IH) production in WA. IH growers are faced with a wide choice of new varieties both 
from Australia and overseas, but there is very little information available about how these perform 
in our local environment. The WA Hemp Growers' Co-op (HempGro) with support from the 
Department of Primary Industries and Regional Development (DPIRD) undertook an IH variety trial 
‘Best Seed for Best Region’ in 2019. The main objective of this project was to investigate suitable 
cultivars and optimum sowing windows for industrial hemp production at five locations in the 
southern WA under rain-fed conditions. Five field trials were conducted at Moora, Pingrup, 
Manypeaks, Esperance and Capel. Fifteen imported industrial hemp cultivars were sown at three 
times of sowing in a replicated, randomized block design. Imported cultivars were from Canada, 
China and France. First time of sowing commenced on 26th September 2019 at Moora and then 2nd 
October at Pingrup, 3rd October at Manypeaks, 10th October at Capel and 14th October at Esperance. 
Subsequent sowings occurred at 3 week intervals between September and November as crops 
emerged, except at Moora due to lack of rainfall. Suitable cultivar selections will be based on 
agronomic parameters including crop establishment, tolerance to disease, plant height at maturity, 
growth cycle and grain yield and quality. The plant count and height for each time of sowing and 
location were analysed using a linear mixed effects model in R using ASReml version 4.1.0. 
 
Key words: Industrial hemp; Cannabis sativa; cultivars; time of sowing; rain-fed 
 
INTRODUCTION 
Industrial Hemp (IH)  is the low tetrahydrocannabinol (THC) variety of the Cannabis sativa L. species. 
It is a versatile and valuable crop with over 2000 known varieties that have been grown for centuries 
across Asia, Europe and America (Encyclopaedia Britannica, 2019). IH is cultivated for both fibre and 
seed and has a huge range of applications. 
  
The WA Department of Agriculture trialled a number of IH varieties in 1996-7 in the south-west of 
WA but the results were poor and the crop was viewed as not having much potential. However, due 
to recent changes in food standards and regulations there has been considerable interest from 
growers, industry and government to develop IH production in WA and around the world. Across 
WA there is a burgeoning farming sector which can see the potential for hemp as an intercrop to 
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their farming system, a way of sequestering carbon and improving soil structure due to its tap root 
and numerous secondary roots as well as the heavy shade it produces during the growing season 
(Amaducci et al 2008).  However, the seed varieties used across WA have not proven to be stable or 
suitable. Additional complications from previously grown seed varieties include crops growing too 
tall to suit conventional harvesters and not ripening for harvest at the expected time, consequently 
using valuable land which should have been put under winter crops. 
 
IH growers are faced with a wide choice of new varieties both from Australia and overseas, but there 
is very little information available about how these perform in our local environment. The WA Hemp 
Growers‘ Co-op (HempGro) with support from the Department of Primary Industries and Regional 
Development (DPIRD) undertook a hemp variety trial ‘Best Seed for Best Region’ in 2019. The main 
objective of this project was to investigate suitable cultivars and optimum sowing windows for 
industrial hemp production at five locations in southern WA under rain-fed conditions. 
 
Methods and Materials 
Five field trials were conducted at Moora, Capel, Pingrup, Manypeaks, and Esperance under rain fed 
conditions. Fifteen imported industrial hemp cultivars were sown at 3 times in a replicated, 
randomized block design. Imported cultivars were from Canada, China and France (Table 1). Seeding 
rate was adjusted to a target of 100 plants per square metre (m2) using germination tests and 
average 1000-grain weights. Each plot was 10 m long and 1.44 m wide.  
 
Plots were sown at a depth of 2-3 cm from the end of September to early January, according to the 
timing of the optimum rainfall in each location (Table 2). First time of sowing (TOS) commenced on 
26 September 2019 at Moora, 2 October at Pingrup, 3 October at Manypeaks, 10 October at Capel 
and 14 October at Esperance. Subsequent sowings occurred at 3-week intervals between September 
and November, except at Moora due to lack of rainfall. At Esperance TOS 3 was sown much later in 
January. 
 
Soil samples were collected from all trial sites prior to seeding. The samples were taken at 10 cm 
depth randomly from 20–30 positions at each site. The samples were bulked to provide one 
representative sample per site and were analysed for complete soil chemical analysis (Table 3, 
Raiment and Lyons 2011). Each site received a basal fertiliser application based on the soil test 
results. Glyphosate was used to control weeds as required. Plant establishment was recorded by 
counting plant numbers in two rows each of 1m length in each plot at three locations two to three 
weeks after seeding. Plant heights were recorded at each site at different dates at each location. 
Rainfall during the growing season was recorded at or near, each trial site. Crops did not complete 
their life cycle due to high temperature and lack of adequate rainfall during the growing cycle and 
were not harvested at any site.  
 
Plant establishment counts and plant heights were recorded for TOS 1 and TOS 2 at all locations. No 
data were recorded for TOS 3 due to very poor germination except in Esperance which was still 
growing at time of writing. The plant count and height for each TOS and location were analysed 
using a linear mixed effects model in R using ASReml version 4.1.0 (Butler 2018). 
 
Table 1. Name, origin and end use of the fifteen imported industrial hemp varieties 

Variety Country of Origin Use Days to maturity 

Joey Canada Grain & Fibre 100-110 

Canda Canada Grain & Fibre 100-120 

CFX 2 Canada Grain & Fibre 100-110 

CRS 1 Canada Grain & Fibre 100-110 

Grandi Canada Grain 100-110 
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Katani Canada Grain 100-110 

Bama China Grain & Fibre 110-190 

Han cold China Grain & Fibre 115-180 

Yuma China Grain & Fibre 120-180 

Earlina 8 FC France Grain 115-120 

Fedora 17 France Grain <125 

Fibror 79 France Fibre 101-106 

USO 1 France Grain 122-127 

Felina 32 France Grain 133-138 

Ferimon 12 France Grain & Fibre 129-134 

 
Table 2. Sowing dates at trial locations 

 TOS 1 TOS 2 TOS 3 

Moora 26 September 2019 Not sown Not sown 

Pingrup 02 October 2019 24 October 2019 13 November 2019 

Manypeaks 03 October 2019 25 October 2019 14 November 2019 

Capel 10 October 2019 30 October 2019 20 November 2019 

Esperance 14 October 2019 31 October 2019 16 January 2020 

 
Table 3. Soil analysis results for each trial site at 0-10 cm depth 

Location Soil pH 
(CaCl2) 

Total organic 
matter (%) 

Cation exchange 
capacity (meq/100 
of soil) 

Total 
phosphorus 
(ppm) 

Total 
nitrogen 
(%) 

Moora 6.0 1.55 4.07 182 0.05 

Pingarup 5.3 1.72 3.64 126 0.05 

Manypeaks 5.0 10.8 13.39 261 0.43 

Capel 4.9 7.8 16.6 827 0.26 

Esperance 5.6 2.9 4.83 - 0.14 

 
RESULTS AND DISCUSSIONS 
Rainfall 
There was no substantial rainfall at any site during the growing season (September to January). 
Rainfall from September 2019 to January 2020 was 21.6 mm at Pingrup, 51.5 mm at Moora, 80.7 
mm at Esperance, 93.5 mm at Capel and 104.2 mm at Manypeaks (Table 4). Rain at all sites was well 
below the long-term average, especially Pingrup which received less than 20% of the average. 
November and December had the lowest rainfall at all locations. Low rainfall after sowing placed the 
crops under severe stress, especially in Pingrup. Some rain events occurred after sowing at 
Esperance, Manypeaks and Capel but not enough rain for substantial grain filling. Only in October at 
Capel was monthly rainfall greater than the long-term average and that was only by 8.5 mm. 
 
Table 4. Monthly and long time average rainfall at all locations 

Months Rainfall (mm) Moora Pingrup Capel Manypeaks Esperance 

September Actual rainfall 28.7 4.4 28.7 24.5 27.9 

 Long term average 38.4 32.5 75.4 82.4 58.2 

October Actual rainfall 10.3 13.4 51.5 33.0 28.6 

 Long term average 23.8 25.3 43.0 68.1 46.3 

November Actual rainfall 11.9 3.8 9.3 24.0 10.0 

 Long term average 13.3 20.2 30.6 49.0 36.6 

December Actual rainfall 0.3 0 2.0 1.7 0 

 Long term average 9.1 15.3 13.7 29.6 22.1 
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January Actual rainfall 0.3 0 2.0 21.0 14.2 

 Long term average 14.2 16.0 10.9 24.4 27.0 

Sept. – Jan. % of long term 
average 

52.1 19.8 53.9 41.1 42.4 

 
Plant establishment counts 
There was a significant difference between varieties at both times of sowing (TOS) and all locations 
except TOS 2 at Manypeaks in plant establishment counts. The trial at Moora failed to germinate 
fully so this site will not be included in the results. Figure 1 shows the mean plant counts (plants per 
square metre) for each variety at TOS 1 and 2 for all four locations. Pingrup and Capel had the lowest 
plant counts for both TOS. Esperance had the highest plant counts for both TOS. Han cold had the 
lowest plant count in Capel for TOS 1 and 2, and was also the lowest for Pingrup in TOS 1. For TOS 1, 
Han cold had the highest plant count in Esperance. For TOS 2 in Capel, Bama, Earlina 8, Felina 32, 
Ferimon 12 and Fibror 79 had a significantly higher plant count than Canda, CFX 2, CRS 1, Han cold 
and Joey.  
 

 
Figure 1. Mean plant establishment counts for each IH variety at TOS 1 and 2. The error bars are 
the estimated LSD, which can only be compared within one TOS. 
 
In Esperance, for TOS 1 Bama, Fibor 79, Han cold and Yuma had significantly higher plant counts 
than Canda, CFX 2, Ealina 8, Felina 32, Grandi, Joey, Katani and USO 31. For TOS 2 in Esperance CRS 1 
and Ferimon 12 had significantly higher plant counts than Bama, Canda, CFX 2, Earlina 8, Fedora 17, 
Grandi, Han cold, Joey, USO 31 and Yuma. In Manypeaks, for TOS 1 Fibror 79 had a significantly 
higher plant count than Febora 17. For TOS 2 in Manypeaks Canda, CRS 1, Felina 32, Ferimon 12, 
Fibror 79 and Han cold had significantly higher plant counts than Earlina 8.  
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In Pingrup for TOS 1 CFX 2, CRS 1, Fedora 17 and Fibror 79 had significantly higher plant counts than 
Felina 32. For TOS 2 in Pingarup Canda, CRS 1, Fedora 17, Felina 32, Ferimon 12 and Katani had 
significantly higher plant counts than Han cold, Joey and Yuma.  
 
At Capel and Pingrup the average plant populations across all varieties were 9 plants/m2 and 19 
plants/m2 for TOS 1 and 30 plants/m2 and 24 plants/m2 for TOS 2 respectively.  Better plant 
establishment was observed at Esperance (53 plants/m2 for both TOS) and Manypeaks (52 plants/m2  

for TOS 1 and 36 plants/m2  at TOS 2) due to better rainfall post planting. Plant establishment of all 
varieties at Capel and Pingrup was poor.  
 
Plant establishment was much lower than the target plant density at all locations. Plant 
establishment counts varied between TOS 1 and TOS 2. This is likely due to very unreliable rainfall 
and continuous high temperatures between 34 to 420 C in mid November. There was very low rain in 
November and almost none in December at all locations after sowing. All sites received well below 
the long term average rainfall (Table 4). 
 
Plant heights 
Statistical analysis showed that plant heights were significantly different among varieties for both 
TOS. Figure 2 shows that for plant height in both TOS 1 and 2 there was a significant interaction 
between variety and location. Pingrup and Manypeaks for both TOS had the lowest plant height, 
whilst Esperance had the highest plant height for both TOS. For all four locations, Grandi had the 
lowest or almost the lowest plant height for both TOS.  
 
In Capel for TOS 1 Grandi and Katani had significantly lower plant heights compared to Bama, Canda, 
CFX 2, Earlina 8, Fedora 17, Felina 32, Ferimon12, Fibror 79, Han cold, Joey, USO 31, and Yuma. For 
TOS 2 in Capel Felina 32, Fibror 79 and USO 31 had significantly higher plant heights than Grandi. In 
Esperance for TOS1 Bama, Fibror 79, Han cold and Yuma had significantly higher plant heights 
compared to the rest of the varieties (Canda, CFX2, CRS 1, Earlina 8, Fedora 17, Felina 32, Ferimon 
12, Grandi, Joey, Katani and USO 31). Similarly, for TOS 2 in Esperance Bama, Fibror 79, Han cold and 
Yuma had significantly higher plant heights compared to the rest of the varieties.  
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Figure 2 Mean plant heights of each variety for TOS 1 and 2 at each location. The error bars are the 
estimated LSD, which can only be compared within one TOS. 
 
In Manypeaks for TOS 1 Grandi and Katani had significantly lower plant heights than Canda, Fedora 
17, Felina 32, Ferimon 12, Fibror 79, Joey and USO 31. For TOS 2 in Manypeaks Grandi had a 
significantly lower plant height than Fedora 17, Ferimon 12 and Fibror 79.  
 
In Pingrup for TOS 1 Grandi and Katani had significantly lower plant heights than Canda, Fedora 17, 
Felina 32, Ferimon 12, Fibror 79, Joey and USO 31. TOS 2 in Pingrup, Grandi had a significantly lower 
plant height than all of the varieties except for CFX 2 and Katani. 
 
The average predicted plant height was highest at Esperance for TOS 2 (45 cm) and at Capel for TOS 
1 (48 cm). Pingrup had the lowest plant height for both TOS 1 (29 cm) and TOS 2 (24 cm). The variety 
Grandi performed poorly in all locations.  
 
Plant heights tended to be true to type, grain varieties were generally shorter than mixed use and 
fibre varieties. The Canadian seed grew quickly and set seed early before biomass was established. 
The French varieties tended to be longer growing and set seed at the top of plant. Again, stress from 
heat, moisture and wind tended to mean the plant had gone to flower early. Further research on the 
best time of sowing is required. Late winter sowing when the weather is closer to the Northern 
hemisphere spring may achieve better results.  
 
CONCLUSIONS 
Due to the poor seasonal conditions experienced during these trials, it is difficult to draw conclusions 
on the suitability of the tested varieties at each location and the different times of sowing. However, 
information gathered has put a number of ideas on the table for future research around seed sowing 
depth, time of sowing vs day length, variety and set up.  
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Future on-farm trials could be more successful if varieties of the same growing length are tested to 
make management easier. More research is also required on photosensitivity and how this may 
affect growing patterns in WA.  
 
While the seasonal conditions experienced during the trial were challenging, we have a better 
understanding of the growing patterns of the varieties. From this we can see where some varieties 
may fit into our farming systems. Further research is required to gain reliable information for IH 
varieties with potential to grow and be profitable in dryland conditions in WA.  
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ABSTRACT 
Seed germination and early growth of seedlings of 14 industrial hemp varieties were assessed in 
Petri dish and glasshouse conditions. Germination data were recorded every 24h for 7 and 20 
consecutive days in Petri dish and glasshouse trials, respectively, and cumulative data were used to 
calculate the final germination percentage and quality index (i.e. speed of germination). Significant 
variations were observed among the varieties with respect to seed germination and seedling growth. 
The highest germination was recorded for variety Han FNQ (92% and 70% in glasshouse and Petri 
dish, respectively) followed by Han FNH (82% and 66%), Fedora 17 (74% and 52%) and Han NE (64% 
and 62%). The lowest germination was recorded for variety SI1 in both Petri dish and glasshouse 
trials (10%). The quality index or the speed of germination varied significantly in Petri dish and was 
highest for varieties Han FNQ and Han FNH (5 seeds germinated/day) followed by Han NE, Han COLD 
and Yuma 1 (4 seeds/day), and the lowest was recorded for SI1 (1 seed/day). Seedling length and 
growth rates were highest for variety Han NE (10.46 cm and 5.23 mm/day seedling length and 
growth rate, respectively) followed by Han FNQ (9.28 cm and 4.64 mm/day) and Han COLD (8.80 cm 
and 4.40 mm/day). The lowest seedling length and growth rate were recorded for variety Han NW 
(5.06 cm and 2.53 mm/day). Shoot dry weight and leaf area were highest for variety Puma 3 (0.118 
g/plant and 8.70 cm2, respectively). Seedling vigour (SV) indices were highest for variety Han FNQ 
(SV1, 60.79 and SV2, 853.80) followed by the varieties Puma 3 (SV1, 54.83) and Han NE (SV2 666.60).  
 
Keywords: Germination; industrial hemp; quality index; seedling vigour; Western Australia 
 
INTRODUCTION 
Industrial hemp (Cannabis sativa L.) is a multifaceted crop used for food, fibre and medicine [1, 2]. It 
is potentially an important crop in Australia as it has been legalised for processing seed and oil into 
food products [3]. High germination rate is the requirement for hemp seed importation to Western 
Australia as the importers should not only consider which hemp varieties are suitable for their 
purposes but also the quality of the hempseed, including types of impurities, cleanliness and a 
recent germination test [4]. The viability of industrial hemp seed can fall rapidly over a year 
depending on storage conditions and other factors; hence, the quality of the local and imported 
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seeds is not always reliable. Evaluation and optimisation of seed germination can assist hemp 
growers in selecting the right cultivar. The present study was conducted to determine the 
performance of seed germination and early growth of seedlings of 14 varieties in Petri dish and 
glasshouse conditions. 
 
METHODOLOGY 
In Petri dishes; 10 seeds of a variety were placed in each of 5 Petri dishes (where each Petri dish 
represented a replicate) previously lined with filter paper soaked with deionised water. The Petri 
dishes were covered with aluminium foil and kept in darkroom with constant temperature (25°C). In 
glasshouse, 10 seeds of each variety were sown in each of 5 rows (where each row represented a 
replicate) in a plastic seedlings tray filled with 2 kg of potting mix. Germination data were recorded 
every 24 hr for 7 and 20 consecutive days in Petri dish and glasshouse trials, respectively. Cumulative 
data were used to calculate the final germination percentage and quality index of germination (i.e. 
speed of germination). Seedlings raised in the glasshouse were used to measure shoot length, 
growth rate, leaf area, dry weight and seedling vigour.  
 
RESULTS 
Final germination percentage ranged from 10 to 70% with a mean of 42.14% and 10 to 92% with a 
mean germination percentage of 58.29% for Petri dish and glasshouse trials, respectively. In Petri 
dish, the highest germination was recorded for the variety, HanFNQ (70%) followed by Han FNH 
(66%) and Han NE (62%). The quality index was highest for the variety, Han FNQ (5.00 seeds 
germinated/day) followed by Han FNH (4.71 seeds/day) and Han NE (4.43 seeds/day) and the lowest 
was calculated for SI 1 (0.71 seeds/day). In glasshouse, the highest germination was recorded for the 
variety, Han FNQ (92%) followed by Han FNH (82%), Fedora 17 (74%) and Han NE (64%). The quality 
index was recorded highest for the variety, Han FNQ (2.30 seeds germinated/day) followed by Han 
FNH (2.05 seeds/day) and Fedora 17 (1.85 seeds/day) and the lowest was calculated for SI1 (0.25 
seeds/day). The lowest germination was found for the variety, SI1 (10%) in both Petri dish and 
glasshouse trials. Seedling length and growth rate were recorded highest for variety Han NE (10.46 
cm and 5.23 mm/day seedling length and growth rate, respectively) followed by Han FNQ (9.28 cm 
and 4.64 mm/day) and Han COLD (8.80 cm and 4.40 mm/day). The lowest seedling length and 
growth rate were recorded for the variety Han NW (5.06 cm and 2.53 mm/day). Shoot dry weight 
and leaf area were recorded highest for the variety Puma 3 (0.118 g/plant and 8.70 cm2, 

respectively). Seedling vigour (SV) indexes were recorded highest for the variety Han FNQ (SV1, 
60.79 and SV2, 853.80) followed by variety, Puma 3 (SV1, 54.83) and Han NE (SV2 666.60) and the 
lowest was recorded for the variety, SI1 (SV1, 7.06 and SV2, 48.90). 
 
CONCLUSION 
Regarding seed germination, variety Han FNQ performed best in both Petri dish and glasshouse, 
whereas variety Han NE had the highest seedling length and growth rate. The variety Puma 3 
showed the highest biomass as it had higher shoot weight and leaf area. These three varieties also 
had the highest seedling vigour, indicating their potential as new cultivars in Western Australia for 
fibre, seed and biomass production.   
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ABSTRACT 
Food manufactured from the seed of the hemp plant Cannabis sativa were legalised in Australia for 
human consumption in November 2017. Despite what appears to have been a long pro legislation 
campaign by hemp industry stakeholders and others, the now legal status of hemp food does not 
seem to have been conveyed to those for whom the industry depends on for success, the Australian 
consumer. A mixed methods approach was adopted to evaluate consumer attitudes one year after 
the introduction of hemp food into the Australian consumer market. In semi-structured qualitative 
interviews, it was found all the participants invited to participate remained unaware of the 
legalisation and availability of hemp food. An incidental finding of the study identified a negative 
implicit bias toward consuming hemp food. An evaluation of the qualitative interviews through a 
constructivist lens has sought to understand implicit attitudes toward hemp through personal 
statements reflecting socially constructed views of hemp’s relationship to its illicit cousin, marijuana. 
In the second phase of the study, more than half of a nationally representative sample (n=2354) who 
responded to an online quantitative questionnaire were also not aware that hemp food had been 
legalised.  
 
This paper reports on consumer awareness using demographics such as postcode, age and 
education. The quantitative online questionnaire also employed psychometric tools to evaluate 
consumer’s intention to consume hemp food, personality factors, food neophobia, factors important 
to food choice, as well as sensation seeking and impulse control. The relevance of each of the 
evaluated constructs and how they might contribute to understanding consumer attitudes, 
behaviours and intention to consume hemp food is discussed. This paper represents a summary of 
the initial findings of a study for which there is an anticipated potential for extrapolation to 
consumer attitudes toward other discrete novel foods, and the role that implicit bias has in food 
choice. Beneficiaries in the short term include hemp producers, hemp food manufacturers and 
marketing firms. Longer term beneficiaries include food producers, manufacturers and marketing 
firms in general, as well as clinicians who might wish to better understand the processes of food 
choice when developing programs which promote healthier eating behaviours to their clients. 
 
Keywords: Hemp food; consumer attitudes; consumer behaviour; intention to consume novel foods; 
implicit attitudes 
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ABSTRACT 
Hemp seed meal (HM) is rich in high quality storage proteins that are highly digestible and have high 
arginine content. However, hemp seed meal proteins (HMP) have poor functionality limiting their 
use in formulated foods. This study investigated optimum conditions for extraction of the proteins 
from HMs.  
 
Hemp meal solutions (10%w/w) were either heated at 65 or 95oC with or without salt (0.25 to 0.8M 
NaCl) and the solubility of proteins was evaluated after centrifugation of the mixture at 10000 g for 
20 minutes at 20°C. The HM solutions were also treated with ultrasound (20% and 80% amplitude) 
during heating was also investigated to improve solubility of the HMP.  
 
Commercially available HMP had poor solubility (6 to 12%). The extraction of proteins was enhanced 
by heating at 65oC for 10 h and at pH 9 (20%) but increased significantly by addition of salt (0.8 M) 
during heating (>80%). Increasing the extraction temperature without the addition of salt did not 
increase the proportion of soluble proteins. The ultrasound treatment for (80% amplitude) for 15 
minutes at 65oC and pH 9, without salt addition almost doubled the extractability of proteins (42% 
yield) as compared to untreated samples.  
 
These results confirm that salt is necessary for extraction of proteins from HM, and further solubility 
improvements can be made by choosing optimal process parameters (temperature, pH, ultrasound). 
 
Keywords: hemp seed meal; hemp proteins; yield; solubility; functionality; ultrasound 
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ABSTRACT 
The seeds of Cannabis (Cannabis sativa L.) has been considered as a vital source of nutrition for 
thousands of years in ancient world culture. However, industrial hemp has not been studied 
extensively for its nutritional potential though hempseed, which contains a considerable amount of 
oil, protein, dietary fibre, vitamins and minerals. Here, we assessed the dietary mineral 
concentration in seeds of 14 industrial hemp varieties locally available and imported in Western 
Australia to see the differences among the varieties in respect to six macro-minerals (Ca, K, Mg, Na, 
P and S) and 12 trace metals (Al, As, Cd, Co, Cu, Fe, Mn, Mo, Pb, Zn, Cr and Ni). Briefly, hempseeds 
were oven-dried, ground and digested with cHNO3 (concentrated Nitric acid) followed by cHClO4 
(concentrated Perchloric acid) and solutions were analysed by ICP-OES (Inductively Coupled Plasma-
Optical Emission Spectrometry) technique. Significant variations were observed among the varieties 
with respect to different macro- and micro-minerals concentration.  
 
Overall hempseeds are rich in the macro-minerals, P (0.883%), K (0.729%) and Mg (0.406%) and the 
micro-minerals, Fe (156.06 mg/kg), Mn (120.07 mg/kg) and Al (35.63 mg/kg). Among the 6 macro-
minerals, Ca (0.215%), K (1.00%), Mg (0.517%) and Na (0.046%) were found highest in the French 
monoecious variety, Felina 32. The P (1.058%) and S (0.314%) concentrations were highest in the 
Canadian monoecious variety, Morpeth and the Chinese dioecious variety, Han NW respectively. The 
French monoecious variety, Ferimon was lowest in Ca (0.106%) and Na (0.001%) and the Chinese 
dioecious variety, SI 1 was lowest in Mg (0.296%) and P (0.589%). The Chinese dioecious variety, Han 
FNH was lowest in K (0.647%), and Morpeth was lowest in S (0.197%). Among the 16 micro-minerals, 
As and Cd were not detected in any of the varieties though Pb was detected in the French 
monoecious variety, Santhica (0.42 mg/kg), followed by Chinese dioecious varieties, Puma 3 (0.33 
mg/kg) and Han COLD (0.37 mg/kg). The variety, Felina 32 was highest in Al (93.00 mg/kg), Cu (17.61 
mg/kg), Fe (219.49 mg/kg), Mo (1.07 mg/kg) and Zn (90.24 mg/kg) but was found lowest in Cr (1.45 
mg/kg) and Ni (0.73 mg/kg) content. The Chinese dioecious variety, Yuma 1 was highest in Co (0.46 
mg/kg) and Mn (175.55%) concentrations and the Chinese dioecious varieties, Bama 4 and Puma 3 
were highest in Ni (4.30 mg/kg) and Cr (4.95%) respectively.       
 
Keywords: Industrial hemp; seeds; dietary minerals; ICP-OES 
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HEMP IS A SAFE FOOD – USING LABORATORIES TO VALIDATE THE CLAIM    
 

Glen Pinna 
 

Biotech Laboratories, 
24 Hurworth Street,  

Bowen Hills, QLD 
 

E: glen_pinna@snp.com.au  
 
 

ABSTRACT 
The major points presented at The Conference are discussed below. This will not be a promotional 
presentation but a generic information guideline for all food manufacturers/processors on their 
rights and pitfalls when dealing with testing laboratories. 
 
Keywords:  Ingredients; disinfection; shelf-life; analyses; reports 

 
WATER QUALITY 
Water used in the production of food must meet the Australian Drinking Water Guidelines (ADWG). 
Town supplied water generally does not require testing. However, rain-water, bore water, river or 
dam water is required to be tested. Storage tanks are a major concern as all water contains bacteria, 
including town supplied, and will adhere to the base and walls of a tank and be impervious to direct 
disinfection of the water. Tanks need to be drained, cleaned and disinfected regularly. The only 
routinely recommended microbiological analyses specified in the ADWG are a Faecal Coliform Count 
and an E. coli Count, both are required to have <1 cfu/100mL. 
 
FOOD SURFACE TESTING 
The cleaning and disinfection of surfaces that come into contact with food must form part of a food 
safety plan. Areas such as bowls, benches, storage tubs, large cutting knives, slicing machines and 
cutting boards must cleaned and disinfected prior to use. As with any component of a food safety 
plan this control point must be monitored. Only by performing direct bacterial level testing can a 
food producer ensure that the documented process is effective. It is not recommended that door 
handles, walls, floors or any surface presently in use be tested. Only test properly cleaned and 
disinfected surfaces that come in contact with food. It is best to test these areas just prior to use 
rather than immediately after cleaning and disinfection.  
 
Testing for total aerobic bacteria (Standard Plate Count) is more useful that testing for any specific 
food pathogen such as Salmonella species or Listeria species, or indicator bacteria such as 
Escherichia coli. The Australian Standard AS 1162-2000 "Cleaning and sanitizing dairy factory 
equipment" specifies that a Standard Plate Count of <6 cfu/cm2 by the swag sampling method, and 
<15 cfu/cm2 by the agar contact method, is regarded as an acceptable level to validate the proper 
cleaning and disinfection of a food contact surface. By using a standard swab an area no larger than 
25 cm2 (5cm x 5cm) should be tested. The area of a standard swab is approximately 1 cm2, it is 
impossible for a swab of this size to remove the microorganisms from a 100 cm2 area and falsely low 
results are likely to be the result. It is also essential to use a dry swab when testing a wet surface and 
a moist swab for testing a dry surface. 
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FOOD SAFETY PROGRAM VALIDATION, SHELF-LIFE DETERMINATIONS  
All food businesses are required to have a food safety program. Once this has been completed it has 
to be validated to prove it is effective in ensuring the provision of safe food. Laboratory testing is 
required to validate the established food safety program. 
 
To validate a food safety program a set of analyses need to be performed on the final product. These 
are primarily microbiological analyses as specified in the Food Standards Australia and New Zealand 
documents “Food Standards Code 1.6.1" and, in the case of hemp food products, the “Compendium 
of Microbiological Criteria for Food". This later document replaces the previous FSANZ "Guidelines 
for the microbiological examination of ready to eat foods". 
 
Many food manufacturers will combine the validation of the food safety program with the validation 
of the shelf life to save analyses costs. 
 
Both a ‘Use By’ or ‘Best Before’ shelf life requires validation. 
  
With regards to the “Compendium of Microbiological Criteria for Food" there are three categories of 
analyses: spoilage organisms, indicator organisms and pathogens. Spoilage organisms are evaluated 
by the Mesophilic Aerobic Bacteria which is also known as a Standard Plate Count or Plate Count. 
Indicator organisms include E. coli and Enterobacteriaceae, however, in Australia E. coli is generally 
only used. The list of food pathogens includes Coagulase positive staphylococci, Clostridium 
perfringens, Bacillus cereus, Campylobacter, Salmonella, Listeria monocytogenes and Vibrio 
parahaemolyticus (applicable for seafood only). In some hemp food products, such as dried seeds, a 
Mesophilic Aerobic Bacteria count is not applicable as specified in the Compendium. 
 
The number of times the food needs to be evaluated during the shelf-life and the period of testing is 
too often solely based on the laboratory advice. This may lead to over testing and high expenses. It is 
important that you get advice from regulatory bodies before you decide on a validation protocol. 
 
In general, it is not necessary to test for spoilage, indicator and pathogenic microorganisms at every 
testing episode. It is necessary for all these three groups at the start of any shelf life evaluation for 
two reasons. Firstly, it validates the food safety program and secondly if there is a fail at the initial 
round of analysis then the shelf life evaluation can be cancelled. 
 
The next issue is how long to run the shelf life. You should not have the last round of testing 
performed at the end of the expected shelf life period. It is necessary to perform the final round of 
testing at approximately 10% - 25% past the end shelf life. At this final testing it is not necessary for 
spoilage microorganisms to be at an acceptable level, but it is essential that indicator and pathogens 
are within acceptable limits. Also, by proving that the food is still safe past the stated shelf life you 
can allow for a degree of temperature abuse of your products that will accelerate microbial growth 
and also the fact that the general public will often consume a product after its stated shelf life. 
 
The final and often most contentious issue is how many times during the shelf life period it is 
necessary to test the product and what microorganisms should be evaluated. Obviously testing 
performed immediately after production and the testing performed at the last round should 
embrace all three groups of microorganisms. The number of times the product requires testing will 
vary depending on the shelf life period. In general, for shelf life periods under 10 days it would only 
be necessary to test three times: Day 0 and final date plus 25% for the full list of microorganisms and 
at the expected shelf life end for spoilage organisms. For longer periods you may need additional 
testing rounds, but again these would only be for spoilage and possibly indicator organism. 
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Some food producers will require Yeast and Mould count as part of the spoilage organism group. Be 
aware there are no guidelines for result interpretation in any FSANZ document. 
 
The validation of the food safety program will need to be repeated every 6 months to two years 
depending on the risk of the product and the target consumer. It should also be noted that if you 
make a significant change to a product recipe then you will need to revalidate the food safety 
program and the shelf life. Examples: 
• Possibly a change of an ingredient supplier  
• Addition of a risk ingredient 
• A change in the target consumer to a high risk category – infants, elderly or a health care 

facility  
 
ROUTINE QUALITY CONTROL OF PRODUCTS 
Unless specified by a customer, you do not have to have documented laboratory evidence that each 
batch of product meets the criteria as specified in the applicable FSANZ document. Once you have 
validated your food safety program it is not necessary to routinely repeat this testing unless you 
have a significant change to your product recipe. It should also be noted that if you change 
ingredient suppliers then you need to prove this has not affected the microbiological condition of 
the product. If this cannot be proven, then a new shelf life validation will have to be performed.  It 
may be necessary to revalidate everyone to two years depending on the risk status of your product 
or if the target consumer is in a high risk group, e.g. infant food or food specifically designed for the 
elderly or in a health care facility.    
 
In general, however, analysis of spoilage and possibly indicator microorganisms would suffice as a 
monitoring tool for ongoing quality assurance. 
 
Allergen testing 
Most food allergies are caused by peanuts, tree nuts, milk, eggs, sesame seeds, fish, shellfish, soy, 
lupin and wheat. The Food Standards Code requires these foods to be declared on labels whenever 
they are present as ingredients or as components of food additives or processing aids. Laboratory 
testing for these allergens is often needed to substantiate claims made on labels. 
 
Using a Biological Testing Laboratory 
1. Specific analyses 

Standard Plate Counts or Mesophilic Aerobic Bacteria Count must be performed by the 
laboratory by incubating the culture plate for 3 days at 30 °C. This is specifically specified in the 
FSANZ document. Some laboratories are using a method known as Petrifilm where the cultures 
are incubated for 2 days at 35 °C or 37 °C. This form of testing is in direct conflict to the FSANZ 
Food Standards Code and the Compendium of Microbiological Criteria for Food and therefore 
cannot be used to evaluate this analysis. These two methods are not equivalent and the 2 day @ 
35/37 °C version cannot be validated against the 3 day @ 30 °C version. Contact your laboratory 
service provider and direct them to advise you of the culture incubation details for performing 
this analysis. 
 
Ensure that E. coli testing results have a minimum detection level of <3 cfu/gram. A result of <10 
CFU/gram is useless for ready to eat foods and most foods listed in FSANZ documents where an 
acceptable result is <3 CFU/gram.  
 
It is important that you know what limits of detection are required for all the analyses you 
request to be analysed and communicate this to your laboratory service provider. 
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2. Measurement of Uncertainty  
Every measurement is subject to some degree of uncertainty. Measurement uncertainties can 
come from a variety of sources and usually a combination of more than one. Such uncertainties 
can be estimated using statistical analysis of numerous sets of duplicate measurements. All 
NATA accredited laboratories are required to determine the measurement of uncertainty (MU) 
for quantitative analyses. At this time qualitative analyses such as presence/absence testing e.g. 
Salmonella/Listeria in 25 grams and E. coli/Faecal coliforms presence/absence testing in swabs 
are not required to have MU estimates. 
 
Measurement uncertainty reflects the range within which the true result lies at a stated level of 
probability (often 95%). It is different for each laboratory and within the laboratory it is a 
different value for each type of analysis. However, MU should not differ significantly between 
laboratories using the same technique for the same analysis. 
 
To explain what MU means presume for a specific test and sample a laboratory reported a 
Bacillus cereus result of 50 CFU/gram and that this result had a MU range of 39 to 64. Basically 
this means that if that laboratory had tested the same sample for Bacillus cereus 100 times, 95 
times the result would be somewhere between 39 CFU/gram and 64 CFU/gram. It is important 
to note that the reported result of 50 CFU/gram is not necessarily the true result, the true result 
is somewhere between lower MU result and the upper MU result. 
 
Looking at the following table, there are for different results for an analysis where the 
acceptable limit is 100 CFU/gram. The four results are 210, 110, 90 and 50 CFU/gram. 
a) Result 210 CFU/gram: This is a fail as both the upper and lower MU range (270 & 160) are 

above the acceptable limit of 100. 
b) Result 50 CFU/gram: This is a pass as both the upper and lower MU range (39 & 64) are 

below the acceptable limit of 100. 
c) Result 110 CFU/gram: The reported result is above the acceptable limit. However, this 

cannot be directly interpreted as the upper MU range result (140) is a fail however the lower 
MU range result (86) is a pass. 

d) Result 90 CFU/gram: The reported result is below the acceptable limit. However, this cannot 
be directly interpreted as the upper MU range result (120) is a fail however the lower MU 
range result (70) is a pass. 

 
However, it could be stated that it is more likely that the scenarios where the reported result is 
above the acceptable limit (110) is more likely to be a fail than the cases where the reported 
result is below the acceptable limit (90).   

 
It is a requirement in both cases (c) and (d) that the decision be made whether to regard the 
result as a pass or fail based on a risk analysis. 

 
The factors influencing the risk analysis decision to release a product for a food production 
company would include: 

 How many analyses had the upper MU range above the acceptable limit? 

 Do the target consumers include people with decreased immune systems such as under 2-
years old, in health care facilities including aged care and hospitals 

 What stage of the shelf life the product was at the time of analysis? 
 

It must also be remembered that the interpretive comments on laboratory reports i.e. ticks or 
crosses, or statements of acceptability must be based on the MU range of the reported result to 
specifications or compliance limits not the actual reported result. Therefore you should contact 
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your laboratory in writing advising them that the MU range is to be displayed for all numeric 
results on every report in a format that is easily interpreted. If the laboratory advises you that 
they cannot or will not report the MU range directly to you the contact NATA and advise them of 
this failure to meet your request. NATA contact details are at https://www.nata.com.au/contact-
us/nata-offices 

 
3. How frequently does laboratory testing need to be performed?  

There is no requirement to perform routine batch testing once the food safety program and 
shelf life have been validated. Some clients may require laboratory reports to be supplied with 
each purchase. However, minimal testing (usually spoilage bacteria) may alert you to a 
developing problem. 

 
4. How to evaluate a laboratory 

Here are my key points I would recommend when a food producer has to select a laboratory.  

 Don’t use a laboratory that recommends an analysis when they cannot substantiate it by 
providing you with the acceptable limits (with a reference). 

 Get references from other similar food production customers. 

 Make sure the laboratory will assist you with result interpretation. 

 Make sure the laboratory has the expertise to assist you with troubleshooting. Will they 
come on site and visit you? 

 Get copies of a sample reports. How easy are they to read and interpret? 

 Make sure all reports show the measurement of uncertainty range in a readable format.  
 
 
REFERENCES 
AS 1162-2000 Cleaning and sanitizing dairy factory equipment 

FSANZ Compendium of Microbiological Criteria for Food Revised Jan 2018 

Australia New Zealand Food Standards Code – Standard 1.6.1 – Microbiological limits in food 

Australia New Zealand Food Standards Code – Schedule 27 – Microbiological limits in food 
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ABSTRACT 
Hempcrete building materials are currently the primary product produced from hemp fibre crops in 
Australia and there is a growing interest from the broader community in the potential for emissions 
management, through a combination of hemp carbon farming and zero carbon hemp construction. 
The demand from the emerging housing market is for affordable, Australian, chemical free hurd that 
ensures not only the health and wellbeing of building occupants, but also of farm workers, hemp 
processors and builders. These conditions have implications for almost every phase of the crop’s 
management.  
 
Early adopters of hemp construction are conscious consumers with positive environmental 
outcomes as their objective. Many people who build with hemp and use hemp products, also do so 
for health reasons. Breathable hemp hurd and lime composite buildings don’t harbor moulds and 
have proven to create excellent indoor air quality, presenting a healthy alternative for chemically 
sensitive occupants.  
 
The challenges the Australian industry faces however are to produce hurd that is the primary 
constituent of hemp buildings as an affordable commodity to meet the growing demand and to do 
so in economically and ecologically sustainable ways, taking into account Australia’s population 
distribution. In the absence of developed bast markets, to date Australian hemp hurd produced from 
decorticated fibre crops has been close to double the price of imported hurd. Hurd is also a very light 
and bulky material to transport, so the emissions associated with freight from the farm to the 
processor and then from the processor to the client, are significant, as is the cost of freight. Neither 
shipping hemp from overseas nor from one side of Australia to the other is sustainable and the 
carbon neutrality of buildings produced from materials sourced over such long distances becomes 
questionable. 
 
With the global demand for hempseed and oil, most Australian hemp farmers have focused on grain 
production and perhaps the best solution to meeting the demand for hurd to supply the Australian 
hemp building industry’s needs, is to encourage production of late-planted bulkier dual-purpose 
crops. If these were grown using organic farming methods as is far more common in Europe and if 
the fibre from grain crops was processed and regionally supplied, the market demand for low carbon 
footprint, chemical free Australian hurd could be met.  
 
A recent project with farmers in Ashford, NSW has successfully demonstrated that a mobile 
processing system they have developed and manufactured can cost-effectively process and separate 
the fibre from bulkier grain stubble into building grade materials. While in general there are greater 
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dust outputs and slightly lower hurd yields than from bales from fibre crops, grain stubble can be 
processed for construction materials creating an opportunity for additional returns to Australian 
hemp seed farmers.  
 
Keywords: Hurd; dual purpose hemp; processing 
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ABSTRACT 
The purpose of this study is to determine the key properties of Australian hemp particles which are 
used for manufacturing hempcrete. Hemp characteristics have a wide variability due to the influence 
of the environment conditions in various farmed areas. This study focuses on the measurements of 
the mechanical, thermal and acoustic performances of three Australian hemp: Unretted hemp hurd, 
retted hemp hurd and hemp fines. Hemp hurd is usually used in non-load bearing building walls, and 
hemp fine, which is the by-product of hemp manufacturing industry, is usually incorporated into a 
render. 
 
The experimental results show that the main impact of the retting process is a decrease in bulk 
density and leading to an improvement in thermal and acoustic properties. Without compaction, the 
bulk density ranged from 97 and 118.8 kg.m-3, the max sound absorption coefficient from 0.88 and 
0.99 and the thermal conductivity from 64 to 97 mW.m-1.K-1.  
 
Hemp fines have excellent thermal and acoustic properties and appear to be an efficient aggregate 
to produce an insulating render. The Australian hemp investigated in this study showed very similar 
characteristics to European hemp. 
 
Keywords: Hemp concrete; bio-aggregates; thermal performances; acoustic performances; 
mechanical characteristics 
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ABSTRACT 
Concrete construction incorporating hemp shiv as aggregate substitute in hydraulic and non-
hydraulic binders is rapidly emerging as a commercially viable and environmentally sustainable 
practice. However, to accelerate constructability and diversify building products derived from hemp 
shiv concrete hinges on the development of comprehensive performance and durability data to 
assist product specification. In this study, we evaluate chemical and physical interactions between 
hemp shiv and binder matrices. The key object is to gain fundamental understanding of factors 
governing product performance to deliver improved mixture design leveraging mechanical, light-
weighting and acoustic characteristics of hemp shiv. Scanning electron microscope (SEM) was used 
to analyze microstructures of different phases in hempcrete, including the interface between shiv 
and lime matrices. Furthermore, the development of chemical phases were examined by 
conventional methods including Energy Dispersive X-Ray Spectroscopy (EDX), to provide insight into 
long-term phase stability and durability performance. Results obtained reveal processes of 
microstructure evolution of hemp shiv concrete in both plastic and hardened states enabling a 
clearer understanding of underlying mechanisms controlling product performance, particularly, 
strength development, drying shrinkage and moisture permeability. 
 
Keywords: hempcrete; carbon negative; mechanical properties; durability; green construction 
material 
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FOR THE PRODUCTION OF ENVIRONMENTALLY  

FRIENDLY LIGHTWEIGHT BIOCOMPOSITES    
 

Johannes Fehrmann 
 

Burnley Campus, The University of Melbourne,  
500 Yarra Boulevard,  

Richmond, VIC 
 

E: fehrmannj@student.unimelb.edu.au  T: +61 (0)410 948 749 
 
 

ABSTRACT 
A decline in the availability of sustainable timber fibres has led to concerns about future supply 
shortages and drives research into alternative lignocellulosic fibres for novel building materials and 
natural fibre composites (NFCs). Australia’s emerging hemp industry focusses predominantly on 
grain production which renders the remainder of the stem a by-product with opportunities for 
further value-adding. Fibres from the stems’ xylemic inner core (hurd) are attractive as a result of 
their chemical resemblance to wood, inherent low density, and favourable environmental 
characteristics. The first objective of this study characterises the hemp hurd particles (furnish) using 
particle size distribution and granulometry measurements via digital image analysis. Objective two 
assess the interfacial bonding capacity of selected particle combinations and three different 
adhesive systems. Objective three investigates a satisfactory minimum adhesive ratio where 
performance criteria are met, and nonessential adhesive is avoided. A selection of mechanical and 
physical property tests will be performed with test specimens of hemp hurd composites (HHCs) 
following AS/NZS 4266.1:2017 Reconstituted wood-based panels – Methods of testing – Part 1: Base 
panels. Single-layer, low-density (<300 kg/m3) homogenous and mixed HHCs are manufactured 
targeting a thickness of 12 mm. These HHCs comprise variations of three particle size categories 
(coarse: >2–4 mm, medium: >1–2 mm and fine: >0.6–1 mm) at two different compaction ratios (x2.0 
and x2.5) and two adhesive ratios (high/low). A methylene diphenyl diisocyanate adhesive (MDI), a 
Bio-Epoxy system and a phenolic resorcinol formaldehyde (PRF) adhesive were selected for their 
ability to cure at room temperature (cold-setting) and improved resistance to moisture. The 
adhesives are formaldehyde-free (MDI, Bio-Epoxy) or suitable for structural use (exterior) with 
waterproof bonds that do not release formaldehyde (PRF). Results will identify permissible adhesive 
ratios, favourable particle size combinations and compaction ratios related to performance 
characteristics. The findings of the study will provide insight into possible applications and products 
manufactured from hemp hurd, e.g. core layer for a lightweight sandwich or structural insulated 
panel and inform choices for further investigation. 
 
Keywords: Hemp hurd; lightweight composites; mechanical properties; waste valorisation; cold-
setting adhesives  

 
 
 
 
 
 



203 
 

 
 

 
 

 



204 
 

 
 

 
 

 



205 
 

 
 

 
 

 



206 
 

 
 

 
 

 



207 
 

 
 

 
 

 



208 
 

 
 

 
 

 



209 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



210 
 

Session 7A – Health Value 
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ABSTRACT 
Cannabis sativa L is one of the earliest cultivated plants documented in human written and 
archaeological history, highly valued for its fiber, food and medicinal components. Despite these 
benefits, legal cultivation throughout much of the world practically ceased in the mid-20th century. 
However, recently established regulatory schemes are now enabling Cannabis cultivation and 
processing, encouraging the re-emergence of Cannabis-based industries. 
 
In Australia, Cannabis cultivation and processing is regulated at both Federal and State/Territory 
levels of government. These regulations control medicinal Cannabis crops Federally via the Office of 
Drug Control while food, fiber and cosmetic crops are regulated by State/Territory departments of 
agriculture. 
  
While it may be the same species of plant cultivated under both industrial hemp and medicinal 
Cannabis licenses, it is the tetrahydrocannabinol (THC) content of the Cannabis variety and the 
intended use of the crop that defines which type of license must be held by farmers. Furthermore, 
cannabinoids are scheduled medicines and state-regulated standards for their availability and 
control also influence Cannabis cultivation and dealings with derived products.  
 
While regulations aim to categorise Cannabis cultivation and crop uses as either industrial or 
medical, the practical and commercial application of these regulations is not always clear. For 
example, there may be activities, materials and products with commercial value that may be 
targeted under both licensing schemes. Leading to further confusion, international jurisdictions have 
taken different approaches when regulating hemp and medicinal cannabis cultivation and processing 
into products.  
 
My presentation will outline the regulatory environment and licensing processes for Cannabis 
cultivation in Australia, highlighting similarities and differences between industrial hemp and 
medicinal Cannabis activities. I will use a range of Cannabis products as examples to discuss how 
licensing and regulations influence production processes.  
 
Keywords: Hemp; cannabis; regulation; license; legislation 
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ABSTRACT 
Paul Mavor is an Australian registered pharmacist who for the last five years has specialised in 
medicinal cannabis. This talk will give an overview of the industry and include medical evidence, 
research, cultivation, dosage forms and what is happening in other parts of the world. Australian 
industry is gearing up to be a world leader in this exciting new or rediscovered field. Paul will 
attempt to separate fact from fiction and discuss whether medicinal cannabis is a pharmaceutical 
disruptor. 
 
Health House Holdings Ltd is an International distributor of medicinal cannabis and was founded to 
pursue opportunities in the burgeoning global medicinal cannabis market. Since 2014, the Board and 
founding shareholders of the Company have been pioneers in the medicinal cannabis sector 
establishing a number of publicly-listed companies including AusCann Group, Zelda Therapeutics and 
CannPal Animal Therapeutics.  
 
In March 2019, Health House Holdings Ltd acquired Health House International Pty Ltd, a business 
that was granted the first licence in Australia to import and distribute medicinal cannabis. Health 
House International Pty Ltd is fully operational wholesale distribution business serving the expanding 
Australian market and is well positioned to expand into New Zealand and South East Asia. 
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ABSTRACT 
The UN continues to delay their decision on Industrial Cannabis, this means that plants rich in 
Cannabinoids yet have little to no psychoactive THC are still listed as a Schedule 2 drug. In Australia 
access to CBD rich flower and leaf is still under strict regulation.  
 
Environmentally speaking, the ill-informed prohibition that began in the 1930s halted multiple 
advancements including fuel and plastics from sustainable resources. We have yet to understand the 
effects prohibition has had on our health. The Cannabis plant is the only known source of 
cannabinoids, a nutrient essential for health, a nutrient that works in tandem with a body system 
discovered 50 years after prohibition. The endocannabinoid system plays an intrinsic role in human 
reproduction and requires cannabinoids to function optimally. Any restricted access to industrial 
hemp denies human-beings access to a food vital for human conception and denies humans the 
right to correct any deficiencies in the endocannabinoid system.  
 
Essential Nutrients are defined as nutrients that the body cannot make or produce in sufficient 
quantities on its own so therefore need to be obtained through the diet. They include the building 
blocks of carbohydrates, lipids and proteins, certain vitamins and minerals, and water. The World 
Health Organization (WHO) defines nutrients as essential for growth, reproduction and good health. 
“An essential nutrient is a nutrient required for normal physiological function that cannot be 
synthesized in the body – either at all or in sufficient quantities – and thus must be obtained from a 
dietary source” [1]. 
 
Bioflavonoids are a category of plant phytochemicals currently being considered as “Lifespan 
Essential” meaning that they are needed to achieve full lifespan by reducing chronic disease. Citrus 
bioflavonoids, polyphenols from tea, quercetin and proanthocyanidins from red wine are all 
currently being researched and are classified by common biochemical characteristics [2]. 
 
“Dietary Reference Intake (DRI) values exist for vitamins and minerals and provide a guideline on the 
optimal dose range to avoid deficiency and prevent toxicity. Polyphenols are widely distributed in 
plant foods, and have been linked to improved human health through reduced risk of chronic 
diseases, cardiovascular in particular. Although they do not cause classical deficiencies, recently they 
have been discussed as ‘lifespan essentials’ “because they are needed to achieve a full lifespan by 
reducing the risk of a range of chronic diseases” [3]. 
 
The scientific body of evidence for the establishment of a DRI of phytocannabinoids is growing 
everyday and rivals data on bioflavonoids. It’s time to start thinking about phytocannabinoids as a 
food with a focus of study daily intake recommendations rather than just a treatment or medicine. 
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Phytocannabinoids are classified as plant phytochemicals that communicate with the 
endocannabinoid system. Food sources of phytocannabinoids include anandamide from cacao, beta 
caryophyllene from black pepper and the 140 plus cannabinoids from Cannabis sativa, which directly 
react with the CB1 and CB2 receptors. 
 
Human Breast milk contains an abundant source of endocannabinoids, a specific type of 
neuromodulatory lipid that teaches a newborn child how to eat by stimulating the suckling process. 
If a mother's diet is rich in essential fatty acids omegas 3 and 6 in the same balance as found in 
Hemp Seed oil, she will produce enough for the infant. Once a child has been weaned they depend 
on an outside source of phytocannabinoids to maintain optimal homeostasis [4]. Humans and 
cannabis plants have coexisted for thousands of years. Until 100 years ago it was the largest 
cultivated crop in human history. If the polyphenols from tea are considered lifespan essential the 
nutrients from the plant we evolved alongside should also prove essential. 
 
During three distinct human developmental stages (i.e. embryonic implantation, prenatal brain 
development and postnatal suckling), the endocannabinoid system appears to play an essential role 
for development and survival. Thus, during early pregnancy, both successful embryonic passage 
through the oviduct and successful implantation into the uterus require critical enzymatic control of 
optimal anandamide (a phytocannabinoid) levels at the appropriate times and sites [5, 6]. 
 
A study done in 2008 examined the concept of clinical endocannabinoid deficiency (CECD), and the 
prospect that it could underlie the pathophysiology of migraines, fibromyalgia, irritable bowel 
syndrome, and other functional conditions alleviated by clinical cannabis. Conclusion: Migraine, 
fibromyalgia, IBS and related conditions display common clinical, biochemical and pathophysiological 
patterns that suggest an underlying clinical endocannabinoid deficiency that may be suitably treated 
with cannabinoid medicines [7]. 
 
The past 100 years of prohibition have brought us the opportunity to understand the impact plant 
nutrients have on human health by providing research as we reintroduce them into our food supply. 
Continuing research into the classification of phytocannabinoids is necessary to change the global 
perception on this plant and address health problems that could have been caused by its removal 
from our diet. 
 
Keywords: Phytocannabinoids; cannabinoid deficiency; Dietary Reference Intake (DRI); industrial 
hemp; nutrition 
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ABSTRACT 
For the past 20 years the Canadian Hemp industry has been building within the regulatory 
framework allowed. The majority of the 140,000 acres of Cannabis in Canada is grown for food. In 
2018, North America saw drastic changes to regulations allowing for harvesting of the leaf and 
flower. This began with full legalization in Canada and the US Farm bill passing shortly thereafter for 
hemp/industrial cannabis. This has caused a green rush of farmers planting thousands of acres with 
very little attention to harvesting and processing. Independent research combining broad scale 
agricultural practices with large scale processing facilities has been underway in Montana. Examining 
agricultural practices that utilize the tri-use crop potential of hemp/industrial cannabis. Harnessing 
the potential of triuse-crop Industrial Cannabis farming on a broad scale level will be a key factor in 
determining the global viability of this emerging market.  
 
Keywords: Broad Acre; industrial hemp; industrial Cannabis; tri-use crop; extraction; processing 
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ABSTRACT 
Hemp is viewed by many as being an environmentally friendly source of cellulose fibre. As a bast 
fibre hemp must first be degummed to separate the fibre from the bark of the plant. Frequently new 
separation processes are proposed however it is hard to determine if they provide an improvement 
over traditional methods. In this paper seven new degumming protocols were compared with 
traditional alkali treatment using the same fibre, equipment and evaluation methods. The new 
methods evaluated were modified alkali, alkali-oxidising, Fenton and deep eutectic solvents 
treatment. Samples were opened using a Shirley trash analyser and evaluation was done using fibre 
yield, optical microscopy, optical fibre diameter analysis and colour. Of the new methods only 
modified alkali treatment was effective in separating fibres to a level similar to traditional alkali 
separation. This was confirmed by higher mean fibre diameters, colour and yield after degumming of 
the new methods. Further work would be required to optimise separation of any of the methods 
with the deep eutectic solvents showing the most promise. 
 
Keywords: hemp degumming; alkali; oxidant; Fenton treatment; deep eutectic solvents 
 
INTRODUCTION 
As the world becomes more environmentally conscious, bast fibres have achieved great attention in 
textile industry because of excellent mechanical properties, biocompatibility and renewability [1]. 
Hemp, as a fast-growing, annual herbaceous plant has been recognized as an emerging fibre and 
material source, particularly in the face of concerns about the environment [2]. However, hemp 
fibres need to be degummed before they can be processed into value-added products [3]. The non-
cellulose components in hemp fibres, including lignin, pectin and hemicellulose, contribute to 
surface roughness and stiffness. Traditional alkali treatment requires a large chemical oxygen 
demand value, resulting in high commercial cost and effluent pollution [5, 6]. Research has focused 
on seeking an effective and environmental-friendly method for hemp degumming.  
 
Modified alkali (M-A), alkali-oxidising (A-O), Fenton (Fen) and deep eutectic solvents (DES) 
treatments have been proposed as alternatives for bast fibre degumming. These methods have been 
widely used in fields related to plant transformation [7, 8], waste-water disposal [9] and metal 
processing applications [10]. The application of hemp fibre degumming using these methods is still in 
its infancy. Direct comparisons are missing so it is important to determine if these new methods 
could provide a benefit.  
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Compared with the traditional alkali boiling treatment, M-A treatment presented a simplified 
experimental process with less chemicals [11]. Only sulphuric acid (H2SO4) and sodium hydroxide 
(NaOH) were engaged in the experiment, while sodium silicate (Na2SiO3), sodium sulphite (Na2SO3), 
sodium polyphosphate (Na5P3O10) and urea were additionally required in the traditional way. Priority 
treatment with acid could help to dissolve acid soluble substances, which may contribute to more 
comprehensive gum extraction with the subsequent NaOH degumming. 
  
The A-O degumming method is an improvement on a pure oxidising treatment. As a strong oxidant, 
hydrogen peroxide (H2O2) has great capacity of producing hydroxyl free radicals, which are 
specialized in unlinking the intermolecular forces among glues [12, 13]. The presence of hydrogen 
peroxide should improve the degumming process. The rapid and fierce reaction may also destroy the 
cellulose components. In order to control the reaction process, NaOH was introduced before H2O2 
oxidising as sustained-release alkali source to slow down the oxidation reaction speed [14, 15]. 
 
The Fenton reaction was named after the chemist H. J. H. Fenton in 1894 when he proposed that 
ferrous salts could catalyse H2O2 to oxidize tartaric acid [9]. The utilization of Fenton reagent also 
involves oxidising, which includes both oxidant and ferrous ion [16, 17]. The hydroxyl radical form a 
strong oxidant that is the main force of non-cellulose degradation during hemp separation. The 
function of ferrous ion is to catalyse hydrogen peroxide to produce hydroxyl radical for lignin 
removing [18, 19]. The ferrous ions might be exhausted and present in volume at the site of lignin in 
preference to the cellulose hence the catalysed damage occurs more in non-cellulosic area 
improving separation. In this case, the more absorbing of ferrous ion will give assistance with more 
effective degumming. 
  
Compared with other degumming chemicals, DES are relatively new to the bast fibre degumming 
industry and were first reported in 2001 [20]. DES can be composed of a hydrogen bond donor (urea, 
renewable carboxylic acids or renewable polyols) and a hydrogen bond acceptor (choline chloride, 
betaine (aka trimethylglycine), et al) [10]. As a substitution of ionic liquids (ILs), DES have many 
advantages such as low cost, easy-preparation, biocompatible and a low ecological footprint. The 
formation of DES requires only 20% of the ILs cost. When extracting fibres with DES, the cellulose 
part is less likely to be damaged while the lignin is targeted [21, 22]. The strong degumming capacity 
of DES derives from the destruction of recalcitrant structure bridging by hydrogen bonds, Van der 
Waals forces or other intermolecular force among the lignocellulosic biomass [23, 24]. 
 
The aim of this work was to evaluate the degumming efficiency of new novel methods proposed in 
the previous work of seven researchers. Utilising the same fibre, equipment and evaluation methods 
allowed for direct comparison of the suitability of each method. The surface morphology and 
diameter were investigated to evaluate the degumming effectiveness. Colour differences were also 
measured to assess suitability for yellowness reduction. 
 
EXPERIMENTAL DETAILS 
Material 
Harvested hemp stems were kindly gifted by CSIRO and decorticated manually. Raw samples were 
stored under the ambient conditions (20-30°C and <50% humidity) for more than one week and 
dried at 40°C for 24 h in an oven before degumming. The main chemicals used in this study were 
H2SO4, NaOH, H2O2, FeSO4.7H2O, ChCl, betaine, urea and mannitol, which were purchased from 
Sigma-Aldrich Pty. Ltd. All chemicals used in the treatments were analytical pure and used without 
further purification. All the experiments were conducted in triplicates in this study. Deionized water 
was used to prepare all the solutions.  
 
Modified alkali treatment (M-A) [11] 
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Raw hemp fibres were soaked in 0.2 mol/L H2SO4 for 48 hours at room temperature with a 10:1 
liquor ratio. The samples were rinsed with water in a beaker five times with a 200:1 liquor ratio 
before being treated with 1.5 mol/L NaOH at 98°C for 2 hours with a 10:1 liquor ratio. Finally dilute 
with distilled water in a beaker to a neutralization status with pH of 7. The as prepared samples were 
dried at 100°C for 3 hours for further characterization.  
 
Alkali-oxidant treatment (A-O) [14] 
Alkali-oxidation degumming reaction was carried out with the following steps: Raw hemp fibres 
were soaked in water and the pH was adjusted to 11 using the 0.1 mol/L NaOH at 85°C in a water 
bath with a 10:1 liquor ratio. 8.8 mol/L H2O2 was then added in the reactor and mixed well with the 
solution with a 2:1 liquor ratio in the same water bath. The oxidising process would last for 1 hour 
and finally fibres were rinsed five times with water in a beaker in a 200:1 liquor ratio and then dried 
at 100°C for 3 hours.  
 
Fenton treatment (Fen) [16] 
Raw hemp fibres were soaked in 0.04 mol/L FeSO4·7H2O solution with a 250:1 liquor ratio for 1 hour 
at room temperature.  Then gently wrung out the moisture on the fibres to keep them wet and 
transferred to 0.88 mol/L H2O2 solution with a 250:1 liquor ratio for 1 hour at room temperature. 
After rinsing five times with water in a beaker in a 200:1 liquor ratio, the fibres were dried at 100°C 
for 3 hours. 
 
DES treatment [25] 
Recipes of the four DES treatment are shown in Table 1. Firstly, a hydrogen bond acceptor and 
hydrogen bond donor were mixed at a same molar ratio of 1:2 and heated at 80°C in an oil bath for 1 
h to form a transparent solution. Secondly the dry hemp samples were immersed in the DES in the 
length of 10 cm and placed in an oven at 110°C for 1 hour. All trials were conducted at a 20:1 liquor 
ratio. Finally, samples were washed five times in a beaker with a 200:1 liquor ratio and dried at 
100°C for 3 hours before storage.  
 

Table 1. Recipes of the four DES treatment 

Sample 
ID 

Hydrogen bond 
acceptors 

Hydrogen bond 
donors 

Molar ratio 

Ch-Ur ChCl urea 1:2 

Ch-Ma ChCl mannitol 1:2 

Be-Ur betaine urea 1:2 

Be-Ma betaine mannitol 1:2 
 

 
Traditional alkali treatment (T-A) 
The two-step boiling method was employed as the control group. For the first step, the peeled hemp 
fibre was boiled in 0.25 mol/L NaOH solution for 1 hour at 98°C in a 100:1 liquor ratio. Second step 
was to put the soda treated hemp in mixed aqueous solution with a 100:1 liquor ratio, which 
included 0.25 mol/L NaOH, 0.26 mol/L H2O2, 0.25 mol/L Na2SiO3, 0.16 mol/L Na2SO3, 0.88 mol/L urea, 
and 0.08 mol/L Na5P3O10 boiling for an hour. Finally, samples were washed five times with water in a 
beaker in a 200:1 liquor ratio and then dried at 100°C for 3 hours. 
 
Sample IDs for each treatment are listed in Table 2. 
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Table 2. Sample ID information 

Sample treatment Sample ID Sample treatment Sample ID 

Traditional alkali treatment T-A ChCl & urea Ch-Ur 

Modified alkali treatment M-A ChCl & mannitol Ch-Ma 

Alkali-oxidant treatment A-O betaine & urea Be-Ur 

Fenton treatment Fen betaine & mannitol Be-Ma 
 

 
Degumming evaluation 
1. The fibre cross-sectional size was measured with an OFDA2000BT (BSC Electronics, Australia). 

Samples were first opened with one pass through a Shirley analyser MK2 (SDL Atlas, UK). 
Opened fibres were cut into 2mm snippets and spread on a 30mm square glass slide for 
measurement. Each trial was measured 5 times.  

2. Yield of degumming was calculated using the formula below; 

Yield = w/W × 100% , 

where w is the dry weight of fibres after degumming and W is the dry weight of raw hemp fibres 
before degumming. 

3. Colour differences were characterized using a Spectraflash SF600 (Datacolor, USA), using a 30 
mm diameter aperture, D65 light source and capturing full reflectance data from 400 to 700 nm. 
Five tests were conducted for each trial, with the unopened sample rotated through 90 degrees 
after each measurement, and then averaged by the Datacolor software. The yellowness E313 
were recorded. 

4. The morphology of hemp fibres treated with different degumming processes were characterized 
with an optical microscope (Keyence Microscope, Japan). Three pieces from each degumming 
process were randomly selected and straightened on glass slides to be clearly observed and 
imaged at 100 magnification.  

 
RESULTS AND DISCUSSION 
The effect of different degumming methods on fibre separation and gum removal 
Figures 1 and 2 shows the diameter distribution and percentage mass change of the treated hemp 
respectively, which together may be used as an indication of the fibre separation and level of 
removal of non-cellulose materials from the original sample. 
  
The grey area covers the range of the mean diameter of the T-A hemp (20 µm). The narrow area of 
the grey bar indicated a lower coefficient of variation of diameter compared with other trails. The 
M-A method was the most effective of the new methods with mean hemp diameter of 24 µm 
whereas the other methods had a higher mean of 30 µm. The percentage mass change of T-A also 
showed highest amount of gum removal, and the M-A sample was close in mass change. This further 
proved that M-A might be suitable for the substitution of T-A method.  
 
Fen and A-O hemp had similar mean fibre diameter (49 µm) but differ greatly in percentage mass 
change (28 % for Fen and 14% for A-O). The huge mass change by Fen treatment could be caused by 
the damage to the cellulose part instead of gum. Fibres were still stuck together even though there 
had been mass loss shown by larger mean fibre diameters. Further work needs to be done for the 
identification of the residue from Fen treatment.   
 
The four DES treatments all represented wide variation of fibre diameter. The Ch-Ur and Be-Ur hemp 
were slightly lower in mean diameter with 45.32 µm and 42.79 µm respectively. Only the Ch-Ur 
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sample had relevant high percentage mass change at 16.7 %. It could be proposed that Ch-Ur 
treatment followed by slightly alkali corrosiveness may contribute to smaller hemp mean fibre 
diameter, which represents better fibre separation. 
 

  
Fig 1. Diameter distribution of treatments Fig 2. Degumming efficiency of treatments 

 
Colour change analysis from different treatments 
The E313 Yellowness Index values for samples treatments are given in Figure 3. Raw hemp had a 
yellowness value of 43.59, whereas the T-A hemp was 29.32. Using these as references, the M-A and 
A-O treatments produced whiter samples; lower yellowness values, than the T-A hemp. The Fen 
method had little change in colour at 45.83 compared with the raw hemp. All DES treated samples 
were yellower, so further oxidation treatments might be warranted to improve this aspect. 
 

    
  Fig 3. Yellowness of treatments 
 
Surface morphology differences of treated hemp 
Microscope morphologies were obtained from each hemp treatment right after chemical 
degumming process without physical tearing. The macrophotographs in Figure 4 show the visual 
form and colour of each treatment after degumming.  
 
The raw hemp contained continuous fibre bundles, which were coherent and lined up at one side of 
the bast. There were almost no individual fibres in the microscopic examination. On the contrary, 
after T-A treatment, hemp became fragile and ruptured into short fibres. The fibres in the image 
were quite open and whiter in appearance. Even though T-A has a great degumming effect, over-
degumming may lead to lower strength and short length.  
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Hemp from M-A and A-O also had less yellowness compared with the raw sample, but M-A was 
better than A-O in fibre extraction observed on this micro-scale, which was consistent with the 
percentage mass change. Fen and DES treatments added the yellowness of hemp visually, and the 
Ch-Ur treated hemp fibres were more separated.  
  

 
Fig 4. Surface morphology of hemp from different treatments. 
 
CONCLUSION  
In this paper, seven new degumming methods on hemp were evaluated using the same fibre and 
equipment. The results indicate that the new methods were not as effective as the T-A treatment, 
which still holds the best degumming efficiency in terms of fibre separation and diameter. Noting 
however that the T-A fibres may have been over-degummed and broken into shorter filaments. The 
M-A method might substitute for the T-A method with only a little difference in degumming capacity 
at 42%, meanwhile this treatment also had a brighter colour and small mean fibre diameter. 
However, the M-A treatment still has a large chemical demand making it not as environmentally 
friendly as other alternatives. Fen treatment is the next best choice followed by A-O treatment. 
Keeping the green environment theme, DES treatments could be the optimum new methods, 
especially the Ch-Ur method. There is still tremendous scope in improving the degumming ability of 
this treatment. Combinations with changes in final alkali concentration and washing may supply the 
gap in further research.  
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ABSTRACT 
This study analyses the techno-economic characteristics of hemp cultivation and uses in several 
different scenarios. The goal of the study is to show options conducive to optimising the economic 
viability of hemp cultivation in both clean and contaminated land. The harvest will be accordingly 
categorised in a multi-application resource plan.  
 
The first scenario highlights the economic characteristics of crops cultivated on uncontaminated land 
for production of hemp seed, fibre and hurd as the main products with the remaining part of the 
crop used for cattle feed. We also consider the added value of CO2 farming during the cultivation 
and post-harvest stages. The second case study includes the production of food-grade oil from hemp 
seed and cattle feed from the remaining oil cake as high protein supplements. Added value is 
generated through the extraction of terpenes from plant leaves and flowers for the utilisation in the 
chemical industry. As a further variation, a third scenario considers the use of hurd for energy 
generation and the production of fishmeal from the oil cake. Fishmeal has a considerably higher 
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wholesale price compared to cattle feed cancelling out the lower marketing price of hurd as a source 
of energy. The remaining case studies deal with crops cultivated on contaminated lands.  
 
Hemp crops have showed a phytoremediation ability to remove pollutants and heavy metals from 
contaminated soil and disperse them gradually within the plant body. Harvests from contaminated 
lands are excluded from any food-grade products. On this ground, this fourth scenario utilises the 
hemp seed for biodiesel production. The oilcake along with leaves and flowers will enter an 
anaerobic digestion process for biogas production. The fibres and hurd can be used either as raw 
materials in the textile, pulp and chemical industry or energy source in the combustion or 
gasification process. We also consider the whole plant utilisation as an energy source. An interesting 
option is the use of direct chemical liquefaction of the whole-plant in a hydrogen-pressurised reactor 
at an elevated temperature up to 420oC in the presence of catalysts to produce transportation fuel. 
The hemp oil can partially substitute solvents required for the liquefaction process. The use of direct 
chemical liquefaction has been demonstrated for various plants. The characteristics and application 
areas of liquid, gaseous and solid product from hemp liquefaction however needs to be validated in 
future studies. 
 
Keywords: Techno-economic assessment; biorefinery of hemp; food-grade products; energy source; 
raw materials 
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ABSTRACT 
Addressing climate change is crucial to the survival of humanity and the Australian government has 
incentivised climate change mitigation through the Climate Solutions Fund (CSF). The CSF allows 
participants to accrue carbon credits by participating in an approved methodology, and there are 
many methodologies available to Australian agriculture sector. Australian industrial hemp 
production is an emerging agricultural industry that may have the potential to participate in the CSF. 
This presentation will provide an overview of the CSF and provide examples of currently approved 
methodologies. It will then provide an assessment of the climate mitigation potential of using 
hempcrete to replace brick veneer walls and discuss these results in the context of a potential CSF 
methodology for the hemp industry. Insights into the process that the Department of Environment 
and Energy follows in developing methodologies will also be provided.  
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