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How to get your research 
published

John Paull
Editor-in-Chief, Journal of Organics

School of Land & Food, University of Tasmania, Australia
j.paull@utas.edu.au

Make it easy to say ‘yes’
The first rule to get your research published is to make life easy for the editor and the 
reviewers. The task for an author is ultimately a narrative task - to succinctly and 
engagingly tell the story of what you did, why you did it, what you found, and why we 
should care - and making it clear why the paper is within the scope of the journal. The 
more carefully and meticulously a paper is prepared - including spelling, punctuation, 
grammar, structure, completeness and internal consistency - the more likely it is to be 
published and the quicker it will appear in print. 

Sections
A submitted paper should adhere to the style of the journal. In general  this will be: Title, 
Abstract, Keywords, Introduction, Methods, Results, Conclusion, Acknowledgments (if 
any), References, and Appendices (if any). Where there are multiple subsections, a paper 
may benefit from numbering sections and subsections (e.g. Shiri, Faghiri, Pirmoradi, & 
Agahi, 2014).

Title
Titles may be lyrical, for example Silent Spring  (Carson, 1962), or descriptive, for 
example A history of the organic agriculture movement in Australia (Paull, 2013a). For a 
research paper a descriptive title is usually preferred and most appropriate.

Abstract
The Abstract is your opportunity to present a mini-version of the full  paper. The Abstract is 
presented as a single paragraph. Realize that many readers will not read past the Title, 
and those that do may not read past the Abstract. The Abstract should state some context 
for the research, what was done, what was found, and the ‘so what’. 

Keywords 
Select six to twelve keywords that indicate the content of the paper. If a word is already in 
the title it should not also appear in the keywords.

Introduction
This is your opportunity to place your research in context. The structure of the 
Introduction will often be that of a funnel  - from broad to narrow. The context may be 
global, historic, geographic, economic and/or agronomic (for example). You, as the 
author, probably know the context in which your research sits - so share it with the reader. 
The Introduction will  often begin broadly and then narrow down to the specifics of the 
reported research. For example it may proceed from the global perspective to the 
geographically narrow and specific, or from an historical perspective to the present.
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To introduce an acronym or an abbreviation, on the first occurrence you should define the 
term. For example, use ‘International Federation of Organic Agriculture Movements 
(IFOAM)’ on the first occurrence and just the acronym ‘IFOAM’ thereafter.

Methods
This is your opportunity to tell what you did. There should be sufficient detail  so that 
another researcher can replicate your study. This is the place to state the experimental 
design, to describe the research instrument and how it was administered, the number of 
subjects, how they were selected, and how the data were analyzed.

Results
Tell  us what you found. Consider presenting your results as tables and/or graphs if this 
will  enhance the clarity or the reader experience. Check that graphic elements (e.g. pie 
charts) print satisfactorily in black and white - they will  appear in colour in the softcopy 
(digital) version of the Journal of Organics (JO) but need to also print satisfactorily in 
B&W for the hardcopy edition. Test that all graphics (e.g. JPEGs & GIFs) print crisply onto 
A4 size paper (as a rule of thumb, images that are 100KB to 200KB will usually print 
satisfactorily, smaller images may pixellate and larger images will  just make your file fat; 
vector graphics scale without pixellation and do not have these issues).

If your paper includes graphs, and/or other graphic  elements they should be included in 
your paper as ‘inline’ images and not as ‘floating’ graphics. Please tightly crop any 
images (i.e. minimize white space gutters around the images). Where summary statistics 
are presented (such as means, averages) it is helpful  to report an indication of their 
variability or significance (such as variances, standard deviations, confidence intervals 
(CIs) or least significant differences (LSDs)).

If your Results section includes commentary as well  as results then it is appropriate to 
label the section as ‘Results and Discussion’. In any event, choose section titles that are 
appropriate to your research.

Conclusion
This is the ‘so what’ of the paper. Tell  us the significance of the findings, why we should 
care, how it is interesting, and the implications of the results. Keep in mind that a reviewer 
may initially skip directly from your Abstract straight to your Conclusion. 

Acknowledgments
This is an optional  section. It is the place to acknowledge individuals and/or institutions 
that have facilitated the research, where applicable.

References 
References need to adhere to the style of the journal. The Journal of Organics uses the 
name/date style of APA 6th (www.apastyle.org). It is most important that the style of 
references needs to be consistent within a paper, including consistency of punctuation.

Keep in mind that some reviewers will  start at your References. So authors are 
encouraged to pay very careful attention to the accuracy of their reference list and the 
completeness of each reference. All references in a Journal of Organics paper have the 
journal names stated in full (no abbreviations please).

Authors will save themselves grief if they use citations management software, for 
example EndNote (www.endnote.com) or Zotero (www.zotero.org). This will ensure that: 
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(a) all  in-text citations appear in the reference list; (b) all entries in the reference list 
appear as in-text citations; and (c) the reference list is correctly alphabetized. In any 
event, authors need to check and double check that these three conditions are satisfied.

Authors will  improve the probability of acceptance if the reference list demonstrates that 
they are up to date with current related research. Reviewers will  not take it kindly if all 
references are, for example, a decade or more older. Reviewers are asked “Is this paper 
relevant to Journal of Organics?”. If the paper cites Journal of Organics papers then it 
is easier for reviewers to answer “yes”.

Remember that generally in your reference list (a) book titles and journal titles are 
capitalized (e.g. see Carson, 1962 & Paull, 2013a), while (b) the titles of journal papers 
and book chapters are not capitalized (e.g. see Shiri, 2014 & Paull, 2013a). Where there 
are two authors, the Journal of Organics prefers that the authors are conjoined with an 
ampersand for both the in-text citation as well as in the reference list, for example: 
(Vlahova & Popov, 2013).

The Journal of Organics prefers that you cite open access papers (in preference to 
closed access papers). Where you have a choice of citing an open access source or a 
closed access source please preference the open access source. All  papers published in 
Journal of Organics are open access and we think this approach is world’s best open 
access practice, because it is: (a) free to the reader (no barriers); (b) free to the author; 
(c) copyright is retained by the author; and (d) the paper may be freely distributed under a 
declared licence (Paull, 2013b). 

Appendices
Journal of Organics papers often do not include appendices, but this is the (optional) 
place for including subsidiary material that does not belong in the flow of the narrative but 
that supports the paper and may be of interest to the reader and that you wish to share. 
This is the place to include your research instrument if appropriate and desired.

Submit as text and PDF files
The Journal of Organics prefers that submitted papers and revisions are submitted as 
two files: (a) a text file (e.g. as .pages, .odt, or .doc); and (b) a PDF file.

Reviewers
Papers published in the Journal of Organics are double-blind peer reviewed - this 
means that papers are anonymized (the author and the author affiliations are removed by 
the editor) before the paper is sent to reviewers. 

Authors may be proactive by proposing up to four potential  qualified reviewers. Where 
reviewers are proposed, the name, email and affiliation of the reviewers should be 
submitted. Proposed reviewers must be at institutions different from those of the author/s. 
Authors submitting a paper can also be proactive and offer themselves as reviewers for 
the journal and nominate their areas of expertise.

Never assume that a reviewer will read your paper in a linear manner - so pay careful 
attention to the accuracy, adequacy and integrity of each section.

Reviewer feedback is just that - feedback. In general  you should pay very careful 
attention to reviewer feedback. You should implement all reviewer suggestions that are 
appropriate and that will  enhance your paper. You are entitled to disagree with reviewer 
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feedback - if you are of the opinion that following a reviewer suggestion would diminish 
your paper you can seek clarification or advice from the editor before submitting your 
revised paper, or you may explain to the editor the disagreement and the action you have 
taken when submitting your revision.

Please do not label a revision as a “final  revision” - this will not fool the editor and is more 
likely to antagonize the editor. It is an editorial decision when and if a revision is “final”, 
and, in any event, papers are subject to copyediting prior to publication.

Plagiarism
Plagiarism is a fatal  flaw and will  ensure that your paper is not published. Where you are 
quoting other’s work this needs to be clearly indicated by quotation marks or by indenting 
the quotation, and in either case by citing the source.

Spelling
We prefer British spelling. What is essential is that your spelling is consistent. We uses 
standard English. If English is not your first language it is best to have your paper 
checked by a native English speaker before submission.

Understood
It is understood that submitted research is your original  research, has not been published 
elsewhere, and is not submitted elsewhere. You retain the copyright, you assign the 
Journal of Organics a licence to publish your paper, and a CC-BY open access licence 
(Creative Commons, 2013) is assigned which means that you and others can republish 
your paper provided that you credit Journal of Organics as the original publisher.

Research depository 
As soon as your paper is published, we recommend that you submit your paper to 
orgprints.org and to your institution’s ePrints-type database (where available). Orgprints 
is the largest open access database of organics research. You will  need to register to 
upload your paper, it is free. This will make your research more visible. Keep in mind that 
orgprints.org is also an excellent place to find references that are relevant to your 
organics research, to organic food and farming, and to the Journal of Organics.
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Consumer choice in context: 
Developing further understanding 
of organic buyer’s switching 
behaviour

J. Henryks1* & D. Pearson1

1 Faculty of Arts and Design, University of Canberra, Canberra, Australia
* email: joanna.henryks@canberra.edu.au 

Abstract 
The organic food market continues to grow yet market share remains low. The majority of 
consumers in this market tend to switch between organic  and conventional food products 
rather than being heavy users of organic branded products. The purpose of this research 
is to present a deeper investigation of the factors that can lead to the purchase or non-
purchase of organic food in order to gain a better understanding of this switching 
behaviour. A qualitative grounded theory approach was utilised involving in-depth 
interviews with 21 participants in Australia. These were primary shoppers who switch 
between organic  and conventional  food. An emergent conceptual  framework was 
developed from the data which identifies factors that influence whether or not organic 
food is bought. This framework includes three layers: consumer context; choice of retail 
outlet; and point-of-purchase. Depending on the specific  situation, these factors influence 
buyers to different extents and hence their collective impact determines whether the 
individual purchases organic  food on a given shopping event. The framework may be 
used by organic  food marketers as a checklist for developing an understanding of their 
consumers and a basis for developing strategy. 

Key Words: Consumer behaviour, food marketing, organic food, Australia.

Introduction
The aim of this research is to explore and provide insight into why, despite the significant 
and continuous growth in the organic food market, overall  market share remains very low. 
The basis for this low share is the ‘switching’ behaviour that occurs in this market; the 
majority of consumers tend to ‘switch’ between organic  and conventional food rather than 
consuming a diet consisting mostly of organic food. To date, this switching behaviour has 
not been satisfactorily explained. Existing research and marketing frameworks such as 
segmentation, attitudes, beliefs and motivations go some way to providing insight, but fail 
to provide a cohesive explanation. This paper briefly highlights current marketing 
knowledge in this area before offering grounded theory as a method of building upon 
consumer decision making processes (which include choice of retail outlet and point-of-
purchase factors). The outcome is an emergent conceptual framework of organic 
switching behaviour which includes consumer context. This framework is based around 
three layers (consumer context; choice of retail outlet and point-of-purchase) that lead to 
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either purchase or non-purchase of organic food at a given shopping event. 

The Organic Food Market 
The growth in the global organic  food market has continued despite challenging 
economic  conditions. Consumer interest in organic food is reflected in global sales of US
$62.9 billion in 2012 which is an increase of US$3.8 billion from 2010 and a growth of 
170% since 2002 (Willer, Lernoud & Kilcher (eds), 2013). In developed countries, the 
majority of consumers buy at least some organic  food. Reports indicate that this may be 
as high as 90% in the United Kingdom (Soil  Association, 2009) through to 70% in the 
United States (Demerrit, 2009) and 65% in Australia (Monk, et al., 2012). However, 
market share remains small (Aertsens, et al., 2011). In Australia it is estimated to be 
between 0.8 and 1.2% (Monk, et al., 2012) and around 4% in the United States (Organic 
Trade Association, 2011). 

Existing Consumer Behaviour Frameworks
Existing marketing and consumer behaviour frameworks such as segmentation, attitudes 
and motivations offer some assistance in facilitating our understanding of switching 
behaviour in the organic  food market. Each are located in the literature and their 
limitations in relation to assisting us to understand low market share of organic  food and 
switching behaviour are discussed below.

Segmentation is a marketing tool  aimed at dividing the market for a product or service 
into homogenous segments of consumers with similar characteristics, needs and 
behaviours (Kotler, et al., 2012). These segments can then be used as a basis for 
developing targeted marketing communication. In the organic  food market, the organic 
consumer has been examined in detail  through the lens of segmentation (see, for 
example, Fotopoulos & Krystallis, 2002; Lockie, et al., 2002; Storstad & Bjørkhaug, 2003; 
Lea & Worsley, 2005) with the majority of research using demographics as a basis 
(Henryks & Pearson, 2011). However, with the exception of segmentation on the basis of 
gender, results are inconsistent and consequently demographic variables are not a very 
useful predictive tool of who is and who is not an organic  consumer. As Zepeda, Chang, 
& Leviten-Reid (2006, p.392) pointed out “… focus group study confirms that only looking 
at gender, income, education, and family/household size may yield contradictory results 
because people’s motivations are complex”. It is for this reason that we need to look 
elsewhere in order to understand the organic consumer. 

Behavioural  segmentation would be another way of attempting to understand 
consumption patterns in this market. Unfortunately, within the organic category, frequency 
of purchase is difficult to measure, and how it is measured varies in different studies 
(Magnusson, et al., 2001). While studies consistently report that most consumers buy 
organic  food occasionally, around 65% of the time (Monk, et al., 2012), this can range 
from buying a large amount of organic food irregularly, to buying a small amount 
irregularly. In other words, although a sizeable percentage of consumers buy organic 
food, there are inadequate consistent data to enable meaningful interpretation. Although it 
alerts us to the critical fact that a significant number of consumers are occasional buyers 
of organic  products, that is, they switch between purchasing organic  and conventional 
products, it does not explain why this may be the case (Pearson, et al., 2013). Factors 
other than behavioural segmentation need to be examined in order to understand this 
switching behaviour. 
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Although as mentioned, the majority of the literature concerns itself with demographics as 
a segmentation variable, some studies have examined other types of market 
segmentation (Fotopoulos & Krystallis, 2002; McEachern & McClean, 2002; Monk, et al., 
2012) including psychographic and lifestyle. Whilst the various segments were interesting 
and provided some insight into the consumer behaviour in this market, they too fail  to 
explain ‘switching’ behaviour, which as previously identified is a key feature of the organic 
market. Consequently, in the organic food market, segmentation as a marketing tool, with 
its reliance on correlation between consumption behaviour and stable characteristics of 
consumers, offers little insight into the majority of consumers that switch between organic 
and conventional  food. It therefore is not useful for determining how marketers could best 
target these consumers.

Attitudes, Motivations and Barriers to Purchase
Understanding attitudes and associated motivations helps provide a rational  framework 
for the reasons consumers may or may not buy organic  food; however, in the case of 
switchers, attitudes do not explain the switching behaviour. For example, consumers can 
be positively disposed and give reasons as to why they do purchase organic  food (taste, 
health and environment, social responsibility, quality and food safety (McEachern & 
McClean, 2002; Lockie, Halpin & Pearson, 2006; Pearson & Henryks, 2008; Pearson, 
Henryks & Jones, 2011 Nasir & Karakaya, 2013;), yet still  switch between organic  and 
conventional food. 

Amongst the substantial group of consumers that do buy organic occasionally (and 
presumably for those who do not buy it), there are three major barriers to purchasing 
more of it: price, availability, and appearance. Certified organic  food carries a price 
premium relative to non-organic  food. Any study that considers barriers to organic 
consumption mentions price (Lockie, et al., 2002; McEachern & Willock, 2004; Shepherd, 
Magnusson & Sjödén 2005). The major argument for lowering prices is that consumers 
claim that organic food is unaffordable; however, price as a barrier warrants closer 
attention. The average Australian spends just over A$20 per week on fresh fruit and 
vegetables and over A$80 on alcohol, soft drinks, takeaway food and confectionary (ABS, 
2011). This suggests that it is not an affordability issue alone but one of choice for many 
consumers. An Australian study found that lower income was not a barrier to commitment 
to organic  food purchasing behaviour (Newspoll, 2008) further suggesting it is choice, 
and not affordability, that is the issue for the majority of consumers. In addition, two 
studies that looked at co-op shoppers found that, despite low incomes, there was 
substantial  willingness to spend more on organic  food (Jolly, et al., 1989; Goldman & 
Clancy, 1991).

Studies have found that although consumers complain about the price differential, when 
asked to elaborate as to what it actually is, they are either unclear (Chang & Zepeda, 
2005) or incorrect (Lampkin, 2002). Studies into (conventional) supermarket shopping 
have also found that “a sizeable percentage of consumers buy products without knowing 
their price… (which) does not necessarily imply that consumers do not care about 
price” (Grunert, 2007, p. 170). So, although price is often cited as a barrier for reasons of 
affordability, closer examination reveals a complex issue: consumers that value organic 
food pay for it, whilst those who don’t, complain. 

The second most cited barrier to the purchase of organic food is availability. Organic food 
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is not as easily available as conventional food and consumers often need to alter their 
shopping behaviour if they are seeking to purchase organic food. Studies that cited price 
as a barrier also cite availability (Lockie, et al., 2002; Zanoli & Naspetti, 2002; McEachern 
& Willock, 2004; Shepherd, Magnusson & Sjödén 2005). The lack of easily available 
organic  food results in it requiring more effort and being less convenient for some 
consumers. However, as Lyons, Lockie & Lawrence (2001, p.204) pointed out, 
“unavailable” means “not easily available from the supermarkets where I shop”. 

A third cited purchase barrier pertaining to organic  food, specifically fresh fruit and 
vegetables, is appearance. Organic food has not always had the same appearance as 
conventional food because without chemicals to kill pests, organic food will  sometimes 
contain bug holes and other blemishes. However this has been reduced over recent 
decades as many organic producers have been able to improve the appearance of their 
products. Consumers are accustomed to the appearance of perfect-looking fruit and 
vegetables, consequently the imperfect appearance of some organic produce is a 
potential  barrier for a number of consumers (Thompson & Kidwell, 1998; Fearne, 2008). 
Others, however, may see pest markings as a sign that the food is organic (Henryks & 
Pearson 2010). 

Price and availability are the two most commonly-cited barriers to the purchase of organic 
food: however, upon closer examination of these two factors it is possible that they are 
simply convenient, logical post hoc rationalisations provided by consumers when they are 
asked why they do not purchase organic food. 

The question then arises: how are the attitudes, motivations and barriers discussed 
above related to organic switching behaviour? Why do they ‘kick in’ on some occasions 
and not on others? While purchase motivations pertaining to organic  food may go some 
way to aiding us in understanding why some people buy organic food and others do not, 
they fail to shed any light on the switching behaviour that occurs in this market.

Gaps in Our Understanding
One of the marketing challenges with organic  food is that it is difficult to define as a 
discrete category that consumers belong to and are loyal  to, as the majority of consumers 
‘switch’ in and out of buying organic products. A consumer may one week buy organic 
bread and the next week conventional bread. Another consumer may consistently buy 
organic  fruit and vegetables but other categories of organic food sporadically or not at all. 
Further, not all consumers buy in each organic  category for the same reasons or 
motivations. McEachern & Willock (2004) considered consumer motivations for 
purchasing organic meat (animal welfare amongst others) which can potentially be very 
different to motivations for purchasing organic  vegetables (for example, taste) 
(McEachern & Willock 2004). This presents a further marketing challenge.

Given the behaviour in question pertains to consumer ‘switching’ behaviour, the literature 
on switching has also been explored for relevance to this challenge. This body of 
literature predominantly examines service relationships (such as banks, insurance or 
telecommunications) where a binary relationship tends to exist – consumers change 
service providers rather than continually switch between brands (for example, Oyeniyi & 
Joachim Abiodun, 2010; de Matos, Henrique, & de Rosa, 2013; Kaur, Sharma, & 
Mahajan, 2012). This is not the case with organic  food, where consumers continuously 
move between conventional and organic food, and no relevant insights were gained.
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Despite a considerable body of literature exploring organic food buyer behaviour, we are 
unable to explain the fundamental  question: why do so many consumers switch between 
organic  and conventional  food? Recent research by the authors has explored this 
question from two perspectives: the choice of retail  outlet (Henryks & Pearson, 2011) and 
the point-of purchase (Henryks, Cooksey & Wright, 2013). The aim of this paper is to 
build upon these perspectives and provide a framework for addressing this question.

Methodology
Consumers who switch between organic  and conventional food were the focus of this 
research as they comprise a large segment of the food market. As noted, the context in 
which this group of consumers bought (or did not buy) organic  food was missing from 
existing research. A grounded theory approach was chosen as it focuses on building 
theory from the data and is an inductive approach (Glasser, 1998). This approach allowed 
for participants’ stories to emerge from the data, inform the emergent theory and be 
incorporated back into further interviews until  saturation was reached and no new data 
emerged. The overall intention was to gain a deeper understanding of the complexities 
and contexts involved in the organic food buying process. 

Selected participants for this study were the primary shopper for their household and, to 
ensure that they were switchers, needed to be purchasing at least 3 organic items per 
week but not the majority of their food as organic. This was to ensure that they were 
switchers and not ‘heavy’ or ‘non-consumers’ of organic  food. Further, as the aim was to 
uncover a diverse range of perspectives in order to increase the chances of developing a 
well-rounded theory, participants were chosen to enhance demographic diversity and a 
range of stages in the family lifecycle. This selection criterion is shown in the table below 
and served to provide diverse context for the stories and perspectives that emerged from 
the data. A modified snowball sampling technique was used whereby informants, known 
to the researcher, were asked for their assistance in putting potential participants in touch 
with the researcher (Minichiello, Aroni & Hays, 2008).

Applying theoretical sampling, the collection of empirical information was deemed to be 
complete when no new information emerged from the participants. This saturation point 
was reached after 19 interviews. As a further check on whether or not the saturation point 
had been reached, two additional interviews were conducted, and neither yielded any 
new insights. The final sample consisted of 21 participants and pseudonyms were 
assigned to protect their identities (see Table 1). 

Participants were from two Australian cities: Armidale (population 20,000) in New South 
Wales and Canberra in the Australian Capital Territory (population 350,000) in order to 
examine if there was a difference between the urban and rural  perspectives. (With the 
exception Canberra participants having access to farmers’ markets, no notable 
differences were found; however, participants are identified by their location in order to 
maintain consistency and transparency.) Both these cities supported a range of retail 
outlets that stocked organic  food including supermarkets (small and large), health food 
stores and food co-operatives. Although, as mentioned, at the time of this research, only 
Canberra had established weekly farmers’ markets.

A grounded theory method gives clear structure to data analysis. The ‘bones’ of data 
analysis consisted of two practices: coding and memos. Coding in the present study 
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followed the guidelines set down by Charmaz (2006). In her approach, coding is a two 
stage process where initial  open coding is followed by selective coding. Additionally, 
memos were composed and used for the duration of the project in order to aid reflexivity.

Table 1. Summary of final sample. 

Household 
demographics

Armidale participants
(n= 8)

Canberra participants
(n=13)

Couple with no children 
living at home 

• Henry (retired) 
• Gabrielle (children have left 

home) 
• Dorothy (children have left 

home) 
• Conrad (never had 

children)
• Betty (about to have 

children)
Couple with young 
children 

• Elizabeth (1 preschool and 
2 school aged children). 

• Sam (2 primary school 
aged children).

Single person with older 
children

• Anna (2 primary and 2 high 
school children)

• Queenie (family with 1 
child in primary and 1 in 
high school). 

• Rose (family with high 
school children).

Single person living alone • Felicity (working full time)
• Kate (working full time) 
• Jenny working full time)
• Ursula (working full time)

Single person in a share 
household

• Lexi (children have left 
home);

• Olivia (university student in 
a share student 
household);

• Isabelle (house sitting and 
sharing)

• Penny (working full time)
• Meena (working full time) 

Single parent with part 
time responsibility for 
children

• Natalie (2 primary school 
aged children). 

Single Parent with full 
time responsibility for 
children

• Tanya (1 primary and 2 
high school aged children)

Results
The Emergent Conceptual Framework
Based on the analysis of the data, a conceptual framework of switcher buyer behaviour 
was developed and is illustrated Figure 1. It represents consumer switching behaviour for 
a given shopping event. All three layers of the framework are interrelated and 
consequently result in many different stories. This conceptual framework builds upon 
previously published papers on two of the three layers: choice of retail outlet (Henryks & 
Pearson, 2011) and point-of-purchase factors (Henryks, Cooksey & Wright, 2013) and 
adds the final layer ‘consumer context’. The resultant switcher buyer behaviour 
framework maps the various factors that can be considered when developing marketing 
strategy for an organic product. 
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Consumer Context: Factors influencing the purchase of organic food
Food shopping and food consumption are affected by the way consumers feel about food 
and the meaning that it has in their lives. The first layer of the switcher buyer behaviour 
conceptual framework consists of three contextual factors that can influence consumers’ 
organic  food choice: Food; Shopping, and Understanding of Organic Food. It is important 
to note that these various contextual factors pertaining to a shopping event can influence 
the other key components of the organic food buying framework. Consequently while 
each layer has been identified and separated from the overall buying process, it does not 
operate in isolation but as a synergistic part of the framework.

Figure 1. Switcher buyer behaviour conceptual framework. 

Food as Factor of Consumer Context
Food as a contextual factor affects organic purchase decisions in two main arenas: 
beliefs towards health and food production, and affective responses to food provisioning 
and preparation. Health was intrinsically linked to food for all  participants; however, the 
way in which it was linked meant different things to different people. For some it was as 
insurance policy:

I guess I have a personal belief that giving my kids healthy food is like 
our health insurance and their health insurance, if I can raise them up 
on a good healthy diet then I’ve set them up nutritionally hopefully for 
life and set them with good food habits. Tanya, Canberra, p.3.

I think you can buy really cheap food and probably get sick ... I don’t 
see the point in buying cheap, rubbish food. Sam, Canberra, p.4.

For others it was about the importance of avoiding additives and chemicals found in 
conventional food:

I’m not putting food into my system that’s pumped full of … sprayed with 
chemicals and God knows what. And not knowing what effect various 
things have on my system ... Felicity, Armidale, p.7.
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It seems to me that having no or less chemicals has got to be good for 
our systems I hate to think about all the stuff we‘re breathing in and that 
we’re eating and consuming in all different manner of ways chemicals 
etc. Kate, Canberra, p.6.

The second arena influencing consumer behaviour was the affective response to food 
provisioning and preparation. For some it was viewed as a source of stress and for 
others, pleasure. The perspective was dependent upon the time available and the context 
for the event. Those with children found it to be more of a chore, despite its perceived 
importance, whereas those preparing for social gatherings or who had time found it to be 
a more pleasing experience. 

It can be a bit of a chore if I’m rushed or during the week it’s a bit of a 
hassle… sometimes when I have all  the girls, there’s three of them… 
sometimes it’s a bit of a push. Natalie, Canberra, p.2.

… and I like the experience of getting something that’s really raw. I 
suppose cutting it, chopping it and putting things with it to make it really 
delicious. Olivia, Canberra, p.5.

Beliefs towards food production also impact on Consumer Context across two of the 
Contextual  Factors, Food and Shopping. The majority of participants were keen to have 
some sort of connection to the source of their food; this could be through knowledge of 
the production process or a relationship with the grower. 

If I can have a sense of where the food comes from, that’s important … 
that there’s the personal involvement in it. One would hope that if you 
know something about where your fruit and veg is coming from or if you 
can talk to the people that are selling it, who have grown it, that those 
people are also being looked after better. Felicity, Armidale, p.5.

I really like it when apple season and I go to Mr C (orchardist) and can 
ask him….. about apple season…..it's a ritual and… I like the realness 
of it and that exchange of climate, the weather and cockatoos. Anna, 
Armidale, p.3.

Animal and environmental concerns also dominate participants’ beliefs about food 
production. Organic food was considered to be better for the environment as well  as to 
have superior standards of animal welfare. 

…well I guess there’s the whole political option… I feel  like I’m feeding 
my kids right, and trying to use my money to support to buying food 
that’s hopefully costing the planet less. Tanya, Canberra, p.7.

what I resent (about supermarkets) – the over packaging, the waste, 
the non-pureness of processing... it’s just the physical environment, the 
light, the air and not generating all that waste. Anna, Armidale, p.4.

…these factory feed lot sort of things I find pretty horrific… I don’t feel 
strongly enough that I’d want to be a vegetarian, but I do feel strongly 
enough that the animals should have a decent life before they get 
turned into food for us. Elizabeth, Armidale, p.7.
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Shopping as Factor of Consumer Context
The second component of the context layer is the consumers’ view of shopping. Food 
provisioning fulfils many needs for people from the basic  need to eat, and feed the family 
for some, through to a more abstract health insurance policy. Three aspects of shopping 
impacting upon consumer choice are: beliefs and attitudes to food production; beliefs and 
attitudes to retail outlet; and time constraints. 

Various food production concerns can impact upon attitudes towards and choice of retail 
outlet whether this is a local food co-op, farmers’ market or supermarket.

I like food to be healthy to know where it’s come from, that it’s 
supporting other people’s enterprise, that it’s not damaging the 
environment, not sprayed and the social context of the co-op does 
matter… it is building connection between people … Anna, Armidale, p.4.

Participant’s views on retail outlets were influenced by the type of outlet. Those who 
shopped at the farmers’ market felt that it provided a unique shopping experience that 
was not attainable in any other food retail  outlet. The farmers’ market experience 
comprised a combination of meeting social needs, high quality of fresh, healthy food and 
an extensive product range. Similar views were held about the food co-op; however, 
supermarkets were considered to be a ‘necessary evil’. They provided a good range of 
products at affordable prices and were open at convenient times but had questionable 
practices.

I really enjoy it (farmers’  market), it’s more than just shopping… it’s 
relaxing and …I’ll get a coffee and have a look at what’s there and try 
things they have for tasting. I don’t just go there to shop. I like the 
atmosphere of it. Ursula, Canberra, p.2.

What do you get from the co-op? – it (Armidale food co-op) has got 
those elements about being part of being a movement. I can’t crack 
what it is but I can sense it but it feels like a bit like anarchy, (it) feels 
like it is being true to my value. I like the community, I like the purity… 
the simplicity, it takes away the clutter. I like the pureness. Anna, 
Armidale, p.4.

Well the supermarket you basically aim to get in and out as quickly as 
you can. It’s an entirely different experience because there’s no love in 
a supermarket. Isabelle Canberra p. 5

Time is the final aspect of shopping context. Mothers in particular felt that if they had 
more time to shop then their shopping experience would be different. The competing 
demands on their time meant that shopping had to be fitted in amongst other chores and 
consequently it was not always possible to shop at their preferred outlets. Sam would 
have preferred to shop at the farmers’ markets more often but was rarely free when they 
were open and Elizabeth’s enjoyment of food shopping was marred by a lack of time. 

If I had time to go to the markets (I’d enjoy shopping)…. Sam, 
Canberra, p.7.

It just depends on how rushed I am and how many other things I’ve got 
to do. Elizabeth, Armidale, p.3.
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Consumer Understanding of Organic Food as Factor of Consumer Context
Consumer understanding of organic food comprises the final element of the contextual 
layer and affected participants’ organic food purchase behaviour to various degrees. This 
understanding encompasses the confusion that exists amongst consumers in relation to 
organic  food and attitudes and beliefs towards organic food. By understanding ‘what’ 
consumers believe about organic  products, it is possible to address these beliefs in the 
marketing of organic products. The three main areas of belief held by participants about 
organic  food (health, taste and the chemical free nature of organic food) were consistent 
with the literature previously discussed on consumer beliefs pertaining to organic food. 

It’s healthier and often it tastes better to me it tastes more like food 
used to taste when I was a kid when we used to grow the vegetables. 
Kate, Canberra, p.4.

The critics say look, there’s no difference between organic food and 
conventionally grown food, and of course there is. You know, either 
chemically or taste wise, there is, although in some cases it’s not as 
easily discernible. Henry, Armidale, p.9.

Despite the beliefs held about organic  food, a great deal of confusion also existed. This 
arose from several sources including recognising organic food in retail outlets and how 
the food was actually grown. Jenny’s words captured the general confusion about what 
constituted organic food: 

I like the concept, I like not having all  the pesticides I guess one of the 
problems is having a definition of what exactly is organic …Jenny, 
Canberra, p.9.

Another area of concern which affects the purchase of organic food is that participants 
often assumed that food sold at the farmers’ market was organic. Interestingly, when 
Ursula and Rose reflected upon the issue during their interview for this study, they 
realised that it may not always be the case. 

…thinking about it now I realise that the farmers’ market might not 
always be organic, even though it’s locally produced and that sort of 
thing. It will  depend on which stalls you choose from, which ones are 
organic and which are not. Ursula, Canberra, p.8.

…when I think of it I just assumed it was all  organic but I hadn’t looked, 
to be honest, to see if it was labelled organic or not. Rose, Canberra, p.
10.

These three Consumer Context areas: food factors, shopping factors, and understanding 
of organic food, all impact and influence consumer choice and decision making at the 
next layer of the conceptual framework - the choice of retail outlet.

Choice of Retail Outlet
Choice of retail outlet has been explored in detail in previously published research 
(Henryks & Pearson, 2011) thus is only briefly described here in terms of implications that 
relate to the Switcher Buyer Behaviour Conceptual Framework (Figure 1). Choice of retail 
outlet can dictate whether or not an organic product is chosen in a given shopping event. 
Hence the choice of outlet can impact the final behavioural outcome of purchase or non 
purchase of organic food. In any given shopping event factors such as habit, budget, 
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convenience, product range, who they were buying for, whether shopping alone or with 
others, all  served to impact on decision making pertaining to the choice of retail  outlet 
which in turn could impact upon the purchase (or not) of organic food. 

Point-of-Purchase Factors influencing purchase of organic food
The point-of-purchase is the final hurdle in determining whether a consumer purchases 
(or does not purchase) organic  food on a given shopping event. It has also been explored 
in detail  in previously published research (Henryks, Cooksey & Wright, 2014) thus is only 
briefly described here in terms of implications that relate to the Switcher Buyer Behaviour 
Conceptual Framework (Figure 1). Point-of-purchase issues that influence purchase of 
organic  food are: whether or not the consumer went into the outlet with the intention to 
purchase organic  food; visibility; location; consumer familiarity; product availability; 
appearance; price; packaging; and labelling. 

Discussion and Implications
Organic food and its consumers is a much researched group (Pearson, Henryks & Jones, 
2011) yet continues to capture low market share. As noted, the behaviour of a significant 
group of organic consumers presents a challenge to the organic  food industry as they 
continue to ‘switch’ between organic  and conventional food. This paper has presented a 
conceptual framework which contributes to our understanding of these consumers by 
expanding the range of factors that can impact upon the purchase (or not) of organic 
food. This framework includes three layers: the Consumer Context (food, shopping and 
consumer understanding of organic  food); the Choice of Retail Outlet; and Point-of-
Purchase factors. Although previous research has considered many of these factors in 
isolation, they have not been previously been considered in a cohesive framework. 

The Switcher Buyer Behaviour Conceptual  Framework (Figure 1) identifies factors which 
heavily influence and contribute to explaining consumer switching buyer behaviour in the 
organic  food market and hence enhance understanding that is gained from other 
approaches to understanding buyer behaviour, such as the decision process model  of 
buyer behaviour (Kotler, et al., 2012). For instance, a switcher may have chosen a retail 
outlet for a given shopping event based on their proximity to the outlet while attending a 
child’s sporting match (convenience). This choice of retail  outlet will in turn determine 
availability of organic  produce (for example the closest green grocer may not carry an 
extensive range of organic produce) and consequently can lead to the non-purchase of 
organic  food for that given shopping event. This example demonstrates the contextual 
sensitivities of the Switcher Buyer Behaviour Conceptual Framework in that it provides 
keys to understanding switching behaviour. Furthermore, this Framework is inherently 
dynamic. It seeks to characterise the web of factors that result in behavioural change. 

The challenge remains that the importance of factors identified in the Framework can and 
do change from one shopping event to next. Hence the choices made by a consumer on 
each occasion can vary according to the priority afforded to each factor at that time (for 
example, convenience) or by factors outside their control (such as product availability and 
price). 

Being branded as organic  is what brings together the wide range of products in the 
organic  food market. However, consumers are not presented with one brand. Rather it is 
complicated as the ‘organic’ brand comprises many sub brands and labelling is not 
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always clear to consumers (Henryks, et al., 2013). In the Australian market, consumers 
need to be familiar with seven certification logos if they are to be confident they are 
buying organic  food as Australia does not have a national certification mark. Not 
surprisingly, research shows that these labels are not easily identified and result in some 
confusion (Newspoll, 2008; Henryks & Pearson 2010). Until  the introduction of a national 
logo in Germany, the situation was similar to Australia where the large number of labels 
resulted in consumer confusion and uncertainty (Soyez, Francis & Smirnova, 2012).

In part, this confusion is also due to the credence nature of organic food (Darby & Karni, 
1973; Grunert, 2002). That is, the ‘organic’ attribute of the food product is part of the 
production process and invisible to consumers at every stage of the buying and 
consumption process. Consequently, consumers rely on heuristics and information to 
ascertain that a product is organic and certification labelling is a significant component of 
this identification process. Thus a step in strengthening the organic brand can be 
ensuring consistency and clarity in labelling and communicating this to consumers. This 
example of stronger branding relates to every stage of the conceptual framework. For 
instance, in the Consumer Context layer, assisting consumers with a clearer 
understanding of organic food through strengthening their beliefs and clarifying confusion; 
at the Choice of Retail  Outlet layer through ensuring that consumers are positively 
predisposed to choosing a retail outlet that stocks organic food; and finally in the Point-of-
Purchase layer, increasing consumer intention to buy organic and promoting familiarity 
with organic logos and/or packaging. 

The Switcher Buyer Behaviour Conceptual  Framework discussed in this paper contains 
factors which impact and influence consumer behaviour in relation to organic food 
purchases. These factors can be used as a ‘checklist’ by organic food producers and 
marketers for gaining an understanding of their customers as well as be used to develop 
marketing and marketing communication strategies that focus on facilitating switchers 
choosing organic food over conventional more often. 

The purpose of presenting results in the form of a framework is to provide the factors in a 
useful schematic; however, it should be noted that further research is required to 
investigate whether there is a hierarchy of importance, or a logical sequence, that buyers 
follow. As with many studies, the limitations of this research are opportunities for future 
research. One clear opportunity is to design a longitudinal study to explore the 
differences in attitudes and behaviours over a longer time period. Given the increasing 
interest in the environmental  impacts of our food choices, important trends may be 
defining and changing consumer behaviour in this market. Another opportunity for further 
research emerges from the observations that some switchers may be in a state of 
transition, either gradually increasing their consumption to becoming dedicated organic 
food buyers, or on a path to exiting from purchasing any organic  food. A further limitation 
is that the data was limited to participants’ recollections, which may have been partially 
forgotten over time, or not be an accurate match with actual behaviour. For example, 
evidence suggests some participants may have inadvertently claimed to be purchasing 
organic  food when they were buying conventional food and vice versa (Henryks, Cooksey 
& Wright, 2013).

An additional  complication with researching organic food as a category is that there are 
numerous organic food products, and consumers may hold and exhibit different beliefs, 
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attitudes and behaviours towards different categories such as bread versus dairy or 
specific products such as honey versus jam. Further research could be designed to 
explore the framework through specific  food categories to see if additional differences 
can be found. And finally, although the large number of contextual variables present in 
this Switcher Buyer Behaviour Conceptual  Framework would pose a challenge for 
modelling, it is worth pursuing this as a direction in gaining further awareness and 
knowledge of the consumer behaviour that operates in the organic food arena.

This research has contributed to our understanding of switcher behaviour in the organic 
food market and of the associated attitude behaviour gap. It has provided insight into 
areas that require further research. This Switcher Buyer Behaviour Conceptual 
Framework has potential applications to other areas of consumer buyer theory where 
switching behaviour occurs. One such example is that of health where consumers 
consistently express their desire for a healthy diet and lifestyle but fail  to deliver upon this 
by making consistent behavioural  change to achieve the desired results. Consequently 
we believe the Switcher Buyer Behaviour Conceptual Framework provides scope for 
further research in a variety of consumer choice contexts which are of concern to 
industry, government and the not-for-profit sector.
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Abstract
A nursery experiment was carried out during 2011 - 2012 at Najaf, Iraq, to determine the 
response of Marigold plant to organic fertilisers and their extracts. A factorial experiment 
was conducted involving three factors (2x4x2) namely, type of compost (the extracts of 
peat moss and sheep manure), concentrations of foliar application (0%, 20%, 40% and 
60%), and the mixed in soil  and foliar application. The results showed that the type of 
organic  fertiliser and the application method significantly affected vegetative growth (leaf 
number/plant, shoot dry weight, leaf chlorophyll  content, and carbohydrate leaf content), 
flowers parameters (length of the flower stem, flower number/plant, and flower diameter). 
This study showed that compared to the other fifteen treatment conditions, the application 
of extract of sheep manure applied at 40% concentration and as a foliar spray produced 
superior results on both vegetative growth and flower parameters. 

Key words: Organic fertiliser, peat moss, sheep manure, Iraq.

Introduction
Marigold (Calendula officinalis L.) is an annual, herbaceous plant. It belongs to the family 
Asteraceae. Roots are a white yellowish to light brown color with a length of about 20 cm 
and a thickness of 7 mm and carry many root hairs. Stems are long and strong, 50 cm in 
length. Leaves are simple, elongated, spoon-shaped, dark green in color and 20 cm in 
length (Muley et al. 2009). The original home of the plant is the basin of the 
Mediterranean and it grows wild in southern and central Europe and the Netherlands.

Marigold is the third most important cut flower in the global market after roses and 
carnations. The flowers of the plant come in different colours. They are in high demand inf 
the holiday season during Easter and Mother’s Day (Biondo & Noland 2000). 

Marigold flowers are a rich source of a natural yellow to orange dye, helenien (a 
dipalmitate ester of axanthophylls), which is in high request by national and international 
companies, and this plant has been used for medicinal purposes (Ali  & Hasan 2013). The 
plant is also used as a spice and a tea (Ćetković 2003; Isaac 1994).

Flowering of marigold plants under short photo-periods, however there is a long flowering 
period. The plants can be used in various situations in the home garden and in 
landscaping. It is one of the best plants for rock gardens, borders, flower beds and 
balcony plantings (Golestani et al. 2013).
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Organic farming is one of the practices to make the production system more sustainable 
without adverse effects on the natural  resources and the environment (Kochakinezhad et 
al. 2014; Paull  2011; Ram et al. 2014). It not only maintains soil fertility but also 
conserves soil moisture (Yadav et al. 2014). Many studies have demonstrated that 
organic  residues can be used with outstanding results (e.g. Kononova 1966; Tan 1986). 
Organic fertilisers and their extracts enhance soil fertility via improved nutrient retention 
and cycling and also plays an essential role in growth and yield (Khalid & Shafei, 2005).

The use of organic matter plays an essential role in the growth and development of 
Marigold plants (Elhindi  2012). It positively affects vegetative growth parameters including 
plant height, stem diameter, fresh and dry shoot weight, as well as flower parameters, 
including flower number per plant, flower height, and flower size of the plant (Shadanpour 
2011), and it increases the availability and absorption of the essential  nutrient elements, 
such as Fe2+, Mg2+ and NH4+ cations, which are necessary for enzyme activation and 
chloroplast and chlorophyll formation (Elhindi 2012).

Adding different organic  fertilisers to the soil or to a plant as a foliar application resulted in 
increased growth and flowering characters of Borago officialis plant (Ezz El-Din & 
Hendawy 2010). Application of organic fertilisers or their extracts also have positive 
effects on plant growth, dry matter yield and root development (Gharib et al. 2008; Ram 
et al. 2014). Addition of cow manure vermicompost at the 40% level resulted in high 
growth values of Marigold plant (Rahbari 2013). The purpose of this study is to determine 
the effects of the type of organic matter (peat moss and sheep manure), concentration of 
organic  matter extractions, and the application method, on improving the growth, 
flowering and flower qualities of Marigold plants. 

Materials and methods 
Plants were grown at a private nursery at Najaf, Iraq during the 2011-12 season. The soil 
was silt loam in texture with a pH of 5.6 and a conductivity (EC) of 2 dS/m. Seeds were 
planted in treated soil in 150mm diameter plastic  pots, 200 mm deep. Each pot contained 
1kg soil  with one plant. The experiment was conducted using completely randomized 
design (CRD) of three factors:

• 2 x types of organic matter (sheep manure and peat moss);

• 4 x concentrations of each extract (0%, 20%, 40% and 60%); and 
• 2 x application methods (mixed with soil and spray). 

Fertilisation by NPK at the level of 1 g/pot was applied for all treatments. At the end of the 
experiment on March 15, 2012, the following data were recorded: 

(1) Number of leaves (leaves/plant); 
(2) Dry weight of shoot (g); 
(3) Total chlorophyll  content in leaves (mg/100 g fresh weight) by acetone 

(Goodwin 1976); 
(4) Carbohydrates content in leaves (mg/ mg dry weight) were estimated 

according to Duboies (1956); 
(5) Length of flower stem (cm); 
(6) Number of flowers (flowers per plant); 
(7) Flower diameter (mm);
(8) Number of petals (petals per flower).
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Data were analyzed by using factorial  experimental design according to Steel & Torrie 
(1980), through analysis of variance (ANOVA) technique by using SAS software at 
P<0.05 level of probability. Differences between means were determined using the least 
significant difference (LSD) test.

Results and Discussion
Number of leaves

The type of organic matter and the application method significantly (P<0.05) affected the 
number of leaves per plant. The sheep manure increased the number of leaves by 36% 
over the control. Using the extract of sheep manure as a foliar application at the 40% 
level maximized the number of leaves to 76% over the control (Table 1). This increase 
could be due to the content of sheep manure of organic N and the immobilization process 
rather than that the organic  matter increased the availability of some nutrients in the soil 
(Sabey & Hat, 1975). According to Hocking & Steer (1982), nitrogen plays an important 
role in protein components and enzymes and organizes hormone activity which is 
important in cell division and stimulates biological processes. This may account for the 
higher number of leaves in the plants that were treated by sheep manure. 

Table 1. Effects of organic matter (OM) and application method with different 
concentrations on number of leaves per plant*.

Type of OM Concentration (%) Application methodApplication method Average of 
concentration

Average of OMType of OM Concentration (%)
Soil Mix. Spray

Average of 
concentration

Average of OM

Peat moss
0 23.67 def 21.00 f

21.92 d 25.54 bPeat moss 20 25.67 de 23.67 def 21.92 d 25.54 bPeat moss
40 25.33 de 32.00 b

26.58 bc

25.54 bPeat moss

60 30.33 bc 22.67 def 26.58 bc

25.54 b

Sheep manure
0 22.00 ef 21.00 f

31.17 a 28.50 aSheep manure 20 26.33 cd 30.67 bc 31.17 a 28.50 aSheep manure
40 30.33 bc 37.00 a

28.42 b

28.50 aSheep manure

60 36.00 a 24.67 de 28.42 b

28.50 a

Average of application methodAverage of application method 27.46 a 26.59  a
28.42 b

28.50 a

LSD (0.05) OM=1.3, Conc.=2.6, Application method=1.3, Interaction=3.7LSD (0.05) OM=1.3, Conc.=2.6, Application method=1.3, Interaction=3.7LSD (0.05) OM=1.3, Conc.=2.6, Application method=1.3, Interaction=3.7LSD (0.05) OM=1.3, Conc.=2.6, Application method=1.3, Interaction=3.7LSD (0.05) OM=1.3, Conc.=2.6, Application method=1.3, Interaction=3.7LSD (0.05) OM=1.3, Conc.=2.6, Application method=1.3, Interaction=3.7
*Within a column of a table, reported quantities are significantly different where accompanied by different letters 
(p<0.05).

Shoot dry weight

Table 2 shows the effect of organic  matter on shoot dry weight (SDW). The application of 
sheep manure showed an increase (P<0.05) of 14% over the peat moss treatment. 
Addition of the sheep manure at the 40% level showed the highest increase of 79% as 
compared to the control. Shoot DW was significantly (P<0.05) affected by the interaction 
between organic matter, the application method and the concentration, which may be due 
to the humus in the sheep manure which carries a negative charge and associated 
cations and soil particles making fixed aggregations, reducing soil bulk density, 
enhancing soil structure and water-air relationship that will positively affect the activity of 
soil  organisms leading to enhance root growth, which could result in better extraction of 
water and nutrients from the soil occupied by the roots (FAO, 1977).
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Table 2. Effects of OM and application method with different concentrations on Shoot 
dry weight (g) of plant*.

Type of OM Concentration (%) Application methodApplication method Average of 
concentration

Average of OMType of OM Concentration (%)
Soil Mix. Spray

Average of 
concentration

Average of OM

Peat moss
0 5.85 bc 6.11 bc 5.57 b

6.20 b
Peat moss 20 6.19 bc 5.29 bc 5.57 b

6.20 b
Peat moss

40 7.00 bc 6.87 bc 5.81 b
6.20 b

Peat moss

60 7.01 bc 5.28 bc 5.81 b
6.20 b

Sheep manure
0 5.97 bc 4.36 c 8.02 a

7.09 a
Sheep manure 20 5.91 bc 5.84 bc 8.02 a

7.09 a
Sheep manure

40 7.28 b 10.95 a
7.17 a

7.09 a
Sheep manure

60 9.52 a 6.88 bc 7.17 a
7.09 a

Average of application methodAverage of application method 6.84 a 6.45 a
7.17 a

7.09 a

LSD (0.05) OM=0.4, Conc.=1.3, Application method=0.4, Interaction=2.4LSD (0.05) OM=0.4, Conc.=1.3, Application method=0.4, Interaction=2.4LSD (0.05) OM=0.4, Conc.=1.3, Application method=0.4, Interaction=2.4LSD (0.05) OM=0.4, Conc.=1.3, Application method=0.4, Interaction=2.4LSD (0.05) OM=0.4, Conc.=1.3, Application method=0.4, Interaction=2.4LSD (0.05) OM=0.4, Conc.=1.3, Application method=0.4, Interaction=2.4
*Within a column, reported quantities are significantly different where accompanied by different letters (p<0.05).

Leaf chlorophyll content  

The effect of the type of organic  matter and the application method on chlorophyll 
content in leaves is presented in Table 3. The extract of sheep manure increased 
(P<0.05) chlorophyll by 3% compared with the peat moss treatment. Chlorophyll 
content in leaves showed a significant (P<0.05) interaction between organic matter, 
application method and concentration. Due to this interaction, Marigold gave the highest 
Chlorophyll  content in leaves with sheep manure applied sprayed at 40% (76.91 mg/100 
g fresh weight). According to Elhindi  (2012) organic matter includes essential nutrients for 
plant growth which has a positive effect for chlorophyll molecules and chloroplast 
formation. Organic acids and carbon dioxide have a role in enhancing the availability of 
some nutrients such as Mg which plays an important role in the formation of the 
chlorophyll molecule.

Table 3. Effects of OM and application method with different concentrations on total 
chlorophyll leaf content (mg/100 g fresh weight) of plant*.

Type of OM Concentration (%) Application methodApplication method Average of 
concentration

Average of OMType of OM Concentration (%)
Soil Mix. Spray

Average of 
concentration

Average of OM

Peat moss
0 57.01 f 56.06 f 57.11 c

62.14 b
Peat moss 20 57.28 f 62.75 cd

57.11 c
62.14 b

Peat moss
40 64.81 c 64.38 c 60.16 b

62.14 b
Peat moss

60 72.68 b 62.18 cd
60.16 b

62.14 b

Sheep manure
0 56.28 f 59.11 def 66.86 a

63.74 a
Sheep manure 20 57.59 ef 63.04 c

66.86 a

63.74 a
Sheep manure

40 61.35 cde 76.91 a
67.63 a

63.74 a
Sheep manure

60 73.87 ab 61.77 cd 67.63 a
63.74 a

Average of application methodAverage of application method 62.61 a 63.27 a
67.63 a

63.74 a

LSD (0.05) OM=1, Conc.=2.5, Application method=1, Interaction=3.9LSD (0.05) OM=1, Conc.=2.5, Application method=1, Interaction=3.9LSD (0.05) OM=1, Conc.=2.5, Application method=1, Interaction=3.9LSD (0.05) OM=1, Conc.=2.5, Application method=1, Interaction=3.9LSD (0.05) OM=1, Conc.=2.5, Application method=1, Interaction=3.9LSD (0.05) OM=1, Conc.=2.5, Application method=1, Interaction=3.9
*Within a column, reported quantities are significantly different where accompanied by different letters (p<0.05).

Carbohydrate leaf content

Organic matter increased (P<0.05) leaf carbohydrate content (Table 4). Sheep manure 
gave the highest rate (6.08 mg/g dry weight). Leaf carbohydrate content was significantly 
(P<0.05) affected by the interaction between organic matter, application method and 
concentration. The magnitude of this increase was maximized in sheep manure at 40% 
concentration level  as foliar application. It is believed that the fulvic acid consists of 
carbohydrate and amino acids (Chen et al. 2002) thus have these materials ready for 
absorption via the leaf surface. This result is in accordance with the findings of Tisdale et 
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al. (1985) who reported that the addition of humic extracts increases the production of 
carbohydrates. 

Table 4. Effects of OM and application method with different concentrations on 
Carbohydrate leaf content (mg/ g dry weight) of plant*.

Type of OM Concentration (%) Application methodApplication method Average of 
concentration

Average of OMType of OM Concentration (%)
Soil Mix. Spray

Average of 
concentration

Average of OM

Peat moss
0 4.17 e 4.37 e 4.22 c

5.17 b
Peat moss 20 4.63 e 5.57 cd 4.22 c

5.17 b
Peat moss

40 5.40 cd 4.67 e 5.27 b
5.17 b

Peat moss

60 7.03 bc 5.53 cd 5.27 b
5.17 b

Sheep manure
0 3.90 e 4.43 e 6.19 a

6.08 a
Sheep manure 20 4.93 d 5.93 cd 6.19 a

6.08 a
Sheep manure

40 5.63 cd 9.07 a
6.83 a

6.08 a
Sheep manure

60 8.13 ab 6.63 bcd 6.83 a
6.08 a

Average of application methodAverage of application method 5.48 b 5.78 a
6.83 a

6.08 a

LSD (0.05) OM=0.3, Conc.=1, Application method=0.3, Interaction=1.8LSD (0.05) OM=0.3, Conc.=1, Application method=0.3, Interaction=1.8LSD (0.05) OM=0.3, Conc.=1, Application method=0.3, Interaction=1.8LSD (0.05) OM=0.3, Conc.=1, Application method=0.3, Interaction=1.8LSD (0.05) OM=0.3, Conc.=1, Application method=0.3, Interaction=1.8LSD (0.05) OM=0.3, Conc.=1, Application method=0.3, Interaction=1.8
*Within a column, reported quantities are significantly different where accompanied by different letters (p<0.05).

Length of flower stem

Flower stems of the plants was significantly (P<0.05) influenced by the type of organic 
matter and the application method (Table 5). Peat moss addition increased the flower 
stem by 30% as compared to sheep manure. This may be because the organic extracts 
include organic N and increase the nutrient availability. This result coincides with that of 
Sabey & Hart (1975) who showed that the organic extract increased the nutrient 
availability

Table 5. Effects of OM and application method with different concentrations on Length of 
flower stem (cm) per plant*.

Type of OM Concentration (%) Application methodApplication method Average of 
concentration

Average of OMType of OM Concentration (%)

Soil Mix. Spray

Average of 
concentration

Average of OM

Peat moss
0 14.93c 16.90bc

15.64a
23.27a

Peat moss 20 16.53bc 17.77abc
15.64a

23.27a
Peat moss

40 17.17bc 19.23abc
18.10a

23.27a
Peat moss

60 19.67abc 17.93abc
18.10a

23.27a

Sheep manure
0 15.10bc 15.63bc

19.63a

17.93b

Sheep manure 20 16.07bc 16.03bc
19.63a

17.93b

Sheep manure

40 18.70abc 23.43a
19.01a

17.93b

Sheep manure

60 21.03ab 17.40bc 19.01a
17.93b

Average of application methodAverage of application method 17.40a 18.04a
19.01a

17.93b

LSD (0.05) OM=4, Conc.= 5, Application method=4, Interaction=6LSD (0.05) OM=4, Conc.= 5, Application method=4, Interaction=6LSD (0.05) OM=4, Conc.= 5, Application method=4, Interaction=6LSD (0.05) OM=4, Conc.= 5, Application method=4, Interaction=6LSD (0.05) OM=4, Conc.= 5, Application method=4, Interaction=6LSD (0.05) OM=4, Conc.= 5, Application method=4, Interaction=6
*Within a column, reported quantities are significantly different where accompanied by different letters (p<0.05).

Number of flowers per plant

The type of organic  matter and the application method had a significant effect on the 
number of flowers per plant. The highest number (14.67) of flowers was in the pots 
treated with sheep manure. The number of flowers exhibited the maximal response with 
sheep manure applied at 40% as a foliar spray (Table 6). 
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Table 6. Effects of OM and application method with different concentrations on Number of 
flowers per plant*.

Type of OM Concentration (%) Application methodApplication method Average of 
concentration

Average of OMType of OM Concentration (%)

Soil Mix. Spray

Average of 
concentration

Average of OM

Peat moss
0 7.33 i 11.00 efgh

10.50c
11.92b

Peat moss 20 9.33 hi 12.67 efg
10.50c

11.92b
Peat moss

40 14.33 cde 14.00 cdef
11.83b

11.92b
Peat moss

60 16.00 bc 10.67 gh
11.83b

11.92b

Sheep manure
0 12.00 efgh 11.67 efgh

15.83a

14.67a

Sheep manure 20 12.33 efg 13.00 def
15.83a

14.67a

Sheep manure

40 14.67 cd 20.33 a
15.00a

14.67a

Sheep manure

60 18.33 ab 15.00 cd 15.00a
14.67a

Average of application methodAverage of application method 13.04 b 13.54 a
15.00a

14.67a

LSD (0.05) OM=0.4, Conc.=1, Application method=0.4, Interaction=2.3LSD (0.05) OM=0.4, Conc.=1, Application method=0.4, Interaction=2.3LSD (0.05) OM=0.4, Conc.=1, Application method=0.4, Interaction=2.3LSD (0.05) OM=0.4, Conc.=1, Application method=0.4, Interaction=2.3LSD (0.05) OM=0.4, Conc.=1, Application method=0.4, Interaction=2.3LSD (0.05) OM=0.4, Conc.=1, Application method=0.4, Interaction=2.3

*Within a column, reported quantities are significantly different where accompanied by different letters (p<0.05).

Increasing the number of flowers as a result of applying organic extracts (Shadanpour 
2011) may be due to the significant impact of the nutrients in the organic extracts in 
stimulating growth regulators, including auxins and gibberellins, that play an important 
role in increasing the proportion of the pollination through the control  of transport nutrients 
toward the flowers (Sergeant, 1965).

Flower diameter

Flower diameter (cm) was affected by the type of organic matter and the application 
method (Table 7). Marginal  increase in flower diameter occurred with added sheep 
manure. Flower diameter of Marigold plant showed an increase of 84% due to the 
interaction effect between organic matter, application method and concentration 
(maximum at 40% sheep manure foliar application), as compared to the control treatment 
(water spray). The organic  extracts increase plant growth and enhance the flower 
characteristics.

Table 7. Effects of OM and application method with different concentrations on flower 
diameter (mm) of plant*.

Type of OM Concentration (%) Application methodApplication method Average of 
concentration

Average of OMType of OM Concentration (%)
Soil Mix. Spray

Average of 
concentration

Average of OM

Peat moss
0 2.40 c 2.40 c 2.37 b

3.10 a
Peat moss 20 2.70 bc 2.87 ac 2.37 b

3.10 a
Peat moss

40 3.23 ac 4.30 a 2.80 b
3.10 a

Peat moss

60 3.47 ac 3.47 ac 2.80 b
3.10 a

Sheep manure
0 2.43 c 2.23 c 3.73 a

3.16 a
Sheep manure 20 2.40 c 3.23 ac 3.73 a

3.16 a
Sheep manure

40 3.27 ac 4.10 a
3.63 a

3.16 a
Sheep manure

60 4.27 a 3.33 ac 3.63 a
3.16 a

Average of application methodAverage of application method 3.02 b 3.24 a
3.63 a

3.16 a

LSD (0.05) OM=0.1, Conc.=0.8, Application method=0.1, Interaction=1.6LSD (0.05) OM=0.1, Conc.=0.8, Application method=0.1, Interaction=1.6LSD (0.05) OM=0.1, Conc.=0.8, Application method=0.1, Interaction=1.6LSD (0.05) OM=0.1, Conc.=0.8, Application method=0.1, Interaction=1.6LSD (0.05) OM=0.1, Conc.=0.8, Application method=0.1, Interaction=1.6LSD (0.05) OM=0.1, Conc.=0.8, Application method=0.1, Interaction=1.6
*Within a column, reported quantities are significantly different where accompanied by different letters (p<0.05).

Number of petals per flower

Table 8 shows the positive impact of the type of organic matter and the application 
method on the number of petals per flower; the response to sheep manure and peat 
moss was not significantly different as a main effect (P>0.05). There was a significant 
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(P<0.05) interaction between organic matter, application method and concentration 
(maximum at 40% sheep manure foliar application), in the number of petals per flower. 
The number of petals showed an increase of 74% (in the 40% sheep manure foliar 
application treatment) compared with the control.

Table 8. Effects of OM and application method with different concentrations on Number of 
petals per plant*.

Type of OM Concentration (%) Application methodApplication method Average of 
concentration

Average of OMType of OM Concentration (%)
Soil Mix. Spray

Average of 
concentration

Average of OM

Peat moss
0 23.33 fg 23.33 fg 22.33 b

27.08 a
Peat moss 20 24.33 fg 25.67 ef 22.33 b

27.08 a
Peat moss

40 28.33 de 32.67 bc 24.75 b
27.08 a

Peat moss

60 30.33 cd 28.67 de 24.75 b
27.08 a

Sheep manure 0 21.00 g 21.67 g 31.83 a

28.08 a
20 24.00 fg 25.00 efg 31.83 a

28.08 a40 28.67 de 37.67 a
31.42 a

28.08 a
60 36.33 ab 30.33 cd 31.42 a

28.08 a

Average of application methodAverage of application method 27.04 a 28.13 a
31.42 a

28.08 a

LSD (0.05) OM=1.1, Conc.=3, Application method=1, Interaction=3.7LSD (0.05) OM=1.1, Conc.=3, Application method=1, Interaction=3.7LSD (0.05) OM=1.1, Conc.=3, Application method=1, Interaction=3.7LSD (0.05) OM=1.1, Conc.=3, Application method=1, Interaction=3.7LSD (0.05) OM=1.1, Conc.=3, Application method=1, Interaction=3.7LSD (0.05) OM=1.1, Conc.=3, Application method=1, Interaction=3.7
*Within a column, reported quantities are significantly different where accompanied by different letters (p<0.05).

Conclusion
The outcome from this experimental study is that it is reasonable to conclude that the 
application of organic extracts (both peat moss and sheep manure), increased the plant 
characteristics measured: number of leaves per plant, shoot dry weight, leaf chlorophyll 
content, carbohydrate leaf content, length of flower stem, number of flowers per plant, 
flower diameter and number of petals per flower. These increases were higher when 
using sheep manure extract (except length of flower stem) rather than peat moss. For the 
sixteen treatments (2x4x2) in this study, compared to the other treatments, the application 
of sheep manure extract at a concentration rate of 40% as a foliar spray resulted in 
superior growth values and flower parameters of Marigold plants.
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Abstract
Ipomoea muricata (L.) Jacq. is an invasive weed commonly known as morning glory of 
the family Convolvulaceae. The aim of the present investigation was to study the 
influence of various manures prepared from Ipomoea on the yield and nutrient content of 
fodder maize. A field experiment was carried out at the research farm located in the 
Botanical Garden of Dr. Babasaheb Ambedkar Marathwada University, Aurangabad, 
India, to evaluate the performance of various manures, viz. Ipomoea NADEP compost 
(AC), Ipomoea Bangalore pit compost (BC), Ipomoea vermicompost (IV), Ipomoea dry 
leaf powder (DLP), and garden leaf vermicompost (GLV). These five treatments were 
compared with chemical fertilizer (FER) and an absolute control (CO) with four replicates 
each. The root, stem and leaves of maize plants were analyzed for dry matter, N, P, K, 
Ca, crude protein, and water soluble reducing sugar. The application of all  organic 
manures increased nutrient contents of maize. All the values were statistically significant 
over the control. Ipomoea vermicompost (IV) was the most effective in enhancing fodder 
maize yield (39861 kg/ha). Compared to chemical  fertilizer, organic  manures prepared 
from Ipomoea  are a better, an effective, and a cheaper source of plant nutrients in maize 
production for Indian farmers.

Keywords: Compost, green manure, fertilizer, nutrients, vermicompost, yield, India.

Introduction
In the recent past, intensive agriculture has resulted in a reduction in organic  matter and 
plant nutrients in soil. The excess use of chemical fertilizers for enhancing yield not only 
results in infertility of soil  (Alexander et al., 2004) but causes environmental  pollution, and 
social and economic problems which lead to unsustainability in agriculture. Organic 
manures in agriculture add much needed organic and mineral matter to the soil (Ram, 
Davari  & Sharma, 2014). The organic matter added can be an indispensable component 
of soil, and plays an important role in maintenance and improvement of soil fertility and 
productivity (Shah et al., 2007; Choudhary et al., 2010). Organic manures such as 
compost, vermicompost, farmyard manure, green manure are getting attention worldwide 
to fulfill the demand for plant nutrients (Shiyam & Binang, 2013; Vlahova & Popov, 2013). 
Generally, organic  agricultural  systems depend mainly on organic  manure which has 
limited supply. Therefore, new sources of organic material  that supplement the balanced 
turnover of organic matter should be investigated (Choudhary et al., 2011). A weed in a 
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general sense is a plant that is considered, by the use of the term, to be a nuisance and 
the term is generally applied to unwanted plants in human made settings. Ipomoea 
muricata L. is a common invasive weed in irrigated and dry areas and is found growing 
along road sides and on wasteland of Maharashtra, India. Earlier research was carried 
out regarding the use of weeds such as Parthenium (Chamle et al.,2011, Naikwade, 
2012), Trainthema (Naikwade & Jadhav, 2011), Lantana (Ghadge et al., 2013) for 
preparation of manure and its use for crop improvement. However the study on Ipomoea 
weed as a source of organic manures and the utilization of it has not been done 
previously by other researchers. So in order to utilize the huge amount of wasteland 
weed Ipomoea muricata (L.) Jacq. as a valuable resource for vermicompost and 
biocomposts, a study was conducted to investigate the influence on maize yield and 
nutrient uptake. 

Material and methods
A field experiment was carried out in the research farm located in the Botanical Garden of 
Dr. Babasaheb Ambedkar Marathwada University, Aurangabad, India in 2008-2009. The 
fresh vegetation of Ipomoea muricata (L.) Jacq. was collected from the Dr. Babasaheb 
Ambedkar Marathwada University campus, brought to the laboratory and chopped into 
small pieces (2 - 3 cm) by iron cutter. Equal amounts (13333 kg/ha) of weed vegetation 
was used for the preparation of NADEP compost (AC), Bangalore pit compost (BC), 
Ipomoea vermicompost (IV) and dry leaf powder (DLP). Equal amounts of leaf litter was 
used for the preparation of garden leaf vermicompost (GLV). The process of composting 
was done as described by Stoffella & Kahn (2001).

The experiment was laid out in a randomized block design (RBD) with seven treatments:

1. Ipomoea NADEP compost (AC);

2. Ipomoea Bangalore compost (BC);

3. Ipomoea vermicompost (IV);

4. Ipomoea dry leaf powder (DLP);

5. garden leaf vermicompost (GLV);

6. chemical fertilizer (FER); and 

7. absolute control (CO), 

with four replicates each. The fodder maize (Zea mays L.) var. ‘African Tall’ was cultivated 
at a seed rate of 100 kg/ha. A plot with the size 9 m2 and nine rows spaced 30 cm apart 
was adopted to maintain a uniform population density. The mineral  fertilizers N, P2O5 and 
K2O (120:80:40 kg/ha) were applied through urea, single super phosphate and muriate of 
potash. 

Chemical analysis
The chemical  analysis of maize crop was carried out at 87 DAS by adopting standard 
analytical methods. Ash values were obtained by burning the moisture-free samples in a 
muffle furnace at 600°C for 2 hours, and calcium (Ca) content was analyzed by titrating 
the acid soluble ash solution against 0.01 N KMnO4 solution using methyl red as indicator 
(AOAC, 1995). Nitrogen (N) was estimated by the micro-Kjeldahl method (Bailey, 1967) 
and crude protein (CP) was then calculated by multiplying N value by 6.25 as specified by 
AOAC (1995). The dry samples were boiled in distilled water, filtered and the amount of 
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water soluble reducing sugars was determined in the filtrate by using Folin-wu tubes 
(Oser, 1979). The amount of phosphorus was measured following Fiske & Subba Rau 
(1972) as described by Oser (1979). Potassium (K) Content was determined on a flame 
photometer (model Mediflame- 127) as suggested by Jackson (1973). 

Statistical analysis 
All the results were statistically analyzed using analysis of variance (ANOVA) test and 
treatment means were compared using the least significant difference (p = 0.05) which 
allowed determination of significance between different applications (Mungikar, 1997).

Results 
Analysis of organic amendments
Table 1 presents details about chemical analysis of organic  amendments. The fresh 
amount of weed used for different manure preparations was constant. Table 1 shows that  
dry matter (Kg/ha) was found to be highest in the AC treatment, followed by GLV, BC, IV 
and DLP. The nitrogen (Kg/ha) was found to be highest in the treatment of GLV and 
lowest in BC. The percent of phosphorus and potassium was found to be highest in the 
treatment of DLP. The calcium content was found highest in GLV followed by IV, BC, AC 
and DLP.

Table 1. Analysis of Ipomoea composts produced by different methods.

Treatments Fresh 
weight

(kg ha-1)

DMDM NN %%%

 

Fresh 
weight

(kg ha-1) % kg ha-1 % kg ha-1 Ca P K
AC 8333 68.43 5702 0.79 45 1.82 0.13 0.09
BC 7778 69.26 5387 0.75 40 2.02 0.15 0.11
IV 7222 66.64 4813 0.92 44 2.12 0.08 0.10

DLP 13333 14.65 1953 2.25 44 0.52 0.35 0.14
GLV 7778 69.68 5420 0.88 47 2.95 0.12 0.11

Table 2 shows that, the total  ash percentage was maximum in IV followed by BC, AC, 
GLV and DLP. The same pattern was found in the percent of carbon. The elemental 
composition of the material  processed at a composting operation is very much dependent 
upon the types of feed materials being processed (Choudhary & Thakur, 2012). However, 
both C and N are essential  to the composting process. Carbon provides the primary 
energy source and N is critical for microbial  population growth. For effective, efficient 
composting the C:N ratio is relevant. In this experiment, the highest C/N ratio was 
observed in BC and least in DLP.

Table 2. C:N ratio of Ipomoea composts.

Treatments

%%%

C:NTreatments Ash C N C:N
AC 46.33 26.87 0.79 33.95

BC 46.95 27.23 0.75 36.32
IV 48.53 28.14 0.92 30.72

DLP 14.90 8.64 2.25 3.84
GLV 41.88 24.29 0.88 27.77
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Chemical analysis of maize plant 
a) Chemical analysis of root 
The fresh weight as well as dry matter of root was higher in IV and other organic  manure 
treatments and minimum in CON (Table 3). The content of nitrogen, crude protein and 
water soluble reducing sugar were found higher in all  organic manure treatments than 
FER and lowest in the control. The phosphorus, potassium and calcium percent in root 
was comparatively more in organic manure treated plots as compared to the control 
treatment. 

Table 3. Analysis of root per plant of maize (Age of plant: 87 DAS).

Treatment
Fresh wt.

(g)

Dry matterDry matter NitrogenNitrogen C. proteinC. protein WSR SugarWSR Sugar %%%

Treatment
Fresh wt.

(g) %
yield 
(g) % yield (g) %

yield
(g) %

yield 
(g) P K Ca

AC 15.03 31.79 4.69 0.46 0.02 2.86 0.13 2.50 0.12 0.06 0.09 0.20

BC 11.60 33.06 3.68 0.48 0.02 2.99 0.11 2.12 0.08 0.07 0.10 0.15
IV 16.95 37.90 6.37 0.60 0.03 3.77 0.21 1.74 0.09 0.07 0.15 0.17

DLP 14.23 37.54 5.36 0.54 0.03 3.38 0.18 2.05 0.10 0.06 0.09 0.19
GLV 15.20 33.48 4.99 0.58 0.03 3.64 0.17 1.55 0.08 0.07 0.12 0.20
FER 13.25 34.05 4.59 0.50 0.02 3.12 0.14 1.60 0.08 0.06 0.11 0.14
CON 6.90 39.79 2.72 0.40 0.01 2.47 0.07 1.42 0.04 0.05 0.07 0.05

SE 1.24 0.44 0.003  0.02 0.01 0.003 0.01 0.02
CD 3.04  1.09  0.007  0.04  0.02 0.007 0.02 0.05

(AC- Ipomoea NADEP compost, BC- Ipomoea Banglore compost, IV- Ipomoea vermicompost, DLP- 
Ipomoea dry leaf manure, GLV- garden leaf vermicompost, FER- chemical fertilizer, CON- control, C. 
protein- Crude protein, WSR.Sugar- Water Soluble Reducing Sugar, SE- Standard error, CD- Critical 
difference)

b) Chemical analysis of stem 
The highest fresh weight of stem was accounted for in DLP treated plots and lowest in 
CON plots (Table 4). The yield of dry matter, nitrogen, crude protein and reducing sugar 
was found higher in all organic  manure treatments as compared to FER and at a 
minimum in CON. The P, K, Ca percentage in the root was higher in organic manure 
treatments and minimum in CON. 

Table 4. Analysis of stem per plant of maize (Age of plant: 87 DAS).

Treatment
Fresh wt.

(g)

Dry matterDry matter NitrogenNitrogen C. proteinC. protein WSR SugarWSR Sugar %%%

Treatment
Fresh wt.

(g) % yield (g) % yield (g) % yield %
yield 
(g) P K Ca

AC 186.65 12.00 22.22 1.04 0.23 6.51 1.47 6.26 1.39 0.15 0.54 0.17

BC 162.13 12.97 19.77 1.06 0.21 6.64 1.29 6.53 1.28 0.17 0.58 0.12

IV 208.48 13.39 28.07 1.12 0.27 7.03 1.66 7.12 1.67 0.16 0.69 0.13

DLP 221.78 13.59 30.14 1.17 0.36 7.29 2.23 7.34 2.22 0.15 0.82 0.16

GLV 175.48 13.04 22.63 1.08 0.25 6.77 1.55 6.90 1.56 0.18 0.79 0.15

FER 150.10 12.84 19.26 1.10 0.21 6.90 1.32 6.13 1.18 0.14 0.59 0.11

CON 49.98 14.41 7.18 0.79 0.06 4.95 0.35 5.65 0.41 0.11 0.45 0.04

SE 21.35 2.81 0.034 0.21 0.21 0.009 0.05 0.02
CD 52.31  6.89  0.083  0.52  0.51 0.022 0.12 0.04
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c) Chemical analysis of leaves
The fresh weight of leaves was found higher in IV followed in order by DLP, AC, BC, GLV 
and FER and lowest in CON (Table 5). The yield of dry matter was found at a maximum 
in the IV treatment and minimum in the CON. The yield of nitrogen, crude protein and 
water soluble reducing sugar was found higher in all  organic  manure treatment as 
compared to FER and at a minimum in CON. The P, K and Ca content were found higher 
in all organic manure treatment as compared to FER and at a minimum in CON. 

Table 5. Analysis of leaves per plant of maize (Age of plant: 87 DAS).

Treatment
Fresh wt.

(g)

Dry matterDry matter NitrogenNitrogen C. proteinC. protein WSR SugarWSR Sugar %%%

Treatment
Fresh wt.

(g) %  (g) %  (g) %  (g) % (g) P K Ca

AC 72.30 23.81 17.36 2.10 0.37 13.15 2.32 3.73 0.64 0.13 0.49 0.28
BC 71.10 23.26 16.58 2.25 0.37 14.06 2.33 3.60 0.60 0.16 0.52 0.23

IV 81.83 26.79 21.6 2.46 0.49 15.36 3.07 3.91 0.77 0.15 0.60 0.26

DLP 78.53 26.13 20.14 2.50 0.51 15.62 3.16 4.04 0.82 0.13 0.69 0.29

GLV 70.93 24.07 16.95 2.23 0.38 13.93 2.36 3.45 0.58 0.17 0.72 0.29

FER 64.28 22.98 14.45 2.04 0.29 12.76 1.84 3.21 0.47 0.12 0.51 0.21

CON 43.73 27.46 11.96 1.40 0.16 8.72 1.02 2.62 0.31 0.10 0.40 0.08

SE 4.72 1.23 0.04 0.28 0.07 0.008 0.04 0.03
CD 11.56  3.01  0.11  0.67  0.16 0.021 0.1 0.07

d) Total yield of fodder maize
Table 6 gives details of analysis of total aerial biomass of maize plant at final  harvesting 
(85 DAS). The average yield of fresh aerial  biomass (kg/ha) of maize was highest (39861 
kg/ha) in the plots receiving the IV treatment (39862 kg/ha) followed in order by DLP, AC, 
BC, GLV, FER and lowest in CON (20556 kg/ha). The dry matter and water soluble 
reducing sugar content (kg/ha) of maize was found at a maximum in the IV treatment f 
and minimum in CON plots. The nitrogen (kg/ha) as well as crude protein content was 
found greater in all organic manured plots and minimum in the control. All  the results are 
calculated on the dry matter basis and the values are the means of four replicates. All the 
values were statistically significant over control (p = 0.05).

Table 6. Total yield of maize plant (Age of crop: 87 DAS).

Treatment

Fresh wt.Fresh wt. Dry matterDry matter NitrogenNitrogen Crude ProteinCrude Protein WSR SugarWSR Sugar

Treatment  kg/plot kg/ha % kg/ha % kg/ha % kg/ha % kg/ha

AC 34.00 37778 19.27 7281 1.60 117 10.02 730 5.69 414
BC 32.88 36528 18.88 6896 1.42 98 8.85 610 5.09 351

IV 35.88 39861 19.78 7886 1.37 108 8.59 677 6.35 501

DLP 34.50 38333 18.67 7158 1.69 121 10.54 755 6.04 432

GLV 32.00 35556 19.33 6872 1.46 100 9.11 626 5.88 404

FER 30.13 33472 20.35 6810 1.33 91 8.33 567 5.13 349

CON 18.50 20556 20.48 4210 1.00 42 6.25 263 4.01 169

SE  2463  443  9.94  62.11  39.39
CD  6035  1084  24.34  152.17  96.51

Naikwade

                                                                                                                                35



Discussion
Based on the results, it is evident that the combined application of organic  manures 
prepared from Ipomoea weed is one of the best sources of nutrients for fodder maize 
crop as reflected by increased crop growth yield relative to the sole application of 
inorganic  fertilizers and absolute control. In support of this, earlier there are results of 
increased maize yield by application of organic  manure (Adekayode & Olojugba, 2010). 
Accumulation of dry matter and its distribution into different plant components is an 
important consideration in achieving desirable economic  yield from crop plants (Singh & 
Yadav, 1989). Application of organic manures positively affects the growth and 
development of plant roots and shoots (Choudhary et al., 2006). Patra et al. (2000) 
proved that organic  manure contains high content of nitrogen and phosphorus and a slow 
and sustainable availability of the nutrients can occur in various crops. 

The improved performance of maize as a result of added Ipomoea  manures is due to the 
supply of nutrient elements to the plants. Maize is a crop that has exhausting effects on 
the soil, and it needs a supply of the necessary nutrients in the correct proportions to 
produce a satisfactory yield (Ristanovic, 2001). The application of Ipomoea manures 
showed increases in the nitrogen, phosphorus, potassium, and calcium in maize plants 
which have physiological importance in the formation of chlorophyll, nucleotides, alkaloids 
as well as in many enzymes, hormones and vitamins for optimum crop yield (Mohamed et 
al., 2008). Application of weed manures has been shown to enhance chlorophyll and 
nutrients in spinach (Naikwade et al., 2011) The application of organic manures would 
have helped in the plant metabolic activity in the early vigorous growth of crop plants 
(Muthukumaravel et al., 2008). Shah & Ahmad (2006) reported profitable increases in 
crop and N yields of wheat with the integrated use of organic  manures and urea. In the 
present research, vermicompost prepared from Ipomoea gave excellent results which 
were superior to other Ipomoea organic manures. Choudhary et al  (2006) verified that 
vermicompost gives higher yields than compost and other manures. 

Conclusion
The current study indicates that the various manures prepared from Ipomoea muricata 
(L.) Jacq. have superior effects on the yield, water soluble reducing sugar and other 
nutrient content of maize crop compared to chemical fertilizer and the control. The 
application of Ipomoea vermicompost (IV) was the most effective treatment in increasing 
the nutrient quality of the crop and also the total  yield as compared to the other 
treatments. The vermicompost, compost and the dry leaf powder prepared from Ipomoea 
are better and cheaper sources of plant nutrients for farmers and work with high 
efficiency and are superior to chemical fertilizer treatments. As the cost of inorganic 
fertilizers is increasing it is important to consider organic  manures prepared from weeds, 
such as Ipomoea vermicompost, compost, and Ipomoea dry leaf manure. The production 
of compost offers the opportunity of recycling nutrients. The use of inorganic fertilizers 
can be reduced by replacement with organic  manures to obtain more profitable maize 
production for the economic emancipation of Indian maize farmers. 
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Abstract
A pot trial  was conducted in the screen-house of Kwara State University, Malete, Nigeria 
during 2014 to examine the influence of organic, mineral and organomineral fertilizers on 
growth, yield, and soil properties in grain amaranth (Amaranthus cruentus) as well as 
residual  effects. The treatments comprised of Aleshinloye Grade A (Organomineral 
fertilizer), Aleshinloye Grade B (Un-amended compost), Sunshine Grade A 
(Organomineral fertilizer), Sunshine Grade B (Un-amended compost), NPK and control. 
The experiment was laid out in a completely randomized design (CRD) with four 
replicates. All  the treatments (except the control of no soil additive) were applied at the 
rate of 90 kg N ha-1. Pre and post cropping analysis of soils used in screen house were 
done. Measurements of agronomic parameters were taken and data collected were 
subjected to analysis of variance (ANOVA) using the statistical  analysis system (SAS). 
The parameters assessed were significantly influenced (p<0.05) by the applied fertilizer 
types.The results show that dry shoot weight values of Amaranthus cruentus were 2.3 
and 2.1g respectively with Sunshine Grade A and Aleshinloye Grade A and these were 
significantly (p< 0.05) higher than that of NPK treatment (1.8g) after the first cropping. 
Residual  effect of Amaranth fresh shoot weight values obtained from Sunshine Grade A 
and Aleshinloye Grade A were also significantly (p< 0.05) higher than that of the NPK 
tratment. Sunshine Grade A and Aleshinloye Grade A had a significant and additive effect 
on soil  nutrients after harvesting of Amaranthus cruentus when compared with NPK in the 
first and second croppings. Thus organic fertilizers fortified with mineral fertilizer have 
great potential in the production of amaranth and could also be used effectively in 
increasing soil fertility for amaranth production.

Keywords: Organic fertiliser, organomineral fertiliser, Amaranthus cruentus, soil  fertility, 
NPK, yield, Nigeria.

Introduction
Amaranthus cruentus is grown for its leaves and is a highly prized leaf vegetable in 
Nigeria due to its high nutritional and commercial  significance. Amaranthus cruentus is 
rich in vitamins, including β-carotene (precursor of vitamin A), vitamin B6, vitamin C, 
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riboflavin, and folate, and dietary minerals including calcium, iron, magnesium, 
phosphorus, potassium, zinc, copper, and manganese (Musa et al., 2011). Grain 
amaranth has the potential to substitute for expensive animal protein because of its 
comparable protein quality and quantity (FAO, 2003).

The cooked leaves of amaranth are eaten in different ways according to local  customs, 
either as a vegetable soup or a sauce, though it is recommended that the leaves should 
not be boiled for more than fifteen minutes, in order to prevent significant losses of the 
vitamin C in them.

In recent years there has been an increase in the demand for this crop as a vegetable, 
especially in the urban centres where people are not involved in primary production (Law-
Ogbomo et al., 2009). This has made the vegetable an important commodity in our 
markets and amaranth production is an important economic activity for rural women.

Amaranthus cruentus species are extensively cultivated. Due to their early maturity and 
ability to survive in mixture with other arable crops, they remain the most preferred crop 
by many farmers for early revenue generation and survival while the farmers are still 
awaiting other crops to mature in traditional subsistence mixed cropping systems. 
Amaranthus cruentus is produced under different cropping systems in home gardens, 
farms, inland valleys (fadamas), and peri-urban gardens (Makinde, 2012). 

Soils in Sub-Saharan Africa are inherently infertile and characteristically low in soil 
organic  matter content and cannot support intensive cultivation due to the rapid rate of 
fertility decline under intensive cultivation (Shiyam & Binang, 2013). The use of various 
fertilizers have addressed these problems (Ojetayo et al., 2011; Senjobi et al., 2012; 
Olowoake et al., 2013). The use of inorganic fertilizer to increase yield has been found to 
be effective as a short term solution which demands consistent use on a long-term basis. 
The hazardous environmental consequences and high cost of inorganic  fertilizers make 
them not only undesirable but also uneconomical and out of reach of the poor farmers 
who dominate the Nigerian agricultural sector (Oyedeji et al., 2014). 

The demand for vegetables of high ecological value has contributed to the expanding use 
of organic fertilizers (Vlahova & Popov, 2013). The use of organic manure cannot be over 
emphasized because of its usefulness in the improvement of physical  and biological 
conditions of soil  which in turn improves the crop growing environment and culminates in 
the better production of economic  plants. Apart from the role of organic manure as a store 
house for plant nutrients it acts as a major contributor to cation exchange capacity and as 
a buffering agent against undesirable pH fluctuations (Olaniyi & Ojetayo, 2010). 

Complementary use of organic and inorganic fertilizers has been proved to be a sound 
soil  fertility management strategy (Law-Ogbomo et al., 2011). Organic fertilizer fortified 
with inorganic materials may be formulated to replenish the soil and improve plant 
fertilization. It releases nutrients in soil in the form that plants can easily absorb and it can 
activate soil micro-organisms and increase microbes, which will help the decomposition 
processes of organic  matter. This will  promote higher plant growth, healthier crops and 
better fruit yield. It reduces the needs of chemical fertilizer, which will  lead to lower 
production cost and indirectly increases income (Worthington, 2001). 
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Many experiments have been conducted with the use of combined agro-waste and 
mineral  fertilizers for crop production in different formulations. Ogunlade et al., (2011) use 
cocoa pod husk fortified with urea for production of African eggplant (Solanum 
macrocarpon). Olaniyi  and Oyelere (2012) used Aleshinloye grade A and Sunshine grade 
A fertilizers to increase the growth, yield and nutritional  compositions of fluted pumpkin. 
Little or no research havs been conducted on the response of soils and Amaranths to 
these fertilizers in Ilorin, North-central Nigeria. 

Thus, an experiment was set up to compare the effect of organic, mineral  and 
organomineral  fertilizers on the growth and yield of Amaranthus cruentus and to evaluate 
the residual  effect of different fertilizers on the soil  properties in screen-house under an 
Amaranthus cruentus crop.

Materials and Methods

The potted experiment was set up in a screen-house during 2014 at Kwara State 
University (Latitude 80 71’N and Longitude 40 44’E), Malete. The experiment was carried 
out to study the effects of organic, mineral and organomineral  fertilizers on the soil 
properties, growth and yield of Amaranthus cruentus. Twenty four pots were filled with 
5.5kg of soil. 

The treatments used were: 

1. Aleshinloye Grade A (compost amended with mineral fertilizer);

2. Aleshinloye Grade B (un-amended compost);

3. Sunshine Grade A (compost amended with mineral fertilizer);

4. Sunshine Grade B (un-amended compost); 

5. mineral fertilizer (NPK 15-15-15); and 

6. control. 

Aleshinloye Grade A and B are commercial organic fertilizer products of Aleshinloye 
Fertilizer Plant, Ibadan, Oyo State Nigeria. Sunshine Grade A and B are commercial 
organic  fertilizers developed by Ondo State Government of Nigeria. The results of 
analyses of the fertilizer are summarized in Table 1.

Table 1: Proximate analyses for Organo-mineral fertilizer Grade A and B. Source: Ondo State 
Government (2012) and Aleshinloye Fertilizer Company, Ibadan, Nigeria.

Organo-mineral fertilizer 

                                              

             

                  N                                             

Nutrient %

P K

Sunshine Grade B 3.5 1.0 2.5
Sunshine Grade A 3.5 2.5 4.0
Aleshinloye Grade A 5.1 4.4 1.8
Aleshinloye Grade B 1.2 0.8 2.9

All the treatments except the control were applied at the rate of 90 kg N/ha as 
recommended by Ejieji  & Adeniran (2010) for the optimum growth of amaranth. Each 
treatment was mixed with soil thoroughly. The organic sources were applied a week 
before planting while the mineral fertilizer was applied two weeks after planting. Amaranth 
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(Amaranthus cruentus) seeds were broadcasted and thinned to maintain 2 plants /pot. 
The treatments were arranged in a completely randomized design (CRD) with four 
replicates. 

Pre-cropping chemical  analysis of the experimental  soil used in the screen-house was 
carried out before the experiment and repeated at the first and second harvest to 
determine the nutrient status of the soil. Particle size distribution was determined by the 
hydrometer method (Bouyoucos, 1962) and the soil pH was determined in 0.01M CaCl2. 
Soil organic carbon and the total N were evaluated by the Walkey & Black (1963) method 
and the micro-Kjeldahl digestion method (Bremmer & Mulvaney, 1982), respectively. 
Available P was extracted by the method of Bray & Kurtz (1945), while exchangeable 
bases (Ca, Mg, K and Na) contents were extracted with neutral 1M NH4OAc  at a soil 
solution ratio of 1:10 and measured by flame photometry. Magnesium was determined 
with an atomic absorption spectrophotometer (AAS). Micronutrients were extracted with 
0.1 EDTA and determined using atomic absorption spectrophotometer (Table 2).

Table 2. Physico-chemical properties of experimental soil. 

Parameters                                                                                                              Soil test value                      Parameters                                                                                                              Soil test value                      
pH 6.9
Organic carbon (g kg-1)  11.8
Total N (g kg-1) 2.04
P Mehlich (mg kg-1) 10.2
Exchangeable bases (C mol kg-1) 
K 0.17
Mg  0.46
Ca 2.35
Na 1.86
Extractable micronutrients (C mol kg-1) 
Cu 1.58
Fe 67.8
Zn 3.2
Mechanical composition (g kg-1) 
Sand 872
Silt 94
Clay 34
Textural class  Loamy sand

Collection of data commenced from 3 weeks after planting and was done weekly till  the 
sixth week. The experiment was repeated without any fertilizer application at the second 
planting. The data taken include, plant height, stem girth, number of leaves per plant, 
fresh, and dry shoot weight. The data collected were subjected to analysis of variance 
(ANOVA) and treatment means were separated by Duncan Multiple Range Test (DMRT).

Results and Discussion
The chemical  properties of the soil used for the experiment are presented in Table 2. The 
soil  was slightly acidic  and low in total N, exchangeable K, Ca and Mg. Available P was 
fairly good for vegetable crop production (Table 2). The low soil contents for the major 
nutrients signify the need for improvement for optimal Amaranthus cruentus performance.  

Journal of Organics (JO), Volume 1 Number 1, 2014

42                                                                                                                            



Table 3 shows data collected on the effects of fertilizer types on growth and shoot weight 
of Amaranthus cruentus at six weeks after planting during the first and second field 
cropping. When compared with the control, NPK 15:15:15, Aleshinloye Grade A, 
Aleshinloye Grade B, Sunshine Grade A and Sunshine Grade B each significantly 
(p<0.05) increased growth parameters after the first treatment application. 

Table 3. Effects of fertilizer types on growth parameters and shoot weight of Amaranthus 
cruentus at 6 Weeks after Planting during first and second field cropping. Means having the 
same letter along the columns indicate no significant  difference using Duncan’s  Multiple Range Test 
at 5% probability level.
Treatments                                           Treatments                                           Treatments                                           Treatments                                           Plant Height

(cm)
Plant Height

(cm)
No of leaves Stem girth 

(cm)
Fresh shoot 
weight (g)
Fresh shoot 
weight (g)

Dry shoot
Weight (g)
Dry shoot
Weight (g)

                                                                      First Cropping                                                                      First Cropping                                                                      First Cropping                                                                      First Cropping                                                                      First Cropping                                                                      First Cropping                                                                      First Cropping                                                                      First Cropping                                                                      First Cropping                                                                      First Cropping                                                                      First Cropping                                                                      First Cropping                                                                      First Cropping
ControlControl 16.9c16.9c 11.2b 1.0c1.0c 4.0c 1.0c1.0c
Sunshine ASunshine A 29.4a29.4a 13.9ab 1.9b1.9b 9.7a 3.8a3.8a
Aleshinloye AAleshinloye A 29.9a29.9a 1 4.4ab 2.3a2.3a 9.4a 3.6a3.6a
Sunshine BSunshine B 27.9b27.9b 15.0ab 1.7b1.7b 6.6b 1.8b1.8b
Aleshinloye BAleshinloye B 26.4b26.4b 14.1ab 1.8b1.8b 6.5b 1.7b1.7b
NPKNPK 29.0a29.0a 15.9a 1.9b1.9b 1.3b 1.3b1.3b

                                                                       Residual effect                                                                       Residual effect                                                                       Residual effect                                                                       Residual effect                                                                       Residual effect                                                                       Residual effect                                                                       Residual effect                                                                       Residual effect                                                                       Residual effect                                                                       Residual effect                                                                       Residual effect                                                                       Residual effect                                                                       Residual effect
ControlControlControl   9.7c 9.7c 0.6c 0.8d0.8d 0.3c0.3c
Sunshine ASunshine ASunshine A   13.6a 14.1a 1.9a 2.3a2.3a 1.1a1.1a
Aleshinloye AAleshinloye AAleshinloye A   13.8a 14.7a 1.9a 2.1a2.1a 0.9a0.9a
Sunshine BSunshine BSunshine B   10.6c 12.0b 1.1b 1.4c1.4c 0.6b0.6b
Aleshinloye BAleshinloye BAleshinloye B   11.5bc 11.7b 0.9b 1.5c1.5c 0.5b0.5b
NPKNPKNPK   12.0b 11.4b 0.8b 1.8b1.8b 0.5b0.5b

At first planting, the height of the Amaranths that received Aleshinloye A showed the 
highest means of 29.9 cm, followed by Sunshine A (29.4cm) and this was significantly (p< 
0.05) different from Sunshine B, Aleshinloye B and the control. The highest stem girth 
(2.3cm) recorded in Amaranthus cruentus at 6 weeks after planting (WAP) was from 
Sunshine A. This was significantly (p< 0.05) higher than other treatments including NPK. 
Mean stem girth value ranged from 3.3 cm in Sunshine A to 1.0 cm in the control. Pots 
treated with Aleshinloye Grade A and Sunshine Grade A fertilizer consistently had the 
highest increase in plant height, number of leaves, stems girth, and were significantly 
different from all other treatments at the second planting.

Table 3 also shows the effects of organic composts, organomineral  fertilizers, and 
inorganic  fertilizer on the fresh and dry shoot weight of Amaranthus cruentus at first and 
second cropping. Pots treated with NPK fertilizer, un-amended compost and 
organomineral  fertilizers also show significant difference (P<0.05) in fresh and dry shoot 
weight when compared with the control. 

The residual  effects shows that Aleshinloye Grade A and Sunshine Grade A fertilizers 
significantly (p<0.05) increased both fresh and dry shoot weight of Amaranthus caudatus. 
Residual  application of Aleshinloye Grade A and Sunshine Grade A on Amaranths 
showed that fresh shoot weight and dry shoot weight values were significantly (p<0.05) 
different from NPK and control. The values of growth parameters and shoot weight of 
Amaranthus cruentus were observed to be low in the plot without any treatment. This 
might be as a result of low nutrients status of the soil  especially N and K. The high values 
of plant height and number of leaves of Amaranths grown in the pot treated with NPK 
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15:15:15 fertilizer over Aleshinloye Grade B and Sunshine Grade B during the first 
cropping might be as a result of its quicker release of N, P and K which are the major 
nutrients required by crop for vegetative growth, seed and root development. This 
observation is in line with the findings of Moyinjesu (2007) that mineral  fertilizers quickly 
release their nutrients to the soil  than organic  wastes. Among the fertilizer treatments, 
organomineral  fertilizers record the highest increase in plant height, number of leaves, 
stem girth, fresh and dry shoot weight at second planting. This might be as a result of 
higher N, P, and K present in organomineral fertilizer than un-amended compost 
(Akinyele et al., 2012).

Akanbi et.al., (2000) has reported the plant height, leaf area and yield of Amaranth 
increased with application of maize stover compost amended with inorganic  nitrogen. 
Also, Akanni et al., (2011) observed that fresh matter and number of leaves of grain 
amaranths were significantly increased by the application of organomineral fertilizer. 
Application of Aleshinloye Grade A and Sunshine Grade A was superior to the use of NPK 
fertilizer in the production of shoot weight component. This is in line with the the results of 
Sridhar & Adeoye, (2003) and Ogunlade et al., (2011) who reported that the combinations 
of organic and mineral  fertilizer perform better on crop yield than when each of them is 
solely used. 

Table 4. Effects of fertilizer types on some soil chemical and physical properties at harvest 
during the first and second field cropping. Means having the same letter along the columns 
indicate no significant difference using Duncan’s Multiple Range Test at 5% probability level.

Treatment pH (H20)pH (H20) Available P
 mg kg-1

K
c mol kg-1

OC
                                                                      

  N Clay 
 g kg-1

Silt Sand

                                                                                     First Harvest                                                                                     First Harvest                                                                                     First Harvest                                                                                     First Harvest                                                                                     First Harvest                                                                                     First Harvest                                                                                     First Harvest                                                                                     First Harvest                                                                                     First Harvest                                                                                     First Harvest                                                                                     First Harvest                                                                                     First Harvest                                                                                     First Harvest
ControlControlControl 7.0d 8.38f 0.19c 10.22e 1.77f 54a 94a 852a

Sunshine ASunshine ASunshine A 7.4a 60.07b 1.12a 15.72a 2.72a 54a 94a 852a

Aleshinloye AAleshinloye AAleshinloye A 7.2c 63.18a 1.14a 14.72a 2.14b 54a 94a 852a

Sunshine BSunshine BSunshine B 7.3b 22.36d 1.06b 14.72b 2.04c 54a 94a 852a

Aleshinloye BAleshinloye BAleshinloye B 7.3b 61.60c 1.00b 11.79c 1.84d 54a 94a 852a

NPKNPKNPK 7.0d 20.38e 1.02b 10.60d 1.82e 54a 94a 852a

                                                                                     Second Harvest                                                                                         Second Harvest                                                                                         Second Harvest                                                                                         Second Harvest                                                                                         Second Harvest                                                                                         Second Harvest                                                                                         Second Harvest                                                                                         Second Harvest                                                                                         Second Harvest                                                                                         Second Harvest                                                                                         Second Harvest                                                                                         Second Harvest                                                                                         Second Harvest    
ControlControl 7.1d7.1d 17.93d 0.16e 4.43e 0.46f 74a 54b 872a

Sunshine ASunshine A 7.9a7.9a 68.52a 0.26a 10.48a 1.09a 74a 74a 852b

Aleshinloye AAleshinloye A 7.6c7.6c 67.77a 0.25a 9.67ab 1.00b 74a 74a 852b

Sunshine BSunshine B 7.7b7.7b 45.58b 0.23b 6.45c 0.75c 74a 74a 852b

Aleshinloye BAleshinloye B 7.6c7.6c 39.33c 0.22c 7.26b 0.67d 74a 74a 852b

NPKNPK 7.7b7.7b 30.77c 0.19d 5.24d 0.54e 74a 74a 852b

Table 4 shows the results of fertilizer types on some soil chemical and physical properties 
at harvest during the first and second field cropping. The increase in the soil pH level  of 
the pots after harvest from first cropping is an indication of the buffering capacity of the 
un-amended composts and organomineral fertilizer treatment applied (Olowoake & 
Adeoye, 2013). After first harvest, Sunshine Grade A and Aleshinloye Grade A had the 
highest soil available P of 68.52 and 67.77 mg kg-1 respectively. The available P contents 
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increased more than in NPK fertilizer or control pots. This reflects the high level of P 
available in the organomineral used. This finding corroborates the work of Olowoake & 
Adeoye (2013) who found that compost increase soil pH and OC, N, P and K. Also, The 
increases in soil OC, N, K, and P observed after harvest in soils treated with organo-
mineral  fertilizer, Aleshinloye Grade B and Sunshine B might be as a result of the slow 
rate in which their nutrients are released into the soil. Therefore, the crop could not make 
use of these nutrients due to its short (vegetative and reproductive) life cycle. Akinyele et 
al., (2012) opined that organic fertilizers show greater capacity than inorganic fertilizer in 
retaining nutrients in forms that can easily be taken by plants over a longer period. 

The low fertility status of the soil  treated with NPK (15:15:15) observed after harvest 
might be partly due to early nutrient mineralization, thereby making the nutrients readily 
available for plant use and partly due to nutrient leaching. Hence, the application of 
inorganic  fertilizers does not always improve soil organic matter which is a store house 
for nutrients. After second harvest, Sunshine Grade A and Aleshinloye Grade A had the 
soil  available P values of 68.52 and 67.77 mg/kg which was 54% and 55% respectively 
higher than the soil  available P value obtained from NPK treatment. The available P 
contents increased more than in NPK fertilizer or control  plots. Increase in the availability 
of P after organic manure applications has also been reported by Choudhary et al., 
(2006) and Eghball, et al., 2004. 

Conclusion 
All the five types of fertilizers used were found to increase the growth parameters and 
shoot weight of Amaranthus cruentus significantly; however, the effect of Sunshine Grade 
A and Aleshinloye Grade A were most prominent. Organomineral  and unamended organic 
compost were also found to have better residual  effects on soil nutrients than NPK 
fertilizer. 

Therefore, integrated use of organic  and mineral fertilizer and unamended organic 
compost showed promising potential  for improving soil fertility and growth and yield 
performance of Amaranthus cruentus in Ilorin and in similar types of agro-ecological 
zones in Nigeria.
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Abstract
The root-burrowing nematode, Radopholus similis is considered to be the most 
destructive nematode associated with banana production worldwide. This nematode can 
reduce plant growth and yield by more than 50% and decrease the productive life of 
banana fields. R. similis control in the Windward Islands banana industry has been based 
on the application of synthetic nematicides, which are now prohibited due to human 
health and environment hazards. One possible alternative is the utilization of plant 
extracts with known nematoxic effects such as Azadirachta indica and Allium sativum. 
The efficacy of these phytochemicals at managing R. similis were assessed and 
compared with a synthetic nematicide, Ethoprophos (Mocap 15G) in two banana pot 
trials. There were 5 treatments (Control  A, Control B, Neem X, Garland, and Mocap 15G)) 
with 6 plants per treatment. The results of the root and soil  extractions showed that all 
treatments caused a significant reduction in R. similis population density (p=0.05), with 
Mocap 15G being the most effective. From the plant growth data it was observed that all 
treatments caused a significant increase in plant growth (p=0.05). No significant 
difference in the pseudostem length and girth, as well  as, the leaf number and area were 
observed between treatments. The root and corm weights also showed no significant 
differences between treatments. The efficacy of botanical nematicides and their effect on 
banana production in the Windward Islands are discussed. 

Keywords: Allicin, Azadirachtin, botanical control, nematostat, Trinidad and Tobago.

1. Introduction
The banana industry has been a key source of employment and foreign revenue to the 
Windward Islands for over eighty years (NERA, 2004). The banana trade has provided a 
direct living for thousands of small-scale producers and has accounted for up to 50% of 
the Windward Islands’ total export revenue with sales of 274,000 tonnes a year to a value 
of US$147m. This industry, while blessed with a warm tropical  climate, is threatened by 
tropical storms and a complex of fungi, insects and nematodes, the latter being one of the 
most important limiting factors. These factors have led to a major reduction in banana 
production and exports to a mere 99,000 tonnes a year at a value of US$45m (Wiltshir 
2004). The root-burrowing nematode, Radopholus similis (Cobb1893) Thorne 1949 is 
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considered to be the most destructive nematode associated with banana production 
worldwide (Gowen et al  2005). Radopholus similis feeds on the cortical cells of root and 
corm (rhizome) tissues causing cavities to develop, which evolves as root necrosis 
(Brooks 2008). This in turn reduces growth and yield by more than 50%, lengthens the 
time to fruiting, and decreases the productive life of banana fields (Quénéhervé et al. 
2006). Plant anchorage is also affected, which results in toppling or uprooting (Gowen et 
al  2005) Effective R. similis control  is therefore essential for the survival  of the banana 
industry.

Despite the fact that there has been international advocacy for organic agriculture since 
1940 (Paull, 2014) the uptake of organic principles of production has been slow in 
Trindad and Tobago. Although 164 countries report certified organic agriculture statistics, 
and some report organic  banana production, no organically managed land is reported by 
Trinidad and Tobago (Willer & Lernoud, 2014). In the past, in Trinidad and Tobago, 
Radopholus similis control  has been based mainly on the use of synthetic nematicides 
such as, Ethoprophos, Oxamyl and Aldicarb (Chabrier & Queneherve. 2003). These 
products are now prohibited due to their adverse impacts on human health and the 
environment (Nagaraju et al 2010). Windward Islands banana farmers are also barred 
from using other synthetic nematicides due to Fair-trade arrangements (Isaac et al., 
2007). Plant-based pest control agents have long been touted as alternatives to synthetic 
nematicides (Javed et al 2006). Such phytochemicals reputedly pose little threat to the 
environment or to human health and their use is approved under organic and Fair-trade 
arrangements (Amadioha, 2003). However, the adoption of such a management strategy 
has been met with scepticism by banana producers who question the efficacy and 
consistency of these phytochemicals (Villanueva 2005). In this study, phytochemicals 
derived from Azadirachta indica and Allium sativum extracts were assessed and 
compared with Ethoprophos for their effectiveness at reducing R. similis population 
density in the roots and soil, and preventing banana growth and yield losses. 

2. Materials and Methods
Two pot trials were conducted throughout 2009 and 2010 at the University of the West 
Indies Field Station (UFS) situated in Valsayn, Trinidad (10° 39' 0" N/ 61° 25' 0" W). The 
average monthly temperature and precipitation at UFS were 27.2oC and 1719.5mm, 
respectively for the length of the study. The growing medium comprised of sterilized 
Fluventic Eutropept soil (River Estate Loam), with a CEC of 4.8 cmol/kg and a pH of 6.5.

2.1 Experimental Design 
Each trial consisted of 30 banana plants (cv. Lacatan), planted in 50 L plastic-drums and 
spaced 2×2m apart. The drums were arranged in a completely randomized design with 
five treatments (Control  A, Control B, Neem X, Garland, and Mocap 15G) and six 
replicates. Plants were grown for 1 month and then inoculated with 500 R. similis 
following the procedures of Speijer & De Waele (1997). One month after inoculation, 
nematicidal treatments were applied as a soil  drench (1L) at the base of the pseudostem. 
The active ingredients, sources, application rates and frequencies of each treatment are 
given in Table 1. Agronomical management was done according to the protocols 
recommended in the Windward Islands for banana production, which included 
fertilization, irrigation, pruning, propping, de-suckering, and pest and disease 
management (Paul et al 1993).
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Table 1: Active Ingredients, sources, application rates and frequencies of treatments 
Treatments (Trade 

Names)

Active Ingredients 

(Common Names)

Active Ingredients 

(Common Names)

Parent 

company

Application rate Application frequencyApplication frequency

Control A No R. similis -- - -

Control B R. similis only -- - -

Neem X® Azadirachtin 
(3000 ppm)

Marketing Arm 
International
Marketing Arm 
International

2.7ml/L 7 days intervals for 3 
applications

Garland® Allicin ( <1 ppm) OMEX Agriculture 

Ltd

OMEX Agriculture 

Ltd

2.16ml/L 7 days intervals for 3 
applications

Mocap 15G® Ethoprophos Bayer Crop 
Science
Bayer Crop 
Science

15g/m2 7 days intervals for 3 
applications

2.2 Data Collection
i. Radopholus similis Population Density

An estimation of the R. similis population density was done using extraction 
methodologies described by Southey (1986) for the roots, and Whitehead & Hemming 
(1965) for the soil. The blender nematode filter extraction method was used to extract 
nematodes from 15g of roots while the Whitehead tray method was modified to extract 
nematodes from 200ml of soil. The collected nematode sample was identified and 
counted in three 1ml aliquots out of a 10ml aqueous suspension using a stereoscopic 
microscope. All vermiform stages (juveniles and adults) were counted.

ii. Root Necrosis Index and Banana Root and Corm Fresh Weight

At the end of each trial  the plants were excavated, their roots and corms cleaned to 
remove soil particles and their root necrosis index (RNI) and root and corm fresh weights 
(RCFW) determined. A modified Bridge & Gowen (1993) root necrosis index was used to 
determine root rotting on a 0 to 4 scale [0 = no damage; 1 = <25% of total  root cortex with 
necrosis; 2= 26–50% of the total root cortex with necrosis; 3 = 51–75% of total root cortex 
with necrosis; 4 = >75% of total root cortex with necrosis]. Fresh weight (kg) was 
determined using a Rebure pocket balance (Germany).

iii. Plant Growth
Throughout the study the following crop measurements were recorded weekly: 

(a) The pseudostem length (cm) measured from the point of the lowest leaf to the base 
of the pseudostem. 

(b) The pseudostem girth/circumference (cm) measured from a point at half the 
pseudostem length. 

(c) The total number of fully opened functional leaves (Fogain 2000). 

(d) Leaf area (LA) predicted with the regression models: LA=0.0266+(L×W×0.7629) 
(r=0.98), where L= leaf length and W= leaf width. The third leaf from the top of the 
plants was selected as the standard leaf for measurement (Potder & Pawer 1990).

2.3 Data Analysis
Differences in nematode density, necrosis index, roots and corm fresh weight, and growth 
parameters were analyzed with the use of analysis of variance (ANOVA). Pearson 
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correlation was used to determine the strength of relationship between the R. similis 
density in the roots and the necrosis index. Prior to analyses, variables were tested for 
homogeneity of variances and normality, and data found to be non-homogenous were 
either Log10 (X + 1) or square root transformed before statistical  analysis. Non-
transformed means were reported in Figures and Tables and only significant differences 
(P ≤ 0.05) will be discussed unless stated otherwise. All  statistical  analysis was 
performed using the statistical software Minitab® 16.1.1 (Minitab Inc).

3. Results and Discussion
3.1 Radopholus similis Population Density
All nematicides were successful at reducing R. similis population density in the root and 
soil. Plants treated with Ethoprophos had a lower R. similis density than those treated 
with Azadirachta indica and A. sativum extracts (Fig.1). Several studies have reported on 
the notable effects of Ethoprophos in Musa spp. which acts as a nematostat in low 
concentrations (Stirling & Pattison 2008; Quénéhervé, 2009; Radwan et al 2012). 
However, to maintain its high effectiveness, frequent applications were required, which 
increases its negative effects on the environment and human health (Sipes & Schmitt 
1995). 

Plants treated with Azadirachta indica had a high R. similis density in the soil  (570) but a 
lower density in roots (275). This disparity was due the anti-feedant properties of 
Azadirachtin, the phytochemical found in Azadirachta indica  (Sidhu 2003). Rehma et al 
(2009) suggested that Azadirachtin can induce nematostatis, a process that inhibits 
nematodes from invading plants without directly killing them. The phytochemicals found in 
Allium sativum (Allicin) demonstrated a similar but less effective anti-feedant effect and 
was inconsistent at reducing R. similis density in the roots. This inconsistency may be 
due to the life cycle of R. similis, which can be completed in the root, without any stage in 
the soil. Thus preventing exposure to the Allicin applied in the soil (Araya 2003).

Figure 1. Effects of nematicidal treatments on R. similis density in the roots and soil of 
banana plants. Values are the average of 6 replicates. Bars with the same letter are not 
significantly different (P > 0.05). 
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Endo-parasitic  nematodes, such as R. similis were expected to be more prevalent in the 
roots than the soil. This study showed a deviating trend which can be attributed to the 
nematostatic  activities of the treatments along with the inefficiencies of Southey’s (1986) 
extraction technique at recovering R. similis from the roots. This is a major deficiency in 
Southey’s technique since endo-parasitic nematodes were unlikely to migrate from 
healthy/necrosis free root tissues to be extracted by this technique. Therefore, the 
estimated nematode density in the roots may have been lower than the actual  nematode 
density.

3.2 Root Necrosis Index
The differences in the RNI between treatments were statistically significant (P < 0.05) in 
both trials, with Control A having the lowest index value and Control B the highest (Table 
2). The Pearson correlation between R. similis density and the root necrosis were positive 
in both trials (Trial 1: r2=0.574; Trial 2: r2=0.190). Therefore, increases in the R. similis 
density in the roots will result in an increase in the root necrosis. The strength of the 
relationship was however inconsistent and the weak correlation in Trial  2 supports the 
assumption that highly necrotized root tissue may have a lower R. similis density. 
Dosselaere (2003) indicated that nematodes may move out of resource scarce necrotic 
banana root tissue and reinvaded healthy tissue. Plants treated with Azadirachta indica 
had the lowest R.N.I. in both trials due to the nematostatic  activities of Azadirachtin, 
which inhibits nematodes invasion into the roots. Allium sativum had similar but less 
effective nematostatic activities, while the efficacy of Ethoprophos was inconsistent. 

Table 2: Mean roots necrosis index values and root and corm fresh weight (kg).

Mean Necrosis IndexMean Necrosis IndexMean Necrosis IndexMean Necrosis Index Mean Root and Corm Weight kg)Mean Root and Corm Weight kg)Mean Root and Corm Weight kg)Mean Root and Corm Weight kg)Mean Root and Corm Weight kg)

TreatmentsTreatments Trial 1 (SD)Trial 1 (SD) Trial 2 (SD)Trial 2 (SD) Trial 1 (SD)Trial 1 (SD) Trial 2 (SD)

Control A 1.33 (0.52)1.33 (0.52) 1.83 (0.75)1.83 (0.75) 2.2 a (0.75)2.2 a (0.75) 2.1 a (1.11) 2.1 a (1.11) 

Control B 2.67 (0.75)2.67 (0.75) 2.17 (0.75)2.17 (0.75) 1.4 b (0.58)1.4 b (0.58) 1.6 b (0.80) 1.6 b (0.80) 

Garland 2.17 (0.82)2.17 (0.82) 1.83 (0.98)1.83 (0.98) 1.6 b (0.60)1.6 b (0.60) 2.2 a (1.24) 2.2 a (1.24) 

Neem-X 1.83 (0.75)1.83 (0.75) 1.67 (0.82)1.67 (0.82) 1.8 ab (0.71)1.8 ab (0.71) 2.1 a (0.56) 2.1 a (0.56) 

Mocap 1.83 (0.98)1.83 (0.98) 2.17 (0.98)2.17 (0.98) 2.0 a (0.33)2.0 a (0.33) 2.1 a (1.14) 2.1 a (1.14) 

3.3 Banana Root and Corm Fresh Weight
All treatments were effective at maintaining healthy root and corm. Ethoprophos 
performed consistently in both trials and recorded the highest RCFW among the 
treatments. The anti-feedant effect of Azadirachtin and Allicin were also consistent and 
comparable to Ethoprophos. Radopholus similis population densities in the roots and 
corm tissues had a direct effect on its RCFW. Moens et al (2003) found a linear reduction 
of root weight when R. similis was inoculated at increasing densities. Marin et al. (1999) 
and Sarah (2000) also found decreases in root weight, ranging from 8-80%, several 
weeks after inoculation with R. similis. The data obtained in this study were similar to 
those reported in the literature, as Control A had the highest sum of RCFW while Control 
B had the lowest (Table 2). Therefore, RCFW shows some potential  for used as a rapid 
technique for estimating R. similis density (Moens et al 2003). However, depending solely 
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on RCFW to determine the implementation of nematode control strategies may not be 
advisable, as root and corm weight may vary due to factors other than nematode density, 
such as the banana weevil borer (Cosmopolites sordidus) and plant nutrient (Sarah 
2000). 

3.4 Plant Growth
The banana growth data confirmed that the phytochemical treatments were comparable 
to Ethoprophos at preventing plant growth losses, as no significant differences were 
observed in both trials (Table 3). This may also be due to the ability of banana cv. Lacatan 
to withstand R. similis infestation. Therefore, plant sensitivity or tolerance must be 
considered since nematode tolerance has been identified in the Musa gene pool (Dochez 
et al 2006) The selection of nematode tolerant banana cultivars can play a very important 
role in nematode management and is ranked as one of the ideotype requirements for the 
acceptation of banana hybrids (Tenkauano & Swennen 2004). On the other hand, a 
tolerant but susceptible banana plant is of limited value, as nematode reproduction may 
increase the population density beyond the damage threshold (Cook & Starr 2006, 372). 
Therefore, in the absence of true resistance, incorporating tolerant plants with 
phytochemicals may be an effective strategy for preventing the R. similis density from 
crossing the plant damage threshold and causing yield losses. 

Table 3: Effects of the treatments on the growth parameters of banana plant

PseudostemPseudostemPseudostemPseudostem LeafLeafLeafLeaf
TreatmentsTreatments Length (cm)Length (cm) Girth (cm)Girth (cm) NumbersNumbers Area (cm2)
Control A 95(0.52)95(0.52) 28 (0.75)28 (0.75) 6 (0.75)6 (0.75) 2673 (1.11) 2673 (1.11) 
Control B 77 (0.75)77 (0.75) 23.6 (0.75)23.6 (0.75) 7.5 (0.58)7.5 (0.58) 2182 (0.80) 2182 (0.80) 

Garland 81.8 (0.82)81.8 (0.82) 26.2 (0.98)26.2 (0.98) 6.7 (0.60)6.7 (0.60) 2363 (1.24) 2363 (1.24) 
Neem-X 84.8 (0.75)84.8 (0.75) 27.5 (0.82)27.5 (0.82) 6.7 (0.71)6.7 (0.71) 2498 (0.56) 2498 (0.56) 
Mocap 92 (0.98)92 (0.98) 28.5 (0.98)28.5 (0.98) 6.5 (0.33)6.5 (0.33) 2691 (1.14) 2691 (1.14) 

4. Conclusion 
The application of phytochemicals (Azadirachtin and Allicin) as alternatives to synthetic 
nematicides was effective and comparable to Ethoprophos at preventing plant growth and 
yield losses. This will  be beneficial to banana producers by decreasing the time for 
fruiting and increasing the productive life of the fields. Plants treated with Azadirachtin 
also had a low root necrosis index which may result in fewer plants toppling and 
uprooting. However, the phytochemicals were less effective at reducing R. similis density 
in the soil which leaves the plants vulnerable to future infestations unless other nematode 
management strategies are adopted.

In the pursuit of more benign pest management and more consumer-acceptable solutions 
in banana production it would be appropriate for more research to be directed to organic 
research and some attention paid to the lessons learned in other countries which are 
pursuing the expansion of their own organic banana production.
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He was dark, with flashing eyes, hair swept back off his forehead and an erect exotic 
look. If his brothers were jovial, easy going and inclined to be portly, Ernesto was 
slender, serious, aesthetic and elegant. His voice was clipped, his sentences crisp 
and his manner refined. They called him ‘il filosofo’ the philosopher,  but he was 
really an artist ... ‘Chemicals will kill the world,’ Ernesto would say, little realising 
that in sixty years his would no longer be a voice crying in the wilderness (Maria 
Triaca, 1985, p.116).

Abstract
Ernesto Genoni (1885-1975) pioneered biodynamic agriculture in Australia. In 1928 he 
was the first of (ultimately) twelve Australians to join Rudolf Steiner’s Experimental  Circle 
of Anthroposophical Farmers and Gardeners (ECAFG) which was based at the 
Goetheanum, Dornach Switzerland. Ernesto trained as an artist for five years at Milan’s 
prestigious Brera Academy. He visited his brothers in Australia, broad-acre immigrant 
farmers in Western Australia, in 1912 and 1914 and during these visits he worked on 
their, and other’s, farms. In 1916 he enlisted in the Australian Infantry Force (AIF) and 
served as a stretcher bearer on the battlefields of the Somme, France, before being 
conscripted into the Italian Army and serving jail-time in Italy as a draft resister and 
conscientious objector. Ernesto joined the Anthroposophical Society in Milan in 1919. He 
first met Rudolf Steiner in 1920 at the Goetheanum, the Anthroposophy headquarters in 
Switzerland. Ernesto left the Goetheanum in 1924 when Steiner retired from public life. 
He migrated to Australia in 1926 with aspirations for establishing a career as an artist in 
Australia. Instead, having arrived in Australia, he was again drawn into farm management 
and agricultural  work. Ernesto was a champion for biodynamic  agriculture, 
Anthroposophy, and the Austrian New Age philosopher, Rudolf Steiner - causes to which 
he devoted the rest of his life. In 1928 he initiated the first Anthroposophy meetings in 
Melbourne. In 1930 Ernesto made a grand tour of biodynamic enterprises in Europe and 
met the leading biodynamics advocates and practitioners of the day in Germany, 
Switzerland and England, including Ehrenfried Pfeiffer, Erika Riese, Ernst Stegemann, 
and Carl Mirbt. In 1935 Ernesto and his partner, Ileen Macpherson, who was also an 
anthroposophist and a member of the ECAFG, began their biodynamic farm called 
Demeter Biological Farm in Dandenong, Victoria. Ernesto was a founder of the 
Anthroposophical Society Victoria Michael Group in 1932, and he became its leader in 
1962. 

Keywords: Biodynamics, biodynamic farming, organic  agriculture, organic  farming, 
Anthroposophy, Milan, WWI, Somme, Pozières, Dornach, Goetheanum, Broomehill, 
Broome Hill, Western Australia, Demeter, Rudolf Steiner, Ehrenfried Pfeiffer, Ernst 
Stegemann, Ruby Macpherson.
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1 Introduction
Ernesto Genoni (1885-1975) was a man torn 
between two worlds. In Italy he was an artist 
(Fig.1), in Australia he was a farmer. In 
Europe he was a married man, in Australia he 
was a de facto partner. In Italy there was his 
sister Rosa, old enough to be his mother and 
for whom he was the “favourite”, in Australia 
there were “the brothers” who had preceded 
him and created their own Little Italy in the 
wheat belt of Western Australia with their 
homesteads, including “Etna” and “Sorrento”, 
and their successful broad-acre farms 
(Genoni, c.1955). In Australia, Ernesto 
volunteered in the Australian Imperial Force 
(AIF) in World War I (WWI) “to serve in the 
medical corps”, but, as an Australian 
stretcher-bearer on the killing fields of the 
Somme he was conscripted into the Italian 
Army, quite possibly saving his life but leading 
to multiple prison terms in Italian jails as a 
draft resister and a conscientious objector. 

Ernesto brought biodynamic  agriculture and 
Anthroposophy to Australia in the 1920s. He 
was the first Australian member of Rudolf Steiner’s Experimental Circle of Anthro-
posophical  Farmers and Gardeners (ECAFG) whose raison d'être was to put to the test 
the “hints” given in 1924 by Rudolf Steiner at his Agriculture Course presented at 
Koberwitz (now Kobierzyce). Ernesto met Rudolf Steiner, and leading anthroposophists 
Elizabeth Vreede (mathematician), and Edith Maryon (sculptor) at the Goetheanum at 
Dornach, Switzerland in 1920. He spent much of 1924 at the Goetheanum, painting and 
studying, until September 1924 when Steiner withdrew from public life due to ill health. 
Ernesto migrated to Australia in 1926 announcing plans for exhibiting his art. He left 
Australia in 1930 for a six-month grand tour of biodynamic  endeavours in Europe, visiting 
the leading advocates and practitioners of biodynamics of the day, including Dr 
Ehrenfried Pfeiffer and Ernst Stegemann. It was the last time he would depart Australia 
as an “Italian”. In 1932 he applied to be a naturalized Australian and thereby cemented 
his commitment to the New World while maintaining his links to the Old.

Ernesto’s commitment to biodynamics and Anthroposophy were lifelong. He practiced 
biodynamics in Western Australia and in Victoria. With his partner, Ileen Macpherson 
(1899-1984), he established the first “Demeter” farm in Australia. He was a founder of the 
Anthroposophical Society Victoria, aka the Michael Group, and in his twilight years he 
was its leader. This is his story. 

2 Methods
The present account draws on primary sources including archival material (held in 
Switzerland and Australia) and a handwritten autobiographical  manuscript memoir by the 

Figure 1. Ernesto Genoni, self portrait, circa 
1920-1926.
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subject, supplemented by published material. Sources drawn on for the present account 
include the Secretariat of the Goetheanum, Dornach, Switzerland, the Archives of the 
Goetheanum (Dokumentation am Goetheanum Bibliothek Kunstsammlung Archiv), the 
Australian National Archives, Canberra, the Italian Historical  Society (CO.AS.IT), Carlton, 
Victoria, Australian newspapers, a published account of the extended family, and the 
Library, Archives and members of the Anthroposophical Society in Australia Victorian 
Branch, the Michael Group.

3 Results
3.1 Italy 

Our situation was destitute ...  the money lender, after some time, refused to give us 
bread, as did the owner of the delicatessen .... because our debt was too high 
(Genoni, c.1955, p.3).

Ernesto Genoni was born at Tirano, 170 km north east of Milan, on 21 September 1885 
(Italian Embassy, 1916). A timeline with some milestones of his life is presented in Table 
1. Ernesto was reportedly one of 18 children, of whom eleven survived into adulthood 
with Ernesto being the youngest of those (Triaca, 1985). WIth the exception of the eldest 
sister, Rosa Genoni, all  of the surviving Genoni siblings migrated to Australia, starting 
with the departure of Emilio, at the age of 17, with Ernesto recording in his memoir: “The 
departure of Emilio for Australia in the first year of school” (Genoni, c.1955, p.1). As we 
shall see, Ernesto was a somewhat hesitant migrant and he was the final of the siblings 
to migrate.

In a family memoir, Maria Triaca wrote that “a steady exodus of people from our region 
began in the 1890s” (1985, p.5). The reasons appear to be at least twofold, privation and 
conscription. As a unified country, Italy was then a relatively young country with the 
Kingdom of Italy being proclaimed in 1861 (Nicolle, 2003). At the outbreak of World War 1 
(WWI) “Italy remained an overwhelmingly agricultural country, and over three-quarters of 
the rural population were landless peasants” (Nicolle, 2003, p.3). Nevertheless Italy 
harboured imperial aspirations and at the end of the nineteenth century, and following the 
lead of other European powers, embarked on a series of military misadventures of land-
grabbing in Afr ica, col lect ively described as “The Scramble for Afr ica 
1876-1912” (Pakenham, 1992). Italy supported its military adventurism by conscripting its 
young men. This was the immediate cause of Emilio’s departure for Australia, alone and 
at the age of 17 years (C. Negri, 1984). 

Subsequently, each brother, migrated to Australia as they became of conscriptionable 
age. According to a daughter, Emilio “made a promise to his father that he’d bring out all 
his brothers and sisters, so therefore he promised he would send so much every three 
months home, and that is what he did, and he brought them out one by one” (C. Negri, 
1984, p.3). The youngest brother, Ernesto was the exception to this pattern. One of 
Emilio’s daughters stated in an interview, many years after the events, that for her father 
Emilio “military service was coming up ... He was reaching the age of eighteen and he 
was anti-war, so he decided that he would ... leave Italy. And his father ... said to him ‘I 
don’t know what you are going to do ... you have to have money’. So he borrowed and 
the fare cost thirteen pounds and I think he borrowed about twenty pounds. He had to go 
to England to pick up the boat” (E. Negri, 1984, p.1). According to her account “His father 
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had a shop [in Milan], where they used to make shoes for the elite ... he used to employ 
five to seven men” (E. Negri, 1984, p.2), however Ernesto’s account paints a far less rosy 
picture.

Having arrived in Australia, the teenage Emilio initially worked for a German bootmaker in 
Collins Street, Melbourne, before heading west where, after a short stint in Kalgoolie, 
“Dad went down to Broomehill and he was able to get a job putting down the railway line, 
the Great Southern Railway line from Perth” (E. Negri, 1984, p.4). “While he was there 
going through Broomehill he happened to see some land and that’s when he bought his 
first property which he called ‘Milan Place’” (E. Negri, 1984, p.5). This was the beginning 
of a Little Italy in the south west corner of Western Australia in the wheat belt and to 
where, over time, further Genoni brothers and sisters migrated and set up homesteads 
and broadacre farms. These Australian developments occurred during the childhood of 
Ernesto Genoni which was spent in Italy and which was, by his own account, one of 
privation.

Ernesto’s memoir begins in “1889 or 1890” where he describes himself as “a sickly little 
boy” and he recalls “the anxious search for the beret with the pom pom in the middle that 
I had lost” (Genoni, c.1955, p.1). Of his time at the kindergarten in Tirano he writes of “the 
painful chilblains on the hands” (p.1). He goes to stay with his grandmother in Grosio and 
in the first grade he remembers “the piece of wood that we had to take to school each 
morning to keep the fire going in the stove” (p.1). At kindergarten he recalls “the cherries 
shared out among the children” (p.1), his “affectionate grandma”, and “the roasted 
chestnuts that she would give to us in bed in the morning” (p.2).

“October 1892 we departed from Grosio with mum and [brother] Achille ... Grandma 
accompanied us to the end of the road past the church. The affectionate goodbye ... we 
were never again to see her in this life” (Genoni, c.1955, p.2). Ernesto writes of the 
“intense morning coldness” and of Milan as “the beginning of my long period of sadness 
and nostalgia” (p.3). At school there was “the young assistant who detested us”, he 
remembers that “the Milanese youngsters detested us and mocked us” and that these 
were “sad days for the two country children” (p.3).

Ernesto describes the financial  position of the family as “destitute” and their dwelling as 
“the tight hovel” (Genoni, c.1955, p.3). He mentions his ongoing anaemia during his 
teenage years and his unrequited love: “the vision of the girl  at the water pump. My 
infatuation lasted several years without me ever having the courage to divulge my 
feelings” (Genoni, c.1955, p.8).

Ernesto studied art at Milan’s Brera (Accademia di  Belle Arti di Brera; Brera Academy of 
Fine Art) for five years (1906-1910) (Genoni, c.1955). Ernesto says he was “always the 
favourite brother of Rosa” (p.5). Rosa was the eldest of the siblings and the ‘matriarch’ of 
the family, she forged a successful career and life in Italy as a fashion designer (R. 
Genoni, 1924), as the wife of a leading Milan lawyer, and as a “socialist” (E. Negri, 1984, 
p.6) and a peace activist (WILPF, 1921). Rosa supported the migration of the siblings, 
and she kept in regular contact, however she herself never visited Australia. When 
Ernesto first departed for Australia in 1911, Rosa was the final remaining of the Genoni 
siblings in Italy.
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Table1: Timeline for Ernesto Genoni.

Date Event

21 September 1885 Born at Tirano, Italy (Italian Embassy, 1916).

c.1890 Ernesto’s eldest brother, Emilio, leaves for Australia (Genoni, c.1955).

October 1902 German Section of the Theosophical Society founded, with Dr Rudolf Steiner 
as General Secretary (Wachsmuth, 1989).

1906-1910 Studies art at Brera Academy, Milan, for 5 years (Genoni, c.1955).

1908 “I first became interested in spirituality” (Genoni, c.1955, p.10).

New Years Eve 
1911/1912

Arrives at Fremantle, Western Australia (his first time in Australia); “I find life 
glorious” (Genoni, c.1955, p.10).

January 1913 German Section is expelled from the Theosophical Society. The Anthro-
posophical Society is constituted in February 1913 with Rudolf Steiner as 
Honorary President. Assets and most members of the German Section 
transfer to the new society. (Easton, 1980, Lissau,2005).

1913 Returns to Italy; “the most awful time of my life” (Genoni, c.1955, p.11).

1914 Returns to Australia (Genoni, c.1955).

28 July 1914 Outbreak of World War I (WWI).

25 February 1916 Enlists as a volunteer in the Australian Infantry Force at Blackboy Hill, WA; 
Religion: Theosophy; “I enlisted in order to serve in the medical corps” (AIF, 
1916a; Genoni, c.1955, p.13).

17 April 1916 Embarked from Fremantle, WA, on the ‘Aeneas’ troop carrier (AIF, 1917).

7 June -14 June 
1916

Embarked for Alexandria, Egypt, on the ‘Ionian’, to join the British 
Expeditionary Force (BEF), disembarked Marseille, France (AIF, 1916b). 

19 August 1916 Joined the 16th Battalion from the 17th Reinforcements, France (AIF, 1917).

26 August 1916 “Taken on strength of 16th Battalion A.I.F, France” (BEF, 1916).

29 August 1916 Italy declares war on Germany (Bean, 1929).

18 October 1916 Discharged from the AIF “In order to join the Italian Army” (He was 
conscripted) (AIF, 1916f).

19 October 1916 Reported to the Italian Embassy, London (AIF, 1916h).

1916 “Refusal to repeat the giuramento formula. Sent to prison” near Verona and 
then training in the medical corps (Genoni, c.1955, p.16).

11 November 1918 Armistice, end of WWI.

March 1919 Finally discharged from the Italian Army (Genoni, c.1955, p.18).

1919 Introduced to Anthroposophy by his sister Rosa Genoni in Milan (Genoni, c.
1955, p.18).

1920 First visit to the Goetheanum, Dornach, Switzerland (Genoni, c.1955, p.19).

c.1920 -1924 “The sad marriage” to Lydia Hillbrand (Genoni, 1932b; c.1955, p.19). 

1924 At the Goetheanum, Dornach, from the beginning of the year until after 
Steiner is taken ill in September (Genoni, c.1955, p.20)

31 May 1926 Arrived in Fremantle, WA, on the ‘Città di Genova’ from Genova, Italy 
(Genoni, 1932b).

c.1926 -1928 2 years living at Hawthorn, Victoria (Genoni, 1932b).

1928 Started regular Anthroposophy meeting in Melbourne with Mrs Anne Macky 
(Genoni, c.1955, p.21)
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Date Event

1928 Joined the Experimental Circle of Anthroposophical Farmers and Gardeners 
(ECAFG) nominating Dalmore Farm, Victoria as the experimental site; the 
first Australian member of the ECAFG (Paull, 2013).

c.1929 -1933 At Etna, Emilio’s farm, WA, with many visits to Melbourne (Genoni, 1932b; c.
1955; Macpherson, c.1990). 

19 May 1930 - 
19 November 1930

“Agricultural studies: Biodynamics trip to Europe; visited Switzerland, 
Germany & England (Genoni, 1932b).

2 March 1932 Application for Australian Naturalization. His occupation was farmer, he was 
employed by Emilio Genoni at ‘Etna’, Certificate received 11 August (Genoni, 
1932a; 1932b).

1932 Ernesto is a founding member of the Anthroposophical Society Victoria 
Michael Group (Macpherson, c.1990).

c.1933 Melbourne, Victoria; “I first met Ileen [Macpherson] and Mrs [Ruby] 
Macpherson” (Genoni, c.1955, p.23).

1935 ‘Demeter Biological Farm’ a biodynamic farm in Dandenong of Ernesto 
Genoni and Ileen Macpherson, the name “registered in 1935” (Macpherson, 
c.1990, p.1).

14 March 1935 “Ileen comes to live at the farm”, Victoria (Genoni, c.1955, p.23).

1939 Final visit to Dornach (Genoni, c.1955).

1952 Ernesto & Ileen, “we decide to build a house in Namur St. [Noble Park, 
Victoria]” (Genoni, c.1955, p.26).

1962 Ernesto becomes the leader of the Anthroposophical Society Victoria, the 
Michael Group (Macpherson, c.1990).

11 February 1975 Dies, Melbourne, Australia; aged 89 years (Sekretariat, 1924-1975).

3.2 Little Italy in Western Australia

Australia!! ... I find life glorious! (Genoni, c.1955, p.10).

Ernesto arrived at Fremantle, Western Australia (WA) on New Year’s Eve 1911/12 
(Genoni, c.1955). He had left a European winter and arrived in the middle of an Australian 
summer. He writes: “Australia!! The great joy of having my name called from the crowd 
while waiting to disembark from the ‘Austerlitz’. We talked all night with the brothers in 
Rina’s house” (p.10). The brothers had broadacre farms at Broome Hill (it is now 
Broomehill), 304 km from Perth (www.googlemaps.com) (Fig. 2). 

Ernesto records: “Some painting but soon I am fully into farming at Etna”, Emilio’s farm 
(Genoni, c.1955, p.10). He writes cryptically of “Spiritualism ... the idea of the colony 
suggested by Rosa. Morris surprises me in seeing how seriously he takes up the ideas of 
spiritualism” (pp.10-11).

Maria Triaca describes the Little Italy that the Genoni  brothers had created in the wheat 
belt of WA and that Ernesto was now stepping into:

“The Genoni brothers - Angelo, Maurice, Achille, Charlie, Jack and Emil - were an 
extraordinary, if  not eccentric bunch. They arrived in the West in dribs and drabs in the 
1890s just as the gold rush was beginning. After a stint in the mines they turned to clearing 
land in the south-west.  They were pioneers who lived first in tents, then slab huts  and 
farmhouses on their own properties. Ernesto, the artist and youngest  of the family,  who had 
a predilection for spiritualism and organic farming, had not yet arrived in Australia. The 
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brothers’ farms were all within a 
few miles of  each other, roughly 
in a straight line between the 
towns o f F la t Rocks and 
Borderdale ...  Italian names 
prevailed when the brothers 
selected their properties which 
bore titles like Sorrento, Etna 
and Belvedere”  (Triaca, 1985, p.
89).

“Sorrento, Angelo’s property, 
was the showplace of the 
district. It was a sprawling brick 
place with all the trappings of a 
Victorian townhouse - ceiling 
roses, cornices, Persian rugs 
and a cellar off the kitchen” (p.89)

“Angelo was famous for his wines from Broomehill to Tambellup. He spent hours in the 
vineyard behind the house, pruning and spraying the grapes. The cellar was full of his 
homemade wine, but he also made grappa - highly illegal - in a still ...  Every agent or wool 
buyer who visited Sorrento was offered a glass of the virulent clear spirit” (p.90).

“The garden at Sorrento was just as grand as the house. Standing in the centre was a 
fountain ... this was Angelo’s way a creating a little bit of Italy in the middle of Australia ... 
Out the back was the vineyard, rows and rows of grapevines, pear trees and apples, figs 
and lemons. Nothing was left to chance. WIth the pigs,  geese and ducks, we could have 
been totally self-sufficient My new brother-in-law was a mixture of Australian outback 
toughness and European civility and extravagance. WIth no farming background - he 
worked in a wine shop  before coming to Australia - he had developed a successful farm 
running a thousand sheep. He mustered on horseback, cleared mallet  thickets, classed 
wool,  was at home on a jinker and became an expert rifle shot ... My sister [from Italy] 
walked into this environment and felt happier than ever before. She became the perfect 
farmer’s wife” (pp.90-91).

“Part of her luggage included a collection of seeds, and within months of their arrival, the 
vegetable garden at Sorrento was crammed with vegetables none of us had seen since 
leaving home: zucchini, endive, chicory and flat-leaved parsley” (pp.98-99). 

“Angelo was a voracious reader ... Although brought up  a Catholic, conventional religion 
held nothing for him and he had long discarded it,  but he was very interested in philosophy 
and later turned to spiritualism and anthroposophy as a follower of Rudolf Steiner” (p.91).

At this time of his life Ernesto was a dapper young Italian artist, a city boy with five years 
of training at Milan’s Brera Academy. The opportunities in the bush were for farming, for 
hard physical  labour. If there were opportunities for plying his trade as an artist they might 
have been found in the cities, in Perth or Melbourne for example, but Ernesto does not 
appear to have seriously explored such options. The brothers had forged their new lives 
in their adopted country; from teenage migrants they were now men of the land, who had 
spent their whole adult life in the Australian ‘bush’ and under the Aussie sun. Ernesto 
would certainly have been the odd man out, and he was restless. He writes: “About April 
1913 I go with Angelo to Victoria. Angelo marries Matilde. Philip L’Hardy wants to settle 
me on the land on the Kowerup [Koo Wee Rup, WA] farm. I refuse the offer and after a 
few weeks ... I return to Italy by the English boat” (Genoni, c.1955, p.11). 
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Figure 2. Broomehill, wheat belt of WA (photo: J.Paull, 2014).



3.3 Return to Italy

Back in Italy. I am 28 and indeed I am going through the most awful time in my life 
(Genoni, c.1955, p.11).

The decision to return to Italy in 1913 quickly turns sour for Ernesto. He writes that: “at 
last I decide to return to Australia” (p.11).

Ernesto’s situation had been different from that of his siblings. The brothers had left Italy 
to avoid Italy’s conscription, and both brothers and sisters alike had migrated to a new 
land to forge a new life. They had done just that, and by all  accounts remarkably 
successfully. There was little or nothing for them in Italy, they had left as 17 year olds, or 
thereabouts, and while they were creating their happy ‘Little Italy’, they were, by now, 
more Australian than Italian, their business interests were in Australia, the skill  sets 
acquired were those of the Australian bush, their adult life was all  Australian, their 
children were Australian, and their futures were Australian. Ernesto and the brothers were 
siblings but the passage of time and their divergent experiences meant that Ernesto was 
an Italian while the brothers were now Australian, albeit of Italian heritage.

In contrast to his siblings, Ernesto seems to have visited Australia on a mission of 
reconnaissance rather than as a decisive emigration. The skills he brought were Italian 
skills, and the adult life experience that he brought was that of Italian big-city. There were 
the New World opportunities of Australia, but in stark competition were the Old World 
nostalgia and the familiarity of Italy. For Ernesto it was an unsettling dichotomy, which by 
a combination of circumstances and luck, good and bad, took more than a decade to 
resolve.

3.4 Return to Australia & enlistment

Every young man was then enlisting so I thought to enlist too (Genoni, c.1955, p.12).

Ernesto writes: “1914! After a month or two I am working at Etna the World War One 
starts” (Genoni, c.1955, p.11). It is no easy life: “after clearing 5 acres at Punchimarup I 
take up a contract to cut and burn down 50 acres by myself. The life in the bush camped 
in a tent. The hard work of cutting the green plants at the level of the ground. Toward the 
end Morris comes to help me” (p.11).

This was followed by more land clearing until “one morning the wind blew away the 
tent” (Genoni, c.1955, p.12). Ernesto “left the brothers” and “at Brunswick. There I got 
work at Mr Smith digging potatoes. At first I was lodging at the hotel but then I got a tent 
and was camping in the bush” (p.12). Having finished the potatoes, Mr Smith “got me a 
job at the local State farm as a driver with 2 horses and a lorry carting maize to make 
insilage” (p.12). There was work but Ernesto remained restless. “Life was too easy and 
without any interest. Xmas 1915! What a poor Xmas! Alone in the bush with a sore 
finger” (p.12). 

At this point Ernesto made a fateful decision that shaped his next decade - a decision 
laced with some irony given that his brothers had migrated to Australia to avoid 
conscription in Italy and that his sister Rosa was a leading peace activist in Italy. Ernesto 
writes: “At new year day 1916 I went to Bunbury to enlist with the purpose of serving in 
the medical  corps. Fifteen days after I was at the Blackboy camp near Perth. It was not 
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an easy life at first. Sleeping on a bare floor ... And all that swearing!” (Genoni, c.1955, p.
12).

On his enlistment papers, Ernesto had his age as “30 years 4 months”, his place of birth 
as “Tirano, Italy”, his marital  status as single, his occupation as “Labourer”, his next of kin 
as “Emil Genoni, Broome Hill, WA”, his height as “5 foot 8 inches”, his weight as “15” 
stone, his complexion as “Dark”, his eyes and hair as “Brown”, “Yes” that he was 
prepared to “undergo inoculation against small pox and enteric fever”, and his “Religious 
Denomination” as “Theosophy” (Genoni, 1916). Thirty percent of enlistees had their 
occupation recorded as “Labourer” (Scott, 1936), theosophists would have been rare.

Ernesto was an unlikely volunteer for the Australian Imperial Force (AIF) of World War 1 
(1914-1918). He was Italian, an artist, and a theosophist. He was the youngest sibling in 
a pacifist family of which his older brothers had each progressively migrated to Australia 
before they turned eighteen - to avoid being conscripted into the Italian army (Triaca, 
1985) which was fighting Italy’s ill-conceived nineteenth century colonial  expansionist 
wars in Africa (including in Eritrea, Ethiopia, and Somaliland) (Nicolle, 2003).

The AIF training for war was brief: “After few weeks we were sent to continue instruction 
at Bunbury to be returned again from there to Blackboy waiting to be sent overseas. I 
mentioned to the sergeant how I enlisted in order to serve in the medical corp and not as 
a fighter. I was told that I was a cold footed and I was left behind when my company left 
for Europe. Few weeks after I left with another contingent. I was mess orderly and I liked 
it” (Genoni, c.1955, p.13). Ernesto embarked on the troop ship HMAT Aeneas leaving 
Fremantle on 17 April 1916 (AIF, 1916d).

These fresh unbloodied troops were sent to France via “Egypt. Suez ... The flies! The 
sand storm ... we embarked at Alexandria and disembarked at Marseille. From here to 
Étaples [a base camp outside of Paris] by train ... I was made cook’s helper in the 
kitchen. The drilling with straw bags and bayonets. The oral  instructions by that red faced 
Sergeant Major!” (Genoni, c.1955, p.13).

3.5 The Somme WW1 AIF

Then we were sent to the Somme ... Pozières ... The sergeant calls for volunteer 
stretcher bearers. I came forward ...  the first vision of dead bodies. My inner trust of 
Christ as Lord even of the shells! (Genoni, c.1955, p.14). 

In 1916 there was no more dangerous place in the world to be than “the Western Front” 
in general, and Pozières in particular (Charlton, 1986). The first Australian to enlist in 
WWI in the AIF is buried at Pozières (Crawley, 2014). And Pozières was to be the first 
engagement for Ernesto, and the AIF’s 4th Australian Division, 16th Battalion.

Once at the front line, Ernesto volunteered as a stretcher bearer.and was at immediately 
in the midst of the bloody maelstrom. The Somme was, and remains, the most lethal 
battlefield in which Australian troops have ever engaged. The scene at Pozières was 
described as “Dead and wounded lay everywhere, some killed on their stretchers, with 
the stretcher bearers lying dead beside them” (Bean, 1929, p.709).
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According to Charles Bean, Australia’s official war historian: 

“In the first AIF everyone had looked on the work of stretcher-bearers as rather suitable for 
men who, for some reason,  disliked more than most the prospect  of killing others ... I dare 
say that  in the long run a good many of those who did become stretcher-bearers ... did 
volunteer for it because they were that kind of man, who deep in their hearts preferred being 
killed to killing” (Bean, 1947, p.116).

“Until the First Battle of the Somme many battalions had used their bandsmen as stretcher-
bearers.  After that battle this system generally was abandoned. For one thing, after such 
battles the band was too badly needed for cheering up the troops! A  battle like Pozières 
sometimes made a clean sweep of the regimental bearers. Also, on its side, the work of the 
bearers was too important to be left to unselected men; they were now specially selected ‘for 
their physique and guts’” (p.118).

“They needed to ...  stand up  to a trial like that of Pozières … a reeking desert  of bombarded 
shell craters,  the stretcher-bearers and runners were the only ones who were regularly 
expected to move through barrages which ... cut off the front line from the rear. Most men 
who went through the battle will recall the little parties of four or five men who would come, 
erect, winding their way across that wilderness, amid the shell bursts, with the leader holding 
a stick with a white rag - the handiest substitute for a red cross flag. That flag would usually 
prevent  the German snipers from shooting, but nothing could stop  the barrages ... ‘It’s no 
good dropping the stretcher now - if we’re going to be hit we shall be hit, walking or 
crouching!’ So they went proudly erect at Pozières, Passchendaele and Messines, too, 
throughout  the war ... The stretcher-bearers won ... the highest place in the estimate of all 
their comrades” (p.118).

“For men thrown into the fighting 
at Pozières the experience was 
simply hell … Stretcher-bearers 
worked to exhaustion, usually 
exposed to fire, carrying men to 
the aid posts close behind the 
front line. Sergeant Albert Coates 
recorded: ‘Many men buried and 
torn to pieces by high explosive. 
For a mile behind the trenches it is 
a perfect hell of shell fire. Terrible 
sights. The stretcher-bearers are 
having a terrible time, some blown 
to pieces together with their living 
freight’” (Burness, 2006).

Ernesto wrote of: “The front line 
dug-out. The soldier with the 
shattered foot crawling in. My dwindling strength. Three days after we were sent back into 
the rear. My failing in going back to the dug-out to bring in some of the wounded there 
remained for long as an inner reproach” (Genoni, c.1955, p.14).

Of WWI stretcher-bearers “many companies had every stretcher-bearer killed or 
wounded. Wherever a wounded man was seen... these men made their way, whatever 
the danger ... every man watched and respected them” (Bean, 1947, p.117). Australian 
war artist, Will Dyson commented: “These men are not heroes from choice - they are 
heroes because someone has got to be heroic” (Dyson, 1918, p.38) (Fig.3).

Figure 3. Australian stretcher bearers on the Somme (Will 
Dyson, 1917, Australian War Memorial Canberra, public 
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Writing on the battlefield, Lieutenant J.A. Raws described the grim situation: “We are 
lousy, stinking, ragged, unshaven, sleepless ... I have a dead man’s helmet, another dead 
man’s gas protector, a dead man’s bayonet. My tunic  is rotten with other men’s blood, 
and partly splattered with a comrade’s brains” (Bean, 1929, p.661). Both Raws and his 
brother were killed soon after on the battlefields of the Somme (Bean, 1947).

The Battle of the Somme was “the bloodiest fighting of the entire war ... a merciless war 
of attrition ... The tit-for-tat artillery bombardments reduced town, countryside and soldiers 
to piles of pulverized waste” (Lindsay, 2011, p.101).

“After few days we were sent into Belgium. Ypres. The life in those dug-outs along the 
canal, the huge rats. The horrible experience of the barrage. Another great failing of mine 
when I was called to take away a dying man in the trenches … then another occasion I 
saw one of the stretcher-bearers hit and fall. I gathered my courage and went out. The 
whistling of bullets around me told me soon that I was the target of German 
snipers” (Genoni, c.1955, pp.14-15). 

A memorial plaque on a French town hall  pays tribute: “In 1916 the Australian Army 
entered the Western Front with a force of 180,000 men, three times the number that 
served in Gallipoli in 1915. 46,000 of the 60,000 killed in the War died on the Western 
Front. From a population of just 4.5 million people, 313,000 volunteered to serve during 
the War. 65% of those became casualties” (Lindsay, 2011, p.111).

“Back again in the second line and again in the front line. The barrage with trench mortar. 
The dying wounded in the front line during the barrage. My conduct was not brilliant. The 
night in the dug out. The nightmare” (Genoni, c.1955, p.15). Ernesto’s nightmare came to 
an abrupt and wholly unexpected end.

Italy declared war on Germany on 28 August 1916 (Bean, 1929) (although Italy had 
entered WWI on 23 May 1915 against the Austro-Hungarian Empire). On 1 September 
1916, the Italian Embassy in London wrote to the British War Office: “I am directed by H. 
E. the Italian Ambassador to ask for the discharge of Pte. Ernesto Genoni No. 5362 now 
serving with the 16th Battalion, 4th A.D.B.D. Australian Expeditionary Force, who is an 
Italian subject and whose class has been called up for service” (Italian Embassy, 1916, p.
1). The request was forwarded by the AIF’s Lieutenant C.R.E. Jennings to AIF 
administration “for any action you may deem necessary please” (Jennings, 1916)

Italy’s request reached Ernesto at the battlefront. “The corporal Cook one morning calls 
me and tells me that I am to go to London for discharge from the Australian Army. At first I 
thought it was a joke, but before evening I was on my way to London” (Genoni, c.1955, p.
15). “At the request of the War Office you are being transferred to A.I.F. Administrative 
Headquarters, London, for discharge in order to allow you to join the Italian Army. You will 
proceed to Popperinghe and catch the 6.28 train on the morning of the 16th inst., and 
should report to the A.I.F Headquarters in London on the following day” (AIF, 1916g).

Ernesto was discharged from the AIF in London on 18 October 1916 “in consequence of 
joining the Italian Army” (Butler, 1916, p.1). The pro forma Proceedings of Discharge 
stated that the discharge was “to join the Italian Army” and incorrectly stated that “such 
discharge having been granted to me in England at my own request”. His Certificate of 
Character on discharge reported his “conduct and character” as “very good” (AIF, 1916c) 
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His discharge papers record his service as “237 days” and required him to relinquish his 
right to repatriation to Australia with the form stating that “I have no further claim on the 
Commonwealth Government for or in respect of a free passage from England to Australia 
now or at any time hereafter and do hereby release the Commonwealth Government from 
all  further claims and demands of any kind whatsoever except as regards any Pension to 
which I may be legally entitled under the War Pensions Act” (AIF, 1916e, p.2) Ernesto 
nominated the address of his “intended place of residence” as “Via Cramer 6, Milano, 
Italy” which was the address of the peace organisations Comitato Pro Umanità 
(Podreider, 2011) and the Italian branch of the Women’s International League for Peace 
and Freedom (WILPF, 1921) in which organisations Ernesto’s sister, Rosa Genoni, was 
prominent.

Being conscripted into the Italian Army unexpectedly plucked Ernesto from the “hell” of 
the killing fields of the Western Front. “For his service with the Australian Imperial Force 
Private Genoni is entitled to the British War and Victory medals ... His present address (if 
he survives) is unknown” (AIF, 1921).

3.6 Italian Army

... the Colonel told me that I must have some good saint in Paradise looking after 
me. ‘Yes’ I said ‘I believe so’ (Genoni, c.1955, p.16).

A handwritten note in Ernesto’s Australian war service records states that: “This man 
joined the Italian Red Cross not the Italian Army” (AIF, 1924). What is certainly true is that 
Ernesto was conscripted into the Italian Army, that the AIF facilitated this, that Ernesto 
voluntarily joined the AIF, but there was nothing voluntary about his conscription into the 
Italian Army.

Ernesto’s time in the Italian Army, from 1916 until  he was finally demobilized (demobbed) 
in March 1919 was a difficult time for him as he resisted (successfully but at personal 
cost) being “an Italian infantry soldier” and the bureaucracy struggled (mostly 
unsuccessfully) to cope with the concepts of ‘conscientious objection’ and ‘non-combatant 
duties’ (Genoni, c.1955). The right to conscientious objection was not recognised by 
Italian authorities until 1972 (Biesemans, 2014).

Ernesto's Italian military experience was punctuated with imprisonment, trials, and service 
in the medical  corps and a military hospital. The clash of cultures surfaced immediately 
with “The refusal to repeat the giuramento formula [the oath]. Sent to prison. Called by 
the company captain to explain and then sent to another prison. He told me that I was to 
be sent to Verona in the medical corps for instruction and then to go to the front” (Genoni, 
c.1955, p.16).

Ernesto served in the Military Hospital at Verona and he reports that “eventually I was 
transferred permanently there” (Genoni, c.1955, p.16). Sister Rosa visited her brother in 
Verona. He writes of “Her letter relating to rumours of peace. I read the letter loudly ... an 
officer took the letter from me ... I was sent to prison ... inchained I was sent to the fort 
prison on the hill  near Verona waiting for the trial  ... Then the trail at the Military Tribunal. I 
got three months which I had already done waiting for the case” (p.17).

In “Spring 1918”, Ernesto wrote “How tired of such a life ... my conversation about 
spiritual things” (Genoni, c.1955, p.17). Some optimism which creeps into his account is 
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tinged with the reality of disease sweeping Europe: “Autumn 1918! The 14 points of 
Wilson. I believed at the time that a new era was to enter into the World. The raging 
influenza” (p.17).

To the end, the relationship between Ernesto and the Italian military was uneasy, at best it 
seems to have been an uneasy truce with their pacifist conscript. “I was sent to South 
Italy to accompany a convalescent soldier at his home. In returning instead of stopping at 
Verona I went to Milan where I found Rosa and others of the family sick with influenza. I 
stayed for few days to nurse them. Then went back to Verona to be sent to prison for 
being absent without leave for weeks” (Genoni, c.1955, pp.17-18).

“November 1918 Peace! But they kept me till  the following March 1919. They discharged 
me without giving me il pacco di congedo on account of my bad record! But at last I was a 
free civilian once more” (Genoni, c.1955, p.18).

3.7 Rudolf Steiner and Anthroposophy

Dornach ...  I was trying to paint in the anthroposophic way. Again at bottom I was 
not happy with my painting. I was admitted to the Class. My gradual understanding 
of the German language at the lectures (Genoni, c.1955, pp.19-20).

Ernesto’s discharge from the AIF in 1916 extinguished his right to free repatriation to 
Australia, and he did not return to Australia until 1926. The post war years in Europe for 
Ernesto (1919-1926) witnessed his introduction to and engagement with Anthroposophy, 
with its spiritual guru, Rudolf Steiner (1861-1925), and with the Goetheanum, the 
headquarters of Anthroposophy at Dornach, Switzerland.

Ernesto was introduced to Anthroposophy in Milan by his sister Rosa, shortly after his 
discharge from the Italian Army and he joined the Milan branch of the Anthroposophical 
Society (Sekretariat, 1924-1975). “Rosa tells me of Anthroposophy ... Signorina Schwarz 
was inviting Rosa to an Anthroposophy reading in the afternoon. She could not go but 
asked me if I would like to go. So I went (with Fanny [Rosa’s daughter] I think) to the first 
Anthroposophy meeting. For nearly 18 months I went regularly to the weekly 
Anthroposophy readings. Meanwhile I took up again painting” (Genoni, c.1955, p.18).

The Anthroposophical Society was constituted on 2 February 1913 (Lissau, 2005) by Dr 
Rudolf Steiner, and it grew out of the Theosophical Society which had been founded in 
New York in 1875 by Helena Blavatsky (1831-1891) and was then headed by Annie 
Besant (1847-1933). Steiner was the inaugural General  Secretary of the German Section 
of the Theosophical Society which was founded in October 1902 (Wachsmuth, 1989). 
This position gave Steiner leadership of the Society in Germany, Switzerland and Austria-
Hungary (Easton, 1980). In this role Steiner lectured and published extensively (e.g 
Steiner, 1910, 1911). A philosophical falling out between Steiner and the Theosophical 
Society leadership, based in Adyar, Chennai (then Madras), India, culminated in the 
expulsion of the German Section from the Theosophical  Society in January 1913 (Easton, 
1980). The Anthroposophical  Society was founded in the wake of this expulsion with 
Steiner as Honorary President, the assets of the defunct Section were transferred to the 
new entity (Easton, 1980). At the time there were over 2500 members of the German 
Section and most moved their affiliation across to the new society (Easton, 1980). Steiner 
subsequently refounded the Society as the General Anthroposophical Society on 24 
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December 1923 (Steiner, 1923). Both Theosophy and Anthroposophy are non-religious 
groups offering similar but different spiritual esoteric philosophies. Both movements are in 
the perennialist/traditionalist school  of philosophy (Huxley, 1946) which was also 
championed by Lord Northbourne (1896-1982), the biodynamic  farmer who coined the 
term ‘organic farming’ (Paull, 2014a). 

Rudolf Steiner was a polymath who has been described as “one of the greatest men of 
the twentieth century” (Wilson, 1985, p.170) and “one of the most influential  - yet also 
controversial - reformers of the 20th century” (Vegesack & Kries, 2010, p.16). Steiner was 
prolific, he delivered more than 5,000 lectures (Stewart, 2012) and is the author of more 
than 300 books (Turgeniev, 2003). In person, he was charismatic, and as a speaker, 
mesmerizing. He spoke extemporaneously, he “used no notes at all” (Sunday School 
Chronicle, 1922). His writing has been described as “impenetrable” (Lachman, 2007, p.
114) but in person “he possessed the qualities of expositor and preacher to a matchless 
degree ... Dr Steiner ... soon holds his listeners under the spell of his power” (Hare, 1922, 
p.219). Steiner left some listeners “deeply impressed” and others “frankly 
perplexed” (Manchester Guardian, 1922). Worldwide practical  movements have grown 
out of Steiner’s New Age philosophies including Waldorf education and biodynamic 
agriculture. 

When Ernesto left Australia in 1916, he stated his religion as “Theosophist”. A decade 
later when he returned to Australia he was an Anthroposophist. It was a journey fostered 
by Rosa and entrenched by visits to Dornach, meeting Steiner, and attending Steiner’s 
lectures. Anthroposophy was to become a lifelong raison d’être for Ernesto.

“In 1920 ... I went to Dornach. What a strange impression I received from the first view of 
the Goetheanum building ... the short conversation with Fräulein [Elizabeth] Vreede 
[1879-1943] ... chilly! ... the meeting with the Doctor [Rudolf Steiner] ... the bewildering 
impression of the interior of the Goetheanum. I could not enter in such saturated life of 
the spirit and after a few days I left ... the reproach from Miss [Edith] Maryon [1872-1924]. 
In the following years it was a painful  search to find my way in life” (Genoni, c.1955, p.
19). 

The Goetheanum building (pronounced girty-arn-um) takes its name from the German 
philosopher Johann Wolfgang von Goethe (1749-1832) who has been characterized as a 
“universal genius” (Viëtor, 1950, p.3). Steiner had spent years editing Goethe’s scientific 
works for publication and was “the leading expert on Goethe’s scientific 
writings” (Hemleben, 1963, p.46). At the time of the split with the Theosophical  Society, 
money had already been collected and a building designed by Steiner, primarily as a 
theatrical space. The Munich authorities denied planning permission for the new 
construction which Steiner described as embodying “a new conception of 
architecture” (Steiner, 1914, p.27). The denial of planning permission coincided with a 
lecture tour to Switzerland by Steiner. He was offered vacant land on a hillside 
overlooking the Swiss village of Dornach on the outskirts of Basel. The outcome of this 
generosity was that the Goetheanum was built on the Dornach land and became the 
headquarters of the Anthroposophical Society (Easton, 1980). 

It was this first Goetheanum building that had such an impact on Ernesto in 1920. Easton 
(1980, p.273) writes that “by 1920 the building was by no means finished ... Nevertheless 
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by 1920 the exterior of the Goetheanum was finished, and the stage was usable, even 
though the seats in the auditorium were not yet in place”. The first Goetheanum was a 
multi-domed construction of timber with a slate roof. It burnt to the ground on New Year’s 
Eve 1922/23 (Lissau, 2005). Steiner designed the second Goetheanum as a bold 
manifestation of Anthroposophic architecture and, with a thought to flammability, this 
second reincarnation was in reinforced concrete. It is this second Goetheanum that 
present visitors can marvel at as an architectural masterpiece, and that Ernesto would 
have visited on his later trips to Dornach.

Ernesto married but it was not a happy match. “Lidia ... the sad marriage. ... Right 
through they were sad years ... Lydia left at the beginning of 1924. Soon after I went to 
Dornach” (Ernesto uses both spellings, Lidia and Lydia) (Genoni, c.1955, p.19). Lydia 
Hillbrand was born in Wells, Austria, she was 14 years younger than Ernesto, they had no 
children together, and he reported her living in London when he later applied for 
Australian naturalization (Genoni, 1932b). 

Ernesto was at this stage associating with Alfred Meebold (1863-1952), anthroposophist 
and author (e.g. 1937, 1940), and this friendship was later maintained by Meebold’s visits 
to him in Australia - in both WA and Victoria.

At Dornach, Ernesto was painting, attending anthroposophy lectures, and trying to master 
German. Steiner’s lectures were in German, and Dornach is in the German-speaking 
region of Switzerland. 

In June 1924 Steiner travelled to Koberwitz (then Germany, now Kobierzyce, Poland) and 
presented the eight lectures of the Agriculture Course (Steiner, 1924a, 1924c). It was the 
only time he presented an agriculture course. There were 111 attendees from six 
countries,  Germany (N=61), Poland (N=30), Austria (N=9), Switzerland (N=7), France 
(N=2), Sweden (N=2), with none were from Italy (Paull, 2011a), and although it seems 
that Ernesto was at the Goetheanum at this time (Genoni, c.1955) he did not travel to 
attend the Koberwitz course.

Ernesto reports that “Rosa and Fanny went to England to the anthroposophy gathering at 
Torquay [England]” (Genoni, c.1955, p.20). It was Steiner’s final trip to Britain and he 
sought to entrench his Waldorf education in the Anglo-world (Merry, 1924; Steiner, 1924b, 
1924d).

Ernesto writes cryptically of “the big Michael painting” and he states that “In September of 
that year [1924] the Doctor became ill. I returned to Milan” (Genoni, c.1955, p.20). Steiner 
withdrew from public life on 28 September confined to his sick bed, and he died 30 March 
1925 (Collison, 1925).

“In Spring 1925 Caldera came to see me and persuade me to return to Australia with him. 
The funny assessment of the Taxation officer ... at the date I would have to pay I was on 
the sea on the way to Australia” (Genoni, c.1955, pp.20-21). Ernesto was now aged 40, 
and although his vocational training was in art, he was nevertheless somewhat unsettled 
and ambivalent about his art. He was leaving behind a post-war Europe of mixed 
experiences, where a lowlight was “the sad marriage”, and a highlight was Steiner’s 
Anthroposophy which nourished his spiritual cravings. 
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3.8 Migration to Australia

Mr Genoni will proceed to Melbourne, where he will open a studio and hold an 
exhibition of his work (The Australasian, 1926, p.47).

Ernesto arrived in Australia, for the third time, in 1926, and this time it could be fairly 
characterized as an emigration. He had been in Europe for a decade, firstly on the 
Western Front as a stretcher-bearer with the AIF, then in prison and the medical corps 
with the Italian Army, he had an estranged wife who refused him a divorce, he had 
discovered Anthroposophy under the tutelage of Rudolf Steiner, and he had tried his hand 
as an anthro-artist, painting in the anthroposophic style.

He brought to Australia an exhibition of his art works and this was announced in the 
Australian press in Perth (The West Australian, 1926), Adelaide (The Advertiser, 1926) 
and Melbourne (The Australasian, 1926). A Melbourne newspaper reported that: “After 
remaining in Western Australia for about a month, Mr Genoni will  proceed to Melbourne, 
where he will  open a studio and hold an exhibition of his work. He has made 
arrangements for a group of Italian artists to forward samples of their work periodically for 
exhibition in Australian cities” (The Australasian, 1926, p.47). The account reported that 
after serving in the AIF and the Italian army: “He then settled in Italy and took up his 
former profession as an artist” (The Australasian, 1926, p.47).

It seems that Ernesto’s Plan A, the art exhibition, never materialized, nor a studio, nor the 
importation of contemporary Italian art works. They receive no mention at all  in Ernesto’s 
memoirs. The art certainly arrived and there are art works by Ernesto in Western Australia 
and Victoria, and Peggy Macpherson remembers there being many paintings in his (later) 
Melbourne residence shared with his partner Ileen (Macpherson, 2014).

A handful of oil paintings 
have been sighted by the 
author and on that basis it 
can be said that some of the 
art is signed “E. Genoni” 
a n d s o m e o t h e r s a r e 
unsigned (Fig.4). It seems 
that the art arrived as flat 
canvasses - which would be 
a sensible choice for the 
convenience and cost of 
transport - and that it was 
(or some of it was) stretched 
and framed in Western 
Australia (on the basis that 
at least one stretcher is 

labelled with the Australian branding “Cooee”. Known art includes portraits, Italianesque 
landscapes and a still life.

There are at least four reasons, that can be speculated, as to why the exhibition never 
eventuated. Firstly, Ernesto arrived at the onset of a recession (in Australia and 
elsewhere) just before the Great Depression (Crabbe, 1989), businesses and farms were 

Figure 4. Oil painting by Ernesto Genoni (undated).
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struggling to survive, and the discretionary spend was probably at its low point for the 
twentieth century. England was the major destination for Australian agricultural  exports. 
Prices were deflating, and agricultural  wages in England had fallen by 33% from 1920 to 
1926 (Ernle, 1927). Secondly, Australia had been bloodied in a hard and bitter WWI, had 
lost much of the flower of its youth to Euro-bullets and Euro-politics, and now, in the 
1920s and 1930s, the esteem that the old-world had perhaps enjoyed pre-WWI was now 
somewhat tarnished. Australians were jaded with Europe, the experience of WWI had 
been bitter and devastating for Australia. Thirdly, in the interbellum years (from the end of 
WWI to the outbreak of WWII) Australian art was itself coming of age, and to the fore, 
European-trained artists and home-grown artists had, after some mis-steps, learned to 
capture the light, the landscape, and the eucalypts of the new continent. As Australian 
artist Lloyd Rees observed “After the war [WWI] there was an amazing spirit abroad in 
Sydney - a triumphant feeling. There was an uprising of intense Australianism, which was 
not confined to the painters but spread to the writers as well” (Rees, 1985, p.112). 
Fourthly, there was Ernesto himself. He was always a modest and self effacing man, a 
thinker, a philosopher, and, yes, an artist, but never a salesman, a marketer, a self-
promoter, nor an entrepreneur, such latter skills would have proven useful, and perhaps 
even essential, for a successful art career. 

The first stop in Australia for Ernesto was Emilio’s farm, Etna, in WA. As Triaca tells it: 
“Then came anthroposophy, the philosophy of the Austrian, Rudolf Steiner. It arrived at 
the Genoni’s through their youngest brother, Ernesto ... For the Genoni’s anthroposophy 
was like a religion with its own shrine - the Goetheanum in Switzerland - and its own holy 
books - the teachings of Rudolf Steiner. Ernesto became the master’s disciple, his 
brothers the willing students. They would have study evenings up at Etna where they 
read aloud Rudolf Steiner’s published works on subjects as diverse as spiritualism, the 
education of children and physiology and therapeutics ... Part of it was natural healing 
and organic farming” (Triaca, 1985, p.116).

In 1927, Ernesto travelled to Melbourne, then “went to Dalmore [70 km south east of 
Melbourne] at the time Morris and the other Italians took up the Makillic farm (Genoni, c.
1955, p.21). Farm work was interspersed with art: “I was doing some fotography [sic] for 
the Sicilians. Vacarri’s pastel portrait” (p.21).

In terms of leaving his mark in Australia - and in terms of Anthroposophy and biodynamic 
agriculture - 1928 was a key year for Ernesto. He writes that “In 1928(?) I discovered Mrs 
Macky at the New Conservatorium [of Music]. We started some Anthroposophy meetings 
in Hope Street at Mrs Hawkins’ house” (Genoni, c.1955, p.21). This laid the foundations 
for the Anthroposophy Society in Australia, Victoria, aka the Michael Group (Macpherson, 
c.1990) which exists to the present. Anne Macky was a music composer who had, on a 
visit to Britain in 1922, seen an advertisement for Steiner’s Education Conference at 
Oxford University (Paull, 2011c) and on the basis of the flyer had attended the 
Conference (Bak, 1996).

In 1932, Ernesto was a cofounder, in Melbourne, of the Anthroposophy Society in 
Australia, Victoria, Michael  Group, and he was active in it for the next four decades, that 
is the rest of his life. He was from 1962 the leader of the Michael Group (Macpherson, c.
1990).
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3.9 The Agriculture Course, The Experimental Circle, and the European Grand Tour 
of Biodynamics

In 1930 I went to Dornach again to become acquainted with the B.D. farming 
(Genoni, c.1955, p.21).

In 1928 Ernesto appl ied to join the 
Experimental Circle of Anthroposophical 
Farmers and Gardeners (ECAFG). He was the 
first Australian to join the Experimental Circle 
(Paull, 2013). By the time of the Agriculture 
Course (June 1924) Rudolf Steiner was 
mortally ill, and he probably knew it. He 
warned the attendees of the Course that they 
should take all  he said as “hints”, that they 
should put everything to the test, and when 
everything was tested it should be presented 
to the world (1924a; 1924e, p.10). The 
Experimental Circle was Steiner’s vehicle 
intended to achieve this outcome, and over 
time the Circle attracted members from 
Europe, Africa, the Americas and Australasia. 
When Ernesto joined the Circle these were still 
‘early days’, the term ‘biodynamic’ had not 
been coined, and it was not until  Dr Ehrenfried 
Pfeiffer’s 1938 book Biodynamic Farming and 
Gardening that there was a ‘coming out’ of 
biodynamics as a named and differentiated 
agriculture offering global antidote to chemical 
agriculture (Paull, 2011b; Pfeiffer, 1938).

Ernesto’s memoir states that “in 1929 I received the Agriculture Course from 
Dornach” (Genoni, c.1955, p.21). His copy of the Agriculture Course was in German, he 
applied for membership of the Experimental Circle in 1928 nominating that experimental 
work would be carried out at Dalmore Farm in Victoria. At this time, the transcript of the 
Agriculture Course was only issued to members of the ECAFG and each copy was 
numbered. Ernesto’s copy of the Agriculture Course is inscribed as #165, and it survives 
to this day with Ernesto’s makeshift reinforced bindings along with his pencilled 
annotations (Fig.5). The first English edition of the Agriculture Course did not appear until 
1929, and all subsequent Australian members of the Experimental Circle - including his 
brother Emilio - received typescript English language versions of the Course (and the 
numbers are prefaced with an ‘E’) (Paull, 2013).

Ernesto embarked on a grand tour of biodynamics in Europe in 1930 - Switzerland (14 
June -15 July), Germany (15 July - 12 September), England (13 September - 1 October). 
He declared in his naturalization paperwork that the object of the journey was 
“Agricultural studies” (Genoni, 1932b, p.1). 

Ernesto states that: “In 1930 I went to Dornach again to become acquainted with the B.D. 
farming” (Genoni, c.1955, p.21). What follows in his memoir is a Who’s Who of the 

Figure 5. Rudolf Steiner’s Agriculture Course 
(in German) #165 issued to Ernesto Genoni; 
inscribed “Herrn Genoni (Australia)”.

Journal of Organics (JO), Volume 1 Number 1, 2014

74                                                                                                                            



leading practitioners and advocates of biodynamics in Europe at the time: “[Ehrenfried] 
Pfeiffer ... [Erika] Riese ... Count Lerchenfeld ... [Ernst] Stegemann at Marienhöhe ... 
[Erhard] Bartch near Berlin ... [Max] Schwarz near Bremen ... London with [Carl] Mirbt ... 
Return to the continent via Holland, [Ehrenfried] Pfeiffer Farm at Rosendale ... Then 
Dornach and then Marseilles where we [Ernesto & Fred] embark on the Ville d’Amiens for 
Australia” (pp.21-22).

It seems likely that on such a seriously and thoughtfully constructed study tour that 
Ernesto would have documented and recorded his experience - given that he had been a 
tertiary student for five years, that he later wrote a memoir, and that the objective of this 
study tour was educational, and was to capture for himself and his New World colleagues 
the practices and the lessons learned in Europe for anthroposophic farming. 
Anthroposophic farming was later called ‘biodynamic farming’ and ‘biodynamics’, thereby 
satisfying Steiner’s injunction to decouple the practices from Anthroposophy and to let his 
new agriculture stand on its own merits. Travel  notebook/s of Ernesto have not been 
uncovered by the present author, but if they existed, they were likely valued by Ernesto 
and we could be optimistic that they may still surface. 

Ernesto’s 1932 Application for Naturalization followed close on the heels of his return 
from the BD trip to Europe. His reason for applying for naturalization is stated as 
“Permanent residence and desires full  citizenship” and the application stated that he was 
in good health (Nuschell, 1932).

“Back to Etna with Fred. He soon proceeds for Victoria while I remain at Etna till  the 
beginning of 1933” (Genoni, c.1955, p.22). Australia, and the world, or at least Australia’s 
major agricultural  trading partners, were still  in the midst of the Depression and this hit 
Australian farmers hard. Ernesto reported a second visit by Alfred Meebold, 
anthroposophist and biodynamicist. Ernesto writes of “The attempt to do BD. We bought 
cows and sent cream to the Butter Factory - rearing pigs with wheat and skimmed milk. 
Made insilage ... during winter was fed to the sheep. We grew blue peas and lupins” (p.
22).

However: “The Bank closed in and the farm got near bankruptcy” (Genoni, c.1955, p.22). 
This was the end of Ernesto’s Western Australia adventures. He writes that “Angelo from 
Melbourne offered me the Dalmore farm to manage. Went to Victoria once more and 
started at Dalmore. We build the little house” (p.23).

At this stage Ernesto is in his late forties. “Started to go again to the Anthroposophy 
meetings in Collins Street. This is where I met first Ileen and Mrs R[uby] Macpherson. 
The letter from Ileen and our first meeting in Dandenong ... Our meetings then become 
more frequent” (Genoni, c.1955, p.23). 

At this point meteorology intervenes. “The flood destroyed everything at the [Dalmore] 
farm. Then the idea arose of starting a B.D. farm with Ileen in Dandenong. My meetings 
with the Macpherson Family in Punt Road. - Then the farm on the highway was bought. I 
started working there living in a tent and boarding with Mrs Armor” (p.23).

In his memoirs Ernesto only states one date with precision. He writes that “On the 14 
March 1935 Ileen came to live at the farm” (Genoni, c.1955, p.23). He is aged 49. He 
reports that “The crop paddock was plowed up and the first crop of peas without any 
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manure was put in ... The miserable peas crop ... got stable manure wherever we could 
get it. The next 10 acres near the creek were bought and later Mr Mehan 19 acres ... 
Fred comes to work ... Mr Meebold comes to stay for a fortnight at the farm ... The 
unhappy struggling for making a B.D farm. The sales of vegetables on the road” (pp.
23-24).

Always the restless soul, Ernesto records that “I am planning to go to Europe, but Ileen 
gets sick and is sent to hospital  in Brighton. Eventually she is returning home. Again in 
1938 I am planning to go to Europe with the understanding that Ileen should 
follow” (Genoni, c.1955, p.24). He leaves alone on a German freighter “with only one 
other traveller. A poor trip!” (p.25). Perhaps the goal of the trip was to seek a divorce, in 
any event he records that “Met again Lydia .... a further attempt to get a divorce, but 
unsuccessful. Gone to Dornach ... the dark clouds of war are gathering over Europe ... I 
left for Australia in June or July 1939” (p.25). This was Ernesto's final trip to Europe.

When he returned from Europe: “At the farm I found things with Ileen not too good ... 
World War II. We carried on the milk contract ... up to March 1940 ... Ileen carried on the 
milking ... but her legs begin to give away” (Genoni, c.1955, p.25).

“Mrs Macpherson bought for me the block in Namur Street ... Ileen is sent to hospital 
again ... But gradually her legs are getting worse. She had to be taken to hospital but it 
was too late; she could not walk anymore” (Genoni, c.1955, pp.25-26). 

From hospital “Ileen returns to the farm where we live together. In 1952 we decide to 
build the new house in Namur St. In September 1953 Ileen comes to the new home and 
in March 1954 the farm is sold” (Genoni, c.1955, p.26). Ernesto is by now aged 69 years. 
Ileen was by this time wheelchair bound and Ernesto was her carer (Macpherson, 2014). 
The records of the Anthroposophy Society at Dornach have Ernesto’s address as 17 
Namur St, Noble Park, Victoria from December 1954 through to his death in 1975 
(Sekretariat, 1924-1975).

The final paragraph in Ernesto's memoir is “From the beginning of 1952 we have the 
monthly study of the Leading Thoughts at the central Group, while since 1944 we have 
meetings in Avoca St and Sandringham and then at Kooyong Rd” (p.26).

4 Conclusion
Ernesto Genoni  was a modest man, a restless soul, a seeker, an artist, a WWI volunteer, 
a conscientious objector, a theosophist, a pioneering anthroposophist in Australia, the 
pioneering biodynamic farmer in Australia, a man of unrealized dreams, and a devoted 
partner of Ileen Macpherson. He lived through the tumultuous times of WWI, the Great 
Depression, and WWII. This is the first account of his life other than an account of his 
Somme experience and a conference presentation earlier this year and (Paull, 2014b, 
2014c). A future account of his life may benefit from some further discovery of letters and 
correspondence, notes, artworks, and photographs, and perhaps, as well, the memoirs of 
others, at least some of which may have survived the ravages of time and loss of 
provenance and which were not available for the present account.

There are many ‘what ifs’ that arise from the present account. Ernesto was known in the 
family as “the artist” (E. Negri, 1984, p.5; Triaca, 1985, p.89) and he had five years art 
training at the prestigious Brera Academy in Milan. Yet when he volunteered in the AIF he 
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had his occupation as “labourer” (AIF, 1916a, p.1) - if he had been more forthright might 
he have been a Australian war artist? Decades later when he applied for naturalization he 
had is occupation as “farmer” (Genoni, 1932b, p.1). Ernesto was always somewhat 
ambivalent about his art. When he returned to Australia from Europe after a decade 
away, he announced a forthcoming art exhibition. This plan was scuppered by some 
combination of Ernesto’s own reticence, the economic recession and the onset of the 
Great Depression, and perhaps the lack of sibling support whose skills were agricultural. 
It is unclear if Ernesto ever made that challenging transition from Euro-style artist to 
Australian artist - a path travelled with some success by, for example, British trained artist 
John Glover (Hansen, 2003), German trained artist Eugene von Guérard (Pullin, 2011), 
and mastered by Australian-trained artist Hans Heysen (Hylton & Neylon, 2004).

In 1926 Ernesto was announcing a planned exhibition of his art so it is quite possible, 
perhaps likely, that a distributed exhibition of his works still  exists. There are at least 
works known (to the author) to exist in Victoria and Western Australia, and there is the 
prospect of the survival  of some works in Italy and perhaps Switzerland. Perhaps at some 
future time Ernesto’s 1926-planned exhibition can materialize?

What if Ernesto had emigrated to Australia at some time other than in the midst of a 
recession? Would his planned art exhibition had been realized, would there have been a 
future as an artist?

What if his estranged wife, Lydia, had agreed to a divorce instead of refusing? Divorce 
was forbidden to Catholics which may account for her refusal. Australia’s current no-fault 
divorce following twelve months separation was not introduced until  The Family Law Act 
of 1975. Would Ernesto have married Ileen? Started a family?

What if the AIF had not turned Ernesto over to the Italians? Had turned a blind eye to the 
request for the handover? The handover was ethically rather dubious given that Ernesto 
had volunteered for the AIF whereas the Italians were conscripting him off the battlefields 
of France. Australians were antagonistic  to the idea of conscription, voting against it in 
two WWI referenda (Scott, 1936). Or what if the cogs of the Italian, British and Australian 
bureaucracy had not turned so fast, so accurately and so efficiently? The upside of the 
Italian conscription was that Ernesto survived the war, he was evacuated from the most 
dangerous killing fields of WWI, and his life expectancy was restored from the 
abbreviated life expectancy of a stretcher-bearer on the Somme.

What if Ernesto had written - of course perhaps he did - accounts of his time at the 
Goetheanum with Rudolf Steiner (1920-1924), and of his grand tour of biodynamics in 
Europe in 1930? Triaca has written that: “In those days we used postcards all  the 
time” (1985, p.79), and this leaves open some hope that caches of correspondence 
between Ernesto and his family, Ileen, Meebold, and other associates may have survived.

For the time being, the present account reports what is known of the life of Ernesto 
Genoni, former theosophist and pioneering anthroposophist, who in 1928 brought 
biodynamics to Australia and co-founded the Anthroposophy Society in Victoria. It was a 
life of adventure and misadventure, of trailblazing, of struggle, of disappointment, and of 
spiritual reflection.
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Abstract
Experiments were conducted in the glasshouse and the field to assess the phosphorus-
use efficiency, yield, and yield components of several  spelt wheat genotypes in 
comparison with standard bread wheats. Spelt genotypes had much lower grain yield 
than standard bread wheats, in both a well-watered glasshouse and three field situations. 
The reduction in yield was often as great as 60% and was largest in late-flowering spelt 
genotypes. Spelt genotypes responded to increasing amounts of applied P fertiliser, 
adequately acquired P from soil, and some had higher total amounts in their tissues; 
however, these P reserves were not as efficiently converted into grain yield as in standard 
bread wheat cultivars, primarily due to the growth of tall, unproductive tillers, and lower 
kernel number and kernel size. There was no evidence of spelt yielding better than 
common wheat under conditions of P-deficiency. There is potential  to breed improved 
spelt genotypes through relatively simple modification of yield components and 
phenology, but whether this can be achieved while maintaining the grain quality attributes 
valued highly by the organic  industry remains to be seen. Breeding for improved spelt 
could target reduced height and tiller number, early flowering, and larger kernels.

Key words: Phosphorus-use efficiency, spelt, grain yield, tillering, wheat, organic.
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Introduction
Australia leads the world in the area under certified organic management reporting a total 
of 12,001,724 organic  agriculture hectares (Willer, Lernoud & Kilcher, 2013), and 
experimentation and development of organic agriculture in Australia dates back to the 
1920s (Paull, 2013). Globally, there is increasing interest in using organic farming 
systems and maximizing grain production in low-input scenarios. Organic  residues are 
being employed as fertilisers (Davari et al. 2012) and plant breeding in being used to 
develop new cultivars that are specifically adapted to organic and/or low-input systems 
(Wolfe et al. 2008, Vanaja et al. 2013). Old or ‘neglected’ crops are receiving more 
attention from growers and processors seeking a niche product, while consumers are 
seeking potential  nutritional, sensory, and health benefits by eating food from more 
‘traditional’ sources.

Consumer interest in spelt (Triticum aestivum ssp. spelta) grain is believed to be due to 
its rich flavour, described as sweet and nutty, agreeable texture in baked products, and 
good nutritional profile. The grain may have higher contents of protein and fibre (Abdel-
Aal et al. 1995, Moudry & Dvoracek 1999, Escarnot et al. 2012), minerals and P 
(phosphorus) (Ruibal-Mendieta et al. 2005), and β-carotene and retinol equivalent (Abdel-
Aal et al. 2007), than standard bread wheat (Triticum aestivum spp. vulgare). Spelt is 
used to make a wide range of consumer products (Neeson 2011) but mainly leavened 
bread.

The vast majority of Australian spelt production is organic, and the much higher price paid 
for the organic  product offsets any reduced yield (Neeson et al. 2008). The reduced yield 
is as a result of three factors: 1) poorly-adapted genotypes (i.e. those not specifically bred 
for local conditions and/or low-input agriculture); 2) the inherently lower-yielding capacity 
of the organic, low-input system; and 3) spelt produces hulled grain which requires 
additional  processing before flour milling resulting in some losses due to chipping and 
splitting (Neeson et al. 2008).

Commercially-available spelt in Australia is presently restricted to a few poorly-adapted 
genotypes. Evidence for poor adaptation is limited but it suggests that the grain yield of 
current genotypes, including the predominant commercial genotype ‘Kamarah’ (a manual 
mixture of two spelt genotypes that originated from northern Spain), is low relative to 
standard bread wheats. 

No direct comparisons between spelt and common bread wheat in organic versus 
chemical systems have been published. It is reported that wheat production under an 
organic  system can yield from 14 to 44% less than under a high-input system (Mäder et 
al. 2007, Seufert et al. 2012). In our experience the current commercial spelt genotype in 
Australia, ‘Kamarah’, yielded 45% less than a common wheat comparator (unpublished 
data); however, spelt genotypes with only a 28% reduction were also observed 
(unpublished data).

A significant cost for cereal production in Australia is P fertiliser, because most grain 
production is carried out on soils that are highly weathered and inherently low in available 
P, and the cost of P fertiliser is increasing. Therefore, more efficient utilisation of soil  or 
applied P for grain production is desirable. Several publications have addressed this 
issue for standard wheat (Horst et al. 1993, Manske et al. 2000, Osborne & Rengel 
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2002), but the P efficiency of spelt has not been reported. Current spelt production largely 
services the organic  grain industry. A low P requirement (or a high P-use efficiency) in 
spelt would be of particular interest to this industry, because organically-managed broad-
acre soils are often marginal for available P (Evans 2005, Cornish 2009), and such soils 
are difficult to improve in the short-term using the allowed inputs of rock phosphate or 
organic  compost (Conyers & Moody 2009, Evans & Condon 2009). In marginal areas for 
cereal production, and under low input conditions, the performance of spelt has been 
claimed to be better than standard bread wheat (Ruegger & Winzeler 1993), possibly due 
to better utilisation of the scarce nutrients in low input systems (Moudry & Dvoracek 1999, 
Richardson et al. 2009).

Various definitions have been used to describe P efficiency. For example, Osborne & 
Rengel (2002) described three measures that focus on biological  yield; one of these, 
shoot dry weight relative to shoot P uptake, also known as biological P efficiency, has 
merit from a climate-warming perspective describing P-use efficiency in relation to C 
capture via crop photosynthesis. Alternatively, Ortiz-Monasterio (2001) described P-use 
efficiency as grain yield per unit of applied P, which has merit from an economic 
perspective. In this study, we compared genotypes for: (i) efficiency of P uptake being the 
amount of P at flowering obtained by plants from a defined amount of applied P (%); (ii) 
shoot P efficiency (g mg-1 P) being the weight of shoot tissue dry mass produced at 
flowering per weight of P applied, and; (iii) grain yield P efficiency (g g-1 P) being the 
weight of grain produced per weight of P applied. 

In this study, we compared growth and yield attributes of spelt (using genotypes with a 
range in maturity) with standard bread wheats, under different regimes of P availability in 
a glasshouse study and in the field. Our objectives were to quantify the P-use efficiency 
of spelt relative to standard bread wheat, identify superior yielding lines of spelt, and 
make recommendations regarding the need to adjust P fertiliser rates for spelt as 
compared to standard bread wheat.

Materials and Methods 
Glasshouse study
Spelt genotypes (Triticum aestivum ssp. spelta), nominally designated SP2, SP10, SP16, 
SP18, SP19, SP22, SP29, SP40 and SP41 were acquired from a local  gene bank: AWCC 
(Australian Winter Cereals Collection, Industry & Investment NSW, Tamworth, NSW). Two 
genotypes reputed to be spelt, SP76 and SP77, were sourced from single plant 
selections taken within a commercial spelt crop. These genotypes, and three standard 
bread wheat (Triticum aestivum) cultivars differing in maturity, namely, Waagan, Gregory, 
and EGA-Wedgetail  (hereafter just Wedgetail), were established in pots and treated with 
soluble, surface-applied inorganic  P fertiliser (KH2PO4) at levels equivalent to 6.8 (low), 
13.8 (moderately low), 20.3 (moderate), or 33.8 (high) kg P ha-1. The P treatments were 
allocated to main plots within which the genotypes were randomised. Each genotype was 
duplicated so that destructive sampling could be performed, firstly for dry matter and P 
content at flowering and, secondly, for grain yield. Duplicates were adjacent paired pots. 
There were 3 replicated blocks of the treatments.

Pots were large enough to hold 2 kg of growth medium, which comprised a sand and 
peat mix (75% sand by volume). Nutrients other than P were supplied in ample amounts 
and comprised (g kg-1): KNO3 0.5, urea 0.158, K2SO4 0.174, CaCl2 0.074, MgSO4.7H2O 
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0.029, FeSO4.7H2O 0.001, CuSO4.5H2O 0.0011, ZnSO4.7H2O 0.0024, H3BO3 0.0008, 
CoSO4.7H2O 0.0004, Na2MoO4.2H2O 0.0002, MnSO4.H2O 0.01114. The nutrients were 
dissolved then irrigated into the growth medium. Five seedlings were established in each 
pot and were adequately supplied with water through regular irrigation that varied in 
frequency from once per week to daily as plant biomass increased.

The experiment was sown on 10 May 2007. Days-to-flowering was recorded for each 
genotype. At flowering, all  above-soil biomass was removed, tiller number per plant , was 
determined and then the material was dried at 80°C and weighed to obtain dry matter per 
pot (g pot-1). The dried material was digested in Kjeldahl solution, the digest assayed for 
its P content using a Flame Ionisation Analyser (LACHAT) and these data were then used 
to estimate tissue P content (mg P pot-1. ‘P biological  efficiency in dry matter at flowering’ 
was derived from ‘dry matter at flowering’ divided by ‘total P content of shoots at 
flowering’. ‘Efficiency of P uptake at flowering’ was calculated from ‘total  P content of 
shots at flowering’ divided by ‘P applied’.

At maturity, grain was recovered using a small  grain thresher, then de-hulled manually (if 
required), and weighed (grain yield, g pot-1). Yield components (kernel  number, and 
kernel weight) were also measured. Grain P content (%) was estimated using the same 
method as used for dry matter. The remainder of the shoot material  at maturity was also 
dried and weighed, and added to seed weight to give total  mature shoot weight ( g pot-1). 
Grain harvest index was calculated as ‘grain yield’ divided by ‘total mature shoot weight’. 

Field studies
Wagga Wagga 2008
Three of the higher-yielding spelt genotypes used in the glasshouse study (SP18, SP19, 
SP40) and the commercial spelt variety ‘Kamarah’ (non-registered cultivar name, also 
known as “Brown’s Mixture” or “Booth’s Mixture”) and one standard bread wheat cultivar 
(Wedgetail) were established with four rates of P (0, 4.4, 8.9. 17.8 kg P ha-1) applied as 
superphosphate, drilled at sowing. The soil  was an Oxic Paleustalf (USDA 1983) or Red 
Kandosol (Isbell 1996), with an available P content (Olsen P) (Olsen et al. 1954)) of 11 
mg P kg-1, located at Wagga Wagga (S 35° 01’, E 147° 20’). Sowing rate was 45 kg ha-1. 
The design consisted of main plots of P rate, split for genotype, with the P treatments 
randomised in 3 replicate blocks and genotypes randomised within P treatments. Plots 
were 10 m in length and comprised 8 rows spaced at 0.18 m. Prior to sowing, the soil 
was cultivated and treated with urea (127 kg N ha-1) and gypsum (200 kg ha-1), which 
were applied and incorporated with soil  on 27 May 2008. Sowing occurred on 5 June 
2008. Total  rainfall in 2008, 413 mm, was below the long-term yearly average of 525 mm, 
and growing season rainfall (May to October), 164 mm, was well-below the cumulative 
long-term average for those months (291 mm).

Days-to-flowering, crop dry matter and P content at flowering, tiller number per plant 
(fertile and sterile), grain yield, yield components, and grain P content were recorded. 
Crop dry matter at flowering was estimated from five x 1m sections of row per plot, and 
tiller number was determined on the plants from 1m of row per plot. Grain yield was 
estimated from the machine-harvested plot yields. Dry matter and grain yield data were 
converted to a per hectare unit. For the spelt genotypes, manually dehulled grain was 
used to estimate grain yield. The cultivar Kamarah was not used in the glasshouse study 

Evans, Neeson, Burnett, Luckett & Fettell

                                                                                                                              85



because it is known to be a mixture of several different genotypes which would have led 
to deceptive plant-to-plant variation in pots (but not so in plots). 

Condobolin 2008 
Two of the higher-yielding spelt genotypes used in the glasshouse study (SP18, SP19 ), 
two standard bread wheats (Carinya, Ventura), and two barley cultivars (Buloke & 
Hindmarsh) were used. There were six rates of P (0, 4, 8, 12,16, 24 kg P ha-1) applied as 
double superphosphate, and the applied P was drilled with the seed at sowing. 
Information on the barley cultivars is not reported in this manuscript. The site location (S 
33o 04’, E 147o 14’) was on a Calcic  Rhodoxeralf (USDA 1983) or Red Chromosol (Isbell 
1996) soil with an available P content (Colwell P) (Colwell 1963) of 22 mg P kg-1. The 
plots were sown on 23 June 2008. Seeding rate was 100 seeds m-2 except for SP18, 
which was only 80 seeds m-2 owing to limited seed supply (see Results). Sowing 
occurred on a cultivated fallow with considerable stored moisture following 140 mm of 
rain during January to May. Annual rainfall  for 2008 was 346 mm compared to a long-
term average of 456 mm and growing season rainfall  (June-October) was 124 mm, 
compared to the long-term average of 231 mm. Each factorial combination of genotype 
and phosphorus rate was randomly allocated within each of three replicated blocks. Plots 
were 15 m in length and comprised 8 rows at 0.18 m spacing. 

Plant establishment (number m-2), dry matter (kg ha-1), tillers (number plant-1), and plant 
P content were recorded at flowering time.; Dry matter (kg ha-1), crop height (cm), grain 
yield (t ha-1), harvest index (t t-1), 100 seed weight (g), seeds per ear , fertile ears (number 
m-2), and grain P content (%) were recorded on material harvested at crop maturity. Plant 
establishment was estimated from four random quadrats per plot, each quadrat was 0.17 
m2. Dry matter was estimated from two quadrats per plot, each quadrat was 0.35 m2. 
Grain yield was the machine-harvested plot yield. For the spelt genotypes, a subsample 
was manually dehulled and used to estimate plot grain yield. Grain yield components 
were estimated from 50 ears per plot. Plant establishment, dry matter and yield data were 
converted to per hectare units.

Rutherglen 2008
This field site (S 36o 06’, E 146o 31’) was certified organic  so the use of water soluble P 
fertiliser was disallowed. Soil type was a Brown Chromosol (Isbell  1996) with an available 
P (Olsen P) of 14 mg P kg-1. Four genotypes of spelt (SP18, SP19, SP40, Kamarah) and 
one standard bread wheat (Wedgetail) were sown with 6 phosphorus treatments (Nil, 
PL270, PL361, PL480, Guano250 and Guano500). PL is a mixture of ground reactive 
phosphate rock and finely-divided elemental sulphur (30% by weight) providing 23, 31, or 
41 kg P ha-1 for PL270, PL361 and PL480, respectively. The guano provided 33 kg P ha-1 
or 65 kg P ha-1 for Guano250 and Guano500, respectively. These products were 
broadcast and then incorporated with soil  on 4 December 2007. The trial was sown on 28 
May. The design comprised randomised main plots of the P treatments split for genotypes 
randomised to the P treatments. The P treatments were randomised within each of 3 
replicate blocks. Plot length was 15 m and comprised 6 rows spaced at 0.18 m. Dry 
matter at flowering was estimated from 4 x 1 m sections of row per plot, and grain yield 
was determined from the machine-harvested plot yields. These data were converted to 
per hectare units.
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Statistical analysis
Data were analysed using REML (Genstat v. 10.2) to account for spatial effects. Days-to-
flowering was used as a covariate in the analysis of all variables (except flowering itself). 
The covariate was used to increase the analysis precision for each trait by centering 
across differences in phenology. Differences between the REML-predicted treatment 
means were resolved by the least significant difference procedure (LSD, P < 0.05). Fitted 
curves were calculated and drawn using SigmaPlot v8 software.

Results
While this study was underway, DNA analysis of the putative spelt genotypes was 
completed (data not presented), and it showed that SP76 and SP77 were not true spelt 
genotypes but probably unselected common bread wheat genotypes.

Glasshouse study
Genotypic differences between standard bread wheats and spelt
Days-to-flowering
Mean days-to-flowering of spelt genotypes varied widely from 87 to 150 days. Early-, 
mid-, and late-flowering spelt groups were similar to the three bread wheat controls (Table 
1). There was a group of three very late-flowering spelt genotypes that did not match a 
representative bread wheat cultivar.

Table 1.  Average effect of genotype on growth parameters and P-biological-efficiency-in-dry-
matter (g mg P-1) of spelt and standard bread wheat genotypes in a glasshouse experiment 
at Wagga Wagga. Values tabulated are means over all rates of  applied P. Days-to-flowering was 
used as a covariate in the analysis of  all variables (except  days-to-flowering itself). The genotypes 
are shown grouped for their days-to-flowering category. Values followed by  a common letter within 
a column are not significantly different (P = 0.05) using a simple LSD test.

Genotype Group Flowering 
category

Days-to-
flowering

Tillers
(number 
plant-1)

Dry matter 
at flowering 
(g pot-1)

Grain 
Yield
(g pot-1)

Kernel 
weight

(mg 
seed-1)

Total P 
content of 
shoots at 
flowering 

(%)

P biological 
efficiency in 
dry matter at 

flowering
(g mg P pot-1)

Waagan 1 Early 82.6 a 6.0 a 12.0 a 6.78 f 41.9 cd 0.13 d 0.88 a

SP10 1 Early 87.8 b 9.2 bc 13.1 a 5.44 cde 34.8 b 0.11 d 1.03 abc

Gregory 2 Mid 105.6 c 6.1 a 13.5 a 6.62 f 46.4 e 0.12 d 0.94 ab

SP16 2 Mid 101.8 c 8.8 bc 17.1 b 4.51 bcd 35.6 b 0.09 c 1.26 c

SP18 2 Mid 102.8 c 8.9 bc 16.0 b 5.47 cde 37.6 b 0.09 c 1.25 b

SP19 2 Mid 103.8 c 8.8 bc 15.6 b 5.40 cde 42.7 d 0.09 c 1.25 b

Wedgetai
l

3 Late 119.8 d 6.2 a 16.9 b 6.73 f 44.6 de 0.09 c 1.21 b

SP40 3 Late 126.3 e 5.4 a 26.4 ef 5.77ef 54.3 f 0.06 a 1.81 d

SP41 3 Late 122.1 de 9.7 c 23.3 d 4.79 cde 35.0 b 0.06 a 1.84 d

SP76 3 Late 118.5 d 11.8 d 19.4 c 5.10 cde 37.7 b 0.07 b 1.57 cd

SP77 3 Late 118.1 d 12.3 d 19.6 c 4.42 bc 38.0 b 0.07 b 1.59 d

SP2 4 Very late 144.8 fg 8.3 bc 24.6 de 3.66 ab 38.2 bc 0.05 a 2.23 e

SP22 4 Very late 149.4 g 8.0 b 27.8 f 2.89 a 30.4 a 0.05 a 2.25 e

SP29 4 Very late 143.4 f 8.2 b 25.0 de 3.45 ab 37.3 b 0.05 a 2.26 e

LSD 
(5%)

4.64 1.35 2.08 1.073 3.51 0.016 0.311
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Tillering and Dry matter
Spelt tillered significantly more than the standard bread wheat cultivars (Table 1) except 
for SP40, and differences between spelt genotypes were also evident. At flowering, in 
Groups 2 and 3, the dry matter of spelt was greater than the three standard bread wheats 
(Table 1). Significant variation in dry matter within spelt genotypes was also evident, 
generally increasing as days-to-flowering increased. Late-flowering spelt genotypes were 
visually taller than the standard bread wheats.

Grain yield
The highest yielding genotypes (grain yield > 6 g pot-1) were the standard bread wheats 
(Table 1); only SP40 was not statistically lower yielding than these standard wheats. With 
the exception of SP40, the lower yields of the spelt wheats were associated with lower 
mean kernel  weights relative to the standard bread wheats (Table 1). Excluding data for 
the three ‘very late flowering’ spelt genotypes (SP2, SP22, SP29), higher tiller number 
was significantly correlated with lower grain yield (R2 = -0.66). The three excluded spelt 
genotypes were high tillering but their grain yields fell below the general  regression of 
grain yield on tiller number, suggesting that an additional  factor further decreased the 
grain yield of these spelt wheats (see below). Higher tiller number was also correlated 
with reduced mean kernel weight (Fig. 1).

Figure 1. Relationship between mean kernel weight and tiller number. Values are means for 
genotypes over the applied P treatments. Filled symbols are the standard bread wheat genotypes. 
Bars are LSDs (P = 0.05). Kernel weight = 36.4 + 2475 x (1 - e-0.964 x tiller number), R2 = 0.66.
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Figure 2. Relationship between kernel number per pot and the amount of plant dry matter 
present at flowering (DMfl) for a glasshouse experiment in 2007. Values are means of 
genotypes over all applied P treatments. Filled symbols are the standard bread wheat cultivars. 
Bars are LSDs (P = 0.05). Kernel number = 214 - 4.47 x dry matter at flowering, R2 = 0.78. 

Figure 3. Relationship between grain yield (GY) and dry matter at flowering (DMfl). Values are 
genotype means over applied P levels. Filled symbols are the standard bread wheat genotypes. 
Bars are the LSD (P = 0.05). Grain yield = 8.54 - 1.91 x dry matter at flowering , R2 = 0.67.
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With the exception of SP40, greater dry matter in spelt genotypes was also associated 
with lower grain yield (Fig. 2), because of the negative association of greater dry matter 
with the other primary grain yield factor, kernel  number (Fig. 3). Spelt genotypes SP2, 
SP22 and SP29, and SP40 were particularly reduced for kernel number. Lower kernel 
number was not generally compensated for by higher kernel weight except with SP40, 
where lower number was partly offset by higher weight, which helped support the grain 
yield of this genotype (Table 1). 

Across all genotypes, higher grain yield was positively associated with higher grain 
harvest index (grain harvest index = 0.06 x grain yield – 0.09; R2 = 0.93). The negative 
impact of a higher dry matter on kernel  number and ultimately on grain yield (Figs. 2 and 
3) therefore resulted in a reduction in grain harvest index in genotypes with higher total 
mature shoot dry matter (Fig. 4). Particularly at the two highest P levels, the grain harvest 
index of the commercial  bread wheats were much less affected than the spelts because 
the total mature shoot weight of the commercial  wheats was less than that of the spelts 
(Fig. 4). At the lowest P level, despite a similar dry matter in commercial wheats and 
some spelt genotypes the grain harvest index of the spelts was reduced.

Figure 4. Relationship between total mature shoot dry matter (DMmat) and grain harvest 
index (GHI). Values are means of  genotype within each applied P treatment.  Filled symbols are the 
standard bread wheat genotypes. Bars are LSD (P = 0.05).  Squares = 11.1 mg P per pot treatment 
(R2 = 0.48); diamonds = 23.1 mg P per pot (R2 = 0.71); circles = 34.7 mg P per pot (R2 = 0.92); and 
triangles = 57.6 mg P per pot (R2 = 0.89).

Influences of P nutrition
Plant P
Plant total P content at flowering (mg P plant-1) increased with higher rate of applied P: 
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means = 6.8, 10.6, 15.0 and 26.1 (P < 0.001; LSD = 1.55), for the four levels of P applied, 
respectively. This occurred as a result of both greater dry matter at flowering: means = 
13.0, 18.1, 21.7, and 23.4 (P < 0.001; LSD = 1.08), and increased tissue P concentration 
at flowering: means = 0.056%, 0.066%, 0.076% and 0.120% (P < 0.001; LSD = 0.0081) 
for the four P applied levels, respectively. However, within a P applied level there were no 
significant differences between genotypes for total P content at flowering or efficiency of 
P uptake at flowering. Consequently, because spelt genotypes generally produced more 
dry matter compared to the standard bread wheats, total P content of shots at flowering 
was usually less in spelt (Table 1) due to a simple dilution effect (total shoot dry matter at 
flowering vs. total P content of shoots at flowering, R2 = -0.66, -0.67, -0.83, -0.89 for the 
four P applied levels, respectively). P biological efficiency in dry matter at flowering of 
spelt was generally greater than for standard bread wheat cultivars (Table 1). 

Grain yield
Grain yield increased with P applied: means = 3.68, 5.23, 5.89 and 6.18 (P < 0.001; LSD 
= 0.554), for the four P applied levels, respectively; explained by a significant increase in 
kernel number (data not shown) as the supply of P increased. The increase in kernel 
number was explained by a significant increase in tiller number as the P applied level 
increased: means = 6.5, 7.6, 8.7, and 10.1 (P < 0.001; LSD = 0.70), for the four P applied 
levels, respectively. However, there was no significant interaction between genotype and 
P applied for either grain yield or tiller number. Grain harvest index was increased as P 
applied increased (Fig. 4).

Given that plant total P content at maturity was not different between genotypes grown at 
the same P applied level, then the higher yielding standard bread wheats (Table 1) were 
more efficient in converting P applied into grain yield.

P requirement for grain production
Across all treatments, grain yield was significantly (R2 = 0.53) and positively associated 
with higher total P content of shoots at flowering (Fig. 5). The 95% maximum grain yield 
level, calculated from the fitted regression equation was 7.89 g pot-1. Using 1 s.e. (= 
0.825) below this value, as a basis for the minimum critical P concentration to achieve 
95% of maximum grain yield, resulted in a threshold estimate of 0.12% total shoot P 
content at flowering. Only a few spelt treatment combinations achieved this critical value 
or greater. Therefore, the lower P content in spelt dry matter, compared with standard 
bread wheat cultivars(Table 1), was a further factor acting against high grain yield in the 
spelt genotypes.

Grain yields for each of the genotypes at each P applied level are given in Table 2. The 
grain yield of Gregory and Wedgetail was maximal at the moderately low P level. As 
compared to these standard bread wheats, the grain yields of SP18 (Group 2), SP40 and 
SP76 (Group 3), and SP29 (Group 4) were also maximised at the moderately-low P  
level. These spelt genotypes, therefore, may have a similar fertiliser P requirement for 
maximal grain yield as some bread wheats, albeit with a lower grain yield potential. Other 
spelt genotypes, namely SP16, SP19, SP41, SP77 and SP2, had a higher P requirement 
for maximal grain yield than their comparative bread wheat (Table 2). The grain yield of 
Waagan may not be maximised at the highest applied P level  used here: only SP16 and 
SP22 were similar in that regard.
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When the supply of P was low (mimicking a low P input cropping system) the grain yield 
of spelt wheats did not differ significantly from the standard bread wheat cultivars (Table 
2). However, the apparently larger grain yield of Wedgetail, relative to spelt genotypes 
with similar days-to-flowering, is consistent with its higher total  shoot P concentration 
(0.07%) as compared to the spelt genotypes (ranging from 0.03% to 0.05%). In this range 
of total  shoot P concentration, grain yield reduces rapidly as P concentration declines 
(Fig. 5).

Figure 5. Relationship between grain yield (GY) and total shoot P concentration (%P) at 
flowering. Values are treatment means; filled symbols indicate the standard bread wheat 
genotypes. Bars are LSD (P = 0.05). Grain yield = 8.31 x (1-e-16.08 x %P) - 0.56. R2 = 0.53.

Grain P content (data not shown) was estimated only at the two highest P applied rates. 
Averaged over these P rates, the grain P content of the standard bread wheat cultivars 
was significantly less than for some of the spelt genotypes (SP16, SP18, SP40 and 
SP41), which was partly a dilution effect resulting from the higher grain yield of the 
standard bread wheats (grain yield = -17.4 x grain P content +11.6; R2 = 0.49). However, 
the absolute P content of the grain of the standard bread wheat cultivars, particularly 
Wedgetail and Waagan, exceeded that of spelts (P < 0.01). Furthermore, the total amount 
of grain P relative to the total amount of P in dry matter at flowering ranged from 0.72 to 
0.82 for the standard bread wheat cultivars, exceeding the range for the spelt genotypes: 
0.46 to 0.70 (the highest value for spelt occurred with SP19). Across all genotypes and 
cultivars, grain P content was positively correlated with grain yield (R2 = 0.91).
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Table 2. Grain yields (g pot-1) of a range of genotypes of standard bread wheat and spelt in 
response to four applied P levels in a glasshouse experiment at Wagga Wagga in 2007. 
Values in bold indicate the statistically significant maximum grain yield for each genotype when 
compared to the yield at the next lowest P applied level (P = 0.05).

Genotype Group Applied P level (equivalent kg P ha-1)Applied P level (equivalent kg P ha-1)Applied P level (equivalent kg P ha-1)Applied P level (equivalent kg P ha-1)

6.8
(low)

13.8
(moderately low)

20.3
 (moderate)

33.8
(high)

Waagan 1 4.95 5.75 7.39 9.02

SP10 1 4.51 5.13 5.88 6.25

Gregory 2 3.78 7.22 7.82 7.65

SP16 2 3.60 4.07 4.60 5.77

SP18 2 3.18 6.15 6.43 6.14

SP19 2 3.96 5.24 5.99 6.42

Wedgetail 3 5.95 6.80 7.47 6.71

SP40 3 3.92 5.95 6.82 6.39

SP41 3 3.71 3.97 5.66 5.81

SP76 3 2.66 6.32 5.36 6.07

SP77 3 1.79 4.80 6.23 4.85

SP2 4 3.26 2.76 5.24 3.36

SP22 4 2.16 3.21 1.67 4.52

SP29 4 2.08 3.78 3.50 4.44

Field studies
Wagga Wagga 2008
Flowering of SP18, SP19 and Wedgetail occurred over a similar period (165-172 days 
after sowing), but before SP40 (165-176 days) and well before Kamarah (182-185 days). 
Higher P applied reduced the number of days for crops to reach flowering. Therefore, in 
contrast to the glasshouse study, the days-to-flowering of SP18 and SP19 in the field 
were similar to Wedgetail.

The site was P-responsive because P applied increased total  shoot dry matter at 
flowering (P < 0.001) from 2001 kg ha-1 to 3245 kg ha-1 between the nil and highest levels 
of P applied. However, there were no significant differences in the rate of increase in total 
shoot dry matter at flowering in response to increased P applied between the genotypes. 
Averaged over P applied levels, though, Kamarah produced significantly (P < 0.001) less, 
and SP18 significantly more, dry matter than the other genotypes; therefore, the P 
efficiency of uptake of SP18 was greater than the standard bread wheat. 

The total amount of P in the shots of crops at flowering depended significantly on the 
genotype and the P applied level (P = 0.02, Fig. 6). SP18 and SP40 accumulated more P, 
more rapidly than SP19, Kamarah or Wedgetail. The superior P response of SP18 and 
SP40 occurred as a result of significantly (P < 0.001) greater shoot dry matter at flowering 
compared with SP19 and Wedgetail. Kamarah had the highest total shoot P at flowering 
but also the least dry matter. The significant genotype x P applied interaction for total  P at 
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flowering seen here in the field differed from the findings in the glasshouse study, where 
there was no such interaction.

Tiller number was increased at the highest P applied level (P = 0.07), though only in 
genotypes Kamarah and SP18 (P = 0.06), and only by 1 tiller plant-1 compared to tillering 
at nil P applied. Averaged over P levels, Kamarah produced significantly (P < 0.001) more 
viable tillers (8.0 plant-1) than all other genotypes, and Wedgetail the least (2.5 plant -1), 
with SP18 and SP40 having a similar number (4.6 and 4.9 plant-1, respectively) and 
significantly more than SP19 (3.6 plant-1). Abortion of tillers was high in Kamarah (70%) 
and SP40 (53%) compared with a mean of 20% across the other genotypes. 

Figure 6. Influence of P applied fertiliser level on the total shoot P content of the dry matter 
at flowering of standard wheat and spelt genotypes in an experiment at Wagga Wagga in 
2008. The vertical bar is the LSD (P = 0.05; genotype x Papp).
Regression equations: 
Wedgetail, Total shoot P content at flowering = 4.2 + 0.23 x P applied, (R2 = 0.91); 
SP40, Total shoot P content at flowering = 5.9 + 0.34 x P applied, (R2 = 0.99); 
SP19, Total shoot P content at flowering = 4.3 + 4.6 x (1 - e-0.14 x P applied), (R2 = 0.99); 
SP18, Total shoot P content at flowering = 6.46 + 0.39 x P applied, (R2 = 0.87); 
Kamarah, Total shoot P content at flowering = 5.29 + 0.15 x P applied, (R2 = 0.93).

Grain yield was low (< 0.4 t ha-1) and determined only by main factors of P applied (P = 
0.02) and genotype (P < 0.001). Increasing P applied significantly increased grain yield 
(P < 0.001), total shoot P at flowering (P < 0.001) and total P content of grain at maturity 
(P < 0.001), but these responses were maximal  at only the second P applied level, 4.4 kg 
P ha-1. Therefore, under these field conditions at Wagga Wagga in 2007, all genotypes 
had a similar requirement for P applied to achieve maximal  grain yield. Averaged across 
P applied levels, grain yield increased in the following order: Kamarah < SP40 = SP18 < 
SP19 < Wedgetail; and was strongly, and inversely, related to tiller number (Fig. 7). Thus, 
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P efficiency in grain yield was greatest in the standard bread wheat, but also differed 
between the spelt genotypes, being greatest for SP19. Grain P concentration did not vary 
between genotypes, but total grain P increased with grain yield (R2 = 0.98). Condobolin 
2008

Across the range of P applied treatments, the number of plants established in the 
standard bread wheat genotypes (Carinya and Ventura) significantly exceeded the 
number in the spelt genotypes (Table 3), and significantly better establishment occurred 
with SP19 compared to SP18, despite the fact that SP19 was sown at a lower rate, due 
to limits in seed supply (SP18 sown at 59 kg ha-1; SP19 at 47 kg ha-1).

The site was responsive to P applied with average crop dry matter increasing significantly 
(P < 0.001) from 2177 kg ha-1 to 4880 kg ha-1 as P applied increased from 0 to 24 kg P 
ha-1, with a plateau at 12 kg P ha-1. Total shoot P content at flowering (kg P ha-1), 
estimated for Carinya, SP18 and SP19, increased linearly over the range of P applied 
levels (Fig. 8), and although it depended on both P applied and genotype (P = 0.02), the 
data for SP18, the genotype mainly responsible for the interaction, were less reliable as 
these values were based on only two replicates, because of a shortage of seed of this 
line. Average total  shoot P content at flowering was sustained at 0.11% as total  shoot dry 
matter at flowering increased to the plateau, before increasing to 0.15% at the highest P 
applied rate. 

Figure 7. Relationship between grain yield (GY) and tiller number per plant (T#) for five 
genotypes grown in the field experiment at Wagga Wagga, 2008. Values are means over all 
applied P levels. Error bars are standard errors for difference of  means. Fitted line is: GY  = 21.4 + 
(488 x e-0.263 x T#), R2 = 0.97.
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Averaged over P applied levels, tiller number was significantly higher in the spelt 
genotypes (Table 3), and crop height (cm) was significantly greater for SP18, compared 
with the standard bread wheats. Grain yield and grain harvest index of the spelt 
genotypes were significantly inferior to the standard bread wheats (Table 3). The higher 
grain yield of the bread wheats did not result from a higher mean kernel weight, or from a 
higher number of ears per unit area, but from a higher number of seeds per ear (Table 3). 
Notably, seeds per ear was strongly and inversely related to tiller number (R2 = 0.94, at 
the genotype level).

The initial  grain yield response to P applied was greater for the standard bread wheats 
compared to the spelt genotypes (P < 0.001; Fig. 8). The reduced response of SP18 and 
SP19 may be caused by a more rapid but ultimately unproductive tillering response to P 
applied in these genotypes Thus, the rate of change in tillers plant-1 per unit of applied P 
was 0.26 for SP18 (R2= 0.80) with a predicted maximum of 9.0 plant-1 at 24 kg P ha-1, as 
compared with 0.08 (R2 = 0.67) and a corresponding maximum equal  to 4.1 plant-1 for 
Carinya; with SP19 intermediate to these (initial rate of change = 0.24 (R2 = 0.89), with a 
plateau of 4.6 plant-1 occurring at 12 kg P ha-1). Except for Ventura, no grain yield plateau 
was reached in response to higher P applied levels (Fig. 8). Relative to Ventura, 
maximum grain yield with SP18, SP19 and Carinya required a greater amount of applied 
P. In general, P efficiency in grain yield for the standard bread wheat cultivars was 
superior to the spelt genotypes.

Table 3. Characteristics of two standard bread wheat and two spelt genotypes in a field 
experiment at Condobolin in 2008. Values are the means over all P applied fertiliser treatments. 
Values with a common letter,  within a column, are not significantly  different (P = 0.05) using a 
simple LSD test.

Genotype Plants 
m-2

Tillers 
plant-1

Mature 
crop 
height 
(cm)

Total 
shoot dry 
matter at 
flowering
(t ha-1)

Grain 
Yield
(t ha-1)

Grain 
harvest 
Index

100 
Seed 
weight
(g-1)

Seeds 
ear-1

Ears
m-2

Carinya 84.2 c 3.05 a 468 a 3.70 b 1.09 c 0.46 c 3.07 c 25.5 c 190 b

Ventura 81.2 c 2.54 a 570 c 3.87 b 0.98 b 0.45 c 2.73 a 27.8 d 145 a

SP18 46.5 a 5.64 c 681 d 3.20 a 0.61 a 0.23 a 2.90 b 13.3 a 165 ab

SP19 68.7 b 4.00 b 520 b 3.55 ab 0.70 a 0.32 b 3.49 d 17.8 b 187 b

LSD (5%) 8.42 0.829 12.0 0.37 0.101 0.017 0.098 1.68 23.4

Rutherglen 2008
Flowering of SP18, SP19, SP40 and Wedgetail  occurred around 19 October 2008, and 
flowering of Kamarah around 11 November. At this field site there was no effect of the P 
applied treatments on either total shoot dry matter at flowering or grain yield, nor any 
interaction between genotype and P applied. However, averaged over P treatments, the 
total  shoot dry matter at flowering of SP19 and SP40 was similar and significantly (P = 
0.002) greater than for Wedgetail and Kamarah, and SP19 significantly greater than 
SP18. Also averaged over the P applied treatments, the low grain yield (which was very 
low due to drought conditions) varied significantly (P < 0.001) between genotypes: 
Kamarah (347 kg ha-1) < SP40 (490 kg ha-1) < SP18 (669 kg ha-1) < SP19 (918 kg ha-1) = 
Wedgetail (1001 kg ha-1). There was no relationship between total shoot dry matter at 
flowering and grain yield. The growing season (June-October) rainfall  at the Rutherglen 
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site was only 182 mm; compared to a long-term average of 292 mm. The year (2008) 
was a significant drought year with annual rainfall of only 429 mm compared to the long-
term mean of 588 mm.

Figure 8. Influence of applied P on the grain yield (GY) of two standard wheats and two spelt 
genotypes in a field experiment at Condobolin in 2008. Vertical bar is the LSD (P = 0.05) for 
the genotype x applied P interaction (P < 0.001). Regression equations:
Carinya, Grain yield = 0.77 +1.02 x (1 – e-0-04 x P applied), R2 = 0.98; 
Ventura, Grain yield = 0.52 + 0.52 x (1 – e-0.139 x P applied), R2 = 0.88;
SP18, Grain yield = 0.47 + 0.013 x P applied, R2 = 0.98; and
SP19, Grain yield = 0.48 + 0.02 x P applied, R2 = 0.94.

Discussion & Conclusion
After this study was completed, a report on genetic diversity in spelt germplasm using 
DNA markers (Raman et al. 2009) concluded that the genotypes SP18 and SP19 
contained alleles that suggested that these genotypes were derived from crosses 
between spp. spelta and common bread wheat. This is partly evident here in the 
intermediate response of these genotypes compared to the extremes of the commercial 
wheat cultivars (e.g. Wedgetail) and the “pure” spelts (e.g. Kamara) (Figs. 1, 2, 3 and 7).

Spelt did not show the grain yield potential of the highly-developed and highly-selected 
standard bread wheat cultivars, either under well-watered glasshouse conditions or under 
field conditions. In the glasshouse, the average maximum grain yield of spelt (excluding 
the three late-flowering genotypes: SP2, SP22, SP29) was 77% of the average maximum 
grain yield of the standard bread wheats, with a range from 56% to 84%. In the field, at 
Wagga Wagga, the spelt averaged 65% (range of 54-76%) of the grain yield of Wedgetail; 
at Condobolin, 60% (range of 55-64%) of Carinya; and at Rutherglen, 60% (range of 
34-92%) of Wedgetail. Where Kamarah was included in the field experiments, its grain 
yield was < 55% of Wedgetail, supporting the anecdotal evidence that current commercial 
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crops of spelt yield substantially less than commercially-grown bread wheat. The range of 
alternative spelt genotypes used in this study also yielded significantly less than standard 
bread wheats. Furthermore, the P applied requirement to achieve the maximum grain 
yield of spelt was no less than for bread wheats, suggesting that an economic  return from 
spelt similar to standard bread wheat can only be achieved through the higher market 
value per tonne of spelt grain.

There was no evidence from our glasshouse or field trials that, in P-deficient soil  (low 
input cropping systems), spelt was capable of higher grain yield than standard bread 
wheats, indeed in most cases its P uptake and utilisation efficiencies were also lower than 
bread wheat

The field experiments showed that Kamarah yielded significantly lower than alternative 
spelt genotypes. Thus, over a range of soil P fertility conditions, the grain yield of 
Kamarah was only 38% and 39% of the grain yield of SP19 at Rutherglen and Wagga 
Wagga, respectively. These data suggest that greater economic returns could be 
achieved through commercialisation of the highest-yielding spelt genotype, SP19, 
provided that the grain quality attributes valued by the organic spelt industry can be 
maintained. The long days-to-flowering of Kamarah meant that it was poorly adapted; the 
plant is also poorly-structured (high tiller number and tall) preventing it from yielding well, 
at least under moisture-stressed conditions. The glasshouse data also suggested that the 
minimal P applied requirement for maximal grain yield among the spelt genotypes may 
differ, so that breeding and selection within spelt may optimise P efficiency for grain yield.

The higher tiller number, total dry matter at flowering, and dry matter at maturity of the 
spelt genotypes may have value in an organic system for increased competitiveness 
against weeds, for grazing, or for the production of forage (hay or silage). However, these 
characteristics were not conducive to high grain yield. Under glasshouse conditions some 
growth attributes of spelt were negatively correlated to grain yield, including greater dry 
matter at flowering and greater tiller number. The yield component that appeared to be 
most adversely influenced by higher dry matter at flowering was kernel number per plant. 
This yield component is reported to have a major influence on the grain yield of standard 
wheat (Guitard & Newman 1961, Shah et al. 1994) as it is a key component of overall 
sink size. The yield component most adversely influenced by greater tiller number was 
mean kernel weight., The general conclusion from the glasshouse and field observations 
reported here is that the greater propensity for tillering and higher dry matter production in 
spelt render it less able to yield at an equivalent level to standard bread wheats.

In our glasshouse experiment, greater biomass was not only associated with lower kernel 
number, but also with a lower total P content at flowering. According to several authors 
(Boatwright & Viets 1966, Chapman & Keay 1971, Batten et al. 1986) the P acquired by 
wheat up to flowering is usually sufficient for maximal grain yield, because P stored in leaf 
and stem tissue is re-mobilised to support grain production (Batten et al. 1986). However, 
at a given level of P applied, the consistency in plant total P between genotypes varying 
in grain yield, suggested that total  P per se could not explain grain yield variation. Total 
shoot P content at flowering was greater in the higher-yielding standard bread wheats 
than in spelt wheats grown at a fixed level  of P applied. Others (Rashid et al. 2005) have 
reported a strong correlation between total shoot P at flowering and relative grain yield in 
spring wheat, with a critical concentration of 0.13%, similar to the suggested lower limit 
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(0.12%) estimated here. Tissue that has a higher P concentration, such as that present in 
the standard bread wheats, may contain a greater fraction of P stored in more readily 
mobilised compounds which can be used to meet the requirements of grain production. 
The fact that the mean kernel weight of the standard bread wheat cultivars was 
significantly superior to nearly all spelt genotypes, and kernel number was lower, 
suggested that resources for seed growth were in better supply in the standard bread 
wheat cultivars. As well as carbon (C) (Grafius 1972), these resources may include 
mobile P and N that are transported from leaf and stem material to grain (Chapman & 
Keay 1971). 

Simply enriching plant tissue with P is not likely to be sufficient to maximise the grain yield 
potential  of spelt wheat. In the glasshouse study, applying more P fertiliser increased the 
tissue concentration of SP18 and SP19 to an adequate maximum value of 0.14 %P, yet 
these genotypes still  did not produce grain yield comparable to the standard bread 
wheats. A significant amount of P was ‘wasted’ on unnecessary height and unproductive 
tillers. Despite the significant grain yield differences between standard bread wheats and 
spelt genotypes in the field at Wagga Wagga and Condobolin, tissue P concentration was 
similar or greater in the spelt genotypes; and all  values exceeded 0.12%. At Wagga 
Wagga, the significantly higher tissue P concentration in SP18 and SP40 compared to 
Wedgetail and SP19 occurred in parallel with greater dry matter, which suggests that 
these spelt genotypes may have greater ability to acquire P from soil, at least under dry 
soil  conditions. This may be due to better root system architecture or functioning 
(Richardson et al. 2009) and warrants further investigation. From this work it is apparent 
that tissue P concentration is unlikely to be responsible for determining grain yield 
differences between spelt and bread wheat, which seems more probably caused by 
morphological and physiological  differences, related to tillering, height, ear size, and seed 
size.

Genetic advance in the grain yield of standard winter and spring wheats has shown a 
correlation with an increase in grain harvest index often through the use of dwarfing 
genes (Austin et al. 1980, Domnez et al. 2001, Shearman et al. 2005). A reduction in tiller 
number or plant height in spelt may provide a pathway for increasing its grain harvest 
index by enabling an increase in mean kernel weight and/or kernel number. In Australia 
spelt is mostly grown under organic  low-input management regimes and there is the 
potential  to develop new cultivars that are suited to local  conditions and organic  low-input 
management while paying attention to improving pest and disease resistance and to 
increasing yield without compromising nutrient density and other consumer-desirable 
attributes.
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