
THE SENSORIAL INVISIBILITY OF PLANTS

Laura Cinti

Slade School of  Fine Art in interdisciplinary capacity with the 
Centre for Advanced Biomedical Imaging University College London

2011

Thesis submitted to University College London
for the Degree of  Doctor of  Philosophy

An Interdisciplinary Inquiry through Bio Art
and Plant Neurobiology



 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DECLARATION 

I, Laura Cinti, confirm that the work presented in this thesis is my own. Where material has been 

derived from other sources I confirm that this has been indicated in the thesis. 



 3 

ABSTRACT 
 

 

The thesis, titled ‘The Sensorial Invisibility of Plants: An Interdisciplinary Inquiry through Bio 

Art and Plant Neurobiology’, is an interdisciplinary art practice-related research that focuses on 

the complexities in recognising plant behaviour. It explores the contradistinction between 

scientific studies that reveal cognitive capacities in plants and our subjective perceptions where 

plants appear motionless and devoid of sensation.  

 

The difficulties inherent in perceiving plants’ interactions with their environment are concerned 

with physiological processes in plants, their morphological adaptations and temporal disparities. 

Thus, techno-scientific interfaces utilising genomic and electrophysiological approaches offer 

unprecedented scopes to extend our perceptual boundaries and reveal plants’ behavioural 

qualities.   

 

In biological art practices, scientific approaches and methodologies are deployed to 

empathetically explore intrinsic biological expressions in plants through aesthetics, genetics and 

electrophysiology.  The thesis critically examines issues thrown up when scientific strategies are 

incorporated into artworks by questioning the role of the interfaces (i.e. green fluorescent 

protein or electrodes) and their authenticity in revealing aspects of plant responses and 

expressions.  

 

The practical aspects of the research draw on experimental approaches (using time-lapse, 

fluorescence and nanotechnology) to modulate plant motion into our frame of reference. In 

doing so, it investigates whether our subjective experience can be consolidated with the sensorial 

image of plants emerging from the sciences.   

 

Accompanying the written thesis is a visual documentation of the research’s practical component 

in the form of a multimedia DVD. 
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INTRODUCTION 
 

 

This research tries to connect our ordinary experiences of plants with scientific understandings 

and is guided by the following questions: (1) Why do plants’ sensorial features appear invisible? 

and (2) What potential scopes exist, within the intersections of art and science, to reveal plants’ 

sensorial invisibility?  The first question is concerned with the paradox of plants’ critical role and 

their ubiquitous presence in our lives in relation to our partial interaction with them and our 

inability to experience, or understand, plants’ complex interactions with their surroundings. The 

second question reflects on how we might impact our perception and understanding of plants by 

exploring avenues of creating interactive encounters, where their sensorial features appear or 

become visible. One such aspiration instigated this research through imagined possibilities of 

having plants respond visibly, and interactively, to our touch gestures.  The motivation was to 

develop interactive experiences between plants and humans – born out of the intimate spaces 

where curiosity and touch meet.  This research attempts to realise, or rather actualise, this 

imagined possibility by taking account of the various interfaces created both in the sciences and 

the arts while considering the anthropomorphic projections potentially involved when dealing 

directly with living mediums.  

 
 

Fig. 1. Left: ‘The Cactus Project’ (2001), transgenic cactus (Bolivian Rebutia Donaldiana) expressing human hair. Photo: 
Laura Cinti. Right: ‘The Mexico Project’ (2004), transplantation of transgenic cactus, Desierto Sonorense, Mexico.  
Photo: Howard Boland. 

 

Prior to undertaking this research, my artistic practice involved working with living plants to 

explore, and create, alternative potentials – be it through genetics to produce human-hair 
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growing cacti’s1, their transplantations into the ‘wilderness’2 (fig. 1) or exposing living roses to 

the harsh environment of Mars3 (fig. 2).  These artworks interrogate the grappling notion of 

plants as both ‘wildness’ and an emerging techno-scientific life form.  

  

Fig. 2. Left: ‘The Martian Rose’ (2007/9), exposing roses to proxy Martian parameters in a planetary chamber at the 
Mars Simulation Laboratory, University of Aarhus, Denmark. Right: ‘The Martian Rose’ (2007/9), installation with 
custom-made steel chamber hosting the exposed rose placed in ‘Martian’ soil, Iron(III) oxide, ‘Festival @rt Outsiders 
2009’, Maison Européenne de la Photographie, Paris, France. Photos: Laura Cinti. 

 

How this inquiry differentiates from my previous engagements with plants is that it takes into 

account and recognises the scientific perspectives, debates, empirical strategies and the 

significations of these outcomes within the framework of the arts. This research is influenced by 

science, particularly in its contemporary transformative power over life and the production of 

knowledge that can manifest unique conditions – be it scales, disciplinary positions, or the even 

the sheer temporalities of such knowledge.   

 

The dramatic play of science in ‘literally’ metamorphosing ‘surrealist fantasies’4 has captivated a 

wave of artists (fig. 4, 52, 56 & 82) engaging with living media, scientific tools and negotiating 

this space, and its production, many under the term of bio art.  As an emerging field within the 

contemporary arts, that can be problematic to define (chapter 1.2), bio art is characterised as an 

art form that bases its practice in manipulating processes of life by aligning itself with modern 

biotechnological knowledge, materials and applications. It involves transforming biological 

materials at discrete levels within living organisms as a new media of expression.     

                                                        
 
1  Laura Cinti, The Cactus Project, 2001 <http://thecactusproject.com>.  
2  Laura Cinti & Howard Boland, The Mexico Project, 2004 <http://mexicoproject.com>. 
3  Laura Cinti & Howard Boland, The Martian Rose, 2007/2009  
<http://c-lab.co.uk/default.aspx?id=9&projectid=53>. 
4 Such as the ‘earmouse’ (mouse with an ear growing on its back) created by Dr Charles Vacanti in 1997 or glowing 
transgenic organisms developed in molecular biology laboratories.    
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For me, bio art is the metamorphosing of an idea into our world, allowing art to become living 

and part of our communication.  My practice, in its use of science, is not merely about tools and 

processes; but also to do with the interaction it has with our culture.   In this context, bio art 

presents opportunities to connect with the diverse perspectives of plants and intimately engage 

with the scientifically mediated aspects of the living, such as the internal biological phenomena, 

that we do not ordinarily experience. Further, and significantly for this research, it opens 

trajectories of artistically visualising and experiencing the sensorial invisibility of plants through 

its alliance with the science of plant sensory biology.    

 

Plants’ relative immobility, compared to that of ours, frequently influences our understanding of 

them as passive entities, where their morphological and developmental (phenotypic) responses 

are masked by the considerable disparities in timescales. Nevertheless, the dramatic 

advancements in the sciences offer fascinating glimpses into the lives of plants that are 

progressively revealing the sheer sensational complexities of plant behaviour. These findings 

have brought together a newly focused field that addresses ‘the physiological and neurobiological 

bases of adaptive behaviour in plants.’5  This nascent branch of plant biology, referred to as, 

‘plant neurobiology’ is aimed at:  

 

[…] understanding how plants perceive their circumstances and respond to 
environmental input in an integrated fashion, taking into account the combined 
molecular, chemical and electrical components of intercellular plant signaling. Plant 
neurobiology is distinct from the various disciplines within plant biology in that the goal 
of plant neurobiology is to illuminate the structure of the information network that 
exists within plants.6 

 

The neurobiological view presents plants as ‘dynamic’7, ‘highly sensitive’8,‘intelligent and social 

organisms with complex forms of communication and information processing.’9  

 

Contextualised within the fields of bio art and plant neurobiology, this research synthesises the 

scientific, historical, conceptual, aesthetic, experimental and theoretical perspectives to explore 

the sensorial invisibility of plants.   Inherent to this practice-related research is the weaving 

together of the interdisciplinary practical engagements (visual arts practice and experiments) with 

the theoretical and historical threads.  The relationships between the history, theory and practice 

are simultaneously driven by the interrelations between scientific understandings and reflective 

approaches (chapter 1.3).   

                                                        
 
5 The Society of Plant Signaling and Behavior, Plant Signaling and Behavior, 11 January 2010,  
 <http://www.plantbehavior.org/>. 
6 E D Brenner, et al., “Plant neurobiology: an integrated view of plant signaling,” Trends in Plant Science 11.8 (2006): 
413-419. 
7 František Baluška, Stefano Mancuso and Dieter Volkmann, Communication in Plants, Neuronal Aspects of Plant 
Life (Berlin: Springer-Verlag, 2006). 
8 Ibid.  
9 Ibid.  
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The thesis is organised by the interdisciplinary perspectives that underpin the research.  The first 

chapter sets out to provide an account of the research’s motivational (Chapter 1.1), contextual 

(Chapter 1.2), and methodological (Chapter 1.3) approaches. 

 

Chapter 2.1, ‘Living Aesthetics’, explores the implications of prioritising aesthetics in living 

artworks predicated on the associations between aesthetics and genetics.  It provides an overview 

of flower breeding’s contextualisation as a fine art to illustrate how discourses in traditional 

media have been shaped to validate living media as artworks.  This chapter critically evaluates the 

extent aesthetics and, therein, humanistic subjectivity, obscure our understanding of plant 

behaviour and thereby reinforces a view of them as insensate.   

 

Chapter 2.2, ‘Escaping the Aristotelian Trap’, considers the pervasive idea of plants as insensible 

that emerged from the first philosophical attempts to understand plants by Aristotle and 

juxtaposes this with the plant neurobiological view in the sciences. It relates these comparisons 

with discussions on bio artworks that offer potentials of connecting these views, where scientific 

methods are utilised to reveal organisms’ biological phenomena and bridge the humanistic 

subjective experiences with the subjectivity (expressions) of the living media.  However, 

contemporary scientific analyses have, and continue to, substantiate plants in ways that clearly 

contradict our direct experiences of them.  

 

Chapter 2.3, ‘(Im)perceptible Plant Behaviour’, attempts to interrogate why plants are frequently 

portrayed as devoid of sense perception by probing into the implications of observing motion. 

This chapter discusses two significant historical discoveries that ruptured the Aristotelian or 

subjective perspective of plants through experimentation and utilising an instrumental interface 

to reveal sensorial qualities. It concludes with a discussion of a prototypic installation developed 

as part of this research that attempted to explore the aesthetic possibilities and transparencies 

between the subjective and mediated views of plants. 

 

Chapter 3.1, ‘Kac, the Object and the Duchampian Ready-made’, draws on the extraordinary 

role of fluorescent proteins as interfaces that visually connects the living organisms intrinsic 

processes, at the level of the genes, with its outward appearance as fluorescence.  This chapter 

highlights the convergence between the fluorescing organisms and their aesthetic functions and 

opens a critique into the limitations that emerge when such an interface is prioritised as an 

aesthetic tool.  

 

Chapter 3.2, ‘Illuminating Sensorial Qualities in Plants’, highlights the paradox of stripping 

bioluminescent protein interfaces of their scientific purposes in order to accentuate their spectral 

aesthetics.  This chapter addresses the significations of fluorescence expressions and the extent 
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these fluorescent proteins have, quite literally, illuminated behavioural characteristics and 

cognitive capacities in plants.  

 

Chapter 3.3, ‘Towards the Aesthetics of Intrinsic Biological Activities’, explores how different 

molecular events are visualised through luminescence. These were undertaken as part of the 

research’s practical engagements.  Scientific and reflective approaches were utilised to examine 

how fluorescence, as an interface, externalises inherent biological activities. Although the 

outcomes offered insights into the extent fluorescent expressions visually extend the view of 

intrinsic processes, it was argued that visible motion in plants links us more profoundly to their 

behavioural qualities.  

 

Chapter 4.1, ‘Mediating Sonic Responses in Plants’, discusses approaches of extracting internal 

signals in plants that were seemingly utilised in an artistic context to portray sonic translations of 

their real-time responses to their environment via brainwave-derived applications. However, 

issues of authentication were raised in terms of external interference as a result of human 

movements and the incompatibility of the sensors to extract electrophysiological signals in 

plants.  

 

Chapter 4.2, ‘Penetrating the Fragmented Self’, points to the issues of using brainwave-derived 

applications to extract electrical signals in plants and highlights the physiological differences 

between human (animal) and plants, which are defined by their morphologies and, more 

significantly, their behaviours.  This chapter discusses the contradistinction between plants’ rapid 

internal activities in relation to their growth responses, where internal signals were seen to signify 

the extent of plants perceptual qualities.  

 

Chapter 4.3, ‘The Molecular Interface’, returns to this research’s practical explorations of having 

human touch gestures eliciting direct rapid, visible and embodied motion in plants.  This chapter 

begins by empirically highlighting the difficulties involved in observing plants growth responses 

to stimuli without the aid of image-recording devices. Rather than wait and record growth 

responses, it explores how movements could be actualised in plants. This chapter concludes with 

a discussion on the experiments undertaken as part of my practice that demonstrated possibilities 

of producing latent features (interactive motility) in plants using a new biomedical technology.  
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CHAPTER 1.1: TOWARDS AN INTERDISCIPLINARY 
INQUIRY INTO THE SENSORIAL INVISIBILITY OF 
PLANTS 
 

 

This chapter provides an account of the motivational aspects of the research by drawing from 

my own artistic background and scientific contemplations surrounding the changing notions of 

plants shaped by the developments of scientific instruments, interfaces and laboratory practices. 

It looks at the diverse field of bio art that, in a broad sense, involve the intervention of living 

biological matter through scientific and cultural discourses.  By pointing to the difficulties in 

verifying processes and outcomes in bio artworks, as a result of the multiple layers that include 

translations, scales, noises and ambiguities imposed by artists, it explores the possibilities of 

developing artworks that could deal with such disparities in plants.  This chapter provides an 

account of how plants’ sensorial capabilities emerged through scientific findings resulting in a 

shift in the understanding of plants. After describing the two images of plants that emerged from 

this development, the ‘subjective’ and the ‘scientific’, I show how these contradistinctions can 

open and problematise bio art with a new perspective. This perspective will be used in 

discussions throughout this thesis.  

 

The ‘subjective’ image of plants 

 

In the book,  ‘The Aliveness of Plants’, Peter Ayes’ points out a significant contradiction:  

 
Plants have determined man’s history and they will determine his future.  Whether they 
were suspended in the primeval soup of the oceans, or more firmly anchored after their 
emergence onto land, plants modified the earth’s early atmosphere, fixing carbon 
dioxide (CO2) and releasing oxygen (O2), making possible the evolution of primitive 
animal life and, much later, of man himself.  Plants are at the base of every food chain, 
supplying us with both building and clothing materials, with wood for cooking and 
heating, and fuels to generate power.  Such green threads connect our most fundamental 
activities, yet, despite this we have until very recently taken plant growth and health for 
granted.  Many aspects of plant physiology remain a mystery to us, particularly where 
they concern plants under the variable conditions of the field – away from the 
controlled conditions of the laboratory. Still in its infancy is the study of how the 
physiology of an individual plant is modified when it functions as a member of a 
community in a natural environment.10  
 
 

It is paradoxical to note the extent plants ‘remain a mystery to us’11 in spite of their ubiquitous 

presence in our lives. Although my art practice has, previously, explored various interdisciplinary 

                                                        
 
10 Peter Ayres, The Aliveness of Plants: The Darwins at the Dawn of Plant Science (London: Pickering & Chatto, 
2008), 1.  
11 Ibid.  
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spaces with plants as my medium,12 this thesis takes on a new direction in that it considers the 

conflict between our direct and casual experiences of plants in relation to emerging scientific 

understandings.  

 

The slow lives of plants have dramatically influenced the way in which we understand them. 

Classical dichotomisations of biological systems were dictated by the living organisms’ quality of 

motion. This was reflected in Aristotle’s  (385 – 322 BC) hierarchical classifications (chapter 2.2) 

and followed by Carl Linnaeus (1707-1778).  Motion, as it were, required perceptive faculties 

and, following the pervasive Aristotelian-Linnaean tradition, it was this (motion) that 

distinguished animals from plants:  

 

Stones grow; plants grow, and live; animals grow live and feel.13  
   

This system of classification, to a significant degree, is still universally adhered to and plants are 

frequently understood as being devoid of capacities involving sensation. Contemporary plant 

scientists have pointed out that:   

  

The Aristotelian-Linnaean heritage of our current sciences is tightly associated with a 
view of automata-like passive plants lacking active sensory-driven lifestyles.14 

   

Yet, plants do respond to stimuli. It is difficult to recognise their reactions as their morphological 

changes operate on a distinctively slower timescale than ours.  

  

This thesis was motivated by my curiosity of modifying living plants to respond interactively, 

corporeally and visibly, through motion of their organs (i.e. leaves), to our touch gestures.  My 

objective was to explicitly show plants as sensorial by invoking responsive motion and, thus, 

critically contests our perception of them.   

 

Establishing the biotechnological possibilities of undertaking my practice involved developing a 

methodology, probing technical feasibilities and staking out potential experiments that could be 

conducted in order to elicit plants to become physically responsive to human touch.  I was 

surprised to learn that (non-specialised15) plants, indeed, perceived and responded to touch 

                                                        
 
12 Laura Cinti and Howard Boland, The Martian Rose, 16 May 2010 <http://www.c-
lab.co.uk/default.aspx?id=9&projectid=53>. Laura Cinti and Howard Boland, The Mexico Project, 16 May 2010 
<http://www.c-lab.co.uk/default.aspx?id=9&projectid=1>. Laura Cinti, The Cactus Project, 16 May 2010 
<http://www.c-lab.co.uk/default.aspx?id=9&projectid=2>. 
13 Frans Stafleau, Linnaeus and the Linnaeans: The Spreading of their Ideas in Systematic Botany, 1735-1789 (Utrecht: 
Oosthoek’s Uitgeversmaatschapis N.V. for the International Society of Plant Taxonomy, 1971), 33.  
14 František Baluška and Stefano Mancuso, “Plants and Animals: Convergent Evolution in Action?,” Plant- 
Environment Interactions: From Sensory Plant Biology to Active Plant Behavior, ed. František Baluška, (Berlin 
Heidelberg: Springer-Verlag, 2009) 285-301, 285. 
15 Non-specialised plants refer to plants that do not exhibit elaborate, rapid and apparent touch-response behaviours 
such as Venus flytrap (Dionaea muscipula), sensitive plant (Mimosa pudica) or sundews (Drosera).  
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(chapter 2.2, 3.2 and 4.2).  Such reactions, though not directly visible, are internalised and result 

in gradual morphological and growth adaptations. This phenomenon is known as 

thigmomorphogenesis16 and is used to describe the developmental responses of plants to touch. 

I was even more surprised to learn that as far back as 1990, mechanosensitive (touch sensitive) 

genes were ‘serendipitously’17 revealed in controlled experiments where changes in plant 

physiology were demonstrated in response to touch18 (chapter 2.2). The prevalence of touch-

responsive genes and the rapidity with which such changes in gene expressions occur indicated 

the capacity of (non-specialised) plants for rapid interaction with touch. Plants, as it would 

appear, were already sensorial organisms.   

 

Why, then, are plants not perceived as sensorial?      

 

Intrigued by scientific studies revealing perceptual qualities in plants, I became increasingly 

occupied with how these findings (abstract phenomena) conflicted with our ordinary experiences 

of plants as casual observers. The absence of rapid, noticeable and responsive behaviour, it 

would seem, implicate plants as devoid of sensation. This view of plants is developed in this 

thesis and is termed the ‘subjective’ image to describe the recognisable features of plant 

behaviour, that is, the directly observable characteristics or the phenomenological19 perception of 

plants’ external manifestations.  

 

The ‘scientific’ image of plants 

 

Aside from a handful of specialised plants, eliciting otherwise imperceptible responses in plants 

involves the use of techno-scientific interfaces, where their expressions can be visualised. One 

well-known strategy is the use of time-lapse photography (chapter 2.3 and 4.3).   

 

In the contemporary sciences, the increasing utilisation of biochemical interfaces are revealing 

the extent plants respond to their environment and also the disparities between plants’ internal 

information-processing mechanisms in relation to their external morphological adaptations 

(chapter 4.2).  Such examples include using protein interfaces to illuminate plants’ sensitivity20 to 

                                                        
 
16 A term coined by plant physiologist Mark Jaffe in 1973.  M.J. Jaffe, “Thigmomorphogenesis: The Response of Plant 
Growth and Development to Mechanical Stimulation With Special Reference to Bryonia dioica,” Planta 114 (1973): 
143-157. 
17  Janet Braam, “In touch: plant responses to mechanical stimuli,” New Phytologist 165 (2005): 373–389, 384. 
18 Janet Braam and Ronald W Davis, “Rain-, wind- and touch-induced expression of calmodulin and calmodulin-
related genes in Arabidopsis,” Cell (1990): 357-364. 
19 The term ‘phenomenology’ is used in a scientific, rather than a philosophical sense and follows the definition: ‘the 
way in which one perceives and interprets events and one’s relationship to them in contrast both to one’s objective 
responses to stimuli and to any inferred unconscious motivation for one’s behavior.’ Merriam-webster, 
Phenomenology, 14 July 2010 <http://www.merriam-webster.com/medical/phenomenology>. 
20 BBC, Glowing plants reveal touch sensitivity, 17 May 2000, 2 July 2008 
 <http://news.bbc.co.uk/1/hi/sci/tech/751069.stm>. 
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our touch or wind (chapter 3.2 and 4.2). These research findings are repositioning plants not 

only as communicative but also suggests that they exhibit a type of intelligence21 (chapter 3.2).  

 

In this context, it became clear that we were already dealing with two constructions, or images, 

of plants.  One, the ‘subjective’ and the other, the ‘scientific’ image mediated through interfaces.  

 

Working between two knowledge domains: the sciences and the arts 

 

This thesis navigates through artistic and scientific terrains to explore the notion of plants as 

sensorial organisms.  It situates itself within an interdisciplinary context and seeks to base its 

artistic exploration in scientifically credible approaches.  Where this becomes impossible, or 

problematic, there is still an engagement with both of the two knowledge systems.  

 

A myriad of life processes in plants occur within spatial-temporal parameters that are not 

immediately accessible to us. Thus, this inquiry explores aspects that negotiate or comment upon 

these discrete levels and in doing so it aims to increase our critical awareness of them.  

 

Capturing the contemporary understandings of the ‘not-immediately accessible spaces’ in plants 

required diverse approaches ranging from: (a) interviews, meetings, and correspondence, as part 

of establishing the scientific scope of this research;22 (b) discussions with artists and stakeholders 

in the art/science23 intersection; (c) intense laboratory24 and interdisciplinary25 workshops; (d) 

undergraduate courses26 on plant physiology; (e) international scientific27 and ‘art/science’ 

conferences;28 (f) exhibitions;29 (g) award lectures;30 (h) my experimentations on visualising plant 

                                                        
 
21 Anthony Trewavas, “Aspects of Plant Intelligence,” Annals of Botany 82 (2003): 1-20. 
22 These included meetings with cell morphogenesis expert (Dr Buzz Baum, LMCB, Department of Cell & 
Developmental Biology), physicist (Dr Ana Garcia Prieto, London Centre for Nanotechnology, UCL), plant biologists 
in molecular plant physiology (Dr John Pearson, Research Department of Genetics, Environment and Evolution, 
UCL) and biochemistry (Dr Astrid Wingler, Department of Biology, UCL), plant biotechnologist (Dr Mihaela 
Răcuciu, Lucian Blaga University, Faculty of Science, Romania) and research biophysicists (Dr Panagiotis Kyrtatos, 
Institute of Child Health, Department of Medicine and The Centre for Advanced Biomedical Imaging and Dr Mathew 
Kallumadil, London Centre for Nanotechnology, UCL ) 
23 Including George Gessert, Amy Youngs, Marta de Menezes, Andy Gracie, Joe Davis, Antonio C. Pinto, Annick 
Burread, Oron Catts, Phil Ross, Brandon Ballangee, Ernestine Daubner, Eduardo Kac, Adam Zarestky, as well as, 
fellow exhibitors and speakers at bio art related exhibitions and conferences. 
24 Theses included workshops engaging with recombinant practices (i.e. ‘Introduction to bacteriological methods’ at 
Royal Free & University College Medical School) and optical microscopy in wet laboratory settings at research level.  
25 These included workshops on influences between art and science (Roche Continents) and systems theory.  
26 Course module titled, ‘The Life of Plants’, at the Research Department of Genetics, Environment and Evolution at 
UCL. 
27 Such as the BA Festival of Science (2006).   
28 These included ‘Mutamorphosis: Challenging Arts and Sciences’, CIANT (2007), ‘Biorama’, Digital Research Unit 
(2007) and ‘An Encounter with Biotechnological and Environmental Art’, Centro Andaluz de Arte Contemporáneo, 
(2007). 
29 These included ‘Bios 4 Arte Biotechnologico y Ambiental’, Centro Andaluz de Arte Contemporáneo, (2007) and 
‘Unsafe Distance’, Stone Bell House, (2007). 
30 Such as Professor Ottoline Leyser’s ‘Thinking like a vegetable: how plants decide what to do’, Rosalind Franklin 
Prize Lecture (2007), Ede, Siân’s ‘Hard Questions - Contemporary Art and the Obsession with Science’ (2008) and 
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motion; (i) emerging technical scientific papers ranging from plant physiological functioning to 

cognitive aspects, nanotechnology and electrophysiology and; (j) relevant notable historical 

scientific texts, artistic research publications and cultural literature.  

 

As a methodological approach I used the action research (AR) and participatory action research 

method (PAR).  AR/PAR is a self-evaluative and reflective enquiry based on ongoing 

modifications.  These methods are expounded in chapter 1.3, where details of how these were 

used are illustrated.  

 

This diverse body of material, and the research methods that I used to make sense of it, 

developed and shaped the thesis into three sections interweaving historical, scientific, cultural 

and artistic narratives that together captures what I have entitled ‘the sensorial invisibility of 

plants’.   

 

A summary of the three sections 

 

The thesis is organised in three sections, which are further divided into three chapters. For each 

section, the first chapter opens with a critical evaluation on artists engaging with plants as part of 

their practice.  Following on from this, the second chapter explores the scientific context of the 

practice in relation to the artists discussed in the previous chapter.  The third chapter intertwines 

my artistic practice and experimentations alongside historical, scientific (i.e. chapter 2.3) or 

artistic discourses (i.e. chapter 3.3).  

 

In all three sections, the chapters follow artistic and scientific narrative threads, negotiating the 

position of plants as sensorial.  The artistic thread suggests alternative dialogues, engagements or 

interactions with plants (chapter 2.1, 3.1 and 4.1) in the light of the scientific view, where plants 

are seen as communicative, sensory and cognitive (chapter 2.2, 3.2 and 4.2).  The contemporary 

scientific perspective contrasts radically with the more generic and classical view of plants as 

‘passive automatic organisms.’31  Critically, in the chapters that follow, emphasis is placed on the 

interrelations, and differences, between cultural productions in the arts and the biological 

sciences.  It draws upon both artistic and scientific practices to bridge the gap that separates 

plants from ourselves, particularly through their slow growth movements, their invisible but 

nevertheless measurable responses and their sessile nature.  

 

                                                                                                                                                              
 

Professor John Pickett’s ‘Plant and Animal Communication’, Croonian Prize Lecture (2008) at The Royal Society, 
London, UK.  
31  František Baluška, et al., “The ‘root-brain’ hypothesis of Charles and Francis Darwin Revival after more than 125 
years,” Plant Signaling & Behavior 4.12 (2009): 1-7, 1.  
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To what extent can we connect with, or merge, these apparently mutually exclusive images of 

plants, the ‘subjective’ and ‘scientific’?   Would such amalgamation transform our perception of 

plants? Can we subjectively connect with the ‘scientific’ image of plants?   

 

The work of three artists as case studies 

 

The work of three artists, George Gessert, Eduardo Kac and Miya Masaoka, were selected to 

tackle these questions. Their artistic engagement utilises living plants that through a scientific 

context express otherwise invisible qualities and inherent processes.  Specifically, the artists deal 

with the imperceptible discrete layers that include; selective breeding (Gessert); genetic 

engineering (Kac); or electrophysiology (Masaoka). The inherent biological processes extracted 

were used as aesthetic elements in their artworks.   The artists attempt to present or open a 

communication channel, through their use of scientific interjections, and generate discourses that 

extend aesthetics to include the ecological, ethical, consumer, scientific, political and social 

landscape.  

 

This thesis draws attention to how the artists are assimilating the scientific aspects into their 

artworks and how such incorporation, or appropriation, offers insight into the view and 

portrayal of plants.  The artists set the scene of each section (chapter 2, 3 and 4) in a ternary 

fashion: Gessert in Chapter 2.1 ‘Living aesthetics’; Kac in Chapter 3.1 ‘Kac, the object and the 

Duchampian ready-made’; and Masaoka in Chapter 4.1. ‘Mediating sonic responses in plants.’  

The notion of plant perception is explored directly (and indirectly) through aesthetics (Gessert), 

genetics (Kac) and sound (Masaoka).  I critically analyse the difficulties of locating where the 

interaction is taking place, the role of the plants and what expressions arise from the plants in 

these artworks.  Rather than reveal, I argue that the interface can obfuscate our interpretations of 

plants’ expressions.    

 

How do the resultant artistic discoveries relate to what the biological sciences are exploring? Do 

the artworks suggest we are able to gain some understanding from these plants by equipping 

them with an interface?  Where, if anywhere, do artistic and scientific validity collide?  

 

Expanding my practice-related art research using scientific methods  

 

Strategies of circumventing the temporal obstacles of plants in order to actuate visible motion 

involved exploring various experimental approaches that included; utilising a molecular interface 

(magnetic nanoparticles) to induce responsive motion in living plants (chapter 4.3); conducting 

experiments to visualise plants behaviour through growth responses to touch and light (chapter 
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4.3); the use of fluorescence to visualise water conduction; bacterial genetic transformations with 

luminescent proteins as well as extraction of plants’ fluorescent molecules (chapter 3.3) and the 

development of instrumental time-lapse prototypes to visualise and expand on the 

contradistinctions between the ‘subjective’ and ‘scientific’ images (chapter 2.3). A methodological 

overview of the practical aspects is detailed in chapter 1.3. 

 

Contribution to knowledge  

 

The ‘subjective’ and the ‘scientific’ image of plants are negotiated throughout this thesis.  The 

latter involves the mediation of interfaces (e.g. instrumental, biochemical or electrical) that have 

played a central role in revealing ‘invisible’ aspects of plants’ behaviour.   

 

The scope of this thesis is situated in the bio art paradigm.  Whilst bio art is a much-contested 

definition, as the subsequent chapter will highlight, it is generally understood as an art practice 

that involves the manipulation of processes of life through the use of biotechnology.  In the bio 

art paradigm, epistemological questions are raised, especially in its outcomes.  

 

This thesis identifies new challenges in bio art by scrutinising the role of the living ‘subjects’ 

(plants) in the artworks and recognises the need for these works to further integrate the scientific 

aspects (chapter 2.1, 3.1 and 4.1). As part of an in-depth discussion on the epistemological issues 

of understanding plants through historical (chapter 2.2 and 2.3) and contemporary (chapter 3.2 

and 4.2) terrains, new terms were established (the subjective and scientific image) to differentiate our 

direct experience (phenomenological perspective) of plants and the mediation of this perspective 

through scientific methods.   

 

The practice establishes ground research and prototype development towards two new artworks 

(chapter 2.3 and 4.3) that takes into account the limitations pointed out by the thesis and 

demonstrates the use of new materials (e.g. biomedical magnetic nanoparticles) in the arts.   

 

My analysis shows how the use of interfaces and aesthetics (in bio art) to elicit understandings of 

living organisms, plants specifically, hinges on claims that are (1) not compatible, (2) remain 

highly ambiguous or (3) obfuscate scientific data.  The importance of this analysis relates to how 

bio artists stake claims in being ‘experts’ (chapter 2.1, 3.1 and 4.1) in relation to their audience 

(i.e. through scientific discourses) and simultaneously demand privileges in returning to relativist 

or ambiguous positions.   

 

Within the bio art paradigm, the scientific elements of the artwork remain largely ignored by the 

humanities and are frequently appropriated into conceptual, aesthetic, social or ethical features.  

In contrast to the highly structured organisation of meanings (in the sciences), discursive 
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practices in the arts can mobilise alternative approaches to reconcile these understandings with a 

broader spectrum of experiences that tellingly can provide a ‘deeper’ connection with living 

plants.  

 

Before going into perceptual extensions afforded by the various interfaces, the causal interplay of 

‘subjective’ and ‘scientific’ image and the extent aesthetics and subjectivity produce generic 

perceptions of plants, the following chapters provide accounts of the theoretical (chapter 1.2) 

and methodological (chapter 1.3) preoccupations that are of particular relevance to this research.   
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CHAPTER 1.2:  ON BIO ART  
 

 

What is essential is invisible to the eye.32  
 

This chapter provides an account of the preoccupations surrounding bio art, which are of 

particular relevance to this thesis.  This account is based on a contextual review of bio art 

beginning with a brief synopsis of the first of such work.  After deliberating on the 

characteristics of this seminal work, an overview of contemporary bio artworks will be discussed 

to scrutinise how issues beyond aesthetics often predominate as a result of the living status of 

the medium. It will conclude with a discussion on the fluid status of the term bio art.   

 

The seminal artwork of bio art 

 

The first widely recognised example and seminal work of bio art is photographer Edward 

Steichen’s (1879-1973) exhibition at the Museum of Modern Art (MoMA) showcasing a 

collection of delphinium flowers he had propagated (fig. 39) in 1936. MoMA described it as:  

 

[…] the only one-man flower exhibition in any art museum, featuring plant breeding as a 
creative art.33   

 

In addition to MoMA’s press archives34 announcing the exhibition, an independent scholar, 

Ronald J. Gedrim, who has written on Steichen’s photographic works35, published a paper in the 

‘History of Photography Journal’ titled, ‘Edward Steichen’s 1936 Exhibition of Delphinium 

Blooms: An Art of Flower Breeding’, in 1993.36 In this text, Gedrim provides a detailed 

contextual overview of Steichen’s delphinium show.  Along with writings by various theorists37 

and bio-artists38, Gedrim’s paper has recently been republished in the anthology, ‘Signs of Life, 

Bio Art and Beyond’ (2007), edited by Kac39 and described as:   

                                                        
 
32 Antoine de Saint-Exupéry, The Little Prince, trans. Katherine Woods, 2002 Edition (London: Egmont Books 
Limited, 1945), 70. 
33  MoMA, “Edward Steichen to be given the fine arts medal and a small retrospective exhibition in Washington by the 
American Institute of Architects,” 20 April 1950, 20 August 2010  
<http://www.moma.org/docs/press_archives/1426/releases/MOMA_1950_0035_1950-04-20_500420-
30.pdf?2010>.  
34 MoMA, Archives, 11 August 2010 <http://www.moma.org/learn/resources/archives/index>. 
35 Gedrim J Ronald, Edward Steichen: Selected Texts and Bibliography (Oxford: Clio Press, 1996) and Todd Brandow 
and William A Ewing, Steichen Lives in Photography (London: W.W. Norton & Company Limited, 2007). 
36 Ronald J Gedrim, “Edward Steichen’s 1936 Exhibition of Delphinium Blooms,” History of Photography 17.4 
(1993): 352-363. 
37 Including Vilem Flusser, Yves Michaud. Alexander Fleming, Lori B. Andrews, Dorothy Nelkin, Louis Bec and 
Eugene Thacker.  
38 Including Heather Ackroyd and Dan Harvey, Marta de Menezes, Oron Catts, Ionat Zurr, Adam Zaretsky, Paul 
Vanouse, davidkremers, Natalie Jeremijenko and Brandon Ballangee. 
39 A professor of ‘Art and Technology Studies’ at the School of the Art Institute of Chicago (USA), an artist and a 
writer. The School of the Art Institute of Chicago, Faculty Bio: Eduardo Kac, 20 August 2010 
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The first book to focus exclusively on art that uses biotechnology as its medium, 
defining and discussing the theoretical and historical implications of bio art and offering 
examples of work by prominent artists.40  

 

In Kac’s introduction, ‘Art that Looks You in the Eye: Hybrids, Clones, Mutants, Synthetics and 

Transgenics’, Steichen is cited as:   

 

[…] the first modern artist to create new organisms through both traditional and 
artificial methods, to exhibit the organisms themselves in a museum, and to state that 
genetics is an art medium.41    

 

Gessert, an artist, scholar and member of the ‘Leonardo: the journal of the International Society 

for the Arts, Sciences and Technology’42 editorial board, made the initial reference of Steichen as 

the ‘first artist to do explicitly genetic work’43 in his 1993 paper titled, ‘Notes on Genetic Art.’44  

This is also cited in his widely referenced paper, ‘A Brief History of Art Involving DNA’ in 

1996.45  Modified versions of this paper were republished in 1999 in the proceedings of ‘Ars 

Electronica: Life Science’46 and later in Dmitry Bulatov’s anthology on aesthetic responses to 

biotechnology titled ‘Biomediale: Contemporary Society and Genomics Culture’47 (2004). 

 

Numerous publications have cited Steichen’s work as the first instance of bio art referencing 

Gedrim, Gessert or, more recently, Kac. These include, David Pinchbeck’s ‘Genetic Aesthetics’48 

(1995), ‘the first living genetic experiments to be classified as ‘art’’49, a number of papers 

published in the Leonardo, such as Amy Young’s, ‘The Fine Art of Creating Life’ (2000)50 and 

Steve Tomasula’s ‘Genetic Art and the Aesthetics of Biology’ (2002)51, the ‘Encyclopaedia of 

                                                                                                                                                              
 

<http://www.saic.edu/people/Kac_Eduardo.html?color=ORANGE>. 
40 The MIT Press, Signs of Life, Bio Art and Beyond, 11 August 2010 
 <http://mitpress.mit.edu/catalog/item/default.asp?ttype=2&tid=10773>. 
41 Eduardo Kac, “Art that Looks You in the Eye: Hybrids, Clones, Mutants, Synthetics, and Transgenics,” Signs of 
Life, Bio Art and Beyond, ed. Kac (Cambridge: The MIT Press, 2007) 1-28.   
42 ‘Leonardo is the leading international journal for readers interested in the application of contemporary science and 
technology to the arts and music. Leonardo is a peer-reviewed journal.’ MIT Press Journals, Leonardo, 16 July 2010 
<http://www.mitpressjournals.org/loi/leon>. 
43 George Gessert, “Notes on Genetic Art,” Leonardo 26.3 (1993): 205-211. ‘He is also credited as the first to make 
reference to ‘genetic art’ in 1993.’ Andre Brodyk, “Genetic Art & Culture,” 2009 August 2010  
<http://www.law.mq.edu.au/ANZIHLE/docs/brodyk_cp_01.pdf>.  
44 George Gessert, “Notes on Genetic Art,” Leonardo 26.3 (1993): 205-211.  
45 George Gessert, “A History of Art Involving DNA,” Art Papers (1996): 22-25. 
46 Exhibition of historical significance, Ars Electronica 1999 focused its theme on the issues in the field of modern 
genetic engineering and biotechnology and Kac’s transgenic installation ‘Genesis’ was first shown here. See Ars 
Electronica 1999. Life Sciences, Vienna, 310-311. Jen Hauser described this exhibition as the ‘the first important 
impulse on the actual movement’ in Shana Ting Lipton, Art Imitates Life Science, The Bio-Art Movement Finds 
(Cultures & Grows) Its Wings in France, 2003, 19 July 2009 <http://www.shanatinglipton.com/bio-art-1.html>. 
47 Dmitry Bulatov, ed., Biomediale. Contemporary Society and Genomic Culture (Kaliningrad: The National 
Publishing House, Yantarny Skaz, 2004). Contributors include: Eugene Thacker, Critical Art Ensemble, Stephen 
Wilson, Melenti Pandilovski, Roy Ascott, Louis Bec, Christa Sommerer, Laurent Mignonneau, George Gessert, 
Brandon Ballangee, Marta de Menezes, Adam Zaretsky, Eduardo Kac, Joe Davis, Oron Catts and Ionat Zurr. 
48 Daniel Pinchbeck, “Genetic Aesthetics,” World Art 2 (1995): 52-57. 
49 Ibid.  
50 Amy Youngs, “The Fine Art of Creating Life,” Leonardo 33.5 (2000): 377-380. 
51 Steve Tomasula, “Genetic Art and the Aesthetics of Biology,” Leonardo 35.2 (2002): 137-144. 
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Life Sciences’ (2006)52, as well as books on the crossover between the arts and biosciences, such 

as Suzanne Anker and Dorothy Nelkin’s ‘The Molecular Gaze: Art in the Genetic Age’ (2004)53 

and  more recently in the prestigious54 scientific journal, ‘Nature’, in Francis Stracey’s paper titled 

‘Bio-art: the ethics behind the aesthetics’ (2009).55  

 

In Karen D. Thornton’s talk, titled ‘The Aesthetics of Cruelty vs. the Aesthetics of Empathy’ 

published in the ‘Aesthetics of Care?’56, proceedings of the first international symposium of 

ethical issues of bio art (2002) edited by Oron Catts, director and co-founder of Tissue Culture 

and Art Project, TC&A57, and SymbioticA58, she notes that the earliest known example of 

exhibiting living organisms (cockroaches) as part an artwork may have been Philip Johnston’s 

1934 installation ‘America Can’t Have Housing’ in MoMA’s Machine Art exhibition.59  In 

Stephen Wilson’s60 extensive survey on contemporary artists engaging in science and technology, 

titled ‘Information Arts: Intersections of Arts, Science and Technology’ (2002)61, he cites that 

living plants and snails were included in Salvador Dali’s ‘Rainy Taxi (Mannequin Rotting in a 

Taxi-Cab)’ installation at the International Exposition of Surrealism at the Galerie Beaux-Arts 

(Paris) in 1938.  

 

What differentiates Steichen’s exhibition of delphiniums to Dali’s installation is that Steichen’s 

blooms were not utilised within the metaphorical context of the work.  The flowers themselves 

were the artwork, or as MoMA’s press release put it,  ‘it will be a “personal appearance” of the 

flowers themselves,’62 expressing Steichen’s selected traits. Their visual aesthetic outcomes, that 

is, their form, colour and shapes of the delphiniums, were the result of his direct engagement 

through breeding.63   

                                                        
 
52 Davis J, et al., “Art and Genetics,” Encyclopedia of Life Sciences (2006). 
53 Suzanne Anker and Dorothy Nelkin, The Molecular Gaze, Art in the Genetic Age (New York: Cold Spring Harbor 
Laboratory Press, 2004). 
54 ‘Nature is the world’s most highly cited interdisciplinary science journal.’ Nature, About the journal, 2 August 2010 
<http://www.nature.com/nature/about/>. 
55 Frances Stracey, “Bio-art: the ethics behind the aesthetics,” Nature Reviews Molecular Cell Biology 10 (2009): 496-
500. 
56 By creating art such as tissue culture art that is living and hence requires nurturing, Oron Catts and Ionat Zurr say 
they create an ‘‘aesthetics of caring”. Annick Buread, “The Ethics and Aesthetics of Biological Art,” Art Press 276 
(2002). 
57 Founder of the Tissue Culture & Art Project/TC&A (1996) with Ionat Zurr, the artists explore the use of tissue 
culture and tissue engineering as a medium for artistic expression. 
58 ‘SymbioticA is an artistic laboratory within the School of Anatomy and Human Biology at The University of 
Western Australia.  It is dedicated to the research, learning and critique of life sciences. It is the first research 
laboratory of its kind, in that it enables artists to engage in wet biology practices in a biological science department. 
SymbioticA hosts residents, runs workshops, produces exhibitions and organises symposiums as part of the core 
activities.’ SymbioticA, About, 21 August 2010 <http://www.symbiotica.uwa.edu.au/welcome/about_us>. 
59 Mary Anne Staniszewski, The Power of Display (Cambridge: The MIT Press, 1998). The cockroaches had to be 
removed after complaints of the insulting assumption that poverty entails filth or infestation.  
60 Professor of ‘Conceptual and Information Arts’ at San Francisco State University and artist. 
61 Stephen Wilson, Information Arts, Intersections of Art, Science and Technology (Cambridge, 2002). 
62 The Museum of Modern Art, “MoMA Press Release Archives 1929–97,” 22 June 1936, MoMA, 25 March 2010 
<http://www.moma.org/learn/resources/press_archives>. 
63 Breeding living organisms for human aesthetic preference is certainly not new, and referred to by Gessert as ‘genetic 
folk art’ is abundance and is a widely discussed by main theorists and practitioners (e.g. Kac, Youngs), especially within 
the ‘bio art’ paradigm.  
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Fig. 3. Edward Steichen, Delphiniums, 1940, dye imbibition process.64 Bequest of Edward Steichen by Direction of 
Joanna T. Steichen © Joanna T. Steichen. Courtesy the Estate of Edward Steichen.  Courtesy of George Eastman 
House, International Museum of Photography and Film.  

 

Significantly, Steichen is not only regarded as the first (at least in the western world) to 

contextualise flower breeding as an art form by creating aesthetics through the living media but 

also in his use of artificial methods of breeding with mutagenic agents (colchicine) to induce 

genetic changes in the plants that resulted in observable outcomes in sizes and colours.65   Often 

overlooked,66 is that a year after Steichen’s delphinium exhibition, scientific papers67 were first 

                                                        
 
64 Steichen considered the renowned horticulturalist, Luther Burbank (1849-1936), an inspiration. Burbank himself 
often drew analogies between art and breeding: ‘‘We have learned that they [plants] are as plastic in our hands as clay 
in the hands of the potter or colors on the artist’s canvass, and can be readily moulded into more beautiful forms and 
colors than any painter or sculptor can ever hope to bring forth.’ Peter Dreyer, A Gardener Touched with Genius, 
The Life of Luther Burbank, Revised Edition (Berkeley: University of California Press, 1985). 
65 ‘Edward Steichen produced the most massive, mutated and handsome Delphiniums ever. He never showed the 
ones that didn’t make it to the MOMA. The[y] were certainly ugly, stunted, febrile and demented resultants to his 
teratogenic Colchicine Delphiniums. Steichen’s reject Delphiniums might make a great alternative retrospective.’ 
Adam Zaretsky, “The Mutagenic Arts,” 2005, CIAC’s Electronic Magazine No 23/2005, 31 January 2008  
<http://magazine.ciac.ca/archives/no_23/en/dossier.htm>. 
66 Although very briefly mentioned (unreferenced) in Gedrim’s essay.  
67 By Treatment With Colchicine* Albert F Blakeslee and Amos G Avery, “Methods of inducing doubling of 
chromosomes in plants,” The Journal of Heredity 28 (1937): 393-411.  
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published demonstrating the visual and genetic affects on the plants using the colchicine 

method.   I will address Steichen’s technique in greater detail at a later point (chapter 2.1).  

 
Several relevant aspects are indicative of Steichen’s practice being conceived as a seminal work in 

the bio art paradigm; firstly, the aliveness of the medium; secondly, the artist’s direct engagement 

with his living medium; thirdly, the manipulation at the level of the genes (‘inner processes’) to 

induce observable changes in the plants’ outward appearance; and fourthly, employing 

techniques and methods that are being simultaneously utilised in the biological sciences. 

Steichen’s artwork demonstrates a direct engagement with techniques of science to produce art. 

Significantly, it highlights the link between the ‘inner’ and ‘outward’ processes of the living 

media. In this context, Steichen’s work provides the foundational characteristics (as stated above) 

that are frequently reflected in contemporary bio art works.  

 

 
Fig. 4. Left: Stelarc’s Ear Portrait. Photo: Nina Sellars. Permission to reproduce this image has been kindly granted by 
Nina Sellars. Right: Marta de Menezes’, ‘Nature?’ (2000) microsurgery techniques (chemical interventions) were 
utilised to modify the patterns on the wings of butterflies.68  Permission to reproduce this image has been kindly 
granted by Marta de Menezes.  

 

For example, practitioners have focused on the scientific augmentation of the body (e.g. Stelarc 

[fig. 4] and Orlan), the politics69 (or activism, e.g. Critical Art Ensemble70), hypes and failures of 

science (e.g. TC&A, fig. 52, 53 & 56), the use of traditional art practices through biosciences (e.g. 

Gessert [chapter 2.1], Marta de Menezes [fig. 4], Helen Chadwick, Anne Brodie), deconstruction 

of scientific instrumentation (Joe Davis, Andy Gracie), performance works including scientific 

organisms or material (e.g. Zaretsky, Jennifer Willet, Kira O’Reilly), environmentalism (e.g. 

                                                        
 
68 Marta de Menezes, Nature?, 20 August 2010 <http://www.martademenezes.com/>. Marta de Menezes, “The 
Artificial Natural: Manipulating Butterfly Wing Patterns for Artistic Purposes,” Leonardo 36.1 (2003): 29-32. 
69 Wired, Two Indicted in Bio-Art Case, 29 June 2004, 28 July 2010  
<http://www.wired.com/medtech/health/news/2004/06/64040>. 
70 Laura Cinti, Research is not Terrorism, 21 April 2006, 15 August 2010  
<http://www.c-lab.co.uk/default.aspx?id=5&blogid=930>. 
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Brandon Ballangée) and genetic manipulation (Davis, Kac [chapter 3.1], Marc Quinn [fig. 5], 

Heather Ackroyd and Dan Harvey [fig. 5]).   

 

Fig. 5. Left: Marc Quinn, ‘Sir John Sulston: A Genomic Portrait’, 2001. Permission to reproduce this image has been 
kindly granted by Marc Quinn.  Right: Heather Ackroyd and Dan Harvey ‘Mother and Child’ (1998). Permission to 
reproduce this image has been kindly granted by Heather Ackroyd and Dan Harvey.   

 

Bio art has been, and currently is, frequently occupied with changes of form, colour and 

appearances of living organisms, shifting conceptual frameworks and these elements’ tensions 

with ethics.  Further, bio art draws from a range of discourses and movements, such as 

mythology, monstrosity, constructivism, ready-mades, symbolism, reductionism and ecological 

art, from where aesthetic considerations emerge.  Significant for bio art, is that aesthetic 

considerations are dealing with living organisms and in so represents a shift from historical 

threads (e.g. ecological art) by the inclusion of ethics. The living aspect situates bio art in a 

special relation to aesthetic theories (e.g. contextualism, moralism, automism, and traditional use 

‘subject-object’ dichotomies)71 and requires a different treatment to traditional art objects. For 

example, Ionat Zurr (TC&A, SymbioticA) points out in her Doctorial thesis (2008), titled 

‘Growing Semi-Living Art’, that De Menezes takes a ‘formalist stand’72 and that the markings on 

the butterflys’ wings (fig. 4) are ‘purely about aesthetics or beauty.’73  Based on the reactions of 

the audience, in my experience, at a ‘transgenic art forum’ at Edinburgh Festival of Science 

(2005)74, her artwork raised ethical issues whether or not prompted by the artist.   

 

                                                        
 
71 Berys Gaut, “Art and Ethics,” The Routledge Companion to Aesthetics, ed. Berys Gaut and Dominic McIver 
Lopes, 2nd Edition (London: Routledge, 2001) 431-443. 
72 Ionat Zurr, Growing Semi-Living Art (The University of Western Australia, 2008).  
73 Ibid.  
74 Howard Boland, Transgenic Art Forum, 10 April 2005, 16 May 2010  
<http://c-lab.co.uk/default.aspx?id=8&mode=view&eventid=2>. 
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As a consequence, the discussions have been dominated by the social, ethical as well as aesthetic 

aspects.  For example, artist Ellen K. Levy’s book chapter ‘Art Enters the Biotechnology Debate: 

Questions of Ethics’75 raises ethical concerns surrounding art practices utilising biotechnology.  

While cultural theorist, Paul Virilio, paints a rather macabre picture of artists working with 

genetics in his book ‘Art and Fear’:  

 

Ethics or aesthetics? That is indeed the question at the dawn of the millennium.  If freedom 
of SCIENTIFIC expression now actually has no more limits than freedom of 
ARTISTIC expression, where will inhumanity end in the future? […] After all the great 
periods of art, after the great schools such as the classical and the baroque, after 
contemporary expressionism, are we not now heading for that great transgenic art in which 
every pharmacy, every laboratory will launch its own ‘lifestyles’, its own transhuman 
fashions?  A chimerical explosion worthy of featuring in some future Salon of new 
Realities – if not in a Museum of Eugenic Art.76 

 

Jens Hauser77, curator and media scholar, comments in his paper, ‘Observations of an Art of 

Growing Interest: Toward a Phenomenological Approach to Art Involving Biotechnology’, in 

‘Tactical Media, Art, Activism, and Technoscience’:78  

 

Art that uses biotechnology as its means of expression is currently addressed less as art 
and more as a discursive and often instrumentalized form of contributing to ongoing 
public debates beyond the aesthetic realm.79 

 

The bio art phenomenon is, as Zurr notes, still ‘undergoing radical change.’80 Gessert 

acknowledges that it is ‘less a movement than a constellation of allied media each consisting a 

species or breeding complex’81 and Zaretsky, has noted, in his feature in Le Centre International 

d’Art Contemporain de Montréal (CIAC) electronic magazine titled ‘The Mutagenic Arts’ that:  

 

The artists involved in Bioart are not a group with a manifesto and a singular 
programmatic but instead have rifts, ethically, philosophically and politically, which keep 
them from any singular consensus.82 

 

 

                                                        
 
75 Ellen K Levy, “Art Enters the Biotechnology Debate: Questions of Ethics,” Ethics and the Visual Arts, ed. Elaine 
A King and Gail Levin (New York: Allworth Press, 2006) 199-216. 
76 Paul Virilio, Art and Fear. Trans. Julie Rose. (London and New York: Continuum, 2003) 32.  
77 Hauser has organised L’Art Biotech (2003), a show on biotechnological art at the National Arts and Culture Centre 
Le Lieu Unique Nantes, and Still, Living (2007) at the Biennale of Electronic Arts Perth, and sk-interfaces (2008) at 
FACT and sk-interfaces at Casino, the Contemporary Arts Centre Luxembourg, in 2009. Ars Electronica, Prix Ars 
Electronica 2010 - Jury Members, 16 July 2010 <http://www.aec.at/prix_entry_jury_jp.php>. 
78 Beatriz da Costa and Kavita Philip, Tactical Biopolitics: Art, Activism, and Technoscience, ed. Beatriz Da Costa and 
Kavita Philip (Cambridge: The MIT Press, 2008). 
79 Jens Hauser, “Observations of an Art of Growing Interest: Toward a Phenomenological Approach to Art Involving 
Biotechnology,” Tactical Media: Art, Activism, and Technoscience, ed. Beatriz Da Costa and Kavita Philip 
(Cambridge: The MIT Press, 2008) 83-105, 83. 
80 Ionat Zurr, Growing Semi-Living Art (The University of Western Australia, 2008).  
81 George Gessert, Green Light, Toward an Art of Evolution (Cambridge: The MIT Press, 2010) 1.  
82 Adam Zaretsky, “The Mutagentic Arts,” 2005, CIAC’s Electronic Magazine, 25 March 2010  
<http://www.ciac.ca/magazine/archives/no_23/en/dossier.htm>. 
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Still, there is the issue that bio art remains a fluid term that is problematic to define.  Hauser 

notes:  

 
The growing interest in art forms that deal with the biological disciplines at large has 
created a niche for a proliferating murky and woolly generic term: bioart—a catchword 
to describe a still unclear postdigital paradigm and its specific metaphors—which stands 
for both biomedia and biotopics, and tends to abolish their ontological differentiation.83 

 

Towards a ‘working’ definition of bio art  

 

Kac noted in his essay, ‘Life Transformation – Art Mutation’ in ‘Signs of Life Bio Art and 

Beyond’ (2007), that he coined the term bio art to describe his artwork ‘Time Capsule’ in 1997 

that involved a live television broadcast where a microchip (identification transponder tag) was 

implanted into his leg (fig. 6). His website was recently84 updated to state:  ‘It was in the context 

of this wo[r]k that Kac coined the term “Bio Art”.’85  It is interesting to point out that 

publications (including the ones stated earlier) on bio art omit Kac’s coinage of the term.   

 

Fig. 6. Eduardo Kac, ‘Time Capsule’ 1997. Left: ‘The moment of the implant. Photos: Carlos Fadon.’86 Right: X-ray of 
Eduardo Kac's left leg made the morning after the implant.  The microchip is seen on the upper left corner of the 
picture.’87 

                                                        
 
83 Jens Hauser, “Observations of an Art of Growing Interest: Toward a Phenomenological Approach to Art Involving 
Biotechnology,” Tactical Media: Art, Activism, and Technoscience, ed. Beatriz Da Costa and Kavita Philip 
(Cambridge: The MIT Press, 2008) 83-105, 83.  
84 Kac’s coinage of term bio art was added on his website from after the 4th April 2008. Internet Archive, Interactive 
Works, 20 August 2010 <http://web.archive.org/web/20080404232914/http://ekac.org/interactive.html>. 
85 Kac states: ‘I have been employing the phrase “bio art” since 1997, in reference to my own works that involved 
biological agency (as apposed to biological objecthood), such as “Time Capsule” and “A-positive” both presented in 
1997.  The difference between biological agency and biological objecthood is that the first involves active principle 
while the second implies material-self-containment.’ Eduardo Kac, “Introduction Art that Looks You in the Eye: 
Hybrids, Clones, Mutants, Synthetics, and Transgenics,” Signs of Life, Bio Art and Beyond, ed. Eduardo Kac 
(Cambridge: The MIT Press, 2007) 1-27. 
86 Eduardo Kac, Time Capsule, 31 August 2010 <http://ekac.org/figs.html>. 
87 Ibid.  
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In ‘Signs of Life, Bio Art and Beyond’, Kac defines bio art as:  

 

A new direction in contemporary art that manipulates the processes of life.  Invariably, 
bio art employs one or more of the following approaches: (1) the coaching of bio-
materials into specific inert shapes or behaviours; (2) the unusual or subversive use of 
biotech tools and processes; (3) the invention or transformation of living organisms with 
or without social or environmental integration. […] bio art creates not just new objects, 
but, more tellingly, new subjects. Unlike conceptualism, which highlighted the use of 
ideas, language, and the documentation of events, bio art emphasizes the dialogical and 
relational88 […] as much the material and formal qualities of art89[…] bio art has as its 
“core materials” ontogeny (organisms development) and phylogeny (species evolution), 
and it opens itself to the entire gamut of life processes and entities, from DNA 
molecules and the smallest virus to the largest mammals and its evolutionary lineage.  

 

Hauser describes bio art as:  

 
an art form, which utilizes diverse biotechnological methods as new media of expression 
in its actual practice. It is first and foremost an ephemeral and process-based art of 
transformation in vivo or in vitro that manipulates ‘biological material at discrete levels - 
be it cells, proteins, genes or nucleotides - creating displays which allow audiences to 
partake of them emotionally and cognitively.’ 90 91 

 

Zurr argues that Hauser’s definition is exclusively limited to artists working with biotechnology.  

For example, Gessert uses traditional breeding methods (hand pollination) to create flowers and 

is a widely acknowledged bio art pioneer.  However, Gessert’s definition of bio art is too 

inclusive: ‘art composed of living things or created in conjunction with them.’92 From this 

perspective, bio art need not to involve biotechnology or genetic alterations. Instead the term 

‘biotech art’, introduced by Hauser in 2003, is used to describe ‘bio art in which the living 

components have been biotechnologically altered.’93 Following Hauser’s definition, ‘biotech art’ 

involves life forms that are or have been ‘modified by technologies ranging from those used in 

traditional plant and animal breeding to genetic engineering.’94 In what is regarded as a ‘subset’ of 

‘biotech art’, the term ‘transgenic art’, coined by Kac, ‘describes an art in which living 

components have been genetically engineered.’95 The distinctions between the terms are 

highlighted within the umbrella term of bio art and explicated in a widely cited diagram (fig. 7) by 

                                                        
 
88 Kac’s example: ‘cross-pollination, social intercourse, cell interaction, interspecies communication.’  Eduardo Kac, 
“Introduction Art that Looks You in the Eye: Hybrids, Clones, Mutants, Synthetics, and Transgenics,” Signs of Life, 
Bio Art and Beyond, ed. Eduardo Kac (Cambridge: The MIT Press, 2007) 1-27. 
89 Kac’s example: ‘the shape of frogs [Ballangee], the color of flowers [Gessert], bioluminescence [Kac], the patterns 
on butterfly wings [de Menezes].’ Ibid.   
90 Eduardo Kac, “Introduction Art that Looks You in the Eye: Hybrids, Clones, Mutants, Synthetics, and 
Transgenics,” Signs of Life, Bio Art and Beyond, ed. Eduardo Kac (Cambridge: The MIT Press, 2007) 1-27. 
91 In Biotechnology as Mediatility: Strategies of organic media art, Performance Research 11.4 (2006): 129-136  
92 George Gessert, Green Light, Toward an Art of Evolution (Cambridge: The MIT Press, 2010) 1. 
93 Ibid. 2.  
94 Ibid.  
95 Ibid. 
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Professor Pier Luigi Capucci96 in response to Gessert’s classifications in a moderated forum.97  

This diagram was later published in the Italian edition of L’Art Biotech (2007).98 

 

Fig. 7. Pier Luigi Capucci, illustrative diagram on bio art classification.99 Permission to reproduce this diagram has 
been kindly granted by Professor Pier Luigi Capucci.    

 

While a definition and history (yet to be written) of bio art is necessary, it sits beyond the scope 

of this thesis. However, a ‘working’ definition, in terms of the position of the thesis, takes the 

view of Kac’s definition of bio art described earlier.  Critical to this definition, and particularly in 

terms of this thesis, is the significance of the ‘constitution of new subjectivities,’100 in contrast (or 

addition) to creating living objects, as appropriately recognised by Kac. The thesis extends this 

depiction by scrutinising the signification of the ‘inner processes’ (‘biological material at discrete 

levels’) in relation to the living medium. Further, for this signification to be communicated (e.g. 

as part of the artistic expression), aesthetics, humanistic subjectivity and narrative constructions, 

as we will see, are inadequate alone in gaining a ‘deeper’ understanding of the living medium. I 

will argue that if the subjectivity of the medium is to be taken into account there is a need for the 

                                                        
 
96 Professor at SUPSI, Professor at NABA - Nuova Accademia di Belle Arti, Professor at Fine Arts Academy of 
Carrara.  
97 George Gessert. “Re: [YASMIN-msg] Exhibiting bioart - Yasmin discussion”, message sent to the Yasmin mailing 
list, 25 March 2006, http://www.media.uoa.gr/yasmin. 
98 Italian version of exhibition catalogue of ‘L’Art Biotech’ exhibition in Nantes. Jens Hauser, ed. L’Art Biotech. 
Catalogue. (Le Lieu Unique, Nantes, France, 2003).  
99 Pier Luigi Capucci, The Double Division of the Living, 20 August 2010  
<http://www.noemalab.org/sections/ideas/ideas_articles/capucci_double_division_eng.html>. 
100 Betti Marenko, Is There Life in Bioart?, 20 August 2010 <http://www.metamute.org/en/life-bioart>. 
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scientific aspects of the bio artwork to be more fully integrated into the artistic processes in 

order to generate an understanding beyond the ‘surface level’ and toward epistemological 

insights of the living medium. (For example, Kac’s artwork ‘GFP Bunny’ [fig. 82] focuses on 

ethical and social debate.  But what does it tell us about the biological processes in the bunny?)   

 

In contrast to ‘technologically’ interactive artworks utilising living organisms, especially plants, as 

conceptual ‘add-ons’ to artistic expressions and interactive processes, such as plants embedded 

with an electronic interface to enable interaction with audience101 or machines102, bio art 

approaches offer avenues of generating actual responses from- and interaction with the living 

plants as part of the artistic expressions.  

 

The following chapter provides an account of this research’s methodological preoccupations.  

  

 

 

 

                                                        
 
101 For example, in Christa Sommer and Laurent Mignonnea’s ‘Interactive Plant Growing’ (1993-1997), the living 
plants serve as the natural interfaces that upon human touch, connects and projects real-time “growth” of the ‘virtual 
growth of 25 and more program-based plants.’ Sensors near living plants mediate the projections between the 
program-based and living plants.  Christa Sommerer and Laurent Mignonneau, Interactive Plant Growing, 31 August 
2010 <http://www.interface.ufg.ac.at/christa-laurent/WORKS/CONCEPTS/PlantsConcept.html>. In Amy 
Youngs’ ‘Engineered for Empathy’ (1999), inspired by creation of transgenic plants with firefly genes (fig. 104), a 
cactus (Mammillaria Elnogata Monstrosus) is embellished with technological tools (LEF, microprocessor and sensors), 
which results the technically glowing cactus to pulsate as the human moves towards it.  On touch it flashes frantically. 
Amy Youngs, Engineered for Empathy, 31 August 2010 <http://hypernatural.com/engineer.html>. 
102 For example, David Bowen’s artworks such as ‘Networked Bamboo’ and ‘Growth modeling device.’ David Bowen, 
David Bowen: kinetic, robotic, interactive and sculptural works, 31 August 2010 <http://www.dwbowen.com/>. 
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CHAPTER 1.3: ART, SCIENCE AND PRACTICE: 
APPROACHES AND METHODOLOGIES  
 

 

A rationale for methodological approach  

 

The nature of this practice-related research necessitated a methodological approach that was 

distinctive, experimental, self-reflective and open-ended.    

 

A recognised form of experimental action research (AR) or participatory action research (PAR) 

methodology was utilised in order to provide a reflective investigation that could be re-

contextualised and modified within the framework of this interdisciplinary practice, intersecting 

scientific and reflective approaches.   

 

AR is defined by James McKernan (1996) as:  

 

[…] the reflective process whereby in a given problem area, where one wishes to 
improve practice or personal understanding, inquiry is carried out by the practitioner – 
first, to clearly define the problem; secondly, to specify a plan of action – including the 
testing of hypotheses by application of action to the problem.  Evaluation is then 
undertaken to monitor and establish the effectiveness of the action taken.  Finally, 
participants reflect upon, explain developments, and communicate these results to the 
community of action researchers.  Action research is systematic self-reflective scientific 
inquiry by practitioners to improve practice.103  

 

Following McKnenon, this definition stresses the ‘rigorous, systematic inquiry through scientific 

procedures’104 and the participants’ ‘critical-reflective ownership of the process and results’105 

that characterises the action research methodology.     

 

AR/PAR was coined in 1946 by social psychologist Kurt Lewin106 who described it as ‘a 

comparative research on the conditions and effects of various forms of social action and 

research leading to social action’107 through a series of iterative steps that involve observing, 

reflecting, acting, evaluating and modifying. This approach recognises the requirements for the 

action plans to be both responsive and adaptable.   

 

                                                        
 
103 James McKernan, Curriculum Action Research: A Handbook of Methods and Resources for the Reflective 
Practitioner, 2nd Edition (London: Routledge, 2006) 5. 
104 Ibid. 
105 Ibid. 
106 Kurt Lewin, “Action Research and Minority Problems ,” Journal of Social Issues  2 (1946): 34-46. 
107 Ibid.  
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Fig. 8. Action Research Protocol by Stephen Kemmis.108 Permission to reproduce this image has been kindly granted 
by Professor Stephen Kemmis.  

 

This cyclic systematic approach (fig. 8) involves diagnosing problem(s), planning, taking action, 

monitoring, evaluating and reflective-planning for the following cycle. Dan MacIsaac notes that 

the cyclic feature of the AR process: 

  

[…] is intended to foster deeper understanding of a given situation, starting with 
conceptualizing and particularizing the problem and moving through several 
interventions and evaluations.109  

  

PAR is often used interchangeably with AR but places emphasis on the participant’s direct 

engagement and self-reflective spirals in the research.110    

 

AR/PAR protocols are initiated by problems that may be resolved through the process of data 

collection or ‘some form of interventionary strategy’111 (plan), followed by the action of 

implementing the interventions set forward by the practitioner (action). The outcomes are then 

subjected to analysis (monitored) and based on the analysis, the strategies are revised and the 

cycle continues onwards - using the new premise(s) as outlooks for implementation (action), 

                                                        
 
108 Kurt Lewin, “Action Research and Minority Problems,” Journal of Social Issues  2 (1946): 34-46. 
109 Dan MacIsaac, An Introduction to Action Research, 24 April 1995, 10 August 2010  
<http://physicsed.buffalostate.edu/danowner/actionrsch.html>. 
110 Robin McTaggart, Participatory action research: international contexts and consequence (New York: State 
University of New York, 1997). 
111 Dan MacIsaac, An Introduction to Action Research, 24 April 1995, 10 August 2010  
<http://physicsed.buffalostate.edu/danowner/actionrsch.html>. 
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analysis (monitoring) and so forth.  Critical to the reflective stance is that it recognises the extent 

practice and research are interlinked.  

 

Processes of action and reflection formed the developmental basis of this research where various 

methods were systematically implemented within the AR/PAR paradigm.  These included; (1) 

reflexive practice, (2) documenting observations on subjects (plants), (3) recordings 

(photography and video), (4) scientific methods as per experiments, (5) keeping sketchbooks and 

research journals, and (6) documenting meetings, workshops, lectures, email correspondences 

and exhibitions. These methods were frequently used simultaneously at all stages of this research.   

 

This chapter describes each of the significant stages (components) of the research and the 

methods used in order to give an account of how the AR/PAR methodology was implemented.  

Each of these components follows the self-reflective spiral of stages (planning, acting, 

monitoring and evaluating) and is described alongside a diagrammatic map. Following on, I will 

use two maps based on the cylindrical nature of AR/PAR to illustrate the key components 

within the context of the broader research scope to provide an overview. Each stage was driven 

by a guiding idea, referred to here as ‘the problem’ and will be discussed in what follows.  

 

1. Problem: inducing motion in plants using molecular interfaces 

 

The research inquiry, as previously stated (Chapter 1.1), was instigated by my motivation to 

induce visible motion in plants, where human touch would generate visible responses of their 

stems and leaves. The aim was to pose an ontological challenge and to challenge our 

understanding of plants. Critical to this undertaking was the deployment of an invisible 

‘molecular interface’.   

 

This notion of a ‘molecular interface’ was inspired by a lecture112 I attended113 (September 2006) 

by Professor David Leigh. In his talk, he was explaining the complex principles of synthetic 

molecular machines and significantly, of his team’s114 pioneering construction of light responsive 

                                                        
 
112 Royal Society of Chemistry interdisciplinary award lecture 9am, Tuesday 5th September 2006, The BA Festival of 
Science, 2-9th September 2006, University of East Anglia, Norwich. A bursary from UCL Graduate School112 was 
awarded, to attend the BA Festival of Science in September 2006, prior my PhD registration. Laura Cinti, Biological 
Motors and Molecular Machines, 5 October 2006, 10 August 2010  
<http://c-lab.co.uk/default.aspx?id=5&blogid=937>. 
113 Professor David Leigh’s challenging yet entertaining talk was peppered with magic, where disappearing hankies, 
self-assembling newspapers, metal rings captured in mid-air by ropes and telepathy were performed as part of his 
strategy of elucidating the complex principles in the nanotechnology (miniaturisation concept of machines to the scale 
invisible to the human eye) of synthetic molecular machines. 
114 Fellow of the Royal Society, Forbes Professor of Organic Chemistry & EPSRC Senior Research Fellow at the 
University of Edinburgh 
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synthetic molecules.115 He referred to these synthetic molecules as ‘molecular shuttles’116 that 

performed physical tasks in perceivable (macroscopic) objects.   

 

To illustrate the relevance of this talk, a brief elaboration on the technical details are required.   

Utilising light (as external energy source) to control the oscillatory motion (‘Brownian motion’117) 

of these molecules, the ensembles of ‘molecular shuttles’ were able to propel a micolitre of liquid 

droplets across flat surfaces and upwards against the force of gravity.  This was done by covering 

a surface with these synthetic ‘molecular shuttles’, which upon on exposure to light, the 

individual molecules shifted position118 thereby altering its surface (conformational change 

within the components119 of each molecule).   

 

Fig. 9. Left: Photographs of light-driven directional transport of a drop across the surface of a ‘molecular shuttle’ 
substrate on glass, mica and on mica up 12 degree incline.  Right: Models.120  Reprinted by permission from Macmillan 
Publishers Ltd: Nature Materials 4: 704-710, © 2005.  

  

This technological breakthrough revealed for the first time how (‘invisible’) sub-microscopic 

synthetic molecular machines were able to interface with physical (visible) macroscopic matter.  

As part of his talk, he showed a video (fig. 9, photographs) of a droplet moving across the 

surface.  Although I was unable to grapple the manifold of layers (fig. 9, models) through 

abstractions of visual representation, such as chemical structures, mathematical equations and 

molecular models of the ‘eye-splitting’ nanoscale range, the video of the moving droplet offered 

a visual scope through which the ‘invisible’ ‘molecular shuttles’ were seen to impact the visible 

object (droplet).  It was on this level that I was able to consolidate and even ‘understand’ the 

impact of the ‘invisible’ synthetic molecules through the visible motion of the droplets. In terms 

                                                        
 
115 School of Chemistry, University of Edinburgh, Materials Science Centre, Rijksuniversiteit Groningen, 
Dipartimento di Chimica, Universita degli Studi di Bologna.  
116 Biological molecular machines are abundant (i.e. photosynthesis) and ubiquitous throughout biology (i.e. make 
muscles move).  
117 The random movement of molecules caused by collisions with molecules around them. 
118 Molecules inducing a chemical reaction that takes place in one part of the molecule causes it to repel from another 
part, so that the one part of the molecule, cyclic portion, is translocated from one position on the thread to a second 
site. 
119 The components of which move up and down by a millionth of a millimetre. 
120 Jose Berna, et al., “Macroscopic transport by synthetic molecular machines,” Nature Materials 4 (2005): 704-710. 
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of scale, the imperceptible collective actions of the ‘molecular shuttles’ were ‘translated’ into an 

actual perceivable reality by the droplet’s forward motion.    

 

In the context of my inquiry, I surmised that the activity of an invisible interface could be 

perceived (or translated) through plants’ motion.  The notion of a ‘molecular interface’ thus 

involved the deployment of various methods, described in what follows, to approach the 

‘problem’.  

  

2. Plan: exploring methods and strategies of internalising interfaces  

 

Before the research could proceed, the implementation of a plan, as is typical in the first stage of 

the action research spiral, was necessary in order to develop a practical understanding of rapid 

motion in specialised plants (fig. 10), our touch impacts in (‘normal’) plants (fig. 12) and locating 

experimental ‘model’ plants (specie) (fig. 13) to work with.  

 

Fig. 10. Branch 2.1. Plant Motion.   

 

Fig. 11. Photographic documentation and observations in relation to branch 2.1 (fig. 10). Left: ‘An Eggsellent 
Eggsperiment.’ Right: ‘The sensitive plant’ (Mimosa pudica). Photo: Laura Cinti. 

 

From the outset, understanding swift movements in plants with specialised touch-response 

mechanisms, fig. 10, involved observing and interacting with plants exhibiting sensitive 

behaviour.   Visualising impacts of touch gestures on specialised plants included the need to plan 

ways of observing the speed of responses, movements of its parts and recording these outcomes 
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(fig. 11).  Based on these observations, that is, during the monitoring stage of the AR cycle, and 

as part of assimilating the underlying mechanisms of the rapid motion, experiments with chicken 

(Gallus gallus domesticus) eggs were used as an enlarged metaphor (cell) to monitor the process of 

water transport (osmosis) into and out of the cells (fig. 11).  This provided an awareness of how, 

after receiving electrical signals triggered by touch, the affected cells would respond through the 

process of osmosis, where water is rapidly drawn out of these cells to induce immediate leaf 

closure.  

 

Fig. 12. Branch 2.2. Touch Impacts.  

 

In fig. 12, the AR plan of action was implemented to visualise the impacts of my touch gestures 

on non-specialised plants, where growth and development changes were monitored and 

recorded. Two plants were grown, one of which was touched several times daily and the other 

served as a control. The experiment was aimed at establishing the degree of the plant’s 

morphogenetic changes as a result of repeated touching and the length of time it took for these 

responses to manifest.  This experiment and its retrospective evaluations are discussed in chapter 

4.3.  

 

Fig. 13. Branch 2.3. Establishing experiments. 
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In order to move the inquiry further (to move along the spiral of AR) a suitable ‘model’ plant 

needed to be located in order to conduct a variety of experiments with, fig.13. A series of tests 

were carried out in the ‘action phase’, which involved growth runs to quantify speed, height, and 

time as well as to verify their suitability for hydroponic applications.  As part of these series of 

experiments and due to the medium (plants) being alive, time-lapse photography was utilised as a 

recording technique.   

 

Fig. 14. Photographic observations and recording in relation to branch 2.3 (fig. 13). Left: ‘Hydroponic phase’.  Right: 
‘Cress as model system’. Photo: Laura Cinti. 

 

The outcomes of the above experimental studies (i.e. rapid motion and touch responses) were 

evaluated (the critical reflection stage of AR cycle) and the suggestion of using nanomagneticism 

as a strategy followed on from discussions with Dr Mark Lythgoe (June 2007), whose research 

includes utilising magnetic nanoparticles in biomedical applications, such as the development of 

‘smart’ delivery systems ‘in vivo.’  This was a turning point of the research as tangible 

possibilities opened up of employing magnetic nanoparticles, ‘molecular interfaces’, to induce 

motion in plants by guiding the particles (within the plant) using external magnets. Following this 

and as part of the ‘revised planning’ stage of the action research spiral, I met with Dr Panagiotis 

Kyrtatos (June 2007) at the Institute of Child Health/Centre of Advanced Biomedical Imaging 

to broaden my understanding of this new biomedical technology with a first hand account of his 

research using these particles in mammalian systems for in-vitro diagnostics (fig. 15).   

 

Fig. 15. Questions for meeting with Dr Kyrtatos and answers, PhD research journal notes, 20 May 2007.  
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3. Action: develop magnetic nanoparticles experiments with plants 

 

Fig. 16. Branch 3.1. Ferrofluid.  

 

Following the action-reflection sequence, the ‘actions’ from the ‘revised planning stage’ were 

implemented and the first series of ferrofluid studies were put into effect. Ferrofluid used in 

biomedical applications is expensive, thus an economical alternative was used to work with 

during the initial stages of experimentation. Briefly, ferrofluids consists of magnetic nanoparticles 

that are suspended in liquid.  These particles are coated to avoid them from clumping together 

and suspended in solvents such as oil (hydrocarbon) or water.  It appears as a brown liquid that 

becomes strongly polarised in the presence of a magnetic field.  A series of investigative actions, 

fig. 16, were undertaken to enact a practical understanding of the magnetic solution and reflect 

on its potential applications. These studies (action processes) involved moving the solution along 

a surface with an external magnet, coating the solution on the surfaces of plants leaves and 

inducing movement with magnets. An attempt to ‘water’ the plants in a hydroponic version of 

soil (rockwell cubes) with ferrofluid was found to be ineffective.   

 

Fig. 17. Serial dilutions method. Left: diagram from PhD research journal notes 21 August 2007.  Right: Photographic 
documentations and observations in relation to branch 3.2 (fig. 18), experiment: ‘Cress growing in different 
concentration of ferrofluid,’ 7 September 2007.  Photo: Laura Cinti. 
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In the ‘internalisation’ phase shown in fig. 18, numerous experiments - ‘action stages’ - were 

conducted with the aim of having plants internalise the magnetic nanoparticles.  The serial 

dilution method (quantified successive dilutions) was repeatedly utilised (fig. 17).   

 

As part of the ongoing AR process of developing and learning (evaluation), the outcomes of the 

experiments were analysed in the critical reflective stage of AR.  The redesigning of experimental 

designs and the implementation of new protocols followed from this reflective activity.  

Although the serial dilution method was effective and accurate, it became apparent, as 

highlighted in the AR research evaluative process, that the quality of the ferrofluid was 

problematic to work with and inefficient in generating consistently sufficient uptake.   

 

Fig. 18. Branch 3.2. Internalisation.  

 

Fig. 19. Left: Notes from meeting with Dr Astrid Wingler, PhD research journal, 31 July 2007. Right: Photographic 
documentation and observation in relation to branch 3.2 (fig. 18): ‘Different ferrofluid concentration on curly cress’. 
Photo: Laura Cinti. 
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Dr Lythgoe and I met up with plant biologist, Dr Astrid Wingler (July 2007), from UCL 

Biological Sciences to inquire about the feasibility of having plants uptake magnetic 

nanoparticles, however such approaches to induce movements had not been done before and 

issues of uncertainties were raised.  Plant-related advice was adapted (for example, employing 

filter paper in growth cultures, fig. 19) as part of the revised action phase of AR approach.  

   

Fig. 20. Left: Measurements (hysteresis loops) of magnetic property of (cheaper) water-based and carbon-based 
ferrofluid by Dr Ana Garcia Prieto, 3 August 2007. Right: Biomedical ferrofluid, Chemicell (FluidMAG-D) provided 
by Mathew Kallumadil.  Photo: Laura Cinti.   

 

In light of the problems with the ferrofluids, a meeting with Dr Ana Garcia Prieto (August 2007) 

from London Centre of Nanotechnology (UCL) was arranged. Dr Prieto’s advice, measurements 

(fig. 20) of my ferrofluids samples and confirmation of its problems (stickiness) were extended 

by another researcher at the centre, Dr Mathew Kallumadil, who was able to offer 

recommendations on particle size and suitability of various biomedical samples. Subsequently 

(November 2007), technical details of the solutions required for the experiments were provided 

as well as samples of these. Dr Kallumadil’s further assistance (i.e. formulas to calculate 

concentration) were put to effect as part of the reflective planning process of AR cycle towards 

the future (revised) action, based on informed decisions, of nanomagnetic plant experiments (fig. 

24 & 26). 

 

During this same period and in light of the difficulties of internalising the magnetic 

nanoparticles, fluorescence dye (fluorescein) was utilised as a possible method, following revised 

evaluation approaches, to visualise (with UV lamp) conduction in plants, as fig. 21 shows.  

 

Using the same protocols (i.e. serial dilution, hydroponic culture) as previous experiments, 

fluorescein was diluted and placed in cress culture.  Though the dye is structurally different from 

ferrofluid, the outcome of these experiments opened further explorative trajectory into how 

fluorescence communicates intrinsic processes and the captivation of seeing fluorescent 

expressions in plants.  This experiment is elaborated in chapter 3.3.   
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Fig. 21. Branch 3.2.1. Fluorescence.  

 

Fig. 22. Photographic observations and documentation in relation to branch 3.2.1 (fig. 21): Left: ‘Uptake of cress in 
fluorescence culture.’ Right: ‘Time-lapse capture of cress in fluorescence culture’ using Canon RemoteCapture 
software.  Photos: Laura Cinti. 

 

The idea of fluorescence communicating intrinsic processes reconnected me with a previous 

experiment conducted with bacteria (2006). In this ‘action stage’ of the experiment, fig. 23, firefly 

genes were transformed into bacteria cells. Each stage of this process was documented.  The 

bioluminescence indicated the success of the experiment and transformation. The critical 

reflective process and evaluation of this experiment is described in chapter 3.3.   

 

Fig. 23. Branch 3.2.1.1. Transformation.  
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Returning to nanomagnetic plant experiments and based on observations and outcomes of 

previous experiments, a revised plan was implemented that involved adapting a method of 

inoculation to insert the magnetic nanoparticles into plants. As illustrated in fig. 24, this not only 

provided a substitute technique of internalising magnetic nanoparticles into the plants but also 

offered the advantage of using higher concentrations (thus, higher magnetisation) that could be 

inserted directly into the plants.  In this experiment, tomato seedlings were grown from seed 

(this was done for all plants used in this research, apart from specialised plants, which were 

acquired from a nursery in France).   

 

Fig. 24. Branch 3.3. Inoculations.  

 

 
Fig. 25. Image from PhD research journal, July 2007 and photograph of inoculation experiment 20-23 November 
2007 in relation to branch 3.3 (fig. 24). Photo: Laura Cinti. 

 

However, this action method (inoculation) was problematic, as it appeared, based on 

retrospective evaluation of the outcomes and photographic observations, that the turgidity of 

stems and thickness of needle were incompatible and resulted in the unsuccessful outcome.  

Further attempts with two different species of plants were repeated and the outcome was also 

ineffective.  

 

During this stage, referred to in fig. 26, hydroponic experiments were undertaken with the 

acquired biomedical ferrofluid sample. Based on my observations, critical reflection of the 

processes and the outcomes of previous experiments (above), adaptations were necessary and 

the experiment was re-designed accordingly. 
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Fig. 26. Branch 3.4. Uptake. 

 

As part of the critical reflection process, I referred to my PhD research journal notes and 

reviewed the data that I had collected via meetings with relevant experts, previous experiment 

logs, relevant scientific papers, photographs and video documentation of experiment processes 

and results. The adaptations that were implemented included; using distilled water instead of tap 

water to reduce impurities in concentrations, applying specific measurements of low 

concentrations (based on serial dilution methods) of the biomedical ferrofluid to induce 

stimulatory effects on plants and chemical additions to stimulate roots and uptake of these 

particles were also explored (tween). Tween had emerged as a potential improvement following 

my evaluation of earlier experiments, which lead me to elicit the advice of Dr Wingler to help me 

re-plan and adapt the experiment to promote root uptake. In the analysis, it was found that the 

downside of using numerous samples generated inconsistent data due to the variations in 

samples (different rates of growth and water conduction).  Thus, I revised the plan and decided 

to use fewer samples to generate more precise data.  It was during this experiment where plants 

in the test dishes appeared visibly magnetic when an external magnet was placed close by. As 

with all of the above, documentation of experiments is provided on DVD submitted alongside 

thesis.  I was ecstatic! This experiment is described in chapter 4.3.  

 

4. Monitor: summary and results  

 

Fig. 27. Branches 4.1-4.3 Time-lapse observation, fluorescence application and nanomagnetic plant experiments. 
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At this point, three main elements, as shown in fig. 27, were established as ‘best practice’ for this 

aspect of my research. Firstly, techniques of time-lapse photography provided an important 

method for recording material towards possible video work and, significantly, to analyse plant 

movements (chapter 2.3). Secondly, the fluorescence applications (fluorescein dye, firefly genes) 

offered valuable insights into their function as visual tools that communicated intrinsic processes 

(fluid uptake and genetic transformation) inside plants (chapter 3.3).  Thirdly, the nanomagnetic 

plant experiments (chapter 4.2 and 4.3) suggested real scopes for developing invisible interfaces 

to induce movement in plants.  Having established this ‘best practice’ method, I was ready to 

move on to the next phase of the research, which involved revising plans to include more 

experiments, with new (larger) ‘model’ systems and conduct these in a more formalised scientific 

context in order to gather more accurate data, as well as to facilitate more detailed observations 

and, therefore, more nuanced reflection and evaluation. Further, a microscopy workshop needed 

to be undertaken so I could visually record and document the internalisation of magnetic 

nanoparticles within the plants – both as sources of evidence and an alternative method of 

confirmation.     

 

5. Evaluation: conflict of approaches, experimental versus aesthetics   

 

Fig. 28. Branch 5. Problem, reflection and action. 

 

During this difficult stage I found myself in a predicament, fig. 28.  Though the experiments 

themselves were not artworks, the preliminary results suggested that novel mechanisms of 

human interaction with plants as artworks could be produced. (This was also aggravated by the 

‘biological status’ of plants, as a condition of being living they also died. Thus, visual records 

were what remained of these experiments.)  I paused to reflect on the research as a whole, and 

realised that to get to a stage where artworks could be developed would require more time, 

facilities and funding.  It was frustrating to be advised to move away from the experimental 

aspects of this research, due to the time frame of my PhD and because my approach to the 

experiments was that of an artist, and focus on more conceptual (and theoretical) aspects to 

develop an artwork with the subjectivity of the human (viewer) in mind.  This resulted in a 

change of methods and approaches.  The experiments ceased.   
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6. Revised plan: break with scientific experiments to develop artwork 

 

The nature of the action research methodology ‘recognises the need for action plans to be 

flexible and responsive’121 as it integrates reflective activities to adjust and inform future actions.  

The re-planning phases were drawn from implementing necessary adjustments, based on the 

outcomes of the critical reflective processes. 

 

 
Fig. 29. Branch 6.1. Microscopy workshop. 

 

The highlight in the ‘action phase’ of the microscopy workshop, fig. 29, was using the phase 

contrast microscope to view and analyse eukaryote cell motility of various cultures of Protozoa 

(unicellular nucleated organisms).  I was particularly intrigued by the way these organisms moved 

and in controlling what I could see (Chapter 2.3). The notion of seeing the ‘invisible’ set off an 

idea for a new artwork as an instrument that would allow us to observe the growth (history) of a 

living plant through the living ‘specimen’ plant.  My monitoring of the action in using the 

microscopes led me to evaluate their potential use in this future artwork. I decided it was worth 

exploring and planned accordingly. This artwork is titled the ‘Growthoscope’.  

 

Fig. 30. PhD research journal notes on microscopy workshop (UCL Graduate School), 26 June 2008.  

 

                                                        
 
121 Robin McTaggart, Participatory action research: international contexts and consequence (New York: State 
University of New York, 1997). 
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During the planning stage, a series of prototypes, fig 31, were designed and developed. These 

included a 3D video model of the ‘Growthoscope’ and interactive virtual prototype of its ‘screen’ 

based on time-lapse techniques and outcomes from previous time-lapse applications.   

 

Fig. 31. Branch 6.2. Virtual prototypes for ‘Growthoscope’. 

 

Fig. 32. Time-lapse technique images in relation to branch 6.2 (fig. 31). Left: Photograph of running time-lapse at 1-
minute interval and captured remotely to Canon RemoteCapture software.  Right: Overlapping time-lapse interactive 
screen prototype produced in Adobe Flex/Air. Photos: Laura Cinti. 

 

Fig. 33. Virtual prototypes images in relation to branch 6.2 (fig. 31) Left: Diagrams produced in Adobe Illustrator.  
Right: 3D model animation developed in Autodesk Maya.  

 

In the interactive prototypes (fig. 32), two images of plants were overlapped; a static image and 

an overlay of the same image (altered opacity) that could be manipulated interactively by filtering 

a database of recorded history and remapping of time to reveal the plants’ growth history.  Based 

on the outcomes of the 3D models and sketches (fig. 33), a physical prototype needed to be built 
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in order to visualise the functionalities, design and outcomes of the ‘Growthoscope’.  From an 

analysis of this, problems could be tackled and the design could be modified.    

 

7. Action: development of ‘Growthoscope’ (interactive installation) 

 
 
The aim was to develop an inexpensive prototype, evaluate it and then based on these results 

modify and build the instrument accordingly, fig. 34. A model was constructed in the ‘action 

phase’ using varied assorted components (webcams, plumbing connectors, hosepipe holders, 

bicycle wheels).  Seeds of different plants were sown to find suitable ‘model’ and recordings of 

growth were made using a computer over a period of several weeks.  Inevitably, there were 

computer problems (due to the damp conditions of the basement), so an old and slow laptop 

was brought in to accelerate the process. (Note: the recordings needed to run for more than a 

week to generate data of growth in an isolated and inactive space.) After several test runs, the 

prototype looked promising and an application was made, to use a space at Woburn studios at 

the Slade Research Centre.   

 

Fig. 34. Branch 7.1. Building prototypes. 

 

Fig. 35. Photographic observation and record of prototype process in relation to branch 7.1 (fig. 34). Left:  The basic 
structural frame of prototype included wood, bicycle wheels, plumbing parts and aluminium poles.  Right: Structural 
prototype with webcam recording the plant via RemoteCapture software on computer and UV light. Photos: Laura 
Cinti. 
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8. Monitor: recording prototype testing 

 

Fig. 36. Branch 8.1. Woburn studios. 

 

Fig. 37. Photographic records and documentation in relation to branch 8.1 (fig. 36). Left: initial software testing stages 
of research at Woburn studios.  Right: final recording stages of prototype with projection of bespoke software 
showing continual recording at four-point resolution.  Photos: Laura Cinti. 

 

After checking out the space for measurements and preparation (Feb 2009), I moved in, fig. 36, 

and with only three weeks I had to work fast.  Working with plants, especially their growth 

processes, is a time consuming event in itself. During the ‘action phase’, one week was spent 

organising the space (removing storage equipment, implementing design modifications on 

prototypes, such as ‘de-skinning’ four webcams to strip it of excess covering to reduce the size 

and conducting numerous variations of preliminary tests with cameras, computers, plants of 

different species and focus/resolutions).   

 

Following this, in the monitoring period, the ‘Growthoscope’ was left to run (record, store and 

playback) at a four-point resolution (four angles of the plants) for a week. This was concluded 

with the testing of bespoke program of live recording projected on the walls.  

 

9. Evaluation: extend/convert principles 

 

As fig. 38 shows, the ‘Growthoscope’ offers possibilities of experiencing the plant by quantifying 

growth, overlapping our timescales with plants and visualise these temporal differences through 
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movements.  In the ‘Growthoscope’ prototype and the nanomagnetic plant experiments, the 

interfaces – one visible (outside) and the other invisible (inside) - sought to connect with the 

imperceptible aspects of plants, that is, growth and movement.   Future aims, based on the 

critical reflection processes, include expanding on, and realising, both works into interactive art 

installations.  

 

Fig. 38. Branch 9. Evaluation. 

 

10. Combining the methods into a map: the bigger picture  

 

The above describes the various significant developmental stages of the research through 

AR/PAR methodological process.  The titles of the described components are positioned onto a 

map illustrating where they fit in the context of the overall research (fig. 39 and 40).   

 

Fig. 39. Overview with key elements discussed above.  
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The overview maps (fig. 39 and 40) provides a detailed methodological overview of the practice-

related aspects that informed the research. A numbering system used here (i.e. [2.1]) will be 

referenced throughout the thesis to cite the relevant stages of the research’s practical component 

discussed in the text. 

 

 
Fig. 40. Overview. 
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CHAPTER 2 
 

 

 

Art frequently involves artists’ subjective preferences (e.g. aesthetics and contextual settings) as 

well as subjective mappings (e.g. transactions of meanings).   

 

How does this change in bio art, where the media is living?  

 

In contrast to traditional (non-living) aesthetic objects, manipulating and working directly with 

living biological materials brings in additional elements that include ethics, living processes and 

the creation of subjects. The latter is a significant feature of bio art as it moves from dealing with 

objects to subjects - an aspect of initiating an understanding and relation to the living medium. 

As an art practice, bio art is reliant on scientific methods and discourses in order to authenticate 

and produce artworks.  

 

Chapter 2.1 discusses the complications that emerge when bio artists draw from subjective 

mappings as a means to develop an understanding of their living media, in this case - plants, and 

how scientific findings are largely overlooked. What emerges is a superficial understanding that 

can be traced back to the Aristotelian classification of plants as insensible, based on their 

outward appearance. Chapter 2.2 highlights how this view has been modified through ongoing 

developments of (techno-scientific) interfaces demonstrating plants’ perceptual qualities. Chapter 

2.3 concludes by stressing the significance of observable movement in plants and introduces a 

prototype installation that was constructed in attempt to visually consolidate these two aspects: 

the Aristotelian view and the modified projection using interfaces.   
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CHAPTER 2.1:  LIVING AESTHETICS  
 

 

This chapter attempts to show how the very same discourses and practices in traditional media 

have been renovated to operate as artistic and ethical validations of the living media as works of 

art.  After a brief overview of how flower breeding came to be contextualised as an art practice, I 

will deliberate on how the relationships between aesthetics and genetics provides a platform to 

examine the extent subjective preferences undermine the living media.  I will conclude with an 

analysis of how subjective mappings provide a critical evaluation of plants within the bio art 

paradigm.   

 

Towards the art of flower breeding 

 
This is an art 
Which does mend nature, change it rather: but 
The art itself is nature.122 

 

The first123 known instance of an artist directly ‘meddling’ with nature as a fine art was Steichen 

(as pointed out in chapter 1.2). Extraordinarily large and colourful varieties of flowering plants, 

delphiniums, were displayed in 1936 at MoMA exhibition, aptly titled: ‘Steichen’s Delphiniums’ 

(fig. 41). MoMA’s press release, announced the exhibition as:  

 
[…] a very unusual one-man, one-week show which will be opened to the public 
Wednesday, June 24, at one p.m. It will be an exhibition of “Steichen Delphiniums” - 
rare new American varieties developed through twenty-six years of cross-breeding and 
selection by Edward Steichen. Although Mr. Steichen is widely known for his 
photography, this is the first time his delphiniums have been given a public showing. 
They are original varieties, as creatively produced as his photographs. To avoid 
confusion, it should be noted that the actual delphiniums will be shown in the Museum 
— not paintings or photographs of them. It will be a “personal appearance” of the 
flowers themselves.124   
 

 
Steichen’s delphiniums were described as; ‘absolutely staggering, huge, everything big’125 by 

Beaumont Newhall, MoMA’s librarian; the ‘most amazing exhibit of delphiniums we have ever 

                                                        
 
122 William Shakespeare, “The Complete Works of William Shakespeare,” A Winter’s Tale  (Ware: Wordsworth 
Editions Ltd, 2007) 1102-1134, 1120.    
123 ‘The Museum of Modern Art in showing these delphiniums in 1936 held the only one-man flower exhibition in any 
art museum, featuring plant breeding as a creative art.’ MoMA, “Edward Steichen to be given the fine arts medal and a 
small retrospective exhibition in Washington by the American Institute of Architects,” 20 April 1950, 20 August 2010 
<http://www.moma.org/docs/press_archives/1426/releases/MOMA_1950_0035_1950-04-20_500420-
30.pdf?2010>. 
124 The Museum of Modern Art, “MoMA Press Release Archives 1929–97,” 22 June 1936, MoMA, 25 March 2010 
<http://www.moma.org/learn/resources/press_archives>. 
125 Ronald J Gedrim, “Edward Steichen’s 1936 Exhibition of Delphinium Blooms: An Art of Flower Breeding,” Signs 
of Life: Bio Art and Beyond, ed. Eduardo Kac (Cambridge: The MIT Press, 2007) 347-369, 347.  



 66 

seen’126 by horticultural writer J.W. Johnston; ‘breath taking’127 by a critic; and the New York 

Times declared it ‘the finest developments in delphiniums so far attained.’128     

  

 
Fig. 41. Edward Steichen,  “Installation view of the exhibition ‘Edward Steichen’s Delphiniums’, MoMA, NY, June 24, 
1936 through July 1, 1936. DIGITAL IMAGE © 2011, The Museum of Modern Art/Scala, Florence. Courtesy the 
Estate of Edward Steichen.     

 

The exceptionally statuesque and intensely coloured delphiniums129 were the result of a 

mutagenic effect caused by the medication, colchicine, which Steichen coincidently was taking to 

treat his gout.130  Colchicine is a chemical substance derived from the plant Colchicum autumnale 

(Meadow Saffron) that affects life processes by altering the genetic structure (fig. 42).  It 

interferes with cellular division by inhibiting the separation of chromosomes. Instead of even 

distribution into daughter cells, it produces a doubling of the chromosomes (polyploidy).131 

                                                        
 
126 Ronald J Gedrim, “Edward Steichen’s 1936 Exhibition of Delphinium Blooms: An Art of Flower Breeding,” Signs 
of Life: Bio Art and Beyond, ed. Eduardo Kac (Cambridge: The MIT Press, 2007) 347-369, 347.   
127 Ibid. 348.  
128 Ibid. 347.  
129 Cultivated from Steichen’s nursery where he raised 5 acres of delphiniums at his country home near West Redding, 
Connecticut. 
130 ‘Apart from inhibiting mitosis, colchicine also inhibits neutrophil motility and activity, leading to a net anti-
inflammatory effect. Colchicine also inhibits the deposition of uric acid (urate) crystals. Since the formation of such 
crystals is enhanced by a low pH in the tissues, it is surmised that colchicine raises the tissue pH by inhibiting the 
oxidation of glucose, thereby reducing the production of lactic acid in leukocytes. The inhibition of uric acid crystals is 
a vital aspect of the mechanism of gout treatment.’ Wikipedia, Colchicine, 15 August 2010  
<http://en.wikipedia.org/wiki/Colchicine#Side_effects>. 
131 Cells treated with colchicine are unable to divide in the usual manner. Colchicine acts by interfering with cell 
formation during division so only doubling of chromosomes (the organised structure of DNA and protein that is 
found in cells – vehicle in which hereditary materials are packaged in) occurs but the cell wall formation and its split 
do not occur thus inhibiting division. This process of genome doubling gives rise to organisms with double sets of 
chromosomes. It artificially produces polyploidy in plants, a widespread phenomenon in flowering plants.  The 
discovery of colchicine, during the same period as Steichen’s delphinium exhibition, as a tool for inducing 
chromosome doubling made its use extremely popular and it is still used widely today as a type of genetic 
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Although lethal132 (inhibits cell division) in animal cells, in plants it generates desirable and even 

profitable features for breeders that include amplified growth processes and larger, more 

vigorous plants (fig. 43).  Steichen’s application of colchicine was not a serendipitous endeavour, 

but one that was influenced by the experimental findings of botanists during the 1930s. Even in 

its infancy, the colchicine method was regarded as ‘unquestionably one of the most important 

genetic discoveries’133  that ‘opened a large reservoir of possibilities in plant breeding work.’134       

 

 
Fig. 42. Although seedlings from cross between Nicotiona tabactum and N. glutinosa produce sterile hybrids, as in control 
A. Treatment with colchicine in B shows induced doubling of chromosomes.135  Albert F Blakeslee and Amos G 
Avery, “Methods of inducing doubling of chromosomes in plants,” The Journal of Heredity, 1937, 28, 12, 393-411, by 
permission of Oxford University Press.  

 

As an avid plant breeder and President of the Delphinium Society of America,136 colchicine 

enabled Steichen to create strains of delphiniums that would otherwise not have been possible – 

‘in a few hours, mutations of plant material were produced that might not occur in nature in a 

thousand years.’137    

                                                                                                                                                              
 

manipulation.  Colchicine’s ability to induce polyploidy can be exploited and utilised further to render infertile hybrids 
fertile.  
132 ‘Since chromosome segregation is driven by microtubules, colchicine is also used for inducing polyploidy in plant 
cells during cellular division by inhibiting chromosome segregation during meiosis; half the resulting gametes therefore 
contain no chromosomes, while the other half contain double the usual number of chromosomes (i.e., diploid instead 
of haploid as gametes usually are), and lead to embryos with double the usual number of chromosomes (i.e. tetraploid 
instead of diploid).’ Wikipedia, Colchicine, 15 August 2010 <http://en.wikipedia.org/wiki/Colchicine >. 
133 Albert F Blakeslee and Amos G Avery, “Methods of inducing doubling of chromosomes in plants,” The Journal of 
Heredity 28 (1937): 393-411, 411.  
134 Haig Dermen, “Colchicine Polyploidy and Technique,” Botanical Review 6.11 (1940): 599-635, 599.  
135 ‘Species hybrid shows characteristic effects: Seedlings from the cross Nicotiona tabactum X N. glutinosa. This cross 
ordinarily produces a completely sterile hybrid. The seedling at A is an untreated control plant and will undoubtedly be 
unable to produce seed on account of its sterility. The seedling at B has been treated with four successive drops of a 
0.4 per cent colchicine solution and from its roughened leaves appears to have 4n tissue.’ Albert F Blakeslee and Amos 
G Avery, “Methods of inducing doubling of chromosomes in plants,” The Journal of Heredity 28 (1937): 393-411, 
405.  
136 MoMA, “Press Archives,” 13 May 1942, 14 August 2010 
 <http://www.moma.org/docs/press_archives/796/releases/MOMA_1942_0038_1942-05-13_42513-32.pdf?2010>. 
137 Ronald J Gedrim, “Edward Steichen’s 1936 Exhibition of Delphinium Blooms: An Art of Flower Breeding,” Signs 
of Life: Bio Art and Beyond, ed. Eduardo Kac (Cambridge: The MIT Press, 2007) 347-369, 355.  
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So impressed by the mutagenic effect of colchicine on his plants, it prompted him to say the 

following in an interview:    

 

I can’t believe in the Darwinian Theory. I can’t imagine for instance, that a fish ever 
swam on half a fin.  In breeding and cross-breeding these flowers any big change seems 
to happen POW, like that.138  

 

Fig. 43. The effect of chromosome doubling shows increase in flower sizes.139 Albert F Blakeslee and Amos G Avery, 
“Methods of inducing doubling of chromosomes in plants,” The Journal of Heredity, 1937, 28, 12, 393-411, by 
permission of Oxford University Press. 

 

Further, Steichen commented on the influence of colchicine on horticultural practice as a fine 

art:  

 
The science of heredity when applied to plant breeding, which has as its ultimate 
purpose the aesthetic appeal of beauty, is a creative art. Instead of words or pigment or 
tone, the plant breeder works and struggles with factor and forces that have been locked 
up within various species of plants he may employ for tens of thousands of years.  The 
very process of breaking up long closely inbred habits opens up the gates that release 
new forms, patterns, and colors…. The delphinium and many of our garden flowers still 
have unexplored potentialities awaiting developments that will bring us flowers beyond 
any of our present concepts or imaginings.140    

 

                                                        
 
138 Ibid.  
139 ‘In some species, an increase in the number of complete chromosome sets is accompanied by an increased plant 
size, as in the Datura series shown above, where there is a consistent increase in size of flowers from the haploid (1n) 
through the tetraploid (4n) forms. It is not to be expected that the results obtained by chromosome doubling will be 
equally consistent with all species or always lead to varieties of economic value.’ Albert F Blakeslee and Amos G 
Avery, “Methods of inducing doubling of chromosomes in plants,” The Journal of Heredity 28 (1937): 393-411, 408.  
140 Ronald J Gedrim, “Edward Steichen’s 1936 Exhibition of Delphinium Blooms: An Art of Flower Breeding,” Signs 
of Life: Bio Art and Beyond, ed. Eduardo Kac (Cambridge: The MIT Press, 2007) 347-369, 353.  
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In spite of Steichen’s confirmation that the MoMA exhibition recognised flower breeding as an 

art form: 

  
This was the only time that living plant material had ever been shown by the Museum.  
By implication flower breeding was recognized as one of the arts.141  

 

It was not until five decades later that breeding techniques to manipulate aesthetic outcomes of 

flowering plants were exhibited in museums or galleries as a fine art.  In this exhibition, ‘Post 

Nature’, that took place in 1988 at New Langton Arts in San Francisco, California, bio art 

pioneer, Gessert, exhibited his unique strains of Pacifica iris hybrids that he had genetically 

altered using techniques of hand pollination and conventional horticulture (as opposed to 

Steichen’s more intensive technique utilising mutagenic agents or the more recent applications of 

recombinant genetics).  

 
In Gessert’s installation, ‘Iris Project’ (fig. 44), forty-six potted irises were arranged ‘to suggest a 

hybridizer’s field plot.’142 To accommodate his living plants, a wall in the gallery had to be 

knocked down to permit light as, according to the Gessert, ‘no-one has determined how to grow 

Pacific Coast native irises under artificial light.’143   

 

Fig. 44. ‘Iris Project’, installation of 45 pots hybrid Pacific Coast native irises tagged with breeding information for the 
Post Nature exhibition, New Langton Arts, San Francisco, 1998.144 Permission to reproduce this image has been 
kindly granted by George Gessert. 

 

The exhibition was scheduled to coincide with the iris bloom season. However, during the 

setting up of the show, a heat wave struck California.  As a result the irises bloomed out before 

                                                        
 
141 Ronald J Gedrim, “Edward Steichen’s 1936 Exhibition of Delphinium Blooms: An Art of Flower Breeding,” Signs 
of Life: Bio Art and Beyond, ed. Eduardo Kac (Cambridge: The MIT Press, 2007) 347-369, 353. 
142 George Gessert, “Notes on Genetic Art,” Leonardo 26.3 (1993): 205-211, 208.  
143 Ibid.  
144 Ibid.  
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the opening and ‘pots, foliage, tagged seed pods and documentation’145 were what remained of 

the installation.    

 

Aspects beyond aesthetics are apparent when dealing with living artworks. For example, due to 

the effect of weather on blooming, Steichen’s delphinium’s press release (fig. 45) forewarned 

visitors of the probable postponement146 (fig. 45) of the exhibition. Similarly, the ‘bloomed out’ 

scenario in Gessert’s ‘Iris Project’ installation show that unforeseen scenarios of living artworks 

provide challenges, namely maintaining control of specific timeframes and layouts of galleries 

that are adapted for non-living artefacts.  

 

 
Fig. 45. MoMA’s  ‘Steichen’s Delphiniums’ press release.147 Permission to reproduce this image has been kindly 
granted by MoMA.  

 

The following discusses the artists’ emphasis on aesthetics and how analogies are drawn between 

conventional and living media in their practice.  

  

                                                        
 
145  George Gessert, “Notes on Genetic Art,” Leonardo 26.3 (1993): 205-211, 208. 
146 ‘Because of the recent cold, rainy weather, the dates given below may have to be postponed a day or two so that 
the delphiniums may be in full bloom. Please mention this weather-permitting clause and suggest that all interested 
persons consult their newspapers Wednesday for any postponement of the opening. This release is for publication 
Monday, June 22. If the opening date should need postponing, all newspapers* will receive word to that effect 
Tuesday afternoon, June 23.’ The Museum of Modern Art, “MoMA Press Release Archives 1929–97,” 22 June 1936, 
MoMA, 25 March 2010 <http://www.moma.org/docs/press_archives/331/releases/MOMA_1936_0027_1936-06-
18_18636-17.pdf?2010>. 
147 Ibid. 
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Genetic aesthetics in plants  

 

What a joy this exhibition, in the hall’s of America’s most authoritative temple of 
‘modern art,’ will be to the ‘old hats.’  If sticks and stones, bits of newspapers, and other 
object suggested by the ‘cult of the ugly’ can be passed on the canvasses of Picasso, 
Braque, Duchamp, and Picabia and called ‘art,’ why not beautiful flowers?148 149 

 

‘Steichen Delphiniums’ was exhibited amidst MoMA’s struggle to define modern art. In an 

earlier exhibition at MoMA in 1934, titled ‘Machine Art’150, readily available mass-produced static 

utilitarian objects, which included kitchenware, scientific instruments, office and household 

equipment, were presented as aesthetic objects and thereby raised ‘the question of whether art 

was utilitarian.’151  It was in this context, together with Steichen’s fame as a renowned 

photographer, as well as his own capital to cover the expense of the exhibition and his influential 

role as Chair of the Museum’s Advisory Committee, that resulted in the fruition of the ‘Steichen 

Delphiniums’ exhibition. Gedrim points out MoMA’s predicament of exhibiting blooms as fine 

art:  

 
Although living plant matter raised questions of utility, originality, and definitions of 
aesthetics [...] Flowers in the museum suggested their own particular questions.  Used in 
a variety of social customs and as a subject for art, flowers themselves were not 
considered to be art.  Genetics was a relatively new science and an art of breeding had 
not been proposed.  Flowers were typically considered to be God’s and not man’s 
work.152  

 

Yet, Steichen’s breeding programme was intensive.  It covered ten acres of land, spanned over 

two decades, focused on genetic mutations and included the ruthless eradication of hundreds 

and thousands of delphinium blooms in the meticulous pursuit towards a unique aesthetic:   

 

When they were in bloom, I plowed under the whole 10,000 with the exception of one 
plant.  It was an ugly flower in growth, but had a quality of purple colouring that I had 
never seen before.153 

 

In general I’ve undertaken breeding delphiniums very much as I went about the study of 
photography […] Systematically I violated every rule.154 

 

                                                        
 
148 Ronald J Gedrim, “Edward Steichen’s 1936 Exhibition of Delphinium Blooms: An Art of Flower Breeding,” Signs 
of Life: Bio Art and Beyond, ed. Eduardo Kac (Cambridge: The MIT Press, 2007) 347-369, 351.  
149 Note that all the artists above (in the ‘cult of the ugly’) are European. With the advent of Abstract Expressionism 
and its highly influential theorist and promoter Clement Greenberg, new American art came into ascendency. It was a 
politico-cultural business - America wanted to define modern art. 
150 This exhibition was also considered the earliest known example of exhibiting living organisms in exhibition 
(cockroaches) as pointed out in chapter 1.2.  
151 Ronald J Gedrim, “Edward Steichen’s 1936 Exhibition of Delphinium Blooms: An Art of Flower Breeding,” Signs 
of Life: Bio Art and Beyond, ed. Eduardo Kac (Cambridge: The MIT Press, 2007) 347-369, 349.  
152 Ibid. 350. 
153 Ibid. 357. 
154 Daniel Pinchbeck, “Genetic Aesthetics,” World Art 2 (1995): 52-57, 54.  
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Drawing parallels between breeding and photography, he grew delphiniums copiously as a way 

of intuitively extending their aesthetic limitations and exploring these possibilities away from 

‘clutter[ing] the earth with inferiority and mediocrity.’155 The abundance of breeding stock was 

critical for his hybridisations, and he compared this to the thousands of undeveloped negatives 

that were essential towards extending his photographic techniques. Through ‘[t]he very process 

of breaking up long closely inbred habits,’156 he sought to achieve the ‘ultimate aesthetic 

possibilities of the delphinium’157 by ‘[opening] up the gates that release new forms, patterns and 

colors.’158  The hybridised plants were likened to his photographic originals, while the seeds159 

were considered as photographic multiples of the originals.  Like Steichen, who regarded flower 

breeding as ‘a creative art […] using living materials developing for thousands of years to make 

poetry’160, Gessert draws clear parallels between his practice of hybridising plants and the more 

conventional tradition of painting and sculpting in the fine arts. In his plant breeding practice, he 

focuses on ‘colour, form, pattern, value, and texture – aesthetic considerations.’161 As breeding is 

inclusive of the genetic processes inside living organisms and involves the manipulation of these, 

he defines the term ‘genetic art’ to describe his practice as an ‘art involving deoxyribonucleic acid 

(DNA).’162  He notes:  

 

We do not have to look to the future to see genetic art.  It is already abundant.  
Domesticated ornamental plants, pets, sporting animals and consciousness–altering drug 
plants constitute a vast unacknowledged genetic folk art, or primitive genetic art, that 
has a history stretching back to thousands of years.’163  

 

However, breeding as an art form moves away from the ‘commodification of life [and] presents 

other possibilities’164:  

 

Since plant breeding is a hunt for life that does not yet exist, it suggests the possibility of 
modified ecosystems, or even new ones.  Beyond familiar agro-ecosystems may be 
blends with wildness where distinctions between domesticated and undomesticated blur 
or disappear.165   

                                                        
 
155 Ronald J Gedrim, “Edward Steichen’s 1936 Exhibition of Delphinium Blooms: An Art of Flower Breeding,” Signs 
of Life: Bio Art and Beyond, ed. Eduardo Kac (Cambridge: The MIT Press, 2007) 347-369, 358. 
156 Ibid. 353. 
157 Ibid. 347. 
158 Ibid. 353. 
159 The seeds of some of these strains, referred to, as ‘Steichen Strain’ or ‘Connecticut Yankee’ are currently available 
from Chiltern Seeds, Delphinium elatum ‘Connecticut Yankees’ for £2.20, 29 April 2009  
<http://www.chilternseeds.co.uk/chilternseeds/211/moreinfo/d/delphinium+elatum+connecticut+yankees/pid/31
510138> and Hazzard's Wholesale Seed Store, Delphinium belladonna Steichen Strain 1,000 seeds, 29 April 2009  
<http://www.hazzardsgreenhouse.com/Merchant2/merchant.mvc?Screen=PROD&Store_Code=Hazwho&Product
_Code=D7886V&Category_Code=PD>. 
160 Ronald J Gedrim, “Edward Steichen’s 1936 Exhibition of Delphinium Blooms: An Art of Flower Breeding,” Signs 
of Life: Bio Art and Beyond, ed. Eduardo Kac (Cambridge: The MIT Press, 2007) 347-369, 355. 
161 George Gessert, “Why I Breed Plants,” Signs of Life: Bio Art and Beyond, ed. Eduardo Kac (Cambridge: The MIT 
Press, 2007) 185-197, 191.  
162 Ibid.  
163 George Gessert, “Notes on Genetic Art,” Leonardo 26.3 (1993): 205-211, 205.  
164 George Gessert, “Why I Breed Plants,” Signs of Life: Bio Art and Beyond, ed. Eduardo Kac (Cambridge: The MIT 
Press, 2007) 185-197, 196.  
165 Ibid. 
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Gessert likens Chinese landscape paintings to breeding, in that both involve ‘repetition, 

variations on themes, and incremental change.’166 This slowness ‘celebrates how little we 

understand or control’167 and is also reflected in his paintings (fig. 46), where the autonomous 

spreading of the ink assumes patterns and shapes.  It is the notion of unpredictability in his ink 

paintings that connects his previous practice with his hybrids:   

 
With hybrids it is obvious: they create themselves far more than I create them. But 
much the same is true of some kinds of painting and writing.168 

 

In contrast, Steichen emphasised, in 1938 (pre World War II), his ability to ‘control’ the 

outcomes in plants:     

 
Plants are pretty much like humans. They are as gullible.  You can fool them just as 
Hitler leads his army. You can make them do almost what you will.169 

 

The comparisons with human behaviour were used to emphasise the degree Steichen was able to 

‘control’ and manipulate plants’ outward appearances, with the aid of colchicine and through 

excessive ploughing of his plants.    

 
Similarly for Gessert, ‘death is in the wings of every aesthetic decision’170 where excess progenies 

results in the elimination of ‘weak and aesthetically inferior’171 plants. The ramifications of 

human aesthetic preferences and how they circulate in blooms were highlighted in Gessert’s art 

installation titled ‘Art Life’, exhibited as part of the San Francisco Exploratorium’s ‘Diving into 

the Gene Pool’ in 1995.  In this artwork, the audience were invited to participate, via a 

questionnaire, in the process of making genetic selections, or rather aesthetic decisions, 

concerning the ornamental plants displayed - coleus hybrids - in order to determine the next 

generations. Questions included: ‘Which plants did they like best?  Which ones should be sent to 

the compost bin? What changes would they like to make in plants?’172  Depending on the 

prognosis, some plants would end up on the compost heap whilst surviving plants were given 

away at the end of the exhibition.  

 

Aesthetic selections influence the hereditary traits of the resulting progenies.  In this context, 

Steichen and Gessert assign an instrumental role onto the living plants (parents) by producing 

plants (progenies) that express the artists’ aesthetic selections. The colours, forms and shapes of 

                                                        
 
166 Ibid.  
167 George Gessert, “Why I Breed Plants,” Signs of Life: Bio Art and Beyond, ed. Eduardo Kac (Cambridge: The MIT 
Press, 2007) 185-197, 196. 
168 George Gessert, “The Life Medium,” HYBRID, 29 April 2009  
<http://www.ibmc.up.pt/hybrid/content.php?menu=6&submenu=42>. 
169 Daniel Pinchbeck, “Genetic Aesthetics,” World Art 2 (1995): 52-57, 54. 
170 George Gessert, “Why I Breed Plants,” Signs of Life: Bio Art and Beyond, ed. Eduardo Kac (Cambridge: The MIT 
Press, 2007) 185-197, 191.  
171 Ibid.  
172 Stephen Wilson, Information Arts, Intersections of Art, Science and Technology (Cambridge, 2002). 97.  
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the flowers become, in the process, a living canvas.  The artists’ emphasis on plants’ outward 

appearance provides a platform through which they validate the plants as artworks. To put it in 

another way, the plants are implicated as a type of ‘living surface’, where desired traits are 

explored.  It manifests what Bruno Latour refers to as a ‘black box’173, in that the selections of 

the artists (inputs) and aesthetic expressions, as a result of hybridisation (outputs), are 

recognised; whilst the ‘inner processes’ of the plants are overlooked.  The critical junction is 

whether their breeding art practice skims across the surface of the ‘black box’ or opens it?  The 

underlying implication of the artists’ rationale in breeding practices (genetics) as a fine art, is how 

it concentrates on the phenotypical (observable characteristics) aesthetics of the plants and yet 

highlights the genetic importance.    

 

Fig. 46. George Gessert, ‘Untitled 1981, Ink on Hosho paper.174 ‘…the paintings – I can hardly call them my paintings 
– painted themselves.  For the next three years I served as an intermediary between ink and paper as spots and stains 
assumed their own shapes largely independent of me.’175  Permission to reproduce this image has been kindly granted 
by George Gessert from ‘Signs of Life: Bio Art and Beyond’, edited by Eduardo Kac, published by The MIT Press. 

 

In what follows, Gessert’s discourse on the phenotypical aesthetics of ornamental plants and the 

impact of humans’ aesthetic preferences on their ‘evolution’ are discussed. He develops a critique 

on the ‘monoculture’ aesthetics of ornamental flower breeding.  Yet, despite his moves towards a 

kind of empathy, we see that he is still emphasising the ‘outputs’, rather than the ‘inner 

processes’ of the plant itself. It is these ‘inner processes’, as we shall see, that hold the greater 

probability of revealing what bio art might uniquely promise.  
                                                        
 
173 Bruno Latour, Science in Action (Cambridge: Harvard University Press, 1987). 
174 George Gessert, “Why I Breed Plants,” Signs of Life: Bio Art and Beyond, ed. Eduardo Kac (Cambridge: The MIT 
Press, 2007) 185-197, 188 
175 Ibid.  
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Resisting commoditised generic blooms 

 

The morphological extravagance of Steichen’s delphiniums captured a type of dinosaurian 

landscape, usurping ornamental (horticultural) breeders, in creating a dazzling strangeness of an 

overly grand amplification of size and colour.  Sitting diametrically opposite, Gessert considers 

evolution, wildness and empathy as a way of reflecting on the aesthetics of ornamental plants 

and resisting the extravagances of the consumer varieties.  His discourse is an artistic critique of 

the aesthetics of ‘sameness’ and ‘kitsch’ that dominate commoditised ornamental hybrids:  

 

The serpent in the garden is not storytelling or our need for symbols, but that most 
flowers can be bred to resemble other flowers.176 

  

In Gessert’s horticultural art practice, spanning over three decades, he breeds ‘showy 

wildflowers,’177 specifically Pacifica irises, to enhance distinctive features germane to the species:  

 

No plant breeder can improve on irises in the wild. […] And yet in gardens these same 
irises look like little more than souvenirs of wildness.  The problem is that they cannot 
stand up to the visual competition from domesticated ornamentals, many of which are 
large, colourful, and extravagantly formed.178 

 

Gessert hybridises wildflowers to enhance their visual competitiveness by seeking distinguishing 

qualities, such as ‘large flowers, tall bloom stalks, strong patterns, clean forms and uncommon 

colours,’179 to appropriate their appearance with the domesticated (commoditised) plants.   

 

In contrast to his aesthetics, or breeding complexes, which considers qualities that define species, 

commercial ornamental breeders employ hybridisation techniques to generate strains of aesthetic 

variations but differ, observes Gessert, in that the ‘consumer-driven’ seeks to elicit generic 

characteristics across different species to appease mass taste. Gessert describes ‘artificial 

sameness’180 as the ‘generic aesthetics’ of the commoditised varieties and argues that principal 

appearances of flowers, such as ‘stereotypical informal doubles’181 (extra petals or flower within a 

flower, see fig. 47) and ‘roundness’, are emphasised. He argues that this ‘artificial sameness’ 

debases species distinctiveness.  Another such mask includes ruffling (fig. 48), where ‘petals are 

so broad they seem to merge.’182 Specifically for irises, there is a predilection amongst plant 

                                                        
 
176 George Gessert, “Why I Breed Plants,” Signs of Life: Bio Art and Beyond, ed. Eduardo Kac (Cambridge: The MIT 
Press, 2007) 185-197, 189. 
177 ‘I was drawn to Pacifica irises because they are one of the most showy wildflowers in the part of western Oregon 
where I lived.’  Ibid. 188. 
178 Ibid. 189.  
179 George Gessert, “Breeding for Wildness,” The Aesthetics of Care?, ed. Oron Catts (Nedlands: SymbioticA, 2002) 
29-33, 33.  
180 George Gessert, “Kitsch Ornamental Plants,” Design Issues 13.3 (1997): 45-51, 49. 
181 Most ‘double flowers’ are devoid of reproductive organs and are thus sterile.  They are propagated through 
cuttings. Double flowers are rare in wild and ill adapted for survival. 
182 George Gessert, “Kitsch Ornamental Plants,” Design Issues 13.3 (1997): 45-51, 50. 
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breeders to select for ‘ruffled’ flower parts.  This breeding towards a generic appearance, away 

from wildness or species-distinctive qualities, is what Gessert exemplifies as ‘kitsch’.   

 

The prevalence of ‘artificial sameness’ in commercial breeding ‘de-emphasizes distinctive form 

and produces full, blousy-looking blooms’183 and in so, homogenises184 the plants. The consumer 

logic, he argues, inherits ‘esthetic expressions that aim to please great numbers of people at any 

cost.’185 This notion of kitsch186 not only cultivates ‘shallowness, mediocrity, and ‘clichés’187 but 

ultimately  ‘discourages empathy’188 by subverting specie diversity and producing stereotypes that 

leave, at most, monotonous traits.   

 

 
Fig. 47. George Gessert, ‘Informal doubles. Left: hibiscus ‘Jewel of India’. Centre: carnation ‘Clarice.’ Right daffodil 
‘Snowbird.’ ‘Any flower that has been bred away from distinctive species form toward a generic appearance is 
kitsch.’189 Permission to reproduce this image has been kindly granted by George Gessert. 

 

 
Fig. 48. George Gessert, ‘Ruffling. Left: tall bearded iris. Centre: pansy ‘Super Chalon Giant.’ Right: daylily ‘Extra 
Strokes.’ None of these hybrids derive from species with ruffled flowers. Ruffled flowers resemble informal 
doubles.’190 Permission to reproduce this image has been kindly granted by George Gessert. 

 
 

                                                        
 
183 George Gessert, “Why I Breed Plants,” Signs of Life: Bio Art and Beyond, ed. Eduardo Kac (Cambridge: The MIT 
Press, 2007) 185-197, 189. 
184 ‘Plants as dissimilar as pansies, daylilies, sweetpeas. Poppies, begonias, and African violets have been bred for this 
same look.’ Ibid. 
185 George Gessert, “Kitsch Ornamental Plants,” Design Issues 13.3 (1997): 45-51, 45. 
186 In Gessert’s following of Milan Kundera’s philosophical novel ‘Unbearable Lightness of Being’ (1984).  
187 George Gessert, “Kitsch Ornamental Plants,” Design Issues 13.3 (1997): 45-51, 45. 
188 Ibid.  
189 Ibid. 46.  
190 Ibid. 50.  
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Kitsch ornamental plants can be understood through Marshal McLuhan’s concept of ‘hot 

media.’191 That is to say, they are visually high in definition, bred to demand attention through 

their intensification of colours and forms simultaneously disguised as familiar: 

 
Consumer culture demands ornamental plants for national markets; to sell, hybrids have 
to look at once familiar and new, luxurious and affordable, exotic and tame. Ruffles, all 
dazzle and contradiction fit the bill.  Ruffles celebrate nature while they trivialize it. They 
mix superabundance, sensuality and cynicism. They are genetic television.192  
 

To counteract this kitsch, Gessert seeks ‘clean, unruffled parts’193 along with qualities he 

associates with wildness by maintaining unique traits (fig. 49) such as ‘integrity of form’194, 

‘fineness of colour’195 and ‘conspicuous vein patterns’196 : 

 

I love irises with clean forms because they represent nothing except themselves. Or 
rather, they represent a supremely elegant reproductive strategy within the ecological 
systems in which they evolved. They represent wildness.197  

 

Fig. 49. Image top left to bottom right: 1. George Gessert, Hybrid 703. Pacifica iris, 1992. Flower 4.00" diameter. 2. 
George Gessert, Hybrid 768. Pacifica iris, 1994. Flower 3.9" diameter. 3. George Gessert, Hybrid 557. Pacifica iris, 
1991. Flower 2.75" diameter. 4. George Gessert, Hybrid 898. Pacifica iris, 1995. Permission to reproduce this image 
has been kindly granted by George Gessert from ‘Biomediale. Contemporary Society and Genomic Culture’, edited by 
Dmitry Bulatov. The National Centre for Contemporary art (Kaliningrad branch, Russia), The National Publishing 
House ‘Yantarny Skaz’: Kaliningrad, 2004. 

                                                        
 
191 Marshall McLuhan, Understanding Media, The Extensions of Man, (London: Routledge, 1964). 
192 George Gessert, “Why I Breed Plants,” Signs of Life: Bio Art and Beyond, ed. Eduardo Kac (Cambridge: The MIT 
Press, 2007) 185-197, 189.  
193 Ibid. 
194 George Gessert, “Breeding for Wildness,” The Aesthetics of Care?, ed. Oron Catts (Nedlands: SymbioticA, 2002) 
29-33, 33.  
195 Ibid. 
196 Ibid. 
197 Ibid.  
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Gessert’s approach to breeding for, or towards, ‘wildness’ embraces ‘less familiar’ traits that 

reduce extravagant ornamental forms.  He juxtaposes the qualities of wildness with features that 

can compete with, or ‘stand up to’198, the domesticated ornamentals. The visual challenge 

between the garden domesticated ornamentals and Gessert’s hybridised plants was epitomised in 

his installation, ‘Iris Selection: Painting with DNA’ (fig. 50), where fifty-nine pots of Pacific 

Coast native iris hybrids were exhibited outdoors at the University of Oregon Museum of Art in 

1990.  Whilst setting up his own hybrids, surrounding azalea shrubs in the courtyard garden 

began to bloom an ‘electrifying’199 red.  Gessert’s initial reaction was:    

 
[…] to strip off the azalea flowers, which seems to overwhelm the irises.  But after a 
night’s sleep I decided to let them be.  After the show I suggested to the director of the 
Museum that the courtyard should be replanted with white flowers to imitate the white 
walls of the gallery.200  

 

This points towards Gessert’s endorsement of an equivalent to the ‘white cube’ or white ‘walled’ 

gallery contexts for his hybrids.  Should bio art practices follow paradigms of traditional art or 

does living art pose a shift in the thinking of the contextual background that includes other living 

organisms? While such issues may be posed, the scenario of the courtyard plants ‘overwhelming 

his irises’ effectively literalise Gessert’s discourse in showing the difficulties of breeding against 

commoditised ‘ideals’ and, ultimately, the visual competition these ornamentals pose.   

 

Fig. 50. George Gessert, ‘Iris Selection: Painting with DNA’, installation of 59 pots of Pacific Coast native iris hybrids 
tagged with breeding information in the courtyard of the University of Oregon Museum of Art, 1990. (Photo: John 
Baugues). Permission to reproduce this image has been kindly granted by George Gessert. 

 

                                                        
 
198 George Gessert, “Why I Breed Plants,” Signs of Life: Bio Art and Beyond, ed. Eduardo Kac (Cambridge: The MIT 
Press, 2007) 185-197, 189.  
199 George Gessert, “Notes on Genetic Art,” Leonardo 26.3 (1993): 205-211, 209. 
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By breeding against the grain of commerciality, he reveals a (McLuhanian) cooler and more 

diverse media, demanding increased affordance in an attempt to encourage empathy, by 

unmasking specie distinctiveness. While this departure from the ‘artificial sameness’ reflects how 

our aesthetic selections affect the evolution of ornamental plants, Gessert takes it further: 

‘Aestheticism begins with attention to materials’201 not merely having desired traits expressed. 

What difference does it make when those materials are alive?   

 

For Gessert:  

 

Plant breeding is a way of getting to know other beings.  It is a way back into the 
community of life.202 

 

Such empathic connections, developed through aesthetics, rest on Gessert’s resistance to generic 

commoditised traits and provide one route of ‘getting to know plants’. A second route is 

highlighted by the living state of his media, where Gessert suggests that by interrogating the 

shared characteristics between living humans and plants, we may gain an understanding of their 

way of life.  As we shall see, the latter gesture remains confined to plants’ external 

manifestations.  

 

Subjective portrayals of plants  

 

I have learned more about people and human nature from raising flowers than you 
would believe.  Flowers are just as gullible as human beings.  They respond to the same 
stimuli…. Some of the exceptional varieties I have grown might be likened to prima 
donnas.  If they are not fed right or treated right they sulk.  You get nothing out of 
them.  Some varieties are just like a lot of happy-go-lucky humans; they’ll go right on 
being themselves, neither showing any rare qualities in color or size or form nor falling 
down on you and failing to bloom faithfully no matter how you treat them – just like 
people…[flowers] have verified all my concepts of human behavior.203 

 

Steichen’s personifications corresponded to the plants’ aesthetic (outward) appearance, rather 

than their behaviour (sensory nature or subjectivity).  Although he manipulates the ‘black box’ in 

ways that ‘jump its banks and find […] different outlets’204, in terms of plant behaviour these 

manipulations remain superficial. This ability to intensify the delphinium’s phenotypical 

outcomes (i.e. larger blooms, brighter colours) powerfully reinforces the instrumentalisation role 

assigned to plants.  

                                                        
 
201 George Gessert, “Breeding for Wildness,” The Aesthetics of Care?, ed. Oron Catts (Nedlands: SymbioticA, 2002) 
29-33, 30.  
202 George Gessert, “Why I Breed Plants,” Signs of Life: Bio Art and Beyond, ed. Eduardo Kac (Cambridge: The MIT 
Press, 2007) 185-197, 196.  
203 Ronald J Gedrim, “Edward Steichen’s 1936 Exhibition of Delphinium Blooms: An Art of Flower Breeding,” Signs 
of Life: Bio Art and Beyond, ed. Eduardo Kac (Cambridge: The MIT Press, 2007) 347-369, 357.  
204 Ibid. 355.  
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By contrast, Gessert’s approach concentrates on a humanistic subjectivity and how aesthetics 

‘connects’ us with plants:   

 

We cannot converse with them, but we can interact in infinitely various ways, and when 
we affect their evolution they become our mirrors. Their forms, colours, textures, and 
patterns reflect our thoughts and dreams, and shape us in turn.205 

 

Gessert’s quest towards a ‘deeper’ connection with plants encompasses his appreciation of the 

commonalities, of both himself (as the artist) and plants (his media) in being alive:   

 

This means that the artist and his materials have common ancestors, along with genetic 
codes written in the same molecular alphabet, and numerous shared life processes. Our 
kinship with mammals is obvious, but we are also related to plants, which we resemble 
on the subcellular level.206   

 

His kinship with plants is manifested at the level of the ‘subcellular’ (‘inner processes’). He draws 

from his subjectivity of plants to ethically validate them as art materials; they ‘have no nervous 

systems and to the best of our knowledge cannot think or feel’207 and their ‘interactions with the 

world take place entirely without consciousness [however] this does not make them absolutely 

different from us.’208  His experience of total anaesthesia is associated with plant behaviour 

inasmuch as we ‘contain within ourselves something of their way of being.’209  The 

‘nonexperience’210 of anaesthesia served as a reminder that ‘human life is not synonymous with 

consciousness and by distancing ourselves from genuine unconsciousness we ignore our 

connections to larger community of beings.’211  Plants, for Gessert, represent a ‘reminder of 

forgotten selves, and of beings that sustain us.’212     

 

By discussing the understanding of plants as a subjective mapping of his own experience, 

questions emerge of how the knowledge sphere of art and science (and its association with 

scientific concepts) is negotiated in his practice. Does his rationale become limited by a 

humanistic view that is confined by human sensorial physiology? He contemplates plants’ 

‘unconscious’ state, which allows him to form a bond through an experience outside of science. 

However, there remains something generic about the vegetative state (being under anaesthesia), a 

cliché that trivialises plants by a surface reflection that fails to acknowledge the complex inner 

beyond a physiological relation. His discourse circumvents the extensive body of knowledge 

developed in the plant sciences dealing with plants’ sensorial qualities that demonstrate how 

                                                        
 
205 George Gessert, “Kitsch Ornamental Plants,” Design Issues 13.3 (1997): 45-51, 51.  
206 George Gessert, “Breeding for Wildness,” The Aesthetics of Care?, ed. Oron Catts (Nedlands: SymbioticA, 2002) 
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plants are aware of their surroundings, albeit on a different timescale, one that is difficult for 

humans to perceive.  In other words, the ‘unconscious’ is predicated on the conscious and 

therefore gets us no further in empathic imagination of a different kind of ‘consciousness’. 

 

The limits of aestheticising plants 

 

What are the limits of aesthetics when working with living organisms?  

 

Inherent to art practices is the artist’s comprehension of the working medium and drawing from 

subjective experiences as part of generating artistic expressions. Gessert attempts to understand 

the living medium through building a type of relationship with it, or by extracting meaning from 

it.  Aesthetics, in this context, narrows (and complicates) the scope of living media to specific 

aspects – true for ornamental plants and certainly important in their role as commodities. 

However, by attempting to construct an understanding of a living medium from a subjective 

point of view, and through aesthetics, it can overshadow other aspects germane to it. Further, by 

utilising the living as an instrument to generate aesthetics, the living medium is limited to being a 

tool.  Gessert addresses this when confronting his audience with decision-making processes (and 

implicating them in the results) yet he returns to a subjective view when considering the intrinsic 

essence of plants.  

 

Fig. 51. George Gessert, pages of handwritten notes, colour photographs. Permission to reproduce this image has 
been kindly granted by George Gessert from ‘Biomediale. Contemporary Society and Genomic Culture’, edited by 
Dmitry Bulatov. The National Centre for Contemporary art (Kaliningrad branch, Russia), The National Publishing 
House ‘Yantarny Skaz’: Kaliningrad, 2004. 
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By extending their conventional practices of photography and painting to living media, through 

breeding, Steichen and Gessert relegate plants to ‘canvases’.  That is to say, the living media 

performs an instrumental function to propagate selected aesthetic traits, which are then used to 

validate the living media as art works.  The emphasis on these phenotypical aesthetics (fig. 51) 

thus overlooks the ‘inner processes’.    

 

Although the human subjective experience of artworks is considered an important approach to 

sharing ideas and concepts, it stands to generate issues with the living media, particularly, when 

taking on a subjective perspective as a way of understanding the non-human, where another kind 

of subjectivity may be posited.  This was reflected in Gessert’s projection of his humanistic 

subjective experience under the state of total unawareness as way of understanding the living 

experience of plants.  In doing so, he risks returning to the argument he resisted – which is to 

mask distinctive qualities of plants – by not extending his view to include scientific 

understanding of plants as sensorial.  It appears that Gessert reiterates the generic view of plants’ 

as ‘insentient’ vegetative entities based on his observations. This understanding allows him to 

validate them as pliable art mediums, or tools. But, what of the possibility that their sensorial 

qualities and capacities indicate that they have a ‘subjectivity’?  

 

Our understanding of plant behaviour is here obscured by aesthetics, and humanist subjectivity. 

Furthermore, our subjective experience of plants complicates this scenario, as our perceptions of 

plants do not correspond to their scientific depiction.  The following chapter considers the 

inherent, and disproportional, difficulties in integrating the notion of plants as insensible with the 

contemporary scientific understanding of them as perceptual.    
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CHAPTER 2.2: ESCAPING THE ‘ARISTOTELIAN TRAP’213  
 

 

The way we immediately experience plants (the phenomenological perception) poses a 

paradoxical enigma that challenges our understandings of them. Consider Gessert’s alignment 

with the biosciences that involves ‘pollinating art with genetics’, discussed in the preceding 

chapter, to describe what he calls; ‘Genetic art, or art that involves DNA.’214  His discourse 

explicitly incorporates the notion of genes to emphasise their role in the evolution of living 

aesthetics.  Even so, he overlooks the ‘inner processes’ and focuses on the ‘outputs’ that include 

aesthetic expressions and morphological characteristics thereby generating an understanding of 

plants that is embedded in a humanistic and phenomenological perspective.  Nevertheless, his 

subjective projection of ‘nonexperience’ onto plants, in relation to his functioning but unaware 

body under the influence of sodium pentathol215 (anaesthesia), forms part of our ordinary 

experiences with plants. Plants do not appear to behave in ways we recognise as sensorial, that is, 

actively perceiving, signalling, responding and communicating with their surroundings.  This 

inherent and prevailing notion of plants as insensitive, passive and devoid of cognitive216 or 

behavioural217 capacities can be traced back to the classical conception of plants that is deeply, 

perhaps even dogmatically, rooted in Aristotelian philosophy. 

 

Emergence of plant behaviour  

 

[…] our current sciences are based mostly on Aristoteles (384–322 BC), and he was less 
favorable to plants, claiming that they are fully passive creatures, insensitive, and 
incapable of any movements. Aristotelian philosophy led to the passive view of plants, 
which, to a greater or lesser degree, persists even today.218   

 

The Aristotelian idea of plants as insensitive has prevailed with gradual interjections that have 

integrated automata-like properties in terms of understanding their physiology.  The details of 
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Environment Interactions: From Sensory Plant Biology to Active Plant Behavior, ed. František Baluška, (Berlin 
Heidelberg: Springer-Verlag, 2009) 285-301, 287.  
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this history are beyond the scope of this thesis, but as a working generalisation these have 

included plants’ growth movements (polarity) being seen as analogous to iron fillings actuated 

towards or away from magnets219; followed by the mechanistic220 view ascribing mechanical 

explanations, such as hydraulics, to plant behaviour; and later combined with the inherent forces 

of irritability221, that is, movement stimulated independently of sensation222, onto plants as a way 

of describing their morphological growth adaptations in relation to their surroundings.   

 
Subsequent sensationalist theories223 linking sensations and physiology of plants to the physical 

influences of their environment are remarkably consistent. However, they did little to transform 

the image of the insensitive plant, as the notion of ‘irritability’224, rather than a more simplistic 

mechanical explanation, was ascribed to complex growth patterns of plants towards external 

environmental ‘actors’ such as light, gravity or touch.   

 

Yes! Smiling Flora, drives her armed car, 
Through thick ranks of vegetable war; 
Herb, shrub, and tree with strong emotions rise 
For light and air, and battle in the skies: 
Whose roots diverging with opposing toil 
Contend below for moisture and soil; 225  

 
                                                        
 
219 Giambattista Della Porta (1515-1616) suggested that plants’ mechanism for maintaining polarity was analogous to 
magnetism in Giambattista della Porta, Natural Magick (London: Thomas Young and Samuel Speed, 1658). William 
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Magnete, trans. P. Fleury Mottelay (New York: Dover Publications Inc., New York, 1893). 
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or repulsion caused plant movements and leaned towards the position that plant motion could be explained by simple 
mechanical explanations.’ Rene Descartes (1596-1650) ‘dismissed Aristotle’s nested soul hierarchy and held that 
animals and plants lacked souls. Instead he believed that plants and nonhuman animals were merely machines made of 
inert matter; their movement and behavior dictated by simple hydraulics running through tubes or pipes, whereas 
human behavior, in contrast, was governed by a rational soul.’ John Ray (1627-1705), Charles Linne (1707-1778), Jean 
Baptiste de Lamarck (1744-1829) ‘preferred mechanical explanations of plant movements.’  John Locke (1632-1704) 
‘held that the main differences between plants and animals was that plants lacked perception, and their movements 
could be explained in purely mechanical terms.’ Craig W Whippo and P Roger Hangarter, “The ‘sensational’ power of 
movement in plants: a Darwinian system for studying the evolution of behaviour,” American Journal of Botany 96.12 
(2009): 2115-2127.  
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distinguish sensation from irritability. Ibid. 2117. Irritability is defined as: ‘a natural susceptibility, characteristic of all 
living organisms, tissues, and cells, to the influence of certain stimuli, response being manifested in a variety of ways, -- 
as that quality in plants by which they exhibit motion under suitable stimulation; esp., the property which living muscle 
possesses, of responding either to a direct stimulus of its substance, or to the stimulating influence of its nerve fibres, 
the response being indicated by a change of form, or contraction; contractility.’ Encyclo Online Encyclopedia, 
Irritability, 10 August 2010 <http://www.encyclo.co.uk/define/Irritability>. 
222 The tissues Haller worked were derived from dead animals thereby deducing that irritability was an ‘intrinsic 
property of animal matter.’ Craig W Whippo and P Roger Hangarter, “The ‘sensational’ power of movement in plants: 
a Darwinian system for studying the evolution of behaviour,” American Journal of Botany 96.12 (2009): 2115-2127.    
223 Such as: Offray La Mettrie’s (1709-1751) comparisons between human behaviour and machine or plants in Julien 
Offray de La Mettrie, Man a Machine and Man a Plant, trans. Richard A Watson and Maya Rybalka (Indiana: Hackett 
Publishing Company, 1994), and Dr Erasmus Darwin (1731-1802) who was ‘popularizing botany and writing about 
plant function with extraordinary prescience’ and ‘also argued for sensationalist position that plants were sensitive 
organisms with a voluntary power of motion or will power.’ Craig W Whippo and P Roger Hangarter, “The 
‘sensational’ power of movement in plants: a Darwinian system for studying the evolution of behaviour,” American 
Journal of Botany 96.12 (2009): 2115-2127, 2118. 
224 Leading plant physiologists of the time; Julius von Sachs (1832-1897), Julius van Wiesner (1838-1916), suggested 
that plant movement was ‘more complicated than simple direct mechanical effects of light, gravity, or touch upon 
growth and, thus, plant movements represented a form of irratibility.’ Ibid. 2119. 
225 Erasmus Darwin, The Temple of Nature (London: Jones and Company, 1806), 48.  
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Sensationalist views claiming sense as a rationale for plant behaviour, particularly those of 

physician and poet (passage from his poem ‘Temple of Nature’, above) Dr Erasmus Darwin 

(1731-1802) dramatically influenced his grandson, Charles Darwin (1809-1882) who, inevitably, 

‘escaped’ the Aristotelian trap(s), through his theory of common descent and modification by 

natural selection that replaced Aristotle’s hierarchy of living systems and, less known but more 

significantly in this context, through his research demonstrating plants as sensorial.   

 

After becoming aware of the bending movements of the sundews’ (Drosera rotundifolia) modified 

leaf to enclose the insect within, Darwin’s fascination with plants, as will be seen in the 

subsequent chapter, followed promptly after the publication of his theory, ‘The Origin of 

Species’ on 21 November 1859 and developed into a formal inquiry that lead Darwin to integrate 

plant movements into his (biological) perspective of behaviour.  

 

As a way of negotiating the inadequacies of our subjective observations in relation to how the 

contemporary sciences are transforming our perspectives of plants, this chapter attempts to 

tackle, and diverge from, the prevalent Aristotelian tradition that regarded human senses as 

objective attributes:  

 
In dealing with each of the senses we shall have first to speak of the objects which are 
perceptible by each. […] I call by the name of special object of this or that sense that 
which cannot be perceived by any other sense than that one and in respect of which 
no error is possible; in this sense colour is the special object of sight, sound of hearing, 
flavour of taste. Touch, indeed, discriminates more than one set of different qualities. 
Each sense has one kind of object which it discerns, and never errs in reporting that 
what is before it is colour or sound.226  

 

Instead, this chapter follows a trajectory that considers the limitations of our senses that 

influence subjective perceptions,227 an idea first articulated by Galileo Galilei (1564-1642):   

 

This is why I think that, as far as concerns the object in which these tastes, smells, 
colours, etc appear to reside, they are nothing other than mere names, and they have 
their location only in the sentient body. Consequently, if the living being were removed, 
all these qualities would disappear and be annihilated. This I say, if we ourselves having 
imposed on such things individual names which are different from those of the other 
primary and real accidents, we want to believe that they also truly exist, and are really 
distinct from the latter.228 

 

Within the bounds of our sensorial spectrum, plants remain abstract phenomena and this 

abstraction reinforces our sense of separation, as articulated in Aristotle’s ‘De Anima’. This 

                                                        
 
226 Aristotle, On the Soul: Book III, 350 B.C.E, 17 September 2009 
 <http://classics.mit.edu/Aristotle/soul.3.iii.html>. 
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228 Galileo Galilei, Il Saggiatore (Rome: Giacomo Mascardi, 1623). 
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treatise was the first philosophical text providing a metaphysical exposition into the nature of the 

living, where living systems were identified on the basis of ‘souls’ and it was the capacities of the 

‘souls’ that distinguished living systems.  This chapter will deliberate on how plants’ behavioural 

and cognitive qualities were impacted by Aristotle’s relegation of plants as organisms devoid of 

sense perception and movement.   

 

Contemporary challenges to the Aristotelian ‘dogma’ 

 

The classical, subjective or Aristotelian-based notion of plants will be juxtaposed with the 

neurobiological view in the contemporary plant sciences.   The neurobiological view suggests 

that plants are ‘intelligent and social organisms with complex forms of communication and 

information processing.’229 These understandings are mediated through interfaces and are 

fluctuating the dynamic borderline(s) between plants and animals. (For example, 

electrophysiological signalling as a way of conveying external and internal information in plants, 

though simpler, corresponds to that of animals.230) The thresholds of these borders are, at times, 

blurred to the extent that exclusive characteristics established as intrinsic qualities of animals 

(behavioural and cognitive elements) are challenged.   With this in mind, how might we use ideas 

arising from an analysis of the contrasting image between our subjective (Aristotelian view) and 

the contemporary neurobiological view of plants to better understand the behaviour of plants – 

their intrinsic nature, or what Aristotle might refer to as their ‘soul’ or ‘what-ness’231.  

 

Interspersed within the comparative analysis between the Aristotelian and neurobiological views 

of plants are discussions on artworks (the thesis’ case studies) that provide platforms for 

connecting these contrasting perspectives.  These artworks offer opportunities of engaging with 

the scientifically mediated aspects of living organisms that we do not ordinarily experience. By 

‘scientifically mediated’ I mean utilising scientific methods to reveal the organisms’ internal 

biological phenomena.   In other words, extracting ‘information’ via modes of intrinsic biological 

expressions (i.e. genomic or electrophysiological) within a subjective framework embedded in the 

arts.  These artworks will be discussed in order to analyse how the artists integrate the humanistic 
                                                        
 
229 František Baluška, Stefano Mancuso and Dieter Volkmann, Communication in Plants, Neuronal Aspects of Plant 
Life (Berlin: Springer-Verlag, 2006). 
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subjective experiences of the participants with, and in relation to, the subjectivity of living media 

(cells and plants).   

 

On the ‘what-ness’ of living aesthetics: semi-living sculptures, ‘interactive’ and glowing 

plants  

 

As we saw in the preceding chapter, Gessert perceives plants as insensate entities.  In this regard, 

he likens plants to microorganisms and fragmented tissues (cells):  

 

Plants are good to work with not because they are more wonderfully colored or 
structured than animals, but simply because they cannot suffer. In this they are similar to 
bacteria, fungi, and animal cells or tissues grown in vitro.232  

 

The analogy used by Gessert is interesting as it goes as far as to compare plants’ ability to sense 

and respond to their environment with collections of cells grown ‘in vitro’ (in glass) outside of 

the living body. In doing so, he reinforces his phenomenological and subjective view of plants’ 

insensibility.  To critically expand on this notion and illustrate how Gessert produces a 

problematic classification I draw comparisons with the artworks of the bio art collective TC&A 

(Catts and Zurr) who utilise living tissues ‘grown in vitro’ as artistic mediums.   As part of 

TC&A’s practice, tissues - groups of animal (including human) cells - are grown and scaffolded 

outside of the organisms they were once part of, as semi-living sculptures.233  In their artworks, 

the ‘what-ness’ or intrinsic qualities of the cells are presented with a ‘desire’ to be part of the 

spectre of life and this is highlighted by the artists’ acts of caring, or ‘aesthetics of care’234, that 

involve feeding, and subsequently, killing rituals through contamination.  By re-embodying the 

cells in a technological (artificial) body, the artists are intentionally attempting to emphasise the 

cells’ ‘living obligation’ outside the biological body. The artistic aspects of the proliferating cells 

in the bioreactor are presented through the manipulated shapes, such as the jacket, pig wings or 

ear (fig. 52, 53 and 56) and the ‘killing’ and ‘feeding’ rituals. Both the shapes and rituals are 

reliant on the cells’ ability to grow. As part of TC&A’s discourse, the disembodied fragments of 

cells are deliberately intended to instigate social and ethical dialogues around our changing 

perception of the living in light of the rapid developments in tissue engineering. 

 

                                                        
 
232 George Gessert, “Breeding for Wildness,” The Aesthetics of Care?, ed. Oron Catts (Nedlands: SymbioticA, 2002) 
29-33, 31.  
233 Such as; ‘Semi-Living Worry Dolls: Tissue Culture and Art(ificial) Wombs’, 2000, where tissues were grown over 
biodegradable polymers and hand-crafted into shape of dolls, in ‘Pig Wings Project’, 2001, three sets of wings were 
made out of pig bone marrow cells and grown over biodegradable polymers for around nine months, in ‘Extra Ear ¼ 
Scale, 2003, (in collaboration with Stelarc) an ear shape was grown out of human cartilage cells and cultured in rotating 
microgravity bioreactor and ‘Victimless Leather: A prototype of stitchless jacket grown over techno-scientific body’, 
2004,  showed living layer of tissue sculptured by biodegradable polymer.  
234 Annick Bureaud, “The Ethics and Aesthetics of Biological Art,” Art Press 276 (2002): 37-54. 
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Fig. 52. TC&A, in collaboration with Stelarc, ‘Extra Ear ¼ Scale’, 2003. Permission to reproduce this image has been 
kindly granted by Oron Catts and Ionat Zurr. 

 

 
Fig. 53. TC&A, ‘Pig Wings Project’, 2001. Permission to reproduce this image has been kindly granted by Oron Catts 
and Ionat Zurr. 

 

The comparisons between TC&A’s semi-living sculptural entities and Gessert’s ethical and 

subjective mappings of plants attempts to rationalise why working with plants does not prompt 

ethical issues.  These perspectives, the ethical and the subjective, are constructed by an external 

and observable view.   Firstly, the ethical construct operates at the phenomenological level, 

where plants are seen as similar to the cells ‘in vitro’ in terms of being motionless - yet 

proliferating so long as they are provided with sources of nutriment.  Like the plants, the cells 

grow over time and hence TC&A’s emphasis on the living status of the cell (e.g. the ‘feeding’ and 
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‘killing’ rituals) attempts to reinforce that the disembodied cells are living despite appearing 

lifeless.235 Secondly, Gessert’s subjective mapping of plants as existing in a state analogous to the 

human experience of drug induced coma shares features of the cells contained within the 

bioreactor, where these cells are unable to sustain life autonomously nor interact with their 

environment as they get contaminated (die). The two levels of ethical validation of utilising 

plants as art mediums - the phenomenological and subjective - are based on ‘external’ 

manifestations that structure this understanding of plants as insensible.  In both cases, the plants 

(through breeding) and tissues (through engineering) are manipulated as aesthetic objects236 or as 

Catts and Zurr put it:   

 
Our semi-livings are “evocative objects”237 that raise emotional and intellectual reactions 
and suggest alternative scenarios for a future.238  

 

Probing deeper, beyond the ‘external’ view, we consider an alternative understanding of plants 

that takes into account the ‘inner processes’ of plants. What happens when a connection with the 

‘inner processes’ with plants occurs? By connection I mean having the intrinsic biological 

processes acted upon in a measurable way. Such a connection was explored by musician, 

composer and performing artist, Masaoka (chapter 4.1), as part of evaluating a richer image of 

plants in her interactive sonic performances titled ‘Pieces for Plants’ (fig. 54).  She opens a 

communication channel that involves tapping into the ‘what-ness’ of plants by processing 

information produced by her tactile interactions with the plants. The biomedical interfaces 

appear to measure the electrical signals propagating through the plants and are used to mediate 

the plants’ reactions to her touch gestures. These measurements are then translated into sounds. 

In doing so, she creates real-time sonic translations of plants’ apparent responsiveness, offering a 

contrasting perspective, namely that plants are sensitive beings. It is noteworthy that we do not 

directly see plants’ sensitivity but rather we experience translations and amplifications, both 

literally and metaphorically.  

 

In contrast to Gessert’s understanding of plants, which remains at the level of external 

manifestations, Masaoka brings in a layer of complexity that overlooks the external attributes of 

the morphologically ‘insensible’ plants and emphasises the intrinsic aspects to reveal a ‘sensible’ 

plant.   Crucially, it is a mediated response that is translated from something unperceivable to 

something perceivable.   

 

 

                                                        
 
235 Oron Catts and Ionat Zurr, “Semi-Living Art,” Signs of Life: Bio Art and Beyond, ed. Eduardo Kac (Cambridge: 
The MIT Press, 2007) 231-247, 244. 
236 Interestingly, this shows a conflicting notion in bio art between subject (chapter 1.3) and object. 
237 From their notes: ‘The term was coined by Professor Sherry Turkle, originally in regard to computers and other E-
toys.’ Ibid. 246. 
238 Ibid. 233.  
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Fig. 54. Miya Masaoka, ‘Pieces for Plants’, 2003. Permission to reproduce this image has been kindly granted by Miya 
Masaoka. 

 

If we probe deeper still, and connect the two levels – the elementary level in which we directly 

encounter the plant (as exemplified in Gessert’s discourse) and the other more complex 

secondary level that we indirectly experience in Masaoka’s ‘Pieces for Plants’ – a radically 

contrasting image and understanding of plants is revealed. On this tertiary level, the 

phenomenological, subjective and inner processual factors are interwoven and we are able to 

perceive the sensitive qualities of plants directly.  How, then, can we subjectively experience the 

phenomenological and intrinsic perspectives of plants simultaneously?   

 

Fig. 55. Eduardo Kac, ‘The Eighth Day’, 2001, close up.  

 

By penetrating into the plants’ ‘what-ness’ (or ‘inner processes’) at the level of the genes, plants 

can be genetically modified to give rise to expressions that are not associated with their way of 

being.  An example of such expression includes fluorescence from the Green Fluorescent 
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Protein (GFP).  Utilising this process of extracting genetic fragments, GFP, originally isolated 

from jellyfish Aequorea victoria and inserting it into the DNA of plants, scientists created 

fluorescent plants (chapter 3.1) that were subsequently exhibited in Kac’s art installation ‘The 

Eighth Day’ (fig. 55).  The audience was able to visualise and observe the genetic expressions 

through fluorescence of the whole plant. The external fluorescence expressions not only embed 

the notion of how disconnected nature’s (plant and jellyfish) intertwinements become 

interchangeable but that the external expressions were the result of genetic activity.  Thus, the 

intrinsic and otherwise invisible processes in plants could be phenomenologically visualised 

directly.     

 

As part of the artistic expressions, the diversity of approaches and qualities the artists deploy 

from an aesthetic perspective in the artworks described (such as fluorescence, sonic translations 

or scaffolded cells) illustrate how the interplay between the ‘what-ness’ and aesthetics of the 

artwork are interwoven when dealing with living mediums in art.  To put it in another way, the 

reverberations between how the aesthetics of the artworks and what the living mediums are 

expressing (protein expressions, electrical signals or growth) are part of recognising the presence 

and intrinsic properties or ‘what-ness’ of the living.  The intrinsic nature matters when revealing 

a ‘deeper’ understanding to the specificity of the medium.   

 

To address the question posed earlier in this chapter regarding the perplexities in understanding 

the ‘what-ness’ of plants, we negotiate, in what follows, the disparities between our subjective 

experiences reflected in the Aristotelian view of plants and plants’ internal physiological 

processes, the biochemical view. In relation to the artworks introduced, I will discuss how 

conflicting considerations emerge in light of these views and in dealing with the living. 

 

Locating the ‘what-ness’ of plants: the capacities of ‘souls’  

 

The early developments of philosophy spent much effort considering the essential nature of 

causality. The ancient Greek philosophers speculated in a range of elements as to the causality of 

life including water239, air240, fire241, atoms242 and the mind243. An extension of this tradition into 

the contemporary molecular biosciences takes this breakdown of composition further, shattering 

our bodies into abstract units of cells, proteins, DNA and other complex molecules where 

                                                        
 
239 Thales considered water to be the original substance out of which all others are formed. Russell Bertrand, History 
of Western Philosophy (London: Routledge, 1996), 33.  
240 For Anaximenes the fundamental substance was air. Ibid. 36. 
241 Heraclitus regarded fire as the fundamental substance. Ibid. 50. 
242 Democritus and Leucipus believed that everything is composed of atoms. Ibid. 72. 
243 Anaxagoras regarded the mind having the power over all things that have life. ‘Anaxagoras (and whoever agrees 
with him in saying that mind set the whole in movement) declares the moving cause of things to be soul.’ Aristotle, 
On the Soul: Book I, 350 B.C.E, 18 September 2009 <http://classics.mit.edu/Aristotle/soul.1.i.html>. 
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fragments are further fragmented but whose interactions and networks couple together the 

complex substance we call living.  I attempt to show, in what follows, how our subjective view is 

aligned with the Aristotelian reasoning of the ‘soul’ and the importance of ‘De Anima’ in 

unravelling the rationale of observer based deductions.  Particularly, how this affects the status 

of plants. 

 

Aristotle considered the study of the ‘soul’ as the most honourable of all knowledge in that it 

spoke the ‘truth’ of nature in explaining what makes a body capable of living through its ‘what-

ness’ (essence). In contemporary analysis, the body is seemingly displaced by the sheer volumes 

of interactions taking place within and amongst living systems and organisms.  The pursuit of 

such ‘what-ness’ within the infinitesimal of the (bio) molecular continues to surface with 

reference to the genes, the self-replicating molecules capable of transforming the tree of life (the 

phylogenetic tree) through its medium – the body. Even so, it remains to speak of the 

expressions of this ‘what-ness’, and what it tells us of its greater ‘what-ness’, the whole. 

 

In ‘De Anima’, the ‘soul’ was a conceptual vehicle from which Aristotle developed a 

classification framework on the variations of life by systematically investigating the physiological 

functioning of the living in its relation to the ‘soul.’  As part of establishing the most general, or 

common, account of ‘soul’ and its functioning capacities in correlation to the body, Aristotle 

considered the characteristics modes of being that accounted for a variety of living organisms. 

These included; the nutritive, sense-perception, locomotion and thought.   

 

His predecessors’ views posited the ‘soul’ as the causality of physiological capacities, particularly 

voluntary motion and perceptual abilities, in living beings that were exclusively animals or 

humans:  

 
Two characteristic marks have above all others been recognized as distinguishing that 
which has soul in it from that which has not - movement and sensation. It may be said 
that these two are what our predecessors have fixed upon as characteristic of soul.244 

 

In their account of the ‘soul’, it existed independently as an entity and as a consequence of 

motion and perceptual awareness in living bodies.  In other words, the ‘soul’ was the force that 

directed motion into visible behaviours.  Aristotle argued against their view of ‘soul’ as the 

source of motion and thereby life, stating that:   

 

If movement is a displacement of that which is in movement in relation to that which is 
moved, then movement must be a departure from its essential nature at least if its self-
movement is essential and not a coincident.245 

 
                                                        
 
244 Aristotle, On the Soul: Book I, 350 B.C.E, 18 September 2009 <http://classics.mit.edu/Aristotle/soul.1.i.html>. 
245 Ibid.  
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In this regard, movement, for Aristotle, seemed more likely to originate by intention, thought 

processes or as a result of sensation.   While his predecessors had coupled the ‘soul’ with the 

body to explain observable physiological functions of the body, Aristotle found no rationale to 

why, nor to how the ‘soul’ related to the body or to what extent it was divisible therein. The 

connection between the body and the ‘soul’ was a departure point to develop his scala naturae246 

by questioning the need for different ‘souls’ for each kind of life.  For him, the ‘soul’ and body 

were interrelated as a unity that enabled living organisms to engage in their varying physiological 

functioning, such as nutriment, sense-perception, voluntary motion and cognition.  

 

On the divisibility of the ‘soul’ 

  

It seemed to Aristotle that if the ‘soul’ had its place in the body, then it must be what held the 

body together, and not vice versa. However, this posed another question; what held the ‘soul’ 

together?  Aristotle argued that if we were to find the ‘soul’ divisible itself, the question we pose 

ought to address the issue of what holds the ‘soul’ together and so on ad infinitum. Should we 

find a ‘soul’ that cannot be divided then we ought to qualify the ‘soul’ as one, for surely this 

‘soul’, which holds the other ‘souls’ together, must be more rightful to deserve the name of 

‘soul’. In the contemporary molecular gaze, the question of the ‘soul’s’ divisibility is a 

preoccupation in its movement towards a greater essence, such as the presence, activity and 

interaction of genes. This, perhaps, suggests an essentialism of the modern ‘soul’.247  

 

Indeed, on the divisibility of the ‘soul’, perplexing questions arose, in the context of plants and 

several segmented animals: 

 

It is a fact of observation that plants and certain insects go on living when divided into 
segments; this means that each of the segments has a soul in it identical in species, 
though not numerically identical in the different segments, for both of the segments for 
a time possess the power of sensation and local movement. […] in each of the bodily 
parts there are present all the parts of soul, and the souls so present are homogeneous 
with one another and with the whole; this means that the several parts of the soul are 
indisseverable from one another, although the whole soul is divisible.248  

 

Plants, as well as some animals (such as worms249), when divided continue to live autonomously 

apart at a distance suggested that the ‘soul’ had such a character, but the regeneration into a 

                                                        
 
246 Although this was developed later, certain affinities of living things were arranged on scales of increasing 
complexity; Aristotle’s view of species fixivity influenced Western science significantly.  
247 Dorothy Nelkin and M. Susan Lindee, The DNA mystique: the gene as a cultural icon (Cambridge: The University 
of Michigan Press, 2004). Richard Darwkins, The Selfish Gene, 2nd Revised Edition (Oxford: Oxford University 
Press, 1989). 
248 Aristotle, On the Soul: Book I, 350 B.C.E, 18 September 2009 <http://classics.mit.edu/Aristotle/soul.1.i.html>. 
249 ‘You can take a worm….and cut it into small pieces, and each small piece will regenerate a whole new worm…that 
includes the brain.’ Dr Dr Aziz Aboobaker.  BBC, Immortal worms that constantly replace their ageing cells, 22 April 
2010, 22 April 2010 <http://www.bbc.co.uk/worldservice/news/2010/04/100422_flatworm_hs.shtml>. 
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‘whole’ induced a problem, giving it one ‘soul’ before but potentially many after. The power of 

regeneration in plants posed a significant problem, however this was treated as a special property 

of the plant ‘soul’:   

 

It seems also that the principle found in plants is also a kind of soul; for this is the 
only principle which is common to both animals and plants; and this exists in isolation 
from the principle of sensation, though there [is] nothing which has the latter without 
the former.250  

 

 
Fig. 56. TC&A, ‘Victimless Leather: A prototype of stitchless jacket grown over techno-scientific body’, 2004.  During 
its debut at MoMA, the curator, Paola Antonelli, had to turn off the machine:  ‘I FELT cruel when I turned it off.’251 
Permission to reproduce this image has been kindly granted by Oron Catts and Ionat Zurr. 

 

The living fragmented bodies in the TC&A’s semi-living sculptures (fig. 56), where cells (cultures 

of skin, muscle or bone cells) were removed from their original (animal/human) body, grown on 

artificial biodegradable polymer of various shapes and their re-hosting in a technological body, 

demonstrate the nutritive capacity of its ‘soul’.  That is, the cells’ re-embodiment and 

proliferation in the bioreactor substantiate the living capacity of the cells (the fundamental unit 

of life), with the ability to grow and reproduce (cell division).  As discussed, the artists’ emphasis 

on the ‘killing’ procedures, as part of their installation and performances, accentuate the cells’ 

aliveness – whose lives can only be conserved and proliferate through technology. When taking a 

life away, does one not have to consider the ‘soul’ of this life and the qualities it possesses, for 

surely it is different to be a cell and to be an animal? Certainly the body (bioreactor) in which 

                                                        
 
250 Aristotle, On the Soul: Book I, 350 B.C.E, 18 September 2009 <http://classics.mit.edu/Aristotle/soul.1.i.html>. 
251 John Schwartz, Museum Kills Live Exhibit, 13 May 2008, 20 September 2009  
<http://www.nytimes.com/2008/05/13/science/13coat.html?_r=1>. 
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they now belong, can be switched on and off, and does not depend on these cells as its parts, for 

it is a machine. The cells themselves are unable to function autonomously, thus detached from a 

body that possesses these qualities, they can only possess part of this ‘soul’, the ‘feeding’ and 

‘killing’ processes as part of the artwork is therefore an attempt to re-qualify the cells’ ‘soul’ with 

a body that is lost and we, as audience, are told to project onto the cells what was of the ‘soul’ 

when part of a whole.   

 

Plants’ nutritive ‘soul’ 

 

To distinguish life from the non-living, Aristotle’s in-depth inquiry into the ‘nature’ of the living 

recognised the variety of characteristics and modes of being across the spectrum of the living to 

include plants. The body provided faculties and organs for the ‘soul’s’ utilisation.   In itself, to 

have life meant to have qualities of self-nutrition and growth with a correlating decay.  To 

differentiate between the body and ‘soul’, Aristotle’ discriminated attributes of matter 

(potentiality) and form (actuality) thereby the unity of a natural body was made by making actual 

what was only potential. Actuality did, however, not require the quality to be exercised, but it is 

rather the possessing of the quality of actuality that makes the soul (first order of actuality).  

Aristotle saw the parts of plants as decidedly simple ‘organs’ where:  

 

[…] the leaf serves to shelter the pericarp, the pericarp to shelter the fruit, while the 
roots of plants are analogous to the mouth of animals, both serving for the absorption 
of food.’252  

 

Plants’ ability to grow in every spatial direction was seen as their principle ‘originate’ power: 

 
[…] they grow up and down, and everything that grows increases its bulk alike in both 
directions or indeed in all, and continues to live so long as it can absorb nutriment.253 

  

Of all the powers of the ‘soul’, self-nutrition, the lowest, most widespread and fundamental 

capacity, could be isolated from other powers (sensation, intellect, locomotion), but they could 

not be isolated from it.  That is to say, the capacity of ‘soul’ that bestows life was the nutritive 

power belonging to all living organisms.   

 

For Aristotle this was the only power plants possessed, and what leads us to first speak of the 

living:   

 
[…] for it appears that plants live, yet are not endowed with locomotion and 
perception.254  

 
                                                        
 
252 Aristotle, On the Soul: Book II, 350 B.C.E , 19 September 2009 <http://classics.mit.edu/Aristotle/soul.2.ii.html>. 
253 Ibid. 
254 Aristotle, On the Soul: Book I, 350 B.C.E, 18 September 2009 <http://classics.mit.edu/Aristotle/soul.1.i.html>. 
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The classification of plants with a nutritive ‘soul’ therefore attributed plants with a marginal yet 

distinctive role, and one that sits in striking contrast to how plants are being understood in 

scientific contemporary understanding. Yet, it is from the Aristotelian observation that uses the 

naked eye, or what we might call the ‘phenomenological perspective’ that our comprehension of 

plants emerges.  As we have seen, Gessert’s analogy between plants and tissues ‘in vitro’ not only 

expands the notion of plants being ‘merely’ living (growing, reproducing and dying) but also 

conforms to Aristotle’s classification of plants as having only the ‘nutritive’ soul.  

 

Penetrating plants’ ‘soul’  

 

Probing deeper into the ‘soul’ and beyond the phenomenological perception of plants, the 

inadequacies of the Aristotelian ‘soul’ of plants becomes apparent.  The penetrations of the body 

through physiological interfaces and (bio) molecular techno-scientific applications, such as 

microelectrode techniques255 or optical imaging256, reveal more than the naked eye can see. New 

information gathered by such analyses authenticate plants as having numerous perceptual 

capacities, suggesting that they should be re-categorised to having something equal to the animal 

‘soul.’   

 

It was the possession of the power of sensation that first led Aristotle to speak of living things as 

animals, and the most primary form of sensation was touch. Sensation also infers the existence 

of pleasure and pain, and where there is that, we find desire - intention. Aristotle deduced that 

animals ought to possess an appetite in order to sense nutriment. Further, the ability to 

apprehend food required sense-perception, thereby animals indeed possess the sensation of 

touch. The following example demonstrates how this deduction draws an understanding from a 

‘phenomenological perspective’.  

 
When viewing a plant leaf being masticated by a caterpillar there are no indications or observable 

manifestations of the plants’ reactions. The Aristotelian view of the insensible plant holds true in 

this example, where seen through the eyes of an observer, we perceive a caterpillar with a 

voracious appetite.  Our ability to empathise (or not, if they are eating your vegetables) with the 

caterpillar prior to its metamorphosis supersedes our understanding of the plant in this context. 

Motion plays an important factor here in attributing motives to the caterpillar’s, for, as Aristotle 

put it: 

 

                                                        
 
255  Defined as: ‘an electrode of very fine calibre consisting usually of a fine wire or a glass tube of capillary diameter 
drawn to a fine point and filled with saline or a metal used in physiologic experiments to stimulate or record action 
currents of extracellular or intracellular origin.’ TheFreeDictionary, Microelectrode, 10 August 2010 <http://medical-
dictionary.thefreedictionary.com/microelectrode>. 
256 Such as microscopy, bioluminescent imaging (GFP, chapter 3.2), magnetic resonance imaging, MRI 
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The local movement is always for an end and is accompanied either by imagination or 
by appetite; for no animals move except by compulsion unless it has an impulse towards 
or away from an object.  Further, if it were the nutritive faculty, even plants would have 
been capable of originating such movement and would have possessed the organs 
necessary to carry it out.257 

 

Appearing devoid of progressive motion, it is difficult to phenomenologically perceive the 

plant’s reaction in the scenario illustrated above. However, it is now understood that as the 

caterpillar’s mandibles tear the plant tissues (leaf), electrical signals are propagated (fig. 57) from 

the wounded site (the masticated parts of the leaf) alerting the rest of the plant to the predators’ 

presence.  In response, the plant produces chemicals in attempt to induce indigestion in the 

caterpillar as a defence mechanism and inhibit further damage to its tissues.  

 

 
Fig. 57. ‘A typical tomato seeding as used in the mechanical wounding experiments. a, Experimental arrangement.  
The seedling has one expanded leaf, labelled leaf 1, which is morphologically the lowest (first-formed) leaf.  b, 
Recording on the petiole of leaf 1; mechanical wound to one of the cotyledons; petiole of cotyledon not chilled. c, 
Recording on the petiole of leaf 1; mechanical wound to one of the cotyledons; petiole of cotyledon chilled (3°C) from 
5 min before wounding until 5 min after wounding.’258  Reprinted by permission from Macmillan Publishers Ltd: 
Nature 360: 62-65, © 1992.  

 
Plants perceptive ‘awareness’ of being masticated (wounded) was first demonstrated in what has 

been described as a ‘breakthrough’259 experiment260 showing a change in the tomato plant’s 

                                                        
 
257 Aristotle, On the Soul: Book III, 350 B.C.E, 17 September 2009  
<http://classics.mit.edu/Aristotle/soul.3.iii.html>. 
258 D C Wildon, et al., “Electrical signalling and systemic proteinase inhibitor induction in the wounded plant,” Nature 
360 (1992): 62-65, 63. 
259 Eric Davies, “New functions for electrical signals in plants,” New Phytologist 161 (2004): 607-610, 608.  
260 D C Wildon, et al., “Electrical signalling and systemic proteinase inhibitor induction in the wounded plant,” Nature 
360 (1992): 62-65.  
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electrical signals, termed ‘action potential’261. These signals emanate from the wound, instigated 

by mechanical damage, to traverse along its stem to the closest leaf where a response can be 

activated.  The experiment described in the paper was designed to distinguish between signal-

based electrical activity and chemical signals, showing that a ‘systematic response is caused by an 

electrical signal propagating through the plant.’262  Though plants lack structures comparable to 

animal nerve cells, the cells in plant tissues are linked by plasmodesmata (microscopic channels 

which traverse the cell walls of plant cells) that have solute permeability and electrical 

conductivities.  The results provided the ‘first definite evidence for a link between electrical 

signal and a biochemical response in plants’263 deducing that ‘an electrical signal is the underlying 

mechanism of systematic wound response.’264 This awareness or sense-perception in plants 

allows a local change to inform the whole or other parts, and suggests that certain plants have a 

built-in ability to process specific signals and to regulate systematic responses that transform its 

chemical composition. In the case cited, we may say this transformation is to the plant’s 

flavour,265 to use an Aristotelian sense, from something edible to something that is not.  

 

The experiment demonstrated plants’ awareness of an intrusion by wounding the leaf of a 

tomato seedling and measuring the electrical activity using extracellular electrodes (fig. 57).  As a 

discovery, it provides hints towards the potential of utilising such tools for artistic purposes to 

extrapolate information from plants. Tapping into plants’ potential awareness, Masaoka appeared 

to extract electrical signals to create a correlating musical composition.  The aesthetics of the 

performance reveal the ‘what-ness’ of plants as highly sensitive, yet motionless, in their 

awareness and response to their surroundings.  Like Gessert’s breeding artworks, Masaoka’s 

work problematises the aspects of whether the performance surfaces the ‘black box’ or opens it. 

In the performance itself we recognise the correlations between the haptic interactions and sonic 

outputs, yet, can we be sure whether the inner (the electrical measurements) of the plants are 

authentic?  It is questionable if the sensitivity of instruments, a ‘black box’ in itself, used to 

measure the electrical signals may be disturbed or eclipsed by other forces, such as the 

movements of her hands, thereby posing the problem of whether the sonic compositions are 

produced through her, or the audience’s interactions, rather than by the plants responses.266  

This work will be discussed in detail in chapter 4.1.  

 

                                                        
 
261 Defined as: ‘a momentary change in electrical potential on the surface of a cell, especially of a nerve or muscle cell, 
that occurs when it is stimulated, resulting in the transmission of an electrical impulse.’ answers.com, Action potential, 
11 August 2010 <http://www.answers.com/topic/action-potential>. 
262 Ibid. 64. 
263 Ibid. 65. 
264 Ibid.  
265 ‘Flavours fall within the field of tangible qualities.’ Aristotle, On the Soul: Book II, 350 B.C.E , 19 September 2009 
<http://classics.mit.edu/Aristotle/soul.2.ii.html>. 
266 Will be discussed and elaborated in Chapter 4.1.  
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Plants’ sensitivity to touch 

 

The notion of plants perceiving our touch gestures appear somewhat paradoxical given our 

inability to phenomenologically detect their responses. A further rationale to why Aristotle did 

not qualify plants with sense-perception was attributed to their source of nutriment:   

 
Without touch there can be no other sense, and the organ of touch cannot consist of 
earth or of any other single element.267 

 

It was held that plants ‘mouths’, to use Aristotle’s analogy, are located in their roots, therefore 

their sustenance ought to be ‘earth’. Like the element, earth, which encompasses parts of animal 

body such as hair and bones, is devoid of sensation and given plants’ source of nutriment they 

were thought to only consist of ‘earth’.  It is now known that plants’ source of nourishment is 

light; giving plants the extraordinary ability to transform water (photosynthesise) into itself (its 

own matter). Perhaps, if Aristotle had looked up and not down, and taken more time to observe 

plant activity, he would have perceived the struggle in the plants’ fight for light, moving towards 

its sustenance, as to satisfy its own appetite, wherein lies one set of their ‘motives’ and ‘desire.’  

 
The ability to perceive had two consequences for Aristotle, firstly it needed to have potentiality 

and secondly it needed to become an actuality. A ‘sense’ was understood as having the power to 

perceive external objects (receive into itself a sensible form of a thing without its matter268) 

through the ‘organ of sense’269, or put it another way, the medium of bodily organs (i.e. eye).  He 

posited that the sense of an organ may however become destroyed or disturbed by an excess of 

its opposite qualities: 

 
 […] if the movement set up by an object is too strong for the organ, the equipoise of 
contrary qualities in the organ, which just is its sensory power, is disturbed; it is precisely 
as concord and tone are destroyed by too violently twanging the strings of a lyre.270  

 

In between these contraries, following Aristotle, there ought to be a neutral point that enabled 

the ‘organ of sense’ to discern an object in its field. Plants, being seen as having no such 

contraries, therefore were denied the quality of perception. If Aristotle (or one of his many 

assistants) came across specialised plants such as Drosera (Sundew) or Dionaea muscipula (Venus 

flytrap), they would have observed their elaborate and rapid responses evident to the naked eye – 

it would be interesting to speculate on how Aristotle would classify271 these plants? Even so, it 

                                                        
 
267 Aristotle, On the Soul: Book III, 350 B.C.E, 17 September 2009 
 <http://classics.mit.edu/Aristotle/soul.3.iii.html>. 
268 Aristotle, On the Soul: Book II, 350 B.C.E , 19 September 2009 <http://classics.mit.edu/Aristotle/soul.2.ii.html>. 
269 Ibid.  
270 Ibid.  
271 In 17th century English physician and one of the first elected fellows of the Royal Society, Henry Power (1623-
1668), like William Harvey (1578-1657) placed mimosa as ‘a transitional link between plants and animals.’ Craig W 
Whippo and P Roger Hangarter, “The ‘sensational’ power of movement in plants: a Darwinian system for studying the 
evolution of behaviour,” American Journal of Botany 96.12 (2009): 2115-2127, 2116.  



 100 

was upheld until Darwin who discovered, as we shall see in the following chapter, that the 

nourishing quality of this sense resulted from trapping insects. Much more recent (1973) was the 

discovery of (non-specialised) plants’ ability to both perceive and respond to touch stimulations, 

which modulate plant growth accordingly (thigmomorphogenesis, [2.2]). However, these growth 

responses, which occur gradually, are not directly perceivable.  

 
For Aristotle, touch itself was a particular sense in that it could perceive and identify multiple 

contraries (hot-cold, moist-dry) and it was only through the medium of flesh that we (animals 

and humans) are able to receive this sensation: 

  

[…] which is the essential mark of life; for it has been shown that without touch it is 
impossible for an animal to be.272 

 

Although sensitivity to touch and motion can be seen with the naked eye in very few plants, it 

requires methods that facilitate observing plants at the molecular level to establish this for others. 

Since 1990, experiments have implicated (non-specialised) plants with, to borrow from Aristotle, 

the sense of touch that is used to modulate growth adaptations through perceiving their 

environment. The genomic response itself can be observed using a technique called microarray 

identification, which is able to display changes in specific genes. When a change occurs either of 

the genes in the array will be given a colour and this suggests that they perceive the sensation.  

The experiment that discovered and revealed the existence of touch-inducible genes, called touch 

(TCH) genes, in plants revealed:  

 

[…] simple mechanical stimulation, administered by touching the rosette leaves and 
bending them down or back and forth, was found to be sufficient to elicit a dramatic 
enhancement of TCH expression.273 

 

The experiment showed the widespread presence of TCH gene expressions in plants274 (fig. 58) 

and speed at which the genes were expressed - within thirty minutes of touch simulation.  

However, our ability to see this change manifest at the level of the whole plant will take time as 

the genes will need to express proteins, divide and create cells and onwards, slowly adding the 

layers that alters growth into our field of perception.   

 

Through illumination we can also let plants tell their own stories as they grow and develop by 

introducing GFP to tag specific genes, such as TCH genes. When these tagged genes are 

                                                        
 
272 Aristotle, On the Soul: Book III, 350 B.C.E, 17 September 2009  
<http://classics.mit.edu/Aristotle/soul.3.iii.html>.  
273 Janet Braam, “In touch: plant responses to mechanical stimuli,” New Phytologist 165 (2005): 373–389, 384. 
274 ‘To gain insight into the prevalence of touch-inducible gene expression, a genome-wide search for Arabidopsis 
genes sharing TCH regulatory properties was undertaken. Hybridization of the 22 810 genes represented on the 
Affymetrix DNA chip revealed that 589 genes, over 2.5% of the genome, are up-regulated at least twofold in 
expression within 30 min[utes] of a touch stimulation. One hundred and seventy-one genes have reduced expression.’ 
Ibid.  
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expressed they also manufacture GFP275, thus by touch we could observe plants’ response as an 

illumination at the speed of which the gene expresses protein rather than through the layers of 

growth.   

 

 
Fig. 58. Images left to right: 1. Upregulation of TCH gene expression.276  With kind permission from Springer 
Science+Business Media: Planta, Plant responses to environmental stress: regulation and functions of the Arabidopsis 
TCH genes, 203, 1997, S35-S42, Janet Braam, et al., Fig. 1, Reprinted from Cell, 60, Braam, J.m and Davis, R.W., 
Rain-, wind- and touch-induced expression of calmodulin and calmodulin-related genes in Arabidopsis, 357-364, © 
1990, with permission from Elsevier. 2. Mechanically stimulated TCH3 gene expression in seedlings of ethylene 
mutants of Aradopsis. TCH3 gene expression detected by RNA-blot hybridization.277 Plant physiology by American 
Society of Plant Biologists. © 2002 Reproduced with permission of AMERICAN SOCIETY OF PLANT 
BIOLOGISTS in the format Dissertation via Copyright Clearance Center.  

 

In Kac’s work, ‘The Eighth Day’278, GFP was used as an expression to create fluorescing plants 

under blue light (fig. 55). In the installation we observe the quantitative ability of the GFP plants 

to express this illumination. Whilst we visualise the biological processes (GFP expression) 

emanating from within the plant, it is unclear what this protein interface is telling us. In this 

context, the work does not bring us closer to the plant ‘soul’ but becomes a spectre, where the 

green glowing surface (emitting fluorescence) appearance of the plants becomes the most 

apparent and central feature.  A discussion on this will be elaborated in chapter 3.1.  

                                                        
 
275 Will be discussed in more detail in Chapter 3.2.  
276 ‘Plants were left alone as controls (lane 0) or stimulated by spraying with water and harvested at the time points 
indicated above each lane. The RNA was purified, size-separated on formal-dehyde gels, blotted to filters and 
hybridized with the cDNA probes listed at left. Tubulin is used as a control to demonstrate that similar amounts of 
RNA are loaded in each lane.’ Janet Braam, et al., “Plant responses to environmental stress: regulation and functions 
of the Arabidopsis TCH genes,” Planta 203 (1997): S35-S41, S36. 
277 Andrew J Wright, Heather Knight and Marc R Knight, “Mechanically Stimulated TCH3 Gene Expression in 
Arabidopsis Involves Protein Phosphorylation and EIN6 Downstream of Calcium,” Plant Physiology 128 (2002): 
1402-1409, 1404. 
278 Will be discussed in Chapter 3.1.  
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Summary: the ‘what-ness’ of plants  

 

Aristotle’s treatise, ‘De Anima’, is essentialist, in that it attempts to disclose a type of truth of 

nature, or essence of nature, by defining a series of absolute ideas around the living. Similarly, 

approaches and methods of molecular biosciences can be said to have a comparable essentialism 

in celebrating genetic expressions as a way of extracting knowledge from our senses through 

which we can talk of their ability to perceive.  For Aristotle, the ‘soul’ was the actuality of the 

body and there were many different kinds of ‘souls’; the nutritive, the sensitive, the imaginative 

and the appetitive. He identified these by looking at their possession of senses or in the case of 

plants, their nutritive ‘soul’, incapable of perception. 

 

In molecular terms, approaches to gauge sensing in the contemporary biosciences apply 

techniques to measure responses that implicate the genes as the central dogma to what is 

expressed and how a response occurs. Although essentialism is a type of absoluteness or a 

universality that marginalises other and often more abstract concepts (such as emotions), in the 

case of plants, the implication of modern genetics is re-positioning qualities of their ‘soul’, in 

some respects, adjacent to the animal ‘soul’. 

 

As part of artistic expressions that utilise living mediums, the appropriation of interfacing 

technologies and tools from the sciences, as well as their further conceptual developments, are 

significant in reformulating the perception of the living medium.  Drawing attention to the 

intrinsic qualities of the living mediums is a concern that is interwoven with artistic 

considerations that are outside the objective and empirical understandings of the living systems. 

In other words, the physiological functioning of the living and the signification of its 

expressions, in the context of the artworks, are dominated by elements critical to artistic criteria 

that include aesthetics, and therein subjectivity, anthropomorphic readings or cultural 

constructions.   This will be further explicated in the subsequent chapters (chapter 3.1 and 4.1).  

 

The following chapter looks at two significant historical discoveries that began to rupture the 

subjective image of plants through experimentation and the use of instrumental interfaces. I will 

conclude by discussing my own practice that attempts to provide some transparency between the 

subjective (Aristotelian) and mediated view of plants. 
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CHAPTER 2.3: (IM)PERCEPTIBLE PLANT BEHAVIOUR  
 

 

The preceding chapters looked at the external manifestations of plants, that is, our 

phenomenological perception of plants. Genomic and electrophysiological approaches in 

contemporary scientific analyses were seen to, and are, substantiating plants in ways that 

contradict our phenomenological perceptions.  This chapter interrogates this difference. Not in 

the sense of the general differences between the two perspectives - phenomenological 

(subjective) and scientific – but rather the perspective of this difference. That is, from the 

phenomenological perspective, the difference itself appears distinct from the scientific 

perspective.  

 
With the phenomenological perspective in mind, why are plants frequently portrayed as being 

devoid of sensation and to what extent is motion implicated?   What is the link between 

sensation and motion? How does motion impact our perception of plants? What does motion 

reveal to us about plants?   

 

The questions posed are critically discussed and navigated, in what follows, through a series of 

investigations on carnivorous plants integrating sense perception of plants with movements of 

their ‘organs’. This is followed by a discussion of the ramifications of an unexpected and 

mysterious motion of a tree and the shift of this tree’s phenomena from a singularity to a 

universality.  The chapter will conclude with a discussion of the aesthetic possibilities in 

simultaneously exploring the phenomenological and ‘scientific’ perceptions of plants, where both 

these perspectives can be observed from a phenomenological point of view.  

 

Connecting motion and sensation: Darwin’s inquiry into the behaviour of the Sundew  

 

Charles Darwin’s wife, Emma, wrote the following in regards to Darwin’s investigations on the 

carnivorous plant, sundews, Drosera rotundifolia, in a letter to Lady Lyell:  

 

At present he is treating Drosera just like a living creature, and I suppose he hopes to end 
in proving it to be an animal.279 

 

Darwin’s acquaintance with sundews aroused his fascination with plants and subsequently 

evolved into an in-depth inquiry that integrated plant movements with sensitivity.  He published 

                                                        
 
279 His wife, Emma in a letter to Lady Lyell (Charles Lyell’s wife). M. Allan, Darwin and his Flowers: The Key to 
Natural Selection (London: Faber & Faber, 1977), 194. 
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numerous books on the subject280 that included ‘Climbing plants’ (1865), ‘Insectivorous plants’ 

(1875), and notably ‘The power of movements in plants’ (1880).  Interestingly, Darwin’s book 

‘Insectivorous plants’ was published sixteen years after his first encounter with sundews281 - the 

‘agent provocateur’ that diverted Darwin’s interest from animal based studies282 to plant 

behaviour:  

 
During the summer of 1860, I was surprised by finding how large a number of insects 
were caught by the leaves of the common sundew (Drosera rotundifolia) on a heath in 
Sussex. I had heard that insects were thus caught, but knew nothing further on the 
subject. I gathered by chance a dozen plants, bearing fifty-six fully expanded leaves, and 
on thirty-one of these dead insects or remnants of them adhered; and, no doubt, many 
more would have been caught afterwards by these same leaves, and still more by those 
as yet not expanded. On one plant all six leaves had caught their prey; and on several 
plants very many leaves had caught more than a single insect. On one large leaf I found 
the remains of thirteen distinct insects. Flies (Diptera) are captured much oftener than 
other insects. The largest kind which I have seen caught was a small butterfly 
(Caenonympha pamphilus); but the Rev. H.M. Wilkinson informs me that he found a large 
living dragon-fly with its body firmly held by two leaves. As this plant is extremely 
common in some districts, the number of insects thus annually slaughtered must be 
prodigious.283  

 

Fig. 59. Drosera hamiltonii glands, Photo Barry Rice, PhD.284 Permission to reproduce this image has been kindly 
granted by Dr Barry Rice.  

 

                                                        
 
280 Fertilisation of Orchids (1862), The variation of animals and plants under domestication (1868), The effects of 
cross and self fertilisation in the vegetable kingdom (1876) and The different forms of flowers on plants of the same 
species (1877).  
281 ‘During subsequent years, whenever I had leisure, I pursued my experiments, and my book on Insectivorous 
Plants was published July 1875, - that is sixteen years after my first observations. The delay in this case, as with all my 
other books, has been a great advantage to me; for a man after a long interval can criticise his own work, almost as 
well as if it were that of another person. The fact that a plant should secrete, when properly excited, a fluid containing 
an acid and ferment, closely analogous to the digestive fluid of an animal, was certainly a remarkable discovery.’ 
Francis Darwin, ed., The Life and Letters of Charles Darwin (London: John Murray, 1887), 96.  
282 Such as his theory of evolution, writings on fossils, struggles for survivals, and man’s origins with the apes.   
283 Charles Darwin, Insectivorous Plants (London: John Murray, 1875), 1-2.  
284 Galleria Carnivora, Gibson South: Australian and New Zealand Drosera, 4 September 2009  
<http://www.sarracenia.com/galleria/g435.html>. 
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Fig. 60. Images left to right: 1. Drosera anglica with prey damselflies (Enallagma cyathigerum) in Duck Lake, Oregon 2. 
Drosera anglica with leaf bent around a fly, 20 July 2005. Photos: Noah Elhardt, 20 July 2005.  [Drosera] is a wonderful 
plant, or rather a most sagacious animal.285 Permission to reproduce these images has been kindly granted by Noah 
Elhardt.  

 

The spectacular leaves of the sundews are, in Darwin’s words, ‘covered with gland-bearing 

filaments, or tentacles from their manner of acting.’286 There are over a hundred tentacles 

covering the surface of the leaves and each of the tentacles are surrounded by drops of mucilage 

(fig. 59), which ‘glittering in the sun, have given rise to the plant’s poetical name of the sun-

dew.’287  The mucilage drops or glands not only lure its prey (insects) towards its sweet secretions 

but also act as a viscid trap.  As the touch-sensitive tentacles detect the prey’s struggles, the 

neighbouring tentacles curve towards the ones directly stimulated, bending inwards ‘until the 

insect is ultimately carried by a curious sort of rolling movement to the centre of the leaf’288 

enclosing the prey within (fig. 60).  

 
Enormously impressed by the sheer complexity displayed by the leaves, Darwin subjected the 

Drosera plants to copious experiments that included exposing the plants to a variety of particles, 

organic materials, chemicals, heat and galvanic actions and thereby demonstrated the 

extraordinary sensitivity of the glands and the digestive ability of the plant.   Remarking on the 

astonishing outcomes of his experiments, Darwin wrote in a letter:  

 
I will and must finish my Drosera MS., which will take me a week, for, at the present 
moment, I care more about Drosera than the origin of all the species in the world. But I 
will not publish on Drosera till next year, for I am frightened and astounded at my 
results.289 

                                                        
 
285 Charles to Asa Gray, J Brown, Charles Darwin: The Power of Place. Volume II of a Biography (London: Jonathan 
Cape, 2002). 149.  
286 Ibid. 4. 
287 Ibid. 
288 Ibid. 14. 
289 Francis Darwin, ed., Charles Darwin: his life told in an autobiographical chapter, and in a selected series of his 
published letters (London: John Murray, 1892). 
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The movement of the tentacles and visible secretion of the glands visibly manifest the 

‘sensational’ qualities of Drosera.   Darwin observed that placing various fragments of animal 

substances on a leaf’s disc prompted a pronounced bending of the stimulated tentacles.  

 

Remarkably, through visible bending inclination of the tentacles, Darwin demonstrated the 

ability of Drosera in detecting a small piece of human hair measuring a mere 203 micrometers in 

length and weighed less than a milligram (0.000822mg).  Astounded at the degree of sensitivity 

exhibited by the plant, Darwin stated the following:  

 

A bit of hair, 1/50 of an inch in length, and therefore much larger than those used in the 
above experiments, was not perceived when placed on my tongue; and it is extremely 
doubtful whether any nerve in the human body, even if in an inflamed condition, would 
be in any way affected by such a particle supported in a dense fluid, and slowly brought 
into contact with the nerve. Yet the cells of the glands of Drosera are thus excited to 
transmit a motor impulse to a distant point, inducing movement. It appears to me that 
hardly any more remarkable fact than this has been observed in the vegetable 
kingdom.290 

 

Fig. 61. Drosera rotundifolia, ‘Leaf viewed from above; enlarged four times.’291  2.  ‘Leaf (enlarged) with the tentacles on 
one side inflected over a bit of meat placed on the disc.’292  Reproduced from John van Wyhe ed. The Complete Work 
of Charles Darwin Online. (http://darwin-online.org.uk/).  

 

Darwin also observed, through his experiments, which despite the heavier weight and force of 

water drops or rain, no effects on the plants were produced, as the tentacles remained 

motionless.  This suggested that the glands could not only detect minute particles but were able 

                                                        
 
290 Charles Darwin, Insectivorous Plants (London: John Murray, 1875), 33.   
291 Drawings of Drosera were made by Darwin’s son, George and reproduced on wood by ‘Mr Cooper, 188 Strand’. 
Charles Darwin, Insectivorous Plants, (London: John Murray, 1908), 3.  
292 Ibid. 9.  
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to distinguish differences between particles or fluids.  This ability of Drosera to differentiate 

between diverse arrays of stimuli, like that of rain and hair, still remains unclear.293  

 

 
Fig. 62. Images left to right:  Drosera (Sundew) 1. Open leaf before touch stimulation.  2. Folding leaf following touch 
stimulation. Photos: Barry Rice, PhD.294 Permission to reproduce these images has been kindly granted by Dr Barry 
Rice. 

  

Referring back to his first encounter with sundews, Darwin supposed that the leaves absorbed 

nutritious substances from the trapped insects and this speculation prompted him to conduct a 

series of experiments that involved subjecting Drosera to a variety of fluids distinguishable by 

their nitrogenous content (animal matter). In one series of investigations, non-nitrogenous or 

non-animal fluids, which included starch, sugar, alcohol, distilled water, olive oil, and tea, were 

found to have no effect on the leaves.  To ensure that the leaves were ‘active’, Darwin 

immediately tested the inactive leaves by placing bits of meat. The reaction confirmed that the 

leaves were active despite not responding to the above fluids. In contrast, his investigations with 

nitrogenous fluids, which included milk, human urine, filtered infusion of raw meat, mucus and 

saliva, showed reaction in the leaves through the inclination of their tentacles.  The impact of the 

two sets of fluids, nitrogenous and non-nitrogenous, was enunciated through the visible 

movements of the leaves in the case of nitrogenous fluids, or non-movements in the case of 

non-nitrogenous fluids. The Drosera, thus, responded to animal derived fluids. Darwin noted:  

 
As we have seen that nitrogenous fluids act very differently on the leaves of Drosera 
from non-nitrogenous fluids, and as the leaves remain clasped for a much longer time 
over various organic bodies than over inorganic bodies, such as bits of glass, cinder, 

                                                        
 
293 In a recent (2004) comprehensive review on plants’ touch sensitivity, ‘In touch: plant responses to mechanical 
stimuli’, authored by plant geneticist, Professor Janet Braam, introduced in the preceding chapter for her discovery of 
touch induced genes in plants, she discussed the ability of Drosera to distinguish between diverse array of stimuli, 
however, she contends that it remains unclear as to how the plants distinguish the differences. Janet Braam, “In touch: 
plant responses to mechanical stimuli,” New Phytologist 165 (2005): 373-389, 374.  
294 Galleria Carnivora, The Great Hall West Entry: North American Drosera, 3 September 2009  
<http://www.sarracenia.com/galleria/g231n.html>. 
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wood, &c., it becomes an interesting inquiry, whether they can only absorb matter 
already in solution, or render it soluble, - that is, have the power of digestion. We shall 
immediately see that they certainly have this power, and that they act on albuminous 
compounds in exactly the same manner as does the gastric juice of mammals; the 
digested matter being afterwards absorbed. This fact, which will be clearly proved, is a 
wonderful one in the physiology of plants.295 

 

The ability of the plant to detect the presence of nitrogen in organic fluids prompted Darwin to 

take the experiment further - to determine whether the plants were capable of ‘true digestion’.  

Darwin noted that when animal matter was placed on the disc of leaves, it was seen to provoke a 

rapid and ‘energetic’ inflection as opposed to other organic bodies of similar size.  His findings 

were, again, astonishing:  

 
These are, perhaps, the most interesting of all my observations of Drosera, as no such 
power was before distinctly known to exist in the vegetable kingdom.296  

 

The experiments demonstrating the antiseptic properties of the increased secretion and the 

nutritive requirements of sundew plants’ diet will be briefly elaborated.  Darwin observed that 

Drosera often flourished in conditions where no other plants apart from moss297 grew.   Thus, in 

one experiment he positioned two equal pieces of raw meat on the Drosera leaf and the other on 

wet moss.  After two days, the meat on the wet moss was ‘swarmed with infusoria’298 and had 

decayed so considerably ‘that the transverse striae on the muscular fibres could no longer be 

clearly distinguished.’299  While the meat ‘bathed by the secretion’300 on the Drosera leaf was ‘free 

from infusoria, and its striae were perfectly distinct in the central and undissolved portion.’301 

This was repeated with fragments of cheese and hard-boiled egg (albumen) and revealed that the 

bits on the wet moss had became ‘threaded with filament of mould, and had their surfaces 

slightly discoloured and disintegrated’302 whilst bits sitting on the leaf of Drosera ‘remained clean, 

the albumen being changed into transparent fluid.’303   Thus the glands not only possessed 

quality of absorption but also produced an increased amount of secretion that had digestive 

qualities comparable to that of animals:  

 
The secretion seems to possess, like the gastric juice of the higher animals, some 
antiseptic power.304 

 

Still, Darwin went further as to determine whether Drosera benefited from its carnivorous diet. In 

one of my favourite of Darwin’s experiments, he divided his collection of Drosera plants into two 

                                                        
 
295 Charles Darwin, Insectivorous Plants (London: John Murray, 1875), 85.  
296 Ibid. 268.  
297 Moss altogether depends on atmosphere for nourishment.  
298 Charles Darwin, Insectivorous Plants (London: John Murray, 1875), 15.  
299 Ibid.  
300 Ibid. 
301 Ibid. 
302 Ibid. 
303 Ibid. 
304 Ibid.  
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groups: aptly named ‘fed’ and ‘starved’. He eliminated any possibility of the plants feeding 

themselves by ‘means of a covering of fine gauze.’305  The animal food supplied to the ‘fed’ set of 

plants by Darwin were ‘minute pieces of roast meat.’306  The ‘starved’, by implication, were not 

fed bits of meat. The differences between the two groups were evident after ten days, with the 

‘fed’ plants being ‘brighter green and the tentacles were a more lively red.’307 A couple of months 

later the ‘fed’ and ‘starved’ sets of plants were compared quantitatively. The results were 

remarkable and ‘showed clearly enough that insectivorous plants derive great advantage from 

animal food.’308 Darwin was the first to demonstrate that a carnivorous habit was an adaptation 

to nitrogen poor habitats.  He concluded:  

  
A plant of Drosera, with the edges of its leaves curled inwards, so as to form a temporary 
stomach, with the glands of the closely inflected tentacles pouring forth their acid 
secretion, which dissolves animal matter, afterwards to be absorbed, may be said to feed 
like an animal.  But differently from an animal, it drinks by means of its roots; and it 
must drink largely, so as to retain many drops of viscid fluid round the glands, 
sometimes as many as 260, exposed during the whole day to a glaring sun.309  

 

In the experiments discussed above, Drosera plants’ aptitude for sensation was conspicuous and 

perceivable to the ‘naked’ eye. Their responses to a variety of stimuli (touch, animal substances, 

or particles) were visible through movements of the tentacles. The link between sensation and 

motion, in this context, is that Drosera’s reactions were phenomenologically perceivable.  

Through visible motion, Darwin was able to establish the degree of sensitivity exhibited by 

Drosera; the ability to distinguish between stimuli and powers of digestion.   

 

Interestingly, Darwin also noted:  

 
A gland, when excited, not only sends some influence down its own tentacle, causing it 
to bend, but likewise to the surrounding tentacles, which become incurved; so that the 
bending place can be acted on by an impulse received from opposite directions, namely 
from the gland on the summit of the same tentacle, and from one or more glands of the 
neighbouring tentacles.310 

 

His experiments suggested that Drosera had ‘some sort of nervous system’. Darwin’s 

correspondence with physiologist Sir John Scott Burdon-Sanderson (1828-1905) – a pioneer in 

electrophysiology – resulted in the first evidence of electrical signals, action potentials, in 

carnivorous plants in 1873.  Thus, electrical signals were not restricted to animals but extended 

to include plants exhibiting rapid motion.   

 

                                                        
 
305 Charles Darwin, Insectivorous Plants (London: John Murray, 1875), 16. 
306 Ibid. 
307 Ibid. 
308 Ibid. 
309 Ibid. 18. 
310 Ibid. 262.  
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While Darwin’s observation and idiosyncratic investigations reveal a contrasting understanding 

of plants to that of the Aristotelian tradition, unexpected, yet paradoxical, similarities come to 

mind.  The phenomenological perception of plants, as illustrated in Darwin’s experiments on the 

sensation-motion phenomena of the Drosera, demonstrated plants’ responses, via visible motion, 

to various stimuli.  Recall Aristotle’s rationale as to why plants were not endowed with qualities 

of sensation, it was because plants were thought to be composed of the element ‘earth’. 

However, with the plants ‘mouths’ now being extended to the leaves to capture animals, its 

sustenance, in the Aristotelian sense, was not ‘earth’.  In this context we could conjecture that 

since Drosera did not solely consist of ‘earth’ it thus possessed the quality of sensation to enable it 

to capture its food.  In terms of the Aristotelian perspective of plants, the Drosera, and more 

generally, carnivorous plants,311 invoke conflicting classifications as their dietary supplement, 

their manner of entrapment and the extreme touch-sensitivity of their ‘organs’ implicate them as 

having animalistic behaviour.  Carnivorous plants exhibit what Aristotle noted for animals, that 

is, an appetite or motive to sense food, which was apprehended by touch.   

 

However, in other specialised plants exhibiting rapid and visually noticeable touch-response 

movements, their diets are like that of non-specialised plants, up-taking ‘earth’, in the Aristotelian 

sense, which do not ‘rationalise’ their ability for rapid motion.  An example of non-carnivorous 

specialised312 plants includes Mimosa pudica,313 commonly called the sensitive314 plant.   In 

response to innocuous touch gestures, the Mimosa’s leaflets315 collapse within a second or two.  

Not only the touched leaflet collapses but also neighbouring leaflets follow in instant succession 

until all have folded together.316 This rapid leaf folding is thought to discourage herbivores by 

exposing thorns; or rapid movement; or to reduce leaf area when jostled by strong winds or 

heavy rain. Mimosa’s potential to disrupt its otherwise quiescent nature, causing a sudden visible 

reaction as if awoken from dormancy ruptures the coma-like state that Gessert paints of plants 

through his subjective mappings. It is interesting to note that even the ‘organs’ used by Gessert 

to hybridise in his breeding art practices, the reproductive organs of the flower, share a 

responsive character – they use touch-sensitivity as a mechanism to avert self-fertilisation.317   

 

                                                        
 
311 Includes Venus Flytrap (Dionaea muscipula), Bladderwort (Ultricularia), Waterwheel Plant (Aldrovanda vesiculosa). 
312 Telegraph plant (Codariocalyx motorius), the yellow-puff (Neptunia lutea), the sensitive plant (Mimosa pudica).  
313 Derived from the Greek meaning ‘mimic’ and ‘bashful/shrinking’ alluding to sensitivity of leaves. 
314 Also known as ‘touch-me-not.’ 
315 ‘A compound leaf has a fully subdivided blade, each leaflet of the blade separated along a main or secondary vein. 
Because each leaflet can appear to be a simple leaf, it is important to recognise where the petiole occurs to identify a 
compound leaf.’ Wikipedia, Leaf, 15 September 2010 <http://en.wikipedia.org/wiki/Leaf>. 
316 Electrical impulses (action potentials), resembling nerve impulses in animals (albeit at much slower rates), are 
implicated in the speed of stimulus transmissions to neighbouring leaflets. 
317 ‘Touch-sensitive stamens bend over to dab pollen on visiting insects’, whilst in other species some stigmas bend 
towards petals in response to insect crawling down its anthers, others bend away from stigma during circadian-
regulated flower closure. Janet Braam, “In touch: plant responses to mechanical stimuli,” New Phytologist 165 (2005): 
373-389. 
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Specialised plants, as evidenced in Darwin’s explications of carnivorous plants and the 

impressive touch-response mechanisms of the Mimosa, challenge Aristotle and Gessert’s 

phenomenological perception of plants as unaware and insensitive.   The elaborate movements 

of these plants are powerful reminders of how visible motion prompt recognisable behavioural 

characteristics.  Yet, few plants are visually responsive, that is, exhibit rapid and reactive 

movements, in a timescale that we can perceive.  Their (specialised plants) behaviour is 

inconsistent with our typical experience of plants [2.2].  

 

Visible motions in plants give rise to behaviours, such as ‘sensitive’ in the case of Mimosa or 

‘carnivorous’ in the case of Drosera, that correlate with our phenomenological perception [2.1]. 

This is even more so, if the behaviour is unique in itself (i.e. not a collective quality of the 

species) and further, where its gestures are associated with cultural or religious phenomena. The 

significance of a solitary gesticulation is illustrated, in what follows, where one tree’s 

synchronised movements with daily prayer times conveyed its divinity. 

 

Impact of motion on our perception of plants: the story of the ‘praying’ palm.  

 

In the early 20th century in Bengal (now Bangladesh318), the perplexing movements of a date 

palm tree, Phoenix dactylifera, intrigued an Indian physicist Sir Jagadish Chunder Bose319 (1858-

1937) known for his pioneering investigations of the radio; inventor of wireless 

communication,320 electromagnetic waves (microwaves) and plant electrophysiology.  

 

In his book, ‘Life Movements in Plants’ (1918), Bose gives an account of the palm’s rare diurnal 

behaviour:  

 
Perhaps no phenomenon is so remarkable and shrouded with greater mystery as the 
performances of a particular Date Palm near Faridpur in Bengal. In the evening, while 
the temple bells ring calling upon people to prayer, this tree bows down as if to prostrate 
itself.  It erects its head again in the morning, and this process is repeated every day of 
the year.  This extraordinary phenomenon has been regarded as miraculous, and pilgrims 
have been attracted in large numbers.  It is alleged that offerings made to the tree have 
been the means of effecting marvellous cures.321 

 

 

                                                        
 
318 It was a part of India until 1947, now it is in Bangladesh. 
319 India’s first modern scientist pioneered research in electro-magnetism, invented devices for short distant radio-
communication with short waves before moving on to investigate plants’ responses to external stimuli.   
320 ‘The true origin of the “mercury coherer with a telephone” receiver that was used by G. Marconi to receive the first 
transatlantic wireless signal on December 12, 1901, has been investigated and determined. Incontrovertible evidence is 
presented to show that this novel wireless detection device was invented by Sir. J. C. Bose of Presidency College, 
Calcutta, India.’ Probir K. Bondyopadhyay, “Sir J. C. Bose's Diode Detector Received Marconi's First Transatlantic 
Wireless Signal Of December 1901 (The “Italian Navy Coherer” Scandal Revisited),” Proc. IEEE, Vol.86, No. 1, 
January 1998. 
321 Sir J.C. Bose, “Life Movements in Plants,” Transactions of the Bose Research Institute 1.1&2 (1928), 5.   
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Fig. 63. Morning position of the ‘praying’ palm.  ‘The two fixed stakes are one meter in height.  In [fore]front, is 
[the…] erect trunk of a different Palm.’322 

 

Fig. 64. Afternoon position of the ‘praying’ palm.  ‘Two vertical stakes, each one meter high, give a general idea of the 
size of the tree and movements of the different parts of the trunk.’323  

 

As a possible result of displacement by storm, the severity of the tree’s proclivity, being at a 60-

degree angle to the ground, implies a movement of the trunk, particularly at the top (‘neck’). The 

ramifications of this motion, being bent upwards (fig. 63) and later straightened out (fig. 64), is 

described by Bose:  

   
To the popular imagination the tree appears like a living giant, more than twice the 
height of a human being, which leans forward in the evening from its towering height 

                                                        
 
322 Sir J.C. Bose, “Life Movements in Plants,” Transactions of the Bose Research Institute 1.1&2 (1928), 6.    
323 Ibid.  
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and bends its neck till the crown of leaves press against the ground in an apparent 
attitude of devotion.324 

 

In order for Bose to investigate the enigma of the tree’s visible motion, an accurate recording of 

the tree’s diurnal movement was necessary. To distinguish the spatial-temporal physiological 

characteristics, Bose devised an instrument  (fig. 65), a ‘recording apparatus’, to automatically 

record the tree’s movements in relation to time. However, the proprietor of the ‘praying’ palm 

had reservations about granting consent to the investigations, which involved attaching the 

recording apparatus to the ‘praying’ palm, in fear ‘that its miraculous power might disappear by 

profane contact with foreign-looking instruments.’325  Bose assured the proprietor that the 

instrument was constructed in his laboratory in India and would be secured to the tree by the 

son of a priest who coincidentally was Bose’s assistant. 

 

 
Fig. 65. Left: 1. Bose’s recording apparatus attached to growing stem of Mimosa pudica.326  ‘Apparatus for automatic 
record of movement of trees and plants; T, differential metallic thermometer; R, recording lever for temperature; R1, 
for recording plant movement; C, clock-work for oscillation of recording plate. The same clock-work moves plate 
literally in 24 hours.’  Right:  ‘Record of diurnal movement of the ‘Praying’ Palm. Thermographic curve for 24 hours 
commencing at 9 in the evening is given the upper record; the corresponding diurnal curve of movement of the tree is 
given in the lower.  Successive dots at intervals of 15 minutes; thick dots at intervals of an hour.’327   

 

The ‘recording apparatus’ provided a graph tracing of the tree’s movements corresponding to 

time and temperature.  The bottom lever was attached to the tree and traced its movements 

while the top lever was attached to a thermometer where the variations in temperature were 

                                                        
 
324 Sir J.C. Bose, “Life Movements in Plants,” Transactions of the Bose Research Institute 1.1&2 (1928), 7.   
325 Ibid. 9. 
326 Ibid. 8. 
327 Ibid. 10. 
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recorded. The ends of both levers were equipped with a recording tip that was positioned near 

the oscillating smoked glass plate that was powered by a clock mechanism. During the forward 

movement of the glass plate, the recorder tips of both levers touched the plate at fifteen-minute 

intervals thereby inscribing a dot.  At every hour a thick dot was made by three fast sequences of 

dots.   

 
The graphs (fig. 65) demonstrated the continuity of the tree’s motions. Bose notes:  

 
A casual observation would lead one to conclude that the tree lifted itself at sunrise and 
prostrated at sunset.  But continuous record obtained with my recorder attached to the 
upper part of the trunk shows that the tree was never at rest, but in a state of continuous 
movement, which underwent periodic reversals.  The tree attained its maximum erection 
at 7 in the morning, after which there is a rapid movement of fall.  The down movement 
reached its maximum at 3-15 p.m., after which it was reversed and the tree erected itself 
to its greatest height at 7 [the] next morning.  This diurnal periodicity was maintained 
day after day.328  

 

Fig. 66. ‘Record of the Sijbaria Palm from noon for 24 hours.  Successive dots, at intervals of 15 minutes.’329   

 

To establish whether the diurnal motion of the tree was a unique phenomenon, the instrument 

was used to record the movements of other palm trees with reduced (inclined at 20 degrees to 

the vertical, see fig. 66) or no inclinations.  The tracings revealed similar curves though the extent 

of the movements (due to reduced or no inclination) was less pronounced.  These results 

demonstrated that the movements of the ‘praying’ palm tree were not unique and the diurnal 

motions were a universal phenomenon.   The recordings also confirmed that the movements 

                                                        
 
328 Sir J.C. Bose, “Life Movements in Plants,” Transactions of the Bose Research Institute 1.1&2 (1928), 11. 
329 ‘The surrounding conditions were very different.  The tree was much younger; it was 2 metres in height and 
inclined at 20° to the vertical.  The curve obtained with this tree was very similar to that of the Faridpur Palm though 
the extent of the movement was much reduced.  The tree attained its highest erect position at 7-15am and the lowest 
at 3-45pm.  Hence the movement of the Faridpur Palm is not a solitary phenomenon.’ Ibid. 12. 
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corresponded with the fluctuations in temperature.  Higher temperature induces the fall of the 

tree while lower temperature results in the rise of the tree.  Thus Bose concluded:  

 
The movement is brought about by the physiological action of temperature; it may be 
arrested by artificially induced physiological depression, and is permanently abolished at 
death. The movement is primarily determined by the modifying influence of 
temperature of geotropic curvature.  Rise of temperature is found to oppose or 
neutralise geotropic curvature, the fall of temperature inducing the opposite effect.  The 
ever present tendency of upwards geotropic movement is opposed or helped by the 
effects of rise and fall of temperature respectively. The movement of the “Praying” 
Palm is a thermonastic phenomenon.  The tree, apparently so rigid, responds as a 
gigantic pulvinoid to the changes of its environment.330  

 

In an intriguing twist to the story, almost a year after Bose’s investigations on the palm, the 

‘praying’ palm died:  

 
While presiding at my lecture on the subject, His Excellency Lord Ronaldshay, the 
Governor of Bengal, announced that a telegram had just reach[ed] him from his officer 
in Faridpur that “the palm tree was dead, and that its movements had ceased.”331 

 

The death of the ‘praying’ palm, nevertheless, settled the question as to whether its movement 

was a physiological phenomenon.   

 

The ‘praying’ palm illustrates how its dramatic and phenomenologically perceivable movements 

became intertwined with religious belief as its motion coincided with daily praying times, echoing 

anthropomorphic manifestations (of praying gestures). As Bose demonstrated, the enhanced 

motions were the result of the palm’s acute proclivity caused by its responses to the environment 

(temperature). Yet, the universality of this phenomenon in plants was not readily apparent.    

Significantly, the story of the ‘praying’ palm also depicts how Bose’s interface – the ‘recording 

apparatus’ – demoted the tree’s ‘miraculous’ faculty by revealing corresponding attributes in 

other trees and plants.    

 

Movements in plants are frequently triggered by changes induced by growth that occurs in 

response to environmental forces, such as temperature, and gravity, exemplified in the ‘praying’ 

palm. However, given the excessively slow process of growth, growth-induced changes are 

almost impossible to detect at any given moment and thus plants appear ‘still’. To alleviate these 

limitations and to visualise movements, that is growth and its changes, Bose designed an array of 

scientific instruments, acting as interfaces, to modulate growth processes and to provide visual 

demonstration of plant movements:  

 
[…] special apparatus of extreme delicacy had to be invented, which should magnify the 
tremor of excitation and also measure the perception period of the plant to a thousand 

                                                        
 
330 Sir J.C. Bose, “Life Movements in Plants,” Transactions of the Bose Research Institute 1.1&2 (1928), 30. 
331 Ibid. 21. 
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part of a second. Ultra-microscopic movements were measured and recorded, the length 
measured being often smaller than a fraction of a single wave-length of light.  The secret 
of plant life was thus for the first time revealed by the autographs of the plant itself.  
This evidence of plant’s own script removed the prevailing error which divided the 
vegetable world into sensitive and insensitive.332     

 

These highly sensitive instruments were able to detect a range of responses in plants to variations 

of external stimuli.   

 
Investigations which I have carried out show that all plants, even trees, are fully alive to 
changes of environment; they respond visibly to all stimuli, even to the slight 
fluctuations of light caused by a drifting cloud.333 

 

Fig. 67. Left: ‘Photograph of Duplex Resonant Recorder with plant and accessories.’334 Right: ‘Photograph of the 
Oscillating Recorder.’335 In both images, Bose’s recording apparatus is attached to growing stem of Mimosa pudica. 

 

Bose’s contribution to plant physiology, which resulted in his knighthood in 1917 and his 

election as a Fellow of Royal Society in 1920, were predominately based on the measurements 

from his instruments, drawing from his background in physics. In this regard he is credited as 

one of the first biophysicists.336 His ingenious devices included; the ‘recording apparatus’ used in 

the ‘praying palm’ investigation, an ‘oscillating recorder’ used to record the ascent of sap, a 

‘photosynthetic recorder’ measured the rate of carbon assimilation in plants,337 the notable 

‘crescograph’ measured absolute rate of growth of plant338 within a period of 50 milliseconds 

                                                        
 
332 Sir J.C. Bose, “Life Movements in Plants,” Transactions of the Bose Research Institute 1.1&2 (1928), x. 
333 Ibid. 9. 
334 Sir J.C. Bose, Researchers on Irritability of Plants, (London: Longmans, Green, and Co, 1913), 69. 
335 Ibid. 279.  
336 V A Shepherd, Bioelectricity and the rhythms of sensitive plants – The biophysical research of Jagadis Chandra 
Bose, 2 March 2010 <http://www.ias.ac.in/currsci/jul10/articles33.htm>. 
337 ‘It was extremely sensitive since it detected the formation of carbohydrate as a millionth of a gram per minute.’ 
Dulal C Mukherjee and Dibakar Sen, “A tribute to Sir Jagadish Chandra Bose (1858–1937),” Photosynthesis Research 
91.1 (2007): 1-10, 4.  
338 ‘Recording it even at 1/100000 inch per second.’ Ibid.  
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(ms) and plants’ instantaneous response to stimuli, the ‘magnetic crescograph’ recorded growth 

movements at significantly higher magnification (50 million times) and growth measured in a 

period less that 22ms, the ‘transpirograph’ determined the quantity of water transpired by plant, 

and ‘resonant recorder’ could determine latent period of plant and velocity of transmission of 

excitation.  

 

Bose was the first339 to reveal the existence of electrical signals (action potentials) in ‘ordinary’ 

living plants such as horse chestnut vine, rhubarb, horseradish and white lily. However, Bose’s 

findings were not accepted at the time, not even by the contemporaneous leading 

electrophysiologist, Burdon-Sanderson, who, initiated by correspondence with Darwin, had 

previously (1873) demonstrated for the first time the existence of electrical activity in 

carnivorous plants (Venus flytrap, Dionaea muscipula).   

 

Bose had also devised a ‘response recorder’ where the optical levers were automatically recorded 

by, in his words, ‘the very inconvenient and tedious process of photography.’340 The delay 

(incurred by the processing time necessary to produce images from raw photographic medium) 

‘seriously retarded the progress of the research.’341 The technical requirements necessary to 

obtain photographic records meant that the plants were subjected to darkness, introducing 

‘complications by modifying its normal excitability.’342  Thus Bose had to resort to mechanisms 

that fulfilled direct methods of acquiring records where ‘the plant had been made to tell its own 

story by means of its self-made records.’343    

 

While Bose’s photographic ‘response recorder’ may have proved too cumbersome given the 

developing status of photography during this pre electronic period, the notion of the plant 

‘narrating’ it’s own ‘story’ through an interface that literally ‘autographs’ plant motion and 

aligning the plants’ living (physiological) processes with a photo recording (i.e. time-lapse) 

output, offer aesthetic and critical possibilities.  The interface, connecting the actual (living) and 

photographic output (virtual) brings in the historical dimension of instrumentation together with 

contemporary technological tools, represents a useful reference point for articulating the 

difference from the phenomenological perspective in the paradoxical understandings of plants.  

Drawing on the view that immobility is conceived to be the ‘reason’ for plants’ sensorial 

incapacities where immobility and absence of sensitivity have come to be attributed as 

characteristics of plants, a series of artworks and experiments that challenge this notion have 

                                                        
 
339 V A Shepherd, “From semi-conductors to the rhythms of sensitive plants: the research of J.C. Bose.,” Cellular and 
molecular biology 51 (2005): 607–619. 
340 Sir J.C. Bose, Researchers on Irritability of Plants, (London: Longmans, Green, and Co, 1913), viii. 
341 Ibid.  
342 Ibid.  
343 Ibid. ix. 
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been conceptualised over the last few years.  In the concluding section, a description of one such 

work, the ‘Growthoscope’, will be elaborated.  

 

Growth in motion: the ‘Growthoscope’ 

 

To illustrate the significance of motion conjuring empathy further, to include biological entities 

that are neither animal nor plant but exist outside the parameters of our senses, I refer to 

Professor Ottoline Leyser’s prize lecture at the Royal Society344 titled ‘Thinking like a vegetable: 

how plants decide what to do.’345 Drawing on the perplexities involved in ‘understanding’ plants 

and to explicitly enunciate the degree motion impacts such ‘understanding’, Leyser showed 

footage of a unicellular microorganism, a cellular slime mould (amoeba) Dictyostelium discoideum, 

through the lens of a microscope (fig. 68).   

 

 
Fig. 68. Film stills of slime mould repeatedly swimming towards a pipette.346  Permission to reproduce the movie 
recording has been kindly granted by Susan Lee from the Firtel Lab at University of California, San Diego 
(http://biology.ucsd.edu/~firtel/index.htm) 

 

In this video, the microorganism was seen moving towards a chemical supplied by a pipette.347 

As it reached the pipette, the experimenter moved the pipette to the other side of the petri dish.  

                                                        
 
344 The Royal Society, Thinking like a vegetable; how plants decide what to do, 6 July 2009  
<http://royalsociety.org/Event.aspx?id=1781&terms=ottoline+leyser&fragment=&SearchType=&terms=ottoline%
20leyser>. 
345 Laura Cinti, Thinking like a vegetable: how plant decide what to do, 24 October 2007, 6 July 2009 <http://www.c-
lab.co.uk/default.aspx?id=5&blogid=830>.  
346 ‘Chemotaxis of a single cell to the chemoattractant cAMP. Time-lapse video microscopy (DIC optics, 60X 
objective) of a single cell moving toward a micropipette containing the chemoattractant cAMP. Note that the cell 
changes direction in response to movement of the micropipette by extending a new pseudopod in the direction of the 
pipette tip. S. Lee, Firtel lab.’  Susan Lee, The Firtel Lab, Chemotaxis of a single cell to the chemoattractant cAMP15, 
September 2010 <http://biology.ucsd.edu/~firtel/video/ax3single/video.htm>. 
347 Professor Ottoline Leyser, “Thinking like a vegetable, how plants decide what to do,” Rosalind Franklin Award 
Prize Lecture (London: Royal Society, 24 October 2007). 
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This process was repeated continuously so that as the experimenter kept on moving the pipette 

around the dish, the amoeba would rapidly reorganise its soft ‘body’ and move towards the 

chemical attractant. The amoeba appeared progressively in desperate need to attain or reach for 

the chemical attractant.  It is on this level that a degree of empathy for the ‘blobby fella’ 

develops. As the experimenter repeatedly moves the pipette just before the amoeba reaches its 

‘goal’, not only can we recognise this type of teasing game or provocation but also the victim, 

oblivious of its involvement in the ‘game’. In recognising that the ‘blobby fella’ is trying to get 

the chemical, we are able to understand its motives and even empathise with its ‘frustrations’ of 

being provoked and not acquiring the attractant.  

 

Thus, for plants, characterised by their perceived immobility, a paradoxical scenario emerges for 

how can we ‘understand’ plants given the difficulties in attributing motives? Indeed, as we saw in 

Aristotle’s ‘De Anima’ (chapter 2.2), plants’ immobility was conceived as the reason for its 

insensibility. Yet, Darwin was able to perceive the sundew’s movements and attribute motives of 

trapping and digestion.  Further, Bose solved the enigma of the ‘miraculous’ movements of the 

palm by indirectly, that is mediated through an interface, revealing that seemingly ‘still’ plants 

continuously moved in response to sensations, thus, highlighting the role of interfaces in 

providing insights to the ‘world’ beyond our senses.  The significance of deciphering the 

phenomenologically ‘invisible’ was fervently reflected in his inaugural address of Bose Institute348 

in 1917:  

 
The power of physical methods applies for the establishment of that truth which can be 
realized directly through our senses, or through the vast expansion of the perspective 
range by means of artificially created organs.  We still gather the tremulous message 
when the note of the audible reaches the unheard.  When human sight fails, we continue 
to explore the region of the invisible.  The little that we can see is nothing compared to 
the vastness of that which we cannot.  Out of the very imperfection of his senses man 
has built himself a raft of thought by which he makes daring adventures on the great 
seas of the Unknown.349 

 

In keeping with this position, the movement of the ‘provoked’ amoeba is not perceivable 

without the aid of the microscope functioning as an interface or ‘raft’. My own experience of 

analysing cell motility in various cultures of similar unicellular microorganisms350 under different 

microscopes was a rather pleasing encounter for various reasons, two of which will be elaborated 

[6.1].  The first at the level of observing the ‘invisible’, something which otherwise cannot be 

seen.  My sample looked like clear liquid, however under the microscope a different reality 

                                                        
 
348 ‘The institute has evolved over the years into a multi-disciplinary research organization with stress on fundamental 
research in its pursuit of advancement of knowledge in Science and technology and at the same time developing highly 
competent and able scientific manpower for the country.[…]The Bose Institute has served the nation for the past 85 
years through its pursuit of advancement of knowledge in science and technology and by developing highly competent 
and able scientific manpower for the country.’ ‘Bose Institute, Bose Institute, 11 April 2010  
<http://www.boseinst.ernet.in/home.html>.http://www.boseinst.ernet.in/ 
349 Sir J.C. Bose, “Life Movements in Plants,” Transactions of the Bose Research Institute 1.1&2 (1928). ii 
350 Protozoan unicellular eukaryotes.  
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emerged.  Not only was the view of the constantly changing shape of the amoeba aesthetically 

powerful, it revealed, literally, a world beyond our own. Secondly, as I was observing the 

fascinating process of motility in the amoeba where the inner contents of the cell (cytoplasm) 

was pushing or stretched towards the edges, the very flexible cell membrane enabled the amoeba 

to extend its body and move.  To see the dynamics of the physiological processes of this 

unicellular living amoeba, a phase contrast microscope was used, as in ordinary light microscopes 

this level of resolution is indistinguishable.  While looking through the eyepiece, I could observe 

different degrees of resolutions and layers.  The microscope allowed me to follow these shape-

shifting microorganisms and manipulate the variations in resolution.  Following this ‘action 

phase’ of my direct engagement with microscopy, the self-reflective processes of the actions 

were expanded and adapted into my inquiry towards a future artwork; this was in keeping with 

McKernan’s action research method, where ‘evaluation is then undertaken to monitor and 

establish the effectiveness of the action taken.’351 

 

The notion of ‘seeing’ outside of our sensorial spectrum and utilising an instrument to view the 

otherwise undetectable process of motion presented an interesting scope from which to explore 

speculative and aesthetic potentialities [6.2].  Unlike the ‘invisibility’ of microorganisms, in this 

context, plants posed an interesting paradox, as plants are omnipresent.   The ‘Growthoscope’ 

[7.1, 8.1] thus explores this contradistinction between the ubiquitous reality of a plant and its 

imperceptible behaviour.  It modulates the gap between a plant and a person by manifesting time 

as a variable feature that reveals plant motion.  Critically, it investigates the extent we can 

recognise plant behaviour.   

 

The ‘Growthoscope’ can be described as an interactive installation intended for both outdoor 

and indoor settings. It is part of a series of prototypes that are currently being developed and 

functions as a one-person life-sized instrumental interface that enables us to see, what we 

typically cannot - growth.  The ‘Growthscope’ (fig. 69) is equipped with time-lapse facilities that 

continuously (ranging from weeks to months) record a 360-degree view of a living plant 

positioned on the specimen plate.  Through the continual surveillance of the living plant, its 

growth patterns can be assessed and observed through various layers of history and speed 

(months, weeks or days).  Recorded growth visualisations are projected onto a screen or 

amplified onto walls depending on the settings. The screen, acting as the ‘eye-piece’, is semi-

transparent, is mounted at a 45-degree angle in alignment with the living plant.  Thus, the growth 

processes, can be visualised as a virtual overlay yet, the degree of transparency allows us to 

simultaneously observe the living plant.  The projections of the recordings can be manipulated 

by interacting with the ‘Growthoscope’ using a handle-like navigation bar. Its growth history (or 

                                                        
 
351 James McKernan, Curriculum Action Research: A Handbook of Methods and Resources for the Reflective 
Practitioner, 2nd Edition (London: Routledge, 2006), 5.  
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playback) can be viewed up until any present moment, drawing lines in the history of the living 

plant’s development and growth.  One handle allows the audience to alter the speed of the 

projected recordings by changing the continuity of time, while the other handle allows audience 

to stretch the length of history backwards and forwards to the present capture. The recordings 

of the plant are constantly relayed and stored onto a computer hard-drive.  The user interactions 

that change temporal parameters (speed and history) are handled by a bespoke software 

program, which models the playback of the recordings.   

 

The ‘Growthoscope’ demonstrates the disparities between the actual living plant and its virtual 

history and projects them on the overlapping screen. Thus two perspectives, or images, of plants 

can be seen simultaneously; the first, the ‘phenomenological’ and ‘subjective’ image, that is the 

living plant on the specimen plate and the second the ‘scientific’ image of the same plant, 

modulated into our own frame of reference, but mediated through the ‘Growthoscope’ interface 

as a virtual image.  

 

 
Fig. 69. The ‘Growthoscope’ development, implementation and testing of prototype model with pea plant, Slade 
Research Centre, Woburn Studio, 20 March 2009. Photo: Laura Cinti. 

 

Significantly, the ‘Growthoscope’ reveals an authentic virtual image. That is, it does not replicate 

our experience of the plant’s reality in an artificial medium and it is in this context that it 

distinguishes itself from time-lapse footages.  It does so in three ways; the first being that the 

‘virtual’ image on the semi-transparent screen is a live recording of the actual living plant that we 

can simultaneously see under the screen.  This ‘virtual’ image can be modified to see the plant’s 

growth pattern in motion. It is, thus, the actual effect produced by something we are unable to 

visualise – growth. Secondly, in the ‘phenomenological’ image, while we are aware that plants are 
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living, growing and performing a variety of physiological functions, we have an abstracted notion 

of plants in the sense that we do not see them growing.  This abstracted image of plants forms 

part of our idea and phenomenological experience of plants.  Thirdly, the modulation of the 

living plants’ reality into our temporal perspective is seen in the ‘virtual’ image.  However, it 

remains ‘virtual’ (i.e. not physically existing) in that this experience of plants (moving) cannot be 

translated into our actual reality of plants.352   The ‘Growthoscope’ thus reminds us of these 

paradoxes – in terms of physicality, virtuality and time.   

 
In the installation both external manifestations of plants are revealed; the living plant as reflected 

from the phenomenological perspective and the ‘scientific’ that is revealed from the perspective 

of the phenomenological.  In seeking to reformulate the phenomenologically constructed notion 

of plants that is conceived by their immobility, the ‘Growthoscope’ inverses this construction to 

reveal actual mobility (‘scientific’ image) of the plant that in reality or actuality (‘subjective’ 

image) appears not so. Perhaps, it is through motion that the intrinsic qualities of plants are 

revealed, that is, its motives, ‘desire’ or notably its ‘soul’?  

                                                        
 
352 I explored plant motion as an actual reality as we will see in Chapter 4.3.  
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CHAPTER 3.1:  KAC, THE OBJECT AND THE 
DUCHAMPIAN READY-MADE  
 

 

Plants’ behaviour, for the casual observer, contributes to the way in which we understand them.  

Few plants353 behave in ways we recognise as sensorial; they typically appear immobile and 

insensitive.  Even so, interfaces are increasingly identifying plants as sensorial.  Historically, these 

interfaces have been ‘instrumental’ in making ‘virtual’ representations of plants (chapter 2.3) by 

physical measurements or recordings.  The modern day interface, which uses state of the art 

genomic technology, is transforming the way we perceive plants.  

 

GFP: casting light in plant processes 

 

This chapter draws on the extraordinary interface that offers a phenomenological experience of 

the ‘scientific’ image of plants as an actuality.  That is, the actual living plant is seen to express 

outwardly its intrinsic qualities at the level of the genes.  The impact of one such interface, the 

aforementioned GFP354, is often compared with the discovery of the microscope in the 17th 

century in its effect of unravelling, quite literally, a new reality.  The ramifications of the GFP 

interface has resulted in scientists Osamu Shimomura, Martin Chalfie and Roger Y. Tsien being 

awarded the Nobel Prize in Chemistry in 2008 ‘for the discovery and development of the green 

fluorescent protein, GFP.’355  The Nobel Prize press release describes the significance of the 

GFP:  

 

[…] this protein has become one of the most important tools used in contemporary 
bioscience.  With the aid of GFP, researchers have developed ways to watch processes 
that were previously invisible, such as the development of nerve cells in the brain or 
how cancer cells spread.  Tens of thousands of different proteins reside in a living 
organism, controlling important chemical processes in minute detail.  If this protein 
machinery malfunctions, illness and disease often follow.  That is why it has been 
imperative for bioscience to map the role of different proteins in the body.356  

 

The utilisation of GFP and, more generally, bioluminescent proteins in contemporary scientific 

                                                        
 
353 Such as the Sensitive Plants (Mimosa pudica), Telegraph Plants (Codariocalyx motorius), Venus Flytrap (Dionaea 
muscipula), and Sundews (Drosera). 
354 Chapter 2.2.  
355 Nobelprize.org, The Nobel Prize in Chemistry 2008, 2 March 2010  
<http://nobelprize.org/nobel_prizes/chemistry/laureates/2008/>. 
356 Måns Ehrenberg, “Scientific Background on the Nobel Prize in Chemistry 2008. The green fluorescent protein: 
discovery, expression and development,” 30 September 2008, Nobelprize.org, 25 August 2009 
<http://nobelprize.org/nobel_prizes/chemistry/laureates/2008/sci.html>. 
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research357 has spectacularly stretched our sensorial boundaries to illuminate intricate biological 

processes within living organisms.  The degree of resolution the GFP offers is elaborated:  

 
These GFP-like proteins allow the monitoring in time and space of an ever-increasing 
number of phenomena in living cells and organisms like gene expression, protein 
localization and dynamics, protein-protein interactions, cell division, chromosome 
replication and organization, intracellular transport pathways, organelle inheritance and 
biogenesis, to name but a few. In addition, the fluorescence from single GFP molecules 
has made it feasible to image at a spatial resolution higher than the diffraction limit. 
Furthermore, sensors that report pH values, Ca2+  [calcium] concentrations and other 
essential features of the interior of living cells have been engineered from GFP-like 
proteins.358 

 

The invisible processes inside the cells can be communicated visually through the illumination of 

the intense green colour of the GFP under appropriate lighting (blue or UV light).  Given the 

sheer scope of GFP in enunciating complex interactions within the living cells (i.e. visualising 

protein activity), GFP has become the most commonly used bioluminescent protein.  

 

In plants, GFP plays a critical role in actualising otherwise undetectable behavioural or intrinsic 

features.  Under excitation, using UV or blue light, intracellular processes can be observed from 

the emission of green light. By tagging specific genes in plants the generation of green light can 

be observed as a result of activating a region that produces both GFP and tagged genes.  Several 

such GFP plants were, for the first time, exhibited as part of Kac’s art installation ‘The Eighth 

Day’ (2001).  

 

As described in chapter 2.2, the GFP tobacco plants were displayed as part of an assemblage of 

GFP living organisms that were co-habiting in a terrarium.  The green iridescent glow emanating 

from these GFP living organisms unequivocally revealed a distinctive and unfamiliar embedded 

‘other’ characteristic: revealing molecular events that are visualised by the process of 

bioluminescence.   

 

In Kac’s artwork, the ‘scientific’ perception of plants is embodied by the living GFP tobacco 

plant itself.  The phenomenological experience of the subjective, that is, the direct experience of 

plants, and intrinsic perspectives of the plants, by which I mean the inner biological processes, 

can be concomitantly experienced, as the ‘invisible’ intrinsic features are made perceivable.  

However, the function of GFP and its context in the scientific research from which the 

organisms were appropriated, remain concealed in ‘The Eighth Day’ and, consequently, the 

plants’ ‘strange’ illumination in the installation has an aesthetic (and through this symbolic) 

                                                        
 
357 That includes genetics, gene therapy, molecular biology, cellular biology, and medicine, food, and environmental 
diagnostics. 
358 Måns Ehrenberg, “Scientific Background on the Nobel Prize in Chemistry 2008. The green fluorescent protein: 
discovery, expression and development,” 30 September 2008, Nobelprize.org, 25 August 2009 
<http://nobelprize.org/nobel_prizes/chemistry/laureates/2008/sci.html>. 
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function only.  It is questionable if the GFP interface, which communicates intrinsic processes, 

becomes a trope of spectacles that relegate plants to aesthetic ornaments.  Moreover, Kac’s 

incorporation of scientific organisms into an artistic context as ‘ready-mades’ were selected for 

the aesthetic dispositions they generated, opening a critique into how the artwork negotiates the 

‘scientific’ and ‘subjective’ phenomenological perceptions of living plants.  Although we 

experience the ‘scientific’ perspective of the plants as an actuality, the paradox lies, as we shall 

see, in how the accentuation of the GFP interface towards the aesthetics of the plants’ external 

expressions reverses the GFP plants back to the Aristotelian-based perspective of plants, as 

discussed in the preceding chapters.   

 

In what follows, the function of the GFP in plants as part of the scientific research, prior to its 

appropriation into the ‘The Eighth Day’ installation, is outlined.   

 

The GFP plants’ scientific past: the problem of transgenes 

 

 
Fig. 70. Left:  35S-mGFP5-ER Brassica napus (canola) in the foreground under white light. Right: 35S-mGFP5-ER 
Brassica napus (canola) in the foreground under UV light.  This image was used in Nobel Chemistry Prize-winner 
2008359, Martin Chalfie’s presentation (see fig. 15) in Aula Magna, Stockholm University on 8th December 2008.  
Permission to reproduce these images has been kindly granted by Dr C. Neal Stewart Jr. 

 

Genetic engineering that combines genes from different organisms may render new properties in 

receiving organisms.  The utilisation of transgenic crops in agriculture has social and ecological 
                                                        
 
359 He shared the 2008 Nobel Prize in Chemistry along with Osamu Shimomura and Roger Y. Tsien for the discovery 
and development of the green fluorescent protein, GFP. 
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ramifications360 and has involved contamination of transgenes into sexually compatible wild 

(undomesticated) relatives.  The transgenes factor adds further complexity to other agricultural 

issues such as the problems associated with monocultures and disease resistance (e.g. 

superweeds). To detect potential escape of transgenic proteins, a biomonitoring system was 

developed by plant geneticist Dr. C. Neal Stewart361 and his collaborators in 2001 to study how 

these genes could travel and operate in wild-type plants.   

 

The images above, fig. 70, of the transgenic canolas, Brassica napus, were generated as part of 

Stewart’s research362, where transgenes were tagged with GFP to monitor their movements (gene 

flow).  By coupling GFP with other transgenes, Stewart was able to track the presence of 

transgenic material using GFP as the ‘transgenic policeman’363 causing the whole plant to 

fluoresce.  The method eliminates lengthy conventional methods of tissue sampling and 

analysis364 by allowing real-time ‘in vivo’ detection using a portable UV light or equipment (i.e. 

‘The GFP Meter’365) for presence of transgenes.  In the canola model system, they transformed 

two constructs of GFP:  in the first, the GFP-only366 construct was used, and in the second, the 

GFP was linked to a synthetic Bacillus Thuringiensis (Bt) gene367 widely, used for its insecticidal 

qualities.  After hybridising the canola with non-transgenic weedy relatives, the new plants were 

shown to exhibit fluorescence, indicating that the gene transferred its characteristics to crossed 

progenies and thus demonstrating that GFP could be used as a monitoring tool.  

 

In the image (fig. 70), the GFP canola shown under normal light (left) and UV light (right) was 

part of the GFP-only construct.  The GFP was, in this instance, not linked to other expressions 

(i.e. Bt linked with GFP) and the promoter368 (acting as a gene switch) served as a constant ‘on’ 

switch causing the plants to continually produce GFP in all cells.  Stewart provided several of the 

                                                        
 
360 In one scenario, the scientific journal (Nature) published reports of the presence of a promoter sequence from 
transgenic crops in native Mexican maize that generated an embroiling controversy.  David Quist and Ignacio H. 
Chapela, Transgenic DNA introgressed into traditional maize landraces in Oaxaca, Mexico, Nature 414, 541 – 543, 29 
November 2001. This was a provocative finding as Mexico is the world’s centre of genetic diversity for maize and 
operates a moratorium on commercial GM planting.  ‘The finding that transgenes were in landrace corn and parts of 
transgenes were hopping around the genome was hotly contested because of the flawed methodology used in the 
original study. Furthermore, the findings were never confirmed by any other researchers. In an unprecedented move, 
the journal editor announced that the paper should have never been published in the first place. This is one example 
of exaggerated claims that have encouraged the unnecessary controversy in agricultural biotechnology.’  Stewart, C. 
Neal, Genetically Modified Planet, Oxford Scholarship Online Monographs, September 2004, 73-87, 15. 
361 Ivan Racheff Chair of Excellence in Plant Molecular Genetics and Professor, Department of Plant Sciences, 
University of Tennessee; BioEnergy Science Center. 
362 Funded by USDA Biotechnology Risk Assessment grant.  
363 Marc Zimmer, Glowing Genes, a Revolution in Biotechnology, Prometheus Books, New York, 2005, 97. 
364 Polymerase chain reaction (PCR) and protein-blot analysis. 
365 ADC BioScientific, GFP Green Fluorescent Protein Meter, 16 June 2009 <http://www.adc.co.uk/products-
89.html>. 
366 mGFP5er– mutagenized GFP altered for spectral properties and improved fluorescence. The construct was 
provided by Dr. Jim Haseloff, Department of Plant Science, University of Cambridge, UK.  
367 Isolated from a soil bacterium and widely used in pest resistant transgenic crops, producing toxins that kills certain 
insects. 
368 These plants had the mGFP5er gene (which has both blue/UV excitation) under the control of the constitutive 35S 
promoter. 
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transgenic tobacco plants that were also generated as part of this study369 for inclusion in the 

‘The Eighth Day’ installation.  Notably, as verified by Stewart, the detailed image of the 

fluorescing plant as part of the ‘The Eighth Day’ documentation is not one of the tobacco plants 

as stated, but actually a canola fluorescing under UV light370 taken at Stewart’s laboratory.  (See 

fig. 70 & 72.)   

 

‘The Eighth Day’ collaboration 

 

‘The Eighth Day’ was initiated through Kac’s residency at the Institute of Studies in the Arts, 

Arizona State University (ASU) in early 2000.  It developed into a two-year collaborative project 

between ‘The Eighth Day’ team of 32 professionals371 and was sponsored by the Institute for 

Studies in the Arts (ISA) in the Herberger College of Fine Arts and Information Technology at 

ASU as well as ASU’s Department of Biology.   

 

 
Fig. 71. ‘The Eighth Day’, production images.372   

 

                                                        
 
369 Brian K Harper, et al., “Green Flourescent protein as a marker for expression of a second gene in transgenic 
plants,” Nature 17 (1999): 1125-1129. 
370  ‘Yes..that image that Eduardo used is canola coming from the same batch of photographs that my lab guys took 
the same day.’ Dr. C. N. Stewart , personal email correspondance on 9th June 2009.  
371 ‘The Eighth Day’ team: Sheilah Britton (producer), Gene Cooper (web design and development), Charles Kazilek 
(visualisation), Assegid Kidané, (biobot imaging and control hardware design), David Lorig, (biobot design and 
fabrication), George Pawl, (installation design and fabrication), Kelly Phillips (installation design and fabrication), 
Jeanne Wilson-Rawls (biologist), Jeffery Alan Rawls (biologist) Anish Adalja (graphic design), Sree Chattergee, (office 
assistant), Oguzhan Cifdaloz, (biobot camera control hardware design), Patricia Clark (Video editing), Dan Collins, 
(ISA Interim Director 2000-2001), Matt Coon (fabrication assistant), Barbara Eschbach (Computing Commons gallery 
director), Isa Gordon (fabrication assistant, photographer), Steven Kostell (videographer, video editing), Richard 
Loveless (former ISA Director 1991-2000), Grant Orvis, (biology assistant), Emily Puthoff (fabrication assistant), 
Jennifer Pringle (publicity), Bonnie Rigmaiden (administrative assistant), Thanassis Rikakis (ISA Director), Frances 
Salas (business manager), James Stewart (biobot 3D modelling), Anna Vida (production assistance, videographer).   
 372 Institute for Studies in Art, ‘The Eighth Day’, 4 June 2009  
<http://ame2.asu.edu/sites/eighthday/documentation/development/>. 
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Kac describes the main objectives of ‘The Eighth Day’:  

 

[…] it was meant to bring together different beings that exist already in isolation in 
laboratories worldwide and bring them together under the same roof, so to speak. In 
this case, a dome under the same dome to enable us, to visualize this transgenic ecology 
in ways that we don’t when you buy your corn in the market or you have soy in your 
soup for example. [… By] tapping into the bioluminescent quality of these organisms, a 
dramatic image is created that enable us then to visualize the fact that the social 
environment is increasingly transgenic.373 

 

‘The Eighth Day’ installation was displayed from 25th October to 2nd November 2001 at ASU 

and provided the audience with an opportunity to directly experience the ecology of GFP living 

organisms. Kac’s emphasis on the discourses surrounding the work includes arrays of 

metaphorical gestures (hermeneutics) and ‘telepresence’ perspectives, that is mediation via 

remote visual digital representation (in this case, the remote control of a robot through the 

Internet), to generate a texture of cultural symbolism that is elaborated in what follows.  

 

‘The Eighth Day’374 

 

‘The Eighth Day’ constitutes the concluding375 artwork of Kac’s ‘Creation Trilogy’376 that 

includes the controversial ‘GFP Bunny’ (2000) and ‘Genesis’ (1999) artworks.  Underscoring all 

three works is the illuminating feature of GFP.377  In ‘Genesis’, GFP mutant genes, hosting a 

synthetic gene ‘inscribed’ with genetic translations of biblical texts, were incorporated into 

bacteria while ‘GFP Bunny’ concentrated on the creation of a transgenic rabbit, its surrounding 

instigative dialogues and the rabbit’s potential social integration. Unlike the invisibility of the 

inscriptions inside the bacteria or the absence of the bunny, ‘The Eighth Day’ discloses a 

phenomenologically visible materialisation and actualisation of living genetically altered plants, 

fish, amoeba and mice.   

 

                                                        
 
373 Institute for Studies in Art’s website, Eduardo Kac, interview, The Eighth Day, 4 June 2009  
< http://ame2.asu.edu/sites/eighthday/about_interviews_eduardo.html>  
374 The ‘The Eighth Day’ collaborating scientists statement on the project begins with the following (more fitting) 
quote taken from Horace Freeland Judson’s book, ‘The Eighth Day of Creation’ – ‘Twice, especially since 1900, 
scientists and their ideas have generated a transformation so broad and deep that it touches everyone's most intimate 
sense of the nature of things. The first of these transformations was in physics, the second in biology.’ Institute for 
Studies in Art’s website, Scientists statement, The Eighth Day, 4 June 2009  
 <http://ame2.asu.edu/sites/eighthday/about_description.html> 
375 ‘Kac nevertheless insisted on the fact that The Eighth Day is his last GFP work because he doesn’t want to become 
the Yves Klein of the green colour.’ Régine Debatty, We Make Money Not Art, 9 November 2007, 2 February 2010 
<http://www.we-make-money-not-art.com/archives/2007/11/eduardo-kacs-pr.php>. 
376 Simone Osthoff, “Invisible in plain sight, and as alive as you and I: An Interview with Eduardo Kac ,” May 2009, 
Flusser Studies, 2 Feb 2009 <http://www.flusserstudies.net/pag/08/osthoff-invisible.pdf>. 
377 In 1998 Kac proposed to use Green Fluorescent Protein to create a fluorescent dog «GFP K-9» which he never 
actually realised.  Eduardo Kac, Transgenic Art, December 1998, 16 September 2009  
<http://www.ekac.org/transgenic.html>. 
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As the title implies, ‘The Eighth Day’ echoes theological metaphors extracted from the ‘Book of 

Genesis’ creation myths where the scripture describes the six days spent creating the heavens and 

earth, darkness and lightness, the lands and seas, plants and animals, and finally, man and woman 

bestowed with unprecedented domination over all other living organisms. After the celestial 

repose on the seventh day, ‘The Eighth Day’ envisages ‘man’s’ sovereignty afforded by 

biotechnological tools, offering a speculative gaze into a terrarium hosting the ecology of co-

habiting fluorescent laboratory living organisms.    

 

Why is it that dogs aren’t yet blue with red spots, and that horses don’t yet radiate 
phosphorescent colors over the nocturnal meadows of the land? Why hasn’t the 
breeding of animals, still principally an economic concern, moved into the field of 
aesthetics?378  

 

Fig. 72. Eduardo Kac, ‘The Eighth Day’, 2001.  Clockwise from top left: GFP mice, zebrafish, dictyostelium and 
tobacco plants. 

 
As if responding, materially, to the questions379 (above) posed by philosopher Vilem Flusser in 

his 1988 paper titled ‘On Science’, ‘The Eighth Day’ presents us with living genetically modified 

organisms fluorescing an iridescent green.  Enclosed within the self-contained environment that 

is sealed with a transparent Plexiglas biodome, there are GFP zebrafish (Danio rerio) swimming in 

a miniature pond, GFP mice (Mus musculus) rummaging between the GFP tobacco plants 

(Nicotiana tabacum) and a foot high biological robot380 (biobot381) suspended on robotic legs.  A 

petri dish hosting a colony of GFP amoeba (Dictyostelium discoideum) gives the biobot ‘a glowing, 
                                                        
 
378 Flusser, On Science Vilem Flusser, “Curies' children. (future art).,” Artforum International 26.7 (1988): 15-16.  
379 It can be argued that animals have been bred for aesthetics for generations (hence the controversy at Crufts over 
deformed dogs). However breeding for aesthetics may be driven towards ‘conservative’ tastes, and using ‘old’ 
technology (i.e. only as far as artificial insemination).   
380 Described by Kac as a ‘robot with active biological elements within its body.’ Eduardo Kac, “Life Transformation - 
Art Mutation,” Signs of Life, Bio Art and Beyond (Cambridge: The MIT Press, 2007) 163-184, 176. 
381 ‘Designed and fabricated by David Lorin based on 3D design by graduate assistant James Steward.’ Collins, Dan 
and Britton, Sheilah. “The Eighth Day: An Introduction,” The Eighth Day, The Transgenic Art of Eduardo Kac, ed. 
Sheilah Britton and Dan Collins (Tempe: The Institute for Studies in the Arts, 2003) 6-15. 11. 
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biological core.’382 The monitored, or rather pre-recorded, morphological changes383 (activity) of 

the amoebae inflict dynamic behaviour in the biobot’s legs.384 Despite the organisms’ distinct 

taxonomic kingdoms ranging from Plantae, Animalia and Protista, ‘the new ecology of 

fluorescent creatures’385 is defined by the GFP characteristic fluorescent expressions and 

connects the organisms genetically to capture the phylogenetic (evolutionary development of 

organisms) picture, forming a ‘nucleus of a new and emerging synthetic bioluminescent 

ecosystem.’386 In Katherine Hayles’ paper, ‘Who Is in Control Here? Meditating on Eduardo 

Kac’s Transgenic Art,’ she points out:  

 
By including a “biobot” among the organisms, Kac suggests that the category of human-
modified life forms must be stretched to include the cyborg creatures that laboratories 
are producing as they experiment with grafting biological components into artificial 
mechanisms.’387  
 

 
Fig. 73. Eduardo Kac, ‘The Eighth Day’ 2001, view of biobot and tobacco plants, seen from above.  

                                                        
 
382 Collins, Dan and Britton, Sheilah. “The Eighth Day: An Introduction.” The Eighth Day, The Transgenic Art of 
Eduardo Kac, ed. Sheilah Britton and Dan Collins (Tempe: The Institute for Studies in the Arts, 2003) 6-15. 11. 
383 Initially, a video camera would record the movements of the amoeba across a petri dish towards food sources.   
384 The biobot’s movements are driven by the activities (movement) of the amoeba acting as the biobot’s ‘brain cells’.  
The ‘brain cells’ are visible through the transparent bioreactor that constitutes the ‘brain structure’ of biobot.   
Attached to the biobot are two miniature video cameras; one directly above the ‘amoebal brain’ and the other affixed 
on a pivoting arm on top of the biobot. The movements of the amoeba were detected by the camera above it (motion 
sensing program) and integrated into a computer that directed the robotic legs.  Since the movements of the amoeba 
were imperceptible, pre-recorded movements of the amoeba were compressed and played back through endless loops 
and used to trigger the biobots legs.   The biobot moved throughout the exhibition.  
385 Eduardo Kac, “Life Transformation - Art Mutation,” Signs of Life, Bio Art and Beyond, ed. Eduardo Kac 
(Cambridge: The MIT Press, 2007) 163-184, 175.  
386 Ibid.  
387 N. Katherine Hayles, “Who Is in Control Here? Meditating on Eduardo Kac's Transgenic Art,” The Eighth Day, 
The Transgenic Art of Eduardo Kac, ed. Sheilah Britton and Dan Collins (Tempe: The Institute for Studies in the 
Arts, 2003) 79-86, 79-80.  
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Fig. 74. Eduardo Kac, ‘The Eighth Day’ (2001), installation.   

 
Kac describes the scene of ‘The Eighth Day’ installation (fig. 74):   

 
As the viewer walks into the gallery, he or she first sees a blue-glowing semisphere 
against a dark background.  This semisphere is the four-foot dome, aglow with its 
internal blue light.  He or she hears the recurring sounds of water washing ashore.  This 
evokes the image of the Earth as seen from space. The water sounds both function as a 
metaphor for life on Earth (reinforced by the spherical blue image) and resonate with 
the video of the moving water projected on the floor.  In order to see ‘The Eighth Day’, 
the viewer is invited to “walk on water.”388 

 

The symbolic gestures, in Kac’s description of the work, are typified by religious metaphors 

combined with colloquialisms, or perhaps even ironic innuendos, of which the notion of the 

audience having to ‘walk on water’ in order to see the installation is one such example. At the 

level of the religious narrative389 “walking on water” alludes to one of Jesus’ miracles where his 

disciples, out at sea, recount their frightening experiences of encountering a spirit walking on 

water and consequently their reassurances upon recognising that it was Jesus when he climbed 

into the boat with them. Did the miracle reinforce Jesus’ divinity or test the ‘faith’ of his 

disciples? In the context of ‘The Eighth Day’ are we, as humankind, Jesus-like in reinforcing our 

divinity in our collective ability of being able to manipulate the intrinsic ‘codes’ of life? Or are 

we, as the audience, having our ‘faith’ or ‘views’ tested on confrontation with the ‘ghost-like’ 

creatures (GFP living organisms) that, initially, we do not recognise as a result of their 

fluorescence, however after ‘walking on water’ we see they are identifiable organisms?  At the 

                                                        
 
388 Eduardo Kac, “Life Transformation - Art Mutation,” Signs of Life, Bio Art and Beyond, ed. Eduardo Kac 
(Cambridge: The MIT Press, 2007) 163-184, 175- 176. 
389 Parables from the New Testament in Matthew 14:22-33; Mark 6:45-52; John 6:16-24.   
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level of the colloquialism the phrase ‘walking on water’ is understood as ‘achieving the 

impossible.’ Did humankind, or perhaps Kac, achieve this ‘impossibility’? However, it must be 

noted that Kac’s rationale accentuates these symbolic overlays: 

 
In art, the question is not one of practical application of scientific knowledge, because 
the emphasis is not on a given process and its result.  Rather, in art the key gesture is 
one of cognitive intervention at a symbolic, not practical, level.  It is precisely because 
corporate genetic engineering leads humans and other life forms towards a relationship 
of subject to object, that it becomes urgent to conceptualise and experience other, more 
dignified relationships with our transgenic other. The transgenic artworks documented 
[…] sought to address this need by creating spheres of intersubjective relationships.390 

 

My work hinges, to a great extent, on hybridity and ambiguity. While through the first I 
integrate elements often consider[ered] disparate, by means of the second I articulate the 
tension and multiplicity of meanings inherent in the work...I find deplorable the 
positivistic and teleological belief in “progress” still at the core of many disciplines, so I 
treat it as what it is: a belief. Science has its beliefs, rituals, and fictions. Key beliefs are 
the notions of “truth” and “objectivity”; central rituals are the creation and testing of 
hypotheses and the collection and organization of statistical data; an important narrative 
in science is the altruism of research...Science is no less important or valid because of 
these characteristics. What is not acceptable is the perception that these aspects cannot 
or should not be questioned. My use of rigorous methods to create imaginative works, 
which themselves spawn multiple narratival pathways, is my form of criticism, which 
emerges through the hybridity and ambiguity mentioned above.391  

 

 

Fig. 75. Eduardo Kac, ‘The Eighth Day’ installation with local viewers.  

 

After ‘walking on water’, the audience are able to look into the terrarium (fig. 75) and observe 

the living GFP tobacco plants, zebrafish, mice and amoeba.   

 

                                                        
 
390 Genolog, Interview with Eduardo Kac, July 2000, 10 September 2009 <http://www.ekac.org/genointer.html>. 
391 Eduardo Kac in Robert Eikmeyer, ed., Face/off – Body Fantasies (Frankfurt: Revolver, 2004). 
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Yet, as Kac points out:  

 

Local viewers may temporarily believe that their gaze is the only human gaze 
contemplating the organisms in the dome. However, once they navigate the Web 
interface they realize that remote viewers can also experience the environment from a 
bird’s eye point of view, looking down through a camera mounted above the dome. […] 
Thus, from the point of view of the online participant, local viewers become part of the 
ecology of living creatures featured in the work, as if enclosed in a websphere.392    

 

Remote perspectives  

 

Fig. 76. Eduardo Kac, ‘The Eighth Day’ installation linked to the Internet. Left: biobot’s point of view, detail. Right: 
bird’s eye point of view, detail.  

 

The remote perspective follows on from the recurring theme of ‘telepresence’393 in Kac’s 

artworks394 and allows remote (online) participants to see, through a web interface, the 

fluorescent ecology within the self-contained terrarium.  Kac notes:  

 

By asking humans to temporarily take the point of view of another being, my goal is to 
point out that there are as many realities as there are sensorial systems to apprehend 
them, and intersubjective experiences to construct them.395   

 

The remote participants396 are able to visually navigate inside the dome by controlling the 

cameras’ movements (pan, tilt, zoom).  The camera mounted on the biobot’s pivoting arm offers 
                                                        
 
392 Eduardo Kac, “Life Transformation - Art Mutation,” Signs of Life, Bio Art and Beyond, ed. Eduardo Kac 
(Cambridge: The MIT Press, 2007) 163-184, 176. 
393 Kac’s works utilising telepresence include; ‘Time Capsule’ (1997), ‘Essay Concerning Human Understanding’ (1994) 
and ‘Teleporting to an Unknown State’ (1994/6).  Kac coined ‘telepresence art’ describing it as ‘a new art form 
predicated on the creation by artists of new telerobotic bodies that a remote participant inhabits in order to experience 
new, invented forms of presence.’ Simone Osthoff, “Invisible in plain sight, and as alive as you and I: An Interview 
with Eduardo Kac,” May 2009, Flusser Studies, 2 Feb 2009 <http://www.flusserstudies.net/pag/08/osthoff-
invisible.pdf>. 
394 Such as: 1. ‘Teleporting An Unknown State - Web Version (1998-2001)’ - an interactive installation that allows 
online participants to send light from eight areas of the world to a single seed planted in a physical gallery.  The plant 
depends on light sent by Web participants to be able to perform photosynthesis and grow in a completely dark room.  
This work uses the notion of teleportation of particles (photons) to create the metaphor of the Internet as a life-
supporting system. 2. ‘Uirapuru’ (1999) - in this work, a flying fish hovers above a forest in the gallery, responding to 
local as well as web-based commands.  Audio and video from its point of view are streamed on the web.  Local and 
remote participants interact with the avatar of the flying fish in a virtual world.   
395 Select, Eduardo Kac: Interview by Karl Kuhn, 2001, 10 September 2009 <http://www.ekac.org/select.html>. 
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a “bot’ view’397 and the camera above the dome gives a ‘god’s eye’398 view of the terrarium. The 

other viewpoints are fixed and provide a ‘microbial view,’399 where the camera is focused on the 

amoeba in the petri dish and an underwater camera offers a ‘fish eye’. For Kac:  

 
The inner perspective from within the dome creates a context in which participants can 
reflect on the meaning of a transgenic ecology from a first person perspective.400   

 

The multiple views emphasise the mediation between ourselves, the organisms (non-human) and 

the technology, where, following Kac, the translated experience becomes an intersubjective 

engagement to re-enact a scenario in which our (virtual) ‘proximity’ with the GFP organisms 

generate what he calls ‘tele-empathy’401 (empathy at a distance).  In other words, the web-

mediated perspective and interactions402 with the installation, interpolate the audience into the 

dome as a way of ‘connecting’ the viewer with the GFP organisms.  For Kac, the notion of 

interconnectedness is part of generating more empathetic relationships with the GFP life forms.  

One example of intersubjectivity involves the dynamic behaviour of the ‘biobot’ as consequence 

of the amoeba’s activity and the human controlled ‘biobot’ view, the pivoting camera on ‘biobot’, 

by online participants. The amoeba and the (online) human participants ‘connect’ in the biobot 

where both behaviours affect each other’s experiences. Kac notes:    

 

‘The Eighth Day’ recognizes the mutuality of the symbiotic relationship between beings 
that are so different, such as humans and amoeba.403  

 

However, Dan Collins,404 involved in ‘The Eighth Day’ in his role as interim director of the 

Institute for Studies in the Arts, suggests that the ‘mediated view via the web is, in effect, a video 

panopticon that both echoes and amplifies the sense of containment and display provided by the 

dome.’405  The web-projected perspective appears more ‘clinical’406 and this, in Collin’s view, 

cancels out the ‘sense of empathy one feels for caged animals.’407  Even so, the emphasis on 

surveillance on the GFP tobacco plants, mice, zebrafish and amoeba, within restricted quarters 

                                                                                                                                                              
 
396 ‘An online computer in the gallery also gives local visitors an exact sense of what the experience is like remotely on 
the Internet.’  Eduardo Kac, “Life Transformation - Art Mutation,” Signs of Life, Bio Art and Beyond, ed. Eduardo 
Kac (Cambridge: The MIT Press, 2007) 163-184, 176. 
397 Dan Collins, “Tracking Chimeras: The Eighth Day,” The Eighth Day, The Transgenic Art of Eduardo Kac, ed. 
Sheilah Britton and Dan Collins (Tempe: Institue for Studies in the Arts, 2003) 96-102, 98. 
398 Ibid.  
399 Ibid.  
400 Eduardo Kac, “Life Transformation - Art Mutation,” Signs of Life, Bio Art and Beyond, ed. Eduardo Kac 
(Cambridge: The MIT Press, 2007) 163-184, 177.  
401 Lisa Lynch, Trans-Genesis: An Interview with Eduardo Kac, 2003, 10 September 2009 
<http://www.ekac.org/newformations.html>. 
402 Navigating the camera’s on the biobot and above the dome 
403 Telephone conversation between ASU lecture, Tanya Augsburg, and the artist. Dan Collins, “Tracking Chimeras: 
The Eighth Day,” The Eighth Day, The Transgenic Art of Eduardo Kac, ed. Sheilah Britton and Dan Collins (Tempe: 
Institue for Studies in the Arts, 2003) 96-102, 99. 
404 Worked on ‘The Eighth Day’ as the then ISA director.   
405 Dan Collins, “Tracking Chimeras: The Eighth Day,” The Eighth Day, The Transgenic Art of Eduardo Kac, ed. 
Sheilah Britton and Dan Collins (Tempe: Institue for Studies in the Arts, 2003) 96-102, 99. 
406 Ibid.  
407 Ibid. 
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of the dome, significantly reinforces the notion of ‘dominion’ where the GFP organisms are 

manipulated, contained, displayed and monitored.   

 

The notions of ‘connection’ and ‘domination’ through telepresence, or in what Joanna Zylinska 

calls ‘humachinic’, that is, ‘encounters that allow for enactment of networked relationality,’408 link 

‘The Eighth Day’ with Kac’s first artwork in his ‘Creation Trilogy’ – ‘Genesis’, which explored 

the ‘intricate relationship between biology, belief systems, information technology, dialogical 

interaction, ethics and the Internet.’409  In Kac’s description of ‘Genesis’, he points out:  

 

Rather than explicating or illustrating scientific principles, the Genesis project complicates 
and obfuscates the extreme simplification and reduction of standard molecular biology 
descriptions of life processes, reinstating social and historical contextualisation at the 
core of the debate.  In its genomic and proteomic manifestations, the Genesis project 
continues to reveal new readings and possibilities.410 

 

In both works the audience become interpolated into the artwork; in ‘The Eighth Day’ the 

cameras within the dome connect the viewer to the GFP ecology whilst in ‘Genesis’ the viewer 

participates by invoking ‘actual’ mutations in the GFP living organisms.  In ‘Genesis’, a petri dish 

with transgenic bacteria is placed on top of a UV light box within a rectangular transparent 

(acrylic glass) enclosure (fig. 77).  The video camera, within the enclosure, allows the remote 

participants to interact with the installation by voluntarily activating the UV light box. The 

activation of the UV light consequently causes the bacteria in the dish to fluoresce and this is 

amplified and projected on the wall of the gallery. The UV light also causes mutations (altering 

DNA sequences) in the bacteria. The impact of UV radiation on the bacteria, as we will see, is 

significant.   

 

The ‘artist’ gene 

 

In the petri dish, two strains of GFP mutants with enhanced spectral features, ECFP (Enhanced 

Cyan Fluorescent Protein) and EYFP (Enhanced Yellow Fluorescent Protein) are each 

transformed into Escherichia coli  (E.coli) bacteria, resulting in one strain of bacteria fluorescing 

blue and the other yellow under UV light.411  The blue strain, the ECFP bacteria, also hosts a 

‘synthetic’ gene that Kac refers to as the ‘artist gene’ that ‘does not exist in nature.’412  

 
                                                        
 
408 Joanna Zylinska, Bioethics in the Age of New Media (Cambridge: The MIT Press, 2009) 150. 
409 Eduardo Kac, Genesis, 16 September 2009 <http://www.ekac.org/geninfo2.html>. 
410 Eduardo Kac, “Life Transformation - Art Mutation,” Signs of Life, Bio Art and Beyond, ed. Eduardo Kac 
(Cambridge: The MIT Press, 2007) 163-184, 171.  
411 ‘These fluorescent bacteria emit cyan and yellow light when exposed to UV radiation (302 nm).  As they grow in 
number, mutations naturally occur in the plasmids.  As they make contact with each other, plasmid conjugal transfer 
takes place and we start to see colour combinations, possibly giving rise to green bacteria.’  Eduardo Kac, Genesis, 16 
September 2009 <http://www.ekac.org/geninfo.html>.  
412 Ibid. 
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Fig. 77. Eduardo Kac, ‘Genesis’, 1999, transgenic net installation. (Detail of petri dish and webcam).413 

 

Fig. 78. Eduardo Kac, ‘Genesis’, 1999, Left: the Genesis code, Kac’s bespoke conversion process, biblical sentence to 
Morse code to DNA. Right: ‘The book of Mutations’, 2001, giclée prints (50cm by 50cm).  

 

The notion of an ‘artist’ gene appears both ironic and relevant in signifying the reductive notions 

between genes, culture and behaviour. In this ‘artist’ gene, a biblical text, ‘chosen for its 

implications regarding the dubious notion of (divinely sanctioned) humanity’s supremacy over 

                                                        
 
413 ‘This display consists of a petri dish with the bacteria, a flexible microvideo camera, a UV light box, and a 
microscope illuminator.  This set is connected to a video projector and two networked computers.  One computer 
works as a Web server (streaming live video and audio) and handles remote requests for UV activation. The local 
video projection shows a larger-than-life image of the bacterial division and interaction seen through the microvideo 
camera.  Remote participants on the Web interfere with the process by turning the UV light on.  The fluorescent 
protein in the bacteria responds to the UV light by emitting visible light (cyan and yellow).  The energy impact of the 
UV light on the bacteria is such that it disrupts the DNA sequence in the plasmid, accelerating the mutation rate.  The 
left and right walls contain large-scale directly applied texts: the sentence extracted from the book of Genesis (right) 
and the “Genesis” gene (left).  The back wall contains the Morse translation.’ Ibid.  
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nature,’414 is inscribed through a bespoke conversion (translation) method developed by Kac (fig. 

76).   

 

The sentence is translated into Morse code, representing the ‘genesis of global 

communication’415 and then translated416 again into the DNA alphabet.   When the remote 

participant (see fig. 79) activates the UV lights, the strains of transgenic bacteria fluoresce.  

 

Fig. 79. Eduardo Kac, ‘Genesis’, the Genesis web interface.  

 
In addition to the ‘dialogues’ (naturally occurring mutation) between the strains of bacteria, the 

rate of mutation is accelerated by the UV radiation and alters the ‘artist gene’ causing changes in 

the biblical sentences. After its first showing at Ars Electronica ’99, the sequences were 

translated back from DNA to Morse code and again into English language. The result:   

 

LET AAN HAVE DOMINION OVER THE FISH OF THE SEA AND OVER THE 
FOWL OF THE AIR AND OVER EVERY LIVING THING THAT IOVES US 
EON THE EARTH.417   

 

For Kac:  

 

[…] the ability to change the sentence is a symbolic gesture: it means that we do not 
accept its meaning in the form we inherited it, and that new meanings emerge as we seek 
to change it.418 

 

Should the remote participant choose not to activate the UV light, the biblical passage, in a literal 

and symbolic sense, conserves its meaning (i.e. no ‘mutation’ from UV light) and GFP 

expressions are not visualised. By activating the UV light, the ‘mutations’ contribute to the 

                                                        
 
414 Eduardo Kac, Genesis, 16 September 2009 <http://www.ekac.org/geninfo.html>.  
415 Ibid.  
416 Morse to DNA conversion principle: Dash (-) = T;  word space = A; Dot (.) = C and letter space = G. Peter 
Tomaz Dobrila and Aleksandra Kostic, Eduardo Kac : Telepresence, Biotelematics, Transgenic Art (Maribor: KIBLA, 
2000) 97.  
417 Eduardo Kac, Genesis: Translation from the mutated gene to English , 7 September 2009 
 <http://www.ekac.org/translated.html >. 
418 Eduardo Kac, “Life Transformation - Art Mutation,” Signs of Life, Bio Art and Beyond, ed. Eduardo Kac 
(Cambridge: The MIT Press, 2007) 163-184, 164.  



 140 

changes in the biblical meanings yet these changes are unknown.  Either way, the remote 

participant becomes implicated or interpolated into the artwork.  

 

However, the relations between the biblical text, the binary logic and the biological processes are 

problematic, as they are merely symbolic.  As Hayles points out in her critique:  

 

It creates equivalence between language understood by humans and biological specificity 
of protein folding. Thinking of this connection as a “translation” obscures the radical 
discontinuity it enacts. There is nothing in either culture or nature that ties together 
DNA processes with dots and dashes, other than associations set up by the artist.419     

 

In both ‘Genesis’ and ‘The Eighth Day’ the symbolic overlays (such as the transliterations 

between biological and textual abstraction, and the metaphorical resonance of Judeo-Christian 

hermeneutics) that generate and extract meanings from biological processes, as a way of relating 

to the GFP organisms, poses an interesting paradox in terms of the functions of symbolic 

interventions.  Do the artworks reinforce our sense of dominion or complicate it through the use 

of enclosure and multiple viewpoints to mediate a connection with the transgenic ‘other’?  The 

aspect of dominion becomes ambiguous because Kac deliberately excludes the ‘practical 

application of scientific knowledge’420 in order to focus on the symbolic gestures and 

intersubjective relations between the genetically modified organisms and the viewer.  However, 

this exclusion generates issues, as we will see, as the very symbolic gestures (or overlays) appear 

to deflect attention from the living GFP mice, zebrafish, tobacco plants and amoeba inside the 

terrarium in ‘The Eighth Day’.   

 

In what follows, the question will be addressed through the discussion of; (1) the ethics 

surrounding the ‘The Eighth Day’; (2) the objectification of the GFP organisms; and (3) the issue 

of the GFP as an aesthetic spectacle.   

 

Aesth-ethics 

 

[…] by including living organisms in his artworks Kac creates situations in which these 
creatures must be understood as more than aesthetic objects or incarnate code.421 

 

In ‘The Eighth Day’, Kac’s focus on the multiple metaphorical and allegorical mappings, the 

juxtapositions, the (local) viewers’ gazes into, and the (remote) participants controlled 

surveillance of the artificial environment appears to overshadow the significance of the living 

                                                        
 
419 N. Katherine Hayles, “Who Is in Control Here? Meditating on Eduardo Kac’s Transgenic Art,” The Eighth Day, 
The Transgenic Art of Eduardo Kac, ed. Sheilah Britton and Dan Collins (Tempe: The Institute for Studies in the 
Arts, 2003) 79-86.  
420 Genolog, Interview with Eduardo Kac, July 2000, 10 September 2009 <http://www.ekac.org/genointer.html>. 
421 Ibid.  
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organisms within. The collective associations of the living organisms, their containment and 

multiple points of views for enhanced spectatorship resonate with Jacques Derrida’s comments 

on animals in the film, titled ‘Derrida’:422  

 

[…] putting them all together in one category partakes real violence that human exercise 
towards animals that leads to slaughterhouses, their industrial treatments, their 
consumption.423   

 

The living organisms in ‘The Eighth Day’, however, are genetically - and aesthetically - 

connected by their embedded GFP transformations, to suggest, perhaps, an even more rigorous 

human dominion over the non-human. The deliberate selections of GFP’s integration into the 

organisms’ genome is used both as ‘a visual and social marker.’424  While the collectivity of the 

GFP organisms in this work for Kac, ‘reverses the notion of “the other,” by making green-glow 

the norm within its world,’425 the very fluorescent aesthetics of these GFP organisms are tightly 

bound with ethics. The organisms in ‘The Eighth Day’ were literally, to phrase Derrida, ‘led to 

the slaughterhouse’ as they were destroyed426 (killed) after the exhibition.   

 
The artistic practice of utilising living ecology of fluorescent organisms is part of what Kac’ calls 

‘transgenic art’, a term he coined, to describe a ‘new art form based on the use of genetic 

engineering techniques to transfer synthetic genes to an organism or to transfer natural genetic 

material from one species to another, to create unique living beings.’427 Kac states that: 

 

This must be done with great care, with acknowledgement of the complex issues thus 
raised and, above all, with a commitment to respect, nurture, and love the life thus 
created.428 

 

There is no transgenic art without a firm commitment to and responsibility for the new 
life form thus created. Ethical concerns are paramount in any artwork, and they become 
more crucial than ever in the context of bio art.429 

 

In Carol Gigliotti’s paper, ‘The Ethics of Artists working with Genetic Technologies’, her 

critique on the ethics of artists’ goals of creating living entities as an artistic practice through 

biotechnological approaches poses an interesting predicament:  

   

                                                        
 
422 Directed by Kirby Dick and Amy Ziering Kofman.  
423 “Derrida On Animals,” 4 December 2007, 31 March 2010  
<http://www.youtube.com/watch?v=Neu4kI_Yi0A&feature=related>. 
424 Simone Osthoff, “Invisible in plain sight, and as alive as you and I: An Interview with Eduardo Kac ,” May 2009, 
Flusser Studies, 2 Feb 2009 <http://www.flusserstudies.net/pag/08/osthoff-invisible.pdf>. 
425 ‘In other words, all creatures in The Eighth Day glow green, so to be “different” in this world is not to glow green.’ 
Ibid.  
426 ‘Eduardo said that destroyed the plants.’ Dr. C. N. Stewart, personal email correspondence on 8th June 2009.  
427 Eduardo Kac, “GFP Bunny,” Eduardo Kac : Telepresence, Biotelematics, Transgenic Art, ed. Peter Tomaz Dobrila 
and Aleksandra Kostic (Maribor: KIBLA, 2000) 100-131, 101.  
428 Ibid.  
429 Eduardo Kac, Transgenic Art, December 1998, 16 September 2009 <http://www.ekac.org/transgenic.html>. 
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How, then do these artists see their goal of a new art practice of creating life forms as 
part of a world view that is anti-anthropocentric, when in fact it continues along the very 
traditional, conformist, and conservative paths along which are littered the bodies and 
lives of millions of animals? 430   

 

However, Kac sidesteps the ethical liability of working with living organisms as they were 

appropriated into an artistic context from scientific research laboratories. The scientific 

collaborators, Alan Rawls and Jeanne Wilson-Rawls, who located the scientist willing to supply 

the GFP mice, zebrafish, tobacco plants and amoeba, assert that these organisms were not 

created specifically by Kac or for ‘The Eighth Day’:   

 

The same animals that are being used in this project are the same animals that were 
created for further advancement of medical research. So it’s not as if these animals are 
being specifically created for the purpose of art. They’re being used by an artist to get a 
message across and I think that is the fundamental difference. This is not frivolous 
work, the creating of these animals.431  

 

Kac’s act of appropriation ‘frees’ him from the acts of ‘wet’ biological engagement that include 

the creation, manipulation, caring432 and death of the GFP organisms.  This allows Kac the 

liberty to emphasise that ‘responsibility is the key’433 in his ‘transgenic art’ ‘creations’ since his 

actions and intentions are decoupled by the very act of appropriation. As fellow biological artist 

Zaretsky, aptly puts it:  

 

In some ways the use of ready-mades like Alba, the GFP Bunny (who was never 
displayed, R.I.P.) and the GFP+ mice in The Eighth Day (who were displayed and then 
sent back to the lab, R.I.P.) saved Eduardo Kac the grief of responsibility, which these 
creations imply. In other ways, Eduardo Kac saved himself most of the blame for the 
inevitable pain and death that comes with the production of these organisms in the first 
place.434 

 

It becomes problematic to consolidate Kac’s recurrent statements that he ‘objects to treating an 

animal as an object, be it an art object or an object of any kind’435 in his transgenic art practices.  

Gigliotti points out the very paradox:   

 

One cannot say they object to treating an animal as an object of any kind, and then use 
the very techniques of objectification to create animals for the purpose of continuing 
this objectification in the form of a new art practice.436  

                                                        
 
430 Carol Gigliotti, ed., Leonardos Choice: Genetic Technologies and Animals (Dordrecht: Springer, 2009). 
431 Institute for Studies in Arts, Alan Rawles, interview, 4 June 2009  
< http://ame2.asu.edu/sites/eighthday/about_interviews_alan.html >. 
432 The scientists’ (the Rawlses) assistant, Grant Orvis, an undergraduate in Department of Biology cared for the GFP 
life forms for the duration of the exhibition.  
433 Steve Baker, “Philosophy in the Wild,” The Eighth Day: The Transgenic Art of Eduardo Kac, ed. S Britton and D 
Colllins (Tempe: The Institute for Studies in the Arts, 2003) 27-38, 32.  
434 Adam Zaretsky, “The Mutagenic Arts,” 2005, CIAC’s Electronic Magazine No 23/2005, 31 January 2008 
<http://www.ciac.ca/magazine/en/dossier.htm>. 
435 Steve Baker, “Philosophy in the Wild,” The Eighth Day: The Transgenic Art of Eduardo Kac, ed. S Britton and D 
Colllins (Tempe: The Institute for Studies in the Arts, 2003) 27-38, 32.  
436 Carol Gigliotti, ed., Leonardos Choice: Genetic Technologies and Animals (Dordrecht: Springer, 2009). 
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Genetic ‘object d’art’   

  

All in all, the creative act is not performed by the artist alone; the spectator brings the 
work in contact with the external world by deciphering and interpreting its inner 
qualifications and thus adds his contribution to the creative act.437  

 

The GFP organisms’ external and visual alterations were the central aspects of the work.  As a 

visible indicator of human intervention, GFP communicates the detectable and deliberate 

integration of foreign DNA, using recombinant DNA technology, into the organisms’ genome. 

In this conjunction, the work could fall into the Duchampian ready-made category where the 

design (GFP) of living organisms was transferred from the science into an arts sphere.  However, 

Kac remains diligent that the living organisms are neither ‘ready-mades’ nor objectified.   

 

The very notion of ‘objectivity’ and ‘ready-made’ link ‘The Eighth Day’ with its predecessor, 

‘The GFP Bunny.’ Unlike ‘The Eighth Day’, where the transgenic organisms are present, the 

living transgenic rabbit remained absent throughout the work.  The (absent) rabbit was generated 

as part of scientist Louis-Marie Houdebine’s research438 at the French National Institute for 

Agricultural Research439 (INRA), where rabbits440 were used as models to follow the fate of 

embryonic cells in developing embryos.441 Houdebine received a phone call from Louis Bec, 

curator of the Digital Avignon Festival, and engaged in the possibilities of having one of his 

rabbits presented in a faux living room with Kac and observed by a few people.  However, on 

the eve of the exhibition opening the director of the INRA refused to release the GFP rabbit.  

Prior to the Avignon exhibition, Kac’s visited442 the rabbit barn at the INRA, where three 

rabbits443 were taken from their cages. After having picked up one of the rabbits, Kac found it 

too ‘fretful and hard to handle,’444 he picked up another more agreeable rabbit and this rabbit 

(see fig. 80) was named Alba.445 It was neither the naming of an infant nor a naming of profound 

attachment; it was a naming of a concept, a story and an idea.  The chosen GFP rabbit now had 

a name; the rabbit had become a subject.   

 
                                                        
 
437 Robert Lebel, Marcel Duchamp (New York: Grove Press, 1959). 
438 Milk from transgenic rabbits has been successfully used to treat several babies (humans) suffering from potentially 
fatal diseases.  For example, transgenic rabbits are used to produce alpha glucoside – an enzyme vital to the treatment 
of the rare and fatal ailment in children carrying the Pompe’s disease.  Rabbits inserted with human gene causes them 
to produce milk containing this enzyme.   Rabbits are also sensitive to cholesterol like us, thus are imminent models 
for research. 
439 INRA, A gastroenteritis vaccine produced with the milk of transgenic rabbits, 1 December 2005, 6 July 2009 
<http://www.international.inra.fr/research/some_examples/gastroenteritis_vaccine>. 
440 The rabbits expressing GFP were bred and raised for research purposes. Only 3-5% of live births are actually 
transgenic; animals not expressing GFP are culled.  
441 Commercial GFP combined with human promoter - EF1 Alpha - which expresses the GFP protein in all cell types 
was injected.  
442 29 April 2000. 
443 One of the three rabbits did not express the GFP gene and was used as a control.  Christopher Dickey, I Love My 
Glow Bunny, April 2001, 16 July 2009 <http://www.wired.com/wired/archive/9.04/bunny_pr.html>. 
444 Ibid.  
445 ‘This name was selected because the rabbit is an albino rabbit, and the name “Alba” serves the purpose of 
reinforcing the fact that she is both a transgenic being and a regular albino rabbit.’ 
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I will never forget the moment when I first held her in my arms, in Jouy-en-Josas, 
France, on April 29, 2000. My apprehensive anticipation was replaced by joy and 
excitement. Alba - the name given her by my wife, my daughter, and I - was lovable and 
affectionate and an absolute delight to play with. As I cradled her, she playfully tucked 
her head between my body and my left arm, finding at last a comfortable position to rest 
and enjoy my gentle strokes.446  

 

 
Fig. 80. Left: Picture of Kac holding rabbit, GFP Bunny, 2000.  Right: Eduardo Kac, ‘Featherless’, 2006, painted resin, 
(9.8 x 2.3 x 1.5 in / 25 x 6 x 4 cm). Photo: Laura Cinti at ‘Bios 4. Arte Biotecnológico y Ambiental’ Centro Andaluz de 
Arte Contemporáneo, Seville, Spain (2007). 

 

Though the rabbit was not created expressively for Kac, the question of de-objectification can be 

seen to form paradoxical layered stories through the narrative of subjectification of what has 

been objectified, rejected and institutionalised. Kac notes:  

 

Alba is a participant in the GFP Bunny transgenic artwork, as is anyone who comes in 
contact with her, and anyone who gives any consideration to the project.  A complex set 
of relationships between social difference, scientific procedure, interspecies 
communication, public discussion, ethics, media interpretation, and art context is at 
work.447 

 

Interaction is significant in Kac’s construction of subjectification but in ‘GFP Bunny’ there is a 

very limited interaction between the rabbit (Alba) and Kac, and this reversal of interaction – 

absence - becomes an important narrative aspect.  His follow-up works utilise this absence as a 

                                                        
 
446 Eduardo Kac, “GFP Bunny,” Eduardo Kac : Telepresence, Biotelematics, Transgenic Art, ed. Peter Tomaz Dobrila 
and Aleksandra Kostic (Maribor: KIBLA, 2000) 100-131, 101.  
447 Ibid. 107.  
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notion to subjectify further - no longer rubbing her soft nose on his hand but now a prisoner of 

science.   

 

Fig. 81. Left: Eduardo Kac, ‘Free Alba!’, 2001-2002, a series of photographs. Photo: Laura Cinti.  Right: ‘The Alba 
Headline Supercollider’, 2004, LCD screen, electronics, wood, stylus, 18.5 x 15.3 inches. Photo: Laura Cinti at ‘Bios 4. 
Arte Biotecnológico y Ambiental’ Centro Andaluz de Arte Contemporáneo, Seville, Spain (2007).  Kac pronounces his 
own death as an author448 and in his departure he is in fact becoming a reader of his own work and co-authoring along 
with everyone else that writes on the work.   

 

It is equally questionable if the narratives construct Alba as an object by interpolating her into 

the public sphere and producing her as an icon449 for bio-art.   Significantly, the transgenic 

rabbit’s appropriation into an artwork is indicative of its ready-made status, however, Kac 

fervently denies that Alba is a ‘ready-made’:  

 

Alba is definitely not a ready-made, and this is a very important point. A ready-made, as 
is commonly known, is an artefact that is already there and that is brought into a new 
context by the artist. Alba did not exist prior to my conception. She is a materialized 
imaginary being. This has nothing to do with Duchampian strategies. The use of 
evolutionary principles, the manipulation at the molecular level, the chimerical passage 
from legend to life, the creation of new beings in art– these and other key elements of 
my work have no correlation to Duchamp. The real break is marked by the fact that I 
don’t create objects. I create subjects.450 

                                                        
 
448 Roland Barthes, The Death of the Author, 15 August 2010  
<http://evans-experientialism.freewebspace.com/barthes06.htm>. 
449 A humorous example of the iconic symbol of the bunny was paraded in 2003 by MIT based Joe Davis, a pioneer in 
bio art, and highlighted at the opening of the exhibition, L’Art Biotech in Nantes, France. ‘He’s (Davis) made color 
copies of a naked Playboy bunny and turned her Day-Glo green in PhotoShop. He’s passing the flyers around to 
incredulous exhibit visitors. “She's lovable and affectionate and I want to take her home with me,” he tells people, 
mimicking Kac’s words to the press about his Alba bunny. He also hands one to Kac, who smiles and graciously 
accepts the piece of paper, like he’s just received a detention slip from the ominous school principal.’   Shana Ting 
Lipton, Art Imitates Life Science, The Bio-Art Movement Finds (Cultures & Grows) Its Wings in France, 2003, 19 
July 2009 <http://www.shanatinglipton.com/bio-art-1.html>.  
450 Kac’s answer to the interview question - ‘Let me say your favourite way of working is to examine the context of 
something.  That reminds me again of Kabakov, who immediately supplied the comment with imaginary voices from 
the audience in many of his works.  The general, communicative context, which is normally outside the work of art, is 
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Fig. 82. Eduardo Kac, ‘GFP Bunny’, 1999, Alba, the fluorescent bunny.  Photo: Chrystelle Fontaine. 

 

The hyperbolic tone of his argument implies an involvement that goes beyond a conceptual 

construction that personifies the animal by giving it a pet-like status. Kac did not commission, 

nor create, the rabbit himself.  It pre-existed, thus the specific characteristics of the rabbit, 

created by human intervention, were not a result of his involvement in the creation process as a 

scientist. Kac’s refusal to accept the ‘GFP Bunny’ as a ‘ready-made’ is central to the narrative 

constructions he has developed around it.   

 

In ‘The Eighth Day’ the ‘ready-made’ aspect takes a reciprocal form, the organisms are provided 

by scientists (as opposed to the case of the ‘GFP Bunny’ where the scientist refused to lend Kac 

the rabbit). In contrast to the narratives surrounding Alba, the objectification of the GFP mice, 

zebrafish, tobacco plants and amoeba are more explicit in that the viewers are confronted with 

the living organisms contained in a transparent dome rather than a digitally enhanced green 

image of a rabbit.451 (‘Alba’ cannot glow as picture suggests, as fur, being dead tissue, cannot 

fluoresce.)  The web-mediated perspective allows us to view inside the dome and get closer to 

the GFP organisms as an attempt to generate interconnectedness with the GFP organisms. 

Simultaneously, in being virtual it distorts the reality of the physical ‘real-world’ by being remote.  

 
                                                                                                                                                              
 

already produced artificially in your GFP-bunny.  Maybe Alba simply is a ready-made?’ in Robert Eikmeyer, ed., 
Face/off – Body Fantasies (Frankfurt: Revolver, 2004). 
451 Houdebine and his director were opposed to the now-famous, brilliantly glowing photograph of Alba. They and 
other researchers say the rabbit doesn't actually glow so brightly and uniformly. “Kac fabricated data for his personal 
use,” Houdebine said. “This is why we totally stopped any contact with him.” Kristen Philipkoski, RIP: Alba, the 
Glowing Bunny, 8 December 2002, 9 November 2009 
 <http://www.wired.com/medtech/health/news/2002/08/54399>. 
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The result is that the connection with the GFP life forms tends to remain superficial. As Collins 

states:  

 
To the extent that the work can be understood as a sophisticated metaphor or allegory – 
as an idea about communication and interaction – the work implies a deeper level of 
connection between living beings, be they plant or animal.  But the direct experience of 
the work seems more conflicted than this.  It points to our continued use of surveillance 
and various techniques of control to establish privileged positions vis a vis the natural 
world. Undeniably, the flora and fauna of ‘The Eighth Day’ are objectified.452  

 

In ‘The Eighth Day’, the web-mediated perspectives, symbolic gestures and metaphorical 

mappings attempt to induce a sense of subjective engagement with the living forms and, in doing 

so, obfuscate the ‘ready-made’ status of the borrowed organisms.  The aesthetics and spectral 

quality of the GFP mice, tobacco, amoeba and zebrafish are indeed spectacular. Even the 

hyperreal, digitally enhanced image of the ‘GFP Bunny’ has generated a global phenomenon.   

 

The image of Alba (fig. 82), paradoxically, was also projected alongside scientific research models 

expressing GFP, notably, alongside Stewart’s GFP canola (fig. 59) in none other than the Nobel 

lecture (fig. 83) of Nobel prize-winner, Martin Chalfie, titled ‘GFP: Lighting Up Life.’453 

 

Fig. 83. Martin Chalfie’s Nobel lecture slide, © The Nobel Foundation 2008.454  Permission to reproduce this image 
has been kindly granted by The Nobel Foundation.  

                                                        
 
452 Collins, Dan. “Tracking Chimeras: The Eighth Day,” The Eighth Day, The Transgenic Art of Eduardo Kac, ed. 
Sheilah Britton and Dan Collins (Tempe: The Institute for Studies in the Arts, 2003) 96-102, 100. 
453 Martin Chalfie, “GFP: Lighting Up Life,” 8 December 2008, The Nobel Prize in Chemistry 2008, 8 November 
2009 <http://nobelprize.org/nobel_prizes/chemistry/laureates/2008/chalfie-lecture.html>. 
454 Ibid.  
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An aesthetic coalition – GFP spectacle 

 

‘The Eighth Day’ installation raises its own critique on art and science collaborations and gives 

an insight into how aesthetics, as a strategy of knowledge transfer between the disciplines, 

generates ontological issues. The scientific collaborators, Rawls and Wilson-Rawls, were 

interested in the idea of engaging the public in transgenic research:  

 

I thought it was [an] interesting way to let people see some of the things that we see in a 
way that they didn’t have to necessarily spend a lot of time thinking about the science 
behind it.455 

 

Their involvement in ‘The Eighth Day’ included developing both scientific and creative aspects 

of the project and, significantly, they sourced scientists willing to provide the GFP tobacco 

plants, mice, zebrafish and amoeba.  However, in their paper, ‘Science in a Postmodern World’, 

their experience with ‘The Eighth Day’ project offers an understanding of how the two cultures, 

art and science, can be problematic to combine. The artist can conceptualise ideas that reduce 

complex technical material (publication texts) and make them accessible to the public by 

encouraging viewers to develop their own understanding, without the ‘the intimidation that an 

‘expert’ and a culture-specific vocabulary can create’456, but this process can also pose a challenge 

to stakeholders’ interests:  

 

When two cultures interact, as in the case of ‘The Eighth Day’, the problem is whose 
tenets are to be adhered to. The answer lies with the expectations of the artist and the 
intended audience.  An example would be an artist drawing a set of exotic butterflies.  If 
the drawings are solely for aesthetic purposes, accuracy is not critical and artistic liberties 
can be taken; but, if the drawings are to be used for taxonomic purposes, accuracy is of 
utmost importance. Thus, interpreting and evaluating art that incorporates science 
requires some insight into the artist’s expectations. 457 

 

While the scientists recognised that Kac was working within the context of art, there were 

several inconsistencies in the installation, in the context of their collaborative engagement.  One 

example was the inclusion of the ‘biobot’ acting as a ‘brain’ and how, in their view, this 

complicated the discourse around the work.  More revealing was their critique on Kac’s attitude:  

 

In this matter, Kac seems to want to be a part of both cultures without recognizing how 
thoroughly one’s ideas, practices and values are determined by one’s culture.  It seems as 
though he wants the social significance of science and the freedom that art allows, not 
acknowledging that if the two can coexist, it is only after extremely careful mediation on 
the nature of the cultures.  

                                                        
 
455  Institute for Studies in Art’s website, Jeanne Wilson-Rawles, interview. – The Eighth Day, 4 June 2009  
<http://ame2.asu.edu/sites/eighthday/about_interviews_jean.html> 
456 Alan Rawls, Jeanne Wilson-Rawls and William A Rawls, “Science in a Post-Modern World,” The Eighth Day: The 
Transgenic Art of Eduardo Kac, ed. S. Britton and D. Colllins (Tempe: The Institute for Studies in the Arts, 2003) 
103-115, 109. 
457 Ibid. 104. 
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Despite the underlying tensions and complexities at the intersections of art and science, ‘The 

Eighth Day’ revealed the pronounced desire of both the scientists and Kac to generate a 

spectacle, focusing on the illuminating features of the fluorescence ecology to illustrate the 

‘genetic landscape’. In itself, GFP as a visualisation tool has become a central trope of 

transgenesis, and Kac recognises that its aesthetic qualities communicates something beyond the 

image itself: 

 

What drew my attention was the fact that number one, the ubiquitous expression of the 
GFP created a very powerful image. It was not a means for something but it was in itself 
extremely important.458 

 

Similarly, the arresting images generated by GFP were also shared amongst scientists, even 

outside the context of a gallery space: 

 

I’ve always thought that the images that we generate are beautiful and I’ve always 
thought that the general public misses out on seeing a lot of these images because 
they’re published in scientific journals and nobody reads them except for us.459 

 

‘The Eighth Day’ utilises the GFP interface to highlight a scenario where transgenic ecologies are 

(becoming) a reality. It draws attention to the breakdown of species’ boundaries and the impact 

of such breakdown in context of western social-cultural and religious history. However, as a 

spectacle, it opens a gap between aesthetics and biological processes. The GFP living organisms 

were brought in from a number of diverse scientific studies (where GFP was used to highlight 

intrinsic biological processes) but in this context they were scientifically and conceptually 

detached from the installation. It is at this point that it becomes difficult to agree with Kac’s 

determination that the organisms are not ‘ready-mades’, for by successfully stripping them of 

their scientific function, and re-contextualising them in the context of the gallery, their previous 

function is supplanted just as Duchamp’s urinal was. The power of the gallery context (and the 

fact that Kac defines himself as an artist) means that despite the fact that GFP can highlight 

intrinsic biological processes; in the artwork it is now the aesthetic function of the GFP interface 

that dominates.  Without recognising the biological function of the GFP interface its function in 

the work becomes an aesthetic raft filled with symbolism on which we are left to gaze upon (in a 

phenomenological sense). Stripped of its scientific use-value GFP still has a key function in the 

gallery but it contributes to reducing these aesthetic living objects ‘borrowed’ from the science 

laboratories to the ornamental. The GFP is essential to creating an artistic spectacle. Without it 

there would be much less ‘draw’ to the exhibition. The fact that the plants’ glowed (as with the 

other organisms in the terrarium) was used as the ‘unique selling point’ of this show.   

                                                        
 
458 Institute for Studies in Art’s website, Eduardo Kac, interview.  – The Eighth Day, 4 June 2009  
<http://ame2.asu.edu/sites/eighthday/about_interviews_eduardo.html> 
459 Jeanne Wilson-Rawles, interview.  – The Eighth Day, 4 June 2009 
 <http://ame2.asu.edu/sites/eighthday/about_interviews_jean.html> 
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Summary: spectralisation460 of GFP 

 

In this space, where everything is meant to be seen […] we realize that there is nothing 
left to see. […] This space becomes the equivalent of a “ready-made” just-as-is (telle 
quelle) transposition of an “everyday life” that has already been trumped by all dominant 
models. It is a synthetic banality, fabricated in closed circuits and supervised by a 
monitoring screen.461 

 

Kac’s discourse explicitly emphasises the symbolic significance of the GFP interface in his 

‘Creation Trilogy’.  Specifically, in ‘The Eighth Day’, GFP is reduced to an aesthetic proponent 

where its authentic function outside of the artworks remains obscure. As opposed to revealing 

aspects of invisible physiological processes in living organisms, the focus on the aesthetics, the 

external manifestations, disassociates the GFP interface from its purpose or potential, 

thereby mystifying the very processes it reveals. The integration of the GFP and its spectral 

properties provide a visualisation at the level of the genes but in the artworks the social and 

symbolic aspects of the fluorescence are given precedence. This may be in line with Kac’s artistic 

motivations, however, it problematises the status of the transgenic organisms which have been 

made into ready-mades and then relegated to aesthetic objects.  At the same time, the GFP life 

forms are de-objectified by the symbolic gestures that attempt to generate interconnectedness or 

intersubjective engagements through the digital (telepresence).  Still, the relation between the 

symbolic gestures or associations and the practical aspects of the works remain problematic to 

consolidate.  In contrast to most genetic manipulations, GFP fluorescently signifies that a genetic 

intervention has been undertaken. It directly indicates that the living organisms have foreign 

genes integrated into their genome as a result of their outward glowing appearance.  

 

In regards to the GFP tobacco plants in ‘The Eighth Day’ installation, the phenomenological 

experience of the ‘scientific’ image of the plant is effectively re-inversed to generate an 

aestheticised experience of the scientific image. This aestheticised genomic approach does not 

contradict our Aristotelian based phenomenological perceptions of plants as insensible but 

instead reinforces it.  This very paradox, as the subsequent chapter will illustrate, is that the GFP 

interface manifests sensorial visibilities of plants.  

                                                        
 
460 A term Gunalan Nadarajan uses to argue that ‘GFP Bunny’ and ‘The Eighth Day’ exemplify ‘spectralization of the 
animal’ as part of his discourse on the technological appropriation of animal that complicates the expressions of the 
animal in contemporary culture.  I use it here to deliberate on how the spectralisation of GFP in these works 
complicate the role of GFP expressions in living organisms from its function as a biological marker (a visualisation 
tool) into an aesthetic symbol.  Gunalan Nadarajan, “Specters of the Animal: The Transgenic Work of Eduardo Kac,” 
The Eighth Day: The Transgenic Art of Eduardo Kac, ed. S. Britton and D. Colllins. (Tempe: The Institute for 
Studies in the Arts, 2003) 44-50. 
461 Jean Baudrillard, Dust Breeding, ed. Arthur Kroker and Marilouise Kroker, 10 August 2001, 2 February 2010 
<http://www.ctheory.net/articles.aspx?id=293>. 
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CHAPTER 3.2: ILLUMINATING SENSORIAL QUALITIES 
IN PLANTS 
 

 

In the preceding chapter, the convergence between GFP expressing organisms and their 

aesthetic function were highlighted and problematised. The deliberate disconnection of GFP 

from its scientific function as a reporter molecule462 and its contextualisation into the fine arts 

sphere was exemplified through Kac’s ‘Creation Trilogy’ that included artworks; ‘Genesis’, ‘GFP 

Bunny’ and ‘The Eighth Day’. In these transgenic artworks, the GFP’s role as an experimental 

imaging tool becomes redundant.  That is to say, the GFP expressions in themselves are no 

longer visually communicating intrinsic intra- and inter-cellular processes but instead are 

interwoven with artistic considerations as hermeneutic tools, where the aesthetic, social and 

symbolic significance of GFP are given precedence.  Furthermore, the digital mediations of the 

transgenic environments, which are transmitted by camera via the Internet rather than the GFP 

interface, are utilised to generate an augmented view of the GFP expressing organisms.463  In 

effect, the virtual extensions simulate the spectators’ sense of reality.   

 
In the light of this synecdochic example, this chapter addresses scientific scenarios that utilise 

GFP technology to provide knowledge of the real phenomena within the living, as a means to 

illustrate the gaps between our phenomenological understanding and the knowledge systems that 

are generated by the sciences. In doing so, this research seeks to enhance a contemporary 

understanding of science, not in the sense of ‘communicating science’ but rather in a way that 

may connect often abstract phenomena with our everyday experience of reality. The process of 

authentically integrating scientific utilisation of GFP as an art form and its extended potential 

will be speculated upon. Thus, this chapter highlights the paradox of stripping GFP of its 

scientific purpose to accentuate its spectral aesthetics (i.e. tobacco plants in ‘The Eighth Day’) by 

addressing the extent to which GFP expressions visually connects the living organisms inner 

‘processual factors’ with its outward appearance as fluorescence.  Precisely, it looks at the 

significations of the fluorescent expressions and their ability to illuminate qualities not associated 

with plants’ way of being: such as perceptual, behavioural and cognitive attributes.  It 

concentrates on the significations of fluorescent expressions in plants and the extent fluorescent 

proteins, originally isolated from the jellyfish Aequorea victoria,464 have illuminated behavioural 

characteristics in plants.    

  

                                                        
 
462 Monitoring gene expression, localisation, mobility, traffic and interaction of various proteins. 
463 In ‘The Eighth Day’, the remote spectators’ view inside the terrarium was experienced as a virtuality rather than an 
actuality.  
464 There are a wide variety of bioluminescent organisms that includes other species of jellyfish, bacteria, corals and sea 
pansies and a number of fluorescent (Phycobiliproteins from cyanobacteria and certain algae) and bioluminescent 
proteins (Luciferin-Luciferase from firefly) are widely used in the biosciences.  
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The scientific utilisations of GFP offer unprecedented scopes to visually communicate 

behavioural expressions in plants.  By modulating plants’ invisible intrinsic processes to make 

them visible to our perceptual frame of reference, fluorescent proteins literally highlight the 

contradistinction between our subjective and phenomenological perceptions and the sensorial 

image of plants emerging from the sciences.  

 

In regards to plants’ external manifestations, the role of fluorescent proteins are significant, 

especially so since plants appear, phenomenologically, devoid of behaviour. Consider the 

transgenic plants in ‘The Eighth Day’ installation (fig. 84).   

  

Fig. 84. Eduardo Kac, ‘The Eighth Day’, 2001.  Video stills of installation GFP tobacco plants and GFP mice.   

 

Fig. 85. Eduardo Kac, ‘The Eighth Day’, 2001.  Video stills of installation GFP life forms. Left to right: GFP amoeba, 
GFP zebra fish and GFP mice.  

 

The GFP expressions were seen to accentuate the phenomenological perception of plants by 

embellishing the tobacco plants with an iridescent green glow but in contrast to the GFP mice 

rummaging around (fig. 85), the fish swimming below or even the movement of the ‘biobot’s’ 

legs generated by the activity (morphological changes) of the amoeba, the GFP plants remained 

distinctively motionless.  Further still, the electronic components, such as the pivoting camera 

attached on the ‘biobot’ and controlled by the online participants were in motion, swivelling 

around the dome.  In this regard, the contradistinction between the plants’ apparent states of 

inertia in contrast to the other living organisms and non-living apparatuses implies that plants are 

motionless and insensitive.  On the significance of motion and the extent it impacts how we 

attribute behavioural qualities, I refer again to Leyser’s lecture on decision-making processes in 
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plants  (chapter 2.3). Leyser projected an image of a bee and a flower (fig. 86) during her lecture 

to stress the perplexities of assigning behavioural features to the bee rather than the plant.  

 

Fig. 86. In the sexual lives of plants, flowers lure prospective pollinators towards it. London, 31 July 2008. Photo: 
Laura Cinti. 

 

While indeed the bee flies from flower to flower collecting food, it is the plant - in the Darwinian 

sense - that has manipulated the bee towards it, by luring the bee through means of its colour, 

scent, flavour or aesthetic patterns to achieve sexual reproduction (pollination).  The image is a 

reminder of the difficulties of attributing behavioural motives in plants, as a consequence of 

plants appearing devoid of motion.   Thus, it is on two levels that the phenomenological image 

of plants is accentuated in ‘The Eighth Day’. One at the level of the aesthetics of the spectral 

qualities of GFP and the other, at the plants’ distinctive immobility within the dome in contrast 

to other GFP organisms and equipment. While the GFP expressions in Kac’s ‘The Eighth Day’ 

were reduced to a type of ornamentation, the distinct green illuminations produced an aesthetic 

spectacle. This is also true for the many dazzling scientific images of transgenic living organisms 

expressing fluorescent proteins (fig. 87). 

 

 
Fig. 87. Ruppy the transgenic puppy at 10 days old. Even under natural light the red protein can be seen in the skin 
and fur.  Under ultraviolet light, showing the red fluorescent protein produced by sea anemones. Photo: Byeong-Chun 
Lee. Permission to reproduce these images has been kindly granted by Professor Byeong-Chun Lee from New 
Scientist (http://www.newscientist.com/article/dn17003-fluorescent-puppy-is-worlds-first-transgenic-dog.html). 

 

To illustrate the extent fluorescent protein expressions are used in imaging, I refer to images, fig. 

88 and 89, where a variety of fluorescent protein hues were utilised and demonstrated in the 

paper, ‘Transgenic strategies for combinatorial expression of fluorescent proteins in the nervous 
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system.’ In this experiment, referred to as ‘the Brainbow’, fluorescent proteins (XFP)465 were 

generated from engineered variants of GFP (GFP mutants) resulting in yellow, cyan, red and 

orange fluorescent proteins.  

 

Fig. 88. In one experiment, researchers succeeded in tagging different nerve cells in the brain of a mouse with a 
kaleidoscope of as many as 90 distinguishable colours. Confocal microscopy by Jean Livet.466 Reprinted by permission 
from Macmillan Publishers Ltd: Nature 450: 56-63, © 2007. 

 

Fig. 89. ‘Researchers at Harvard University in USA Researchers have coloured the nerve cells in a mouse’s brain so 
that it fluoresces in all the colours of the rainbow. […] This enables researchers to see how individual nerve cells in the 
brain are woven together in a network.’467  Left: 1. ‘Oculomotor axons of Thy1-Brainbow-1.0 line H (recombination 
with CreERT2).’ 2. ‘Cortex and hippocampus of Thy1-Brainbow-1.0 line L.’468 Photo: Livet et al. Reprinted by 
permission from Macmillan Publishers Ltd: Nature 450: 56-63, © 2007. 

 

In the ‘Brainbow’ experiment, individual brain cells (neurons) were engineered (labelled) with 

different tones of fluorescent proteins in order to identify, trace and analyse the neuronal 

                                                        
 
465 Brainbow constructs used the following:  XFPs: mEYFP (monomeric EYFP), mCerulean, Kasabura orange, 
mCherry, dTomatoe, ECFP and dsRed2 (Clontech), and hrGFPII-NLS (Stratagene).  
466 Livet, J., Weissman, T. A., Kang, H., Draft, R. W., Ju, L., Robyn, B. A., et al. (2007). Transgenic strategies for 
combinatorial expression of fluorescent proteins in the nervous system. Nature , 450, 56-63. 
467  “Popular Information,” 8 December 2008, The Nobel Prize in Chemistry 2008: How the Jellyfish’s Green Light 
Revolutionised Bioscience, 2 March 2010 <http://nobelprize.org/nobel_prizes/chemistry/laureates/2008/info.pdf> 
468 Supplementary Information, Livet, J., Weissman, T. A., Kang, H., Draft, R. W., Ju, L., Robyn, B. A., et al. (2007). 
Transgenic strategies for combinatorial expression of fluorescent proteins in the nervous system. Nature , 450, 56-63. 
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network architecture.  In spite of the differences in resolution (cellular versus whole level) and 

mediations (confocal microscopy versus naked eye), the distinction between the aesthetics of the 

fluorescent expressions in ‘The Eighth Day’ installation (decoupled from its scientific function) 

and the ‘Brainbow’ is that the latter facilitates in making the network of the interacting signals of 

the brain visible.   The aesthetics of the fluorescent expressions reveal a detailed mapping of the 

brain activity in mice. This visual resolution, of the patterns of the individually coloured 

arrangements, offers a glimpse469 into the sheer complexity of neuronal interaction.  In ‘The 

Eighth Day’ installation, it is unclear what the GFP expressions in the living organisms are 

communicating besides functioning as a visual indicator of the organisms’ genetic manipulations. 

As an aesthetic function, the tobacco plants’ GFP expressions in ‘The Eighth Day’ were 

counterproductive, and even paradoxical, in light of GFP’s significance in unravelling sensorial 

capacities in plants.   Before we discuss the significance of fluorescent proteins in identifying 

these qualities in plants, a brief background is provided.  

 

The phenomenon of bioluminescence in jellyfish Aequorea  v i c tor ia   

 

Fig. 90. University of Washington, Friday Harbor Laboratories, 1961, Jellyfish Collectors (1974), Shimumora’s family 
collecting jellyfish and assistants cutting the rings.  Photos from Osamu Shimomura’s Nobel lecture slide, © The 
Nobel Foundation 2008.470 Permission to reproduce this image has been kindly granted by The Nobel Foundation. 

 

The discovery of aequorin as a new type of luminescent system was established in Shimumura’s 

1962 paper titled, ‘Extraction, Purification and Properties of Aequorin, a Bioluminescent Protein 

                                                        
 
469 ‘Each human brain contains an estimated 100 billion neurons connected through 100 thousand miles of axons and 
between a hundred trillion to one quadrillion synaptic connections (there are only an estimated 100–400 billion stars in 
the Milky Way galaxy).’ Kasthuri, N., & Lichtman, J. W. (2010). Neurocartography. Neuropsychopharmacology, 35, 
342–343, 342.  
470 Nobelprize.org, “The Nobel Prize in Chemistry 2008,” 8 December 2008, Nobel Lecture: Discovery of Green 
Fluorescent Protein, GFP, 2 March 2010 
<http://nobelprize.org/nobel_prizes/chemistry/laureates/2008/shimomura-lecture.html>. 
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from the Luminous Hydromedusan, Aequorea’ describing extraction methods and features of 

aequorin.  Another type of ‘squeezate’, referred to as ‘green protein’, was also extracted and was 

first described in this paper but only as a footnote:    

 

A protein giving solutions that look slightly greenish in sunlight though only yellowish 
under tungsten lights, and exhibiting a very bright, greenish fluorescence in the 
ultraviolet of a Mineralite, has also been isolated from squeezates (i.e. extracted by 
squeezing out the light emitting cells of Aeqorea aequorea. No indications of a luminescent 
reaction of this substance could be detected.471 

 

Subsequently, in 1969472 the ‘green protein’ was named green fluorescent protein – GFP.   

 

Fig. 91. Although Aequorea are transparent in water (making them difficult to catch), the outer edge fluoresces green 
visible when agitated473- its outer edge, margins of the jellyfish ‘umbrella’, fluoresce green.  Photos from Osamu 
Shimomura’s Nobel lecture slide, © The Nobel Foundation 2008.474  Permission to reproduce this image has been 
kindly granted by The Nobel Foundation. 

 

The presence of both proteins, aequorin475 and GFP476, provided an explanation to the two-

folded riddle of explaining why Aequorea fluoresced green (fig. 91).477 In response to touch, a 

                                                        
 
471 Osamu Shimomura, Frank H Johnson and Yo Saiga, “Extraction, purification and properties of aequorin, a 
bioluminescent protein from the luminous hydromedusan, Aequorea.,” Journal of Cellular and Comparative 
Physiology 59 (1962): 223-239. 
472 J W Hastings and J G Morin, “Comparative biochemistry of calcium-activated photoproteins from the ctenophore, 
Mnemiopsis, and the coelenterates Aequorea, Obelia, Pelagia and Renilla.,” The Biological Bulletin 137 (1969): 402. 
473 ‘Many organisms living in the sea use light from biofluorescent proteins to confuse their enemies, to attract food or 
to tempt a partner. But no one knows what has caused Aequorea victoria to evolve aequorin and GFP.’ Nobelprize.org, 
“Popular Information,” 8 Octoboer 2008, The Nobel Prize in Chemistry 2008, 15 March 2010  
<http://nobelprize.org/nobel_prizes/chemistry/laureates/2008/info.html>. 
474 Nobelprize.org, “The Nobel Prize in Chemistry 2008,” 8 December 2008, Nobel Lecture: Discovery of Green 
Fluorescent Protein, GFP, 2 March 2010  
<http://nobelprize.org/nobel_prizes/chemistry/laureates/2008/shimomura-lecture.html>. 
475 ‘Shimomura and Johnson, in 1961, isolated the protein aequorin, and its small molecule cofactor, coelenterazine, 
from large numbers of Aequorea jellyfish at Friday Harbor Laboratories. They serendipitously discovered, after initially 
finding bright luminescence on adding seawater to a purified sample, that calcium ions (Ca2+) were required to trigger 
bioluminescence. This research also marked the beginning of research into green fluorescent protein which was 
summarised by Shimomura. Ridgeway and Ashley (1967) microinjected aequorin into single muscle fibers of barnacles, 
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rapid release of cellular calcium bursts into cells, acting as a ‘cellular alarm signal during the 

organism’s response to stress’478 spurring on a chemical reaction with aequorin causing the 

release of blue light. The blue light, in turn, causes the architectural change in GFP that 

subsequently releases green light. The colour-giving substance (chromophore) in GFP requires 

oxygen to fluoresce but it is structurally isolated to prevent this. To become visible GFP must 

absorb short wavelengths (UV or blue light) causing the protein to change its architecture (fold), 

exposing the substance (chromophore), which emits light experienced as a glowing green. Thus, 

the interaction between the two proteins in Aequorea emits green fluorescence.   

 

Fig. 92. Aequorin and GFP interact (intermolecular energy transfer between aequorin and GFP) resulting in a 
fluorescent green glow.479 Photo:  Osamu Shimomura. Overlay: Marc Zimmer. Permission to reproduce this image has 
been kindly granted by Professor Marc Zimmer. 

 

The two protein-generating genetic sequences, aequorin and GFP, both ‘harvested’ from 

Aequorea, have played a significant role in their ability to express these proteins in organisms 

phylogenetically foreign to their origin or, more importantly, by their capacity to distinctively be 

positioned in a manner that can highlight individual processes and allow us to follow these 

intracellular journeys. Techniques of utilising GFP and aequorin in plants have dramatically 

extended insights into the complexity of plant communication and signalling by widening our 

visual scope to follow the ‘real-time’ intrinsic processes and to show ‘how plants read their 

                                                                                                                                                              
 

and observed transient calcium ion-dependent signals during muscle contraction.’ Aequorea victoria, 28 June 2009 
<http://en.wikipedia.org/wiki/Aequorea_victoria>. 
476 As mentioned in Chapter 3.1, the Nobel prize in Chemistry was awarded to Osamu Shimomura, Martin Chalfie and 
Roger Tsien for the discovery and development of GFP in 2008.  
477 H Morise, et al., “Intermolecular Energy Transfer in Bioluminescent Systems of Aequorea,” Biochemistry 13 
(1974): 2656-2662. 
478 David Bradley, Shining, Unhappy Plants, 1996, 28 June 2009 <http://www.sciencebase.com/science-blog/shining-
unhapy-plants.html>. 
479 H Morise, et al., “Intermolecular Energy Transfer in Bioluminescent Systems of Aequorea,” Biochemistry 13 
(1974): 2656-2662. 
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environment and how they activate internal signalling mechanisms that lead to the expressions of 

effective responses.’480  

 

In Darwin’s 1880 publication, ‘The Power of Movements in Plants’, he observed:   

 

In several respects light seems to act on plants in nearly the same manner as it does on 
animals by means of nervous system.481  

 

Although Darwin was referring to the impact of solar light (sunlight) inducing movements of 

plants’ organs towards it, this quote is still relevant, perhaps even more so, as fluorescent 

proteins are illuminating behavioural features that reveal perceptual, responsive, communicative 

and cognitive qualities in plants.  These qualities are associated, often exclusively, with animals 

‘by means of a nervous system’ – where the nervous system coordinates of animals’ behaviour 

and cognition.  

 

The extent of which GFP manifests behavioural attributes in plants will be discussed in what 

follows and subsequently, the significance of aequorin’s connection with calcium in capturing the 

controversial potential in plants: intelligence.  

 

Glowing behaviour in plants 

 

Through techniques of recombinant DNA technology, GFP’s transfer from Aequorea 482 into the 

vast number of living organisms483 (bacteria, fungi, invertebrates, vertebrates and plants) have, 

upon illumination, exposed the complex cellular events and dynamic interactions between the 

sub-cellular molecules (proteins) that constitute life.  Its uniqueness as a biological tool stems 

from its self-sufficiency, in that it does not require any additives apart from (molecular) oxygen, 

to fluoresce green.  This contrasts with aequorin484 that emits blue light only in a calcium 

dependant manner.  Further, given its small size, GFP can be attached to a promoter485 (gene 

switch) or cloned as a fusion to a protein of interest in living organisms without interfering with 

cellular processes and visualisation of the spatio-temporal processes.  GFP’s utilisation as a 

                                                        
 
480 Carlos L Ballare and Anthony J Trewavas, “Plant Behaviour Special Issue,” Plant, Cell and Environment 32 (2009): 
 605. 
481 Charles Darwin, The Power of Movements in Plants (London: John Murray, 1880). 
482 Dr Prasher was the first to isolate the gene and cloned it.  D Prasher, RO McCann and MJ Cormier, “Cloning and 
Expression of the Cdna Coding for Aequorin, a Bioluminescent Calcium-Binding Protein,” Biochemical and 
Biophysical Research Communications 126 (1985) 1259-68.  
483 Martin Chalfie (Nobel Laurete) produced fluorescent products in bacteria and entire worms and showed that GFP 
fluorophore does not require special co-factor or proteins and thus could be GFP expressed in any organisms. He 
demonstrated the value of GFP as a luminous genetic tag for various biological phenomena. In one of his first 
experiments, he coloured six individual cells in the transparent roundworm Caenorhabditis elegans with the aid of GFP.  
484 As well as other bioluminescent proteins, which all require substrates to initiate a light reaction.  
485 Promoter is region of DNA before gene.  When a cell needs to make a specific protein, it binds the promoter to 
that gene which in turn activates the gene.  By attaching GFP to a promoter it can be used to signal the activity of the 
GFP-tagged promoter.  
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genetically encoded tag that can be expressed in virtually all living organisms has heralded its 

scientific role as ‘one of the most important tools used in contemporary bioscience.’486 

 

GFP’s487 ‘miraculous property of the chromophore that is responsible for its fluorescence’488 to 

observe previously invisible biological processes has been described as ‘a guiding star for 

biochemistry.’489 It is also a guiding star for what bio art might contribute to contemporary art.  

Art has long sought to put the ‘visible at the service of the invisible’ (as Odilon Redon put it).  

Here, the hitherto invisible might be put at the service of the visible.  While there are obstacles 

aplenty for artists integrating scientific knowledge as part of their practice and exploring in-depth 

systems where their own knowledge is restricted, published scientific research has the potential 

to be used to combine and extend concepts to include an artistic scope (bottom up approach) 

and open intriguing actualisation of artworks. To illustrate with an example; colour is an 

emotional signifier whose range in art might be extended through these scientific discoveries. 

Rather than employing GFP characteristics in plants as purely aesthetic objects, the notion of 

GFP being a ‘reporter molecule’ can be transferred to art, as both a sign and an active agent 

(signifier).  The coupling of GFP’s aesthetics and signification in engineered living organisms to 

generate a type of visual communication offers opportunities of tapping into a chemical 

information universe. Potential scenarios to visually convey plants’ touch sensitivity involve 

fusing GFP to genetic sequences carrying the touch-inducible genes (TCH) promoters. Thus 

generating ‘touch reporting plants’ that manifest touch responsiveness in plants through spectral 

qualities of GFP mutants under the illumination of blue light.  On touch, the expressions of the 

GFP-like proteins can be contemplated through fluorescence and reveal, phenomenologically, 

plants’ touch sensitivity. Additional dimensions of plants’ sensitivity to include temperature and 

stress could be added and labelled in a variety of fluorescent hues.  Utilising physiological aspects 

of living organisms to acknowledge invisible processes as an artistic practice, does not only 

attempt to express a type of aesthetics, but critically engages with the signification and scope of 

genetic potentials.  Yet, this type of knowledge-based490 art practice, when not simply 

appropriated through collaboration with a scientist, poses considerable issues in terms of 

investment by the artist. Even then, there is no guarantee that it will work and thus 

experimentation becomes an integral aspect of the artwork or, in some cases, the artwork itself.   

                                                        
 
486 ‘This protein has become one of the most important tools used in contemporary bioscience,’ the Nobel Committee 
for Chemistry at the Royal Swedish Academy of Sciences said in a statement. Nobelprize.org, Press Release, 8 October 
2008, 16 March 2010 <http://nobelprize.org/nobel_prizes/chemistry/laureates/2008/press.html>. 
487 Including GFP-like proteins. 
488 Måns Ehrenberg, “Scientific Background on the Nobel Prize in Chemistry 2008. The green fluorescent protein: 
discovery, expression and development,” 30 September 2008, Nobelprize.org, 25 August 2009 
<http://nobelprize.org/nobel_prizes/chemistry/laureates/2008/sci.html>.  
489 Nobelprize.org, Press Release, 8 October 2008, 16 March 2010  
<http://nobelprize.org/nobel_prizes/chemistry/laureates/2008/press.html>. 
490 In what curator/writer Antonio Cerveira Pinto calls ‘cognitive art’ to characterise artworks that (or attempt to) 
merge art with (or closer to) knowledge.  It describes the utilisation of artists’ acquirement of scientific (or 
technological) knowledge as part of their artistic practice. For Pinto, the use of these knowledge spaces as art 
symbolises, what he refers to, ‘post-contemporary’ culture.  
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Fig. 93. Nontransgenic Brassica napus plant (left) and Brassica napus plant constitutively expressing GFP (right) under 
UV light.491 Reprinted from Trends in Plant Science, 10.8, C. Neal Stewart Jr, ‘Monitoring the presence and expression 
of transgenes in living plants’, 390-396, © 2005, with permission from Elsevier. 

 

In the plant sciences, GFP has emerged as a powerful tool both at cellular (i.e. monitoring 

localisation of protein) and whole plant level.  At whole plant level where fluorescent expressions 

emerge from within, at the level of the genes, to the surface of the living plant tissue (fig. 93), 

GFP is largely found being used as a genetic marker, reporting through genetic fusions.492   Prior 

to the transgenic tobacco plants’ (described in chapter 3.1) appropriation into the terrarium in 

Kac’s ‘The Eighth Day’, these GFP expressing plants were developed as part of a scientific 

research that involved developing a monitoring system (‘proof-of-concept’) to detect migrations 

of transgenes in transgenic crops in light of the ‘promiscuous behaviour’ of plants (pollination) 

where trangenes can move from crop to wild relatives (weeds). In this study, GFP was 

genetically fused with insecticide, Bacillus thuringiensis (Bt) as a means to detect transgene escape 

into neighbouring wild-type plants.  Given the visual distinctiveness of the GFP recombinant 

plants, the (potential) transgene escape could be verified visually by stimulation of a handheld 

ultraviolet or blue light.   

  

While the practical scope of GFP explored by the plant sciences is still in its juvenile phase493 

several examples, in what follows, illustrate how GFP has been utilised to locate viruses within 

and between plants, monitor plants’ responses to environmental stresses and as ‘valuable 

biomonitors’494 or phytosensors (plant sentinels).   

 

GFP, as an interface, enables humans to visually observe plants’ interaction with its environment 

and may therefore bridge the phenomenological and scientific representation of plants. It is 

worth introducing, briefly, some scientific papers that address this.  

                                                        
 
491 C. Neal Stewart Jr, “Monitoring the presence and expression of transgenes in living plants,” Trends in Plant 
Science 10.8 (2005): 390-396. 
492 ‘GFP can be used as a replacement for ß-glucuronidase, which is commonly used as a reporter for genetic fusions 
in, it allows direct imaging of the fluorescent gene product in living cells without the need for prolonged and lethal 
histochemical staining procedures.’ Jim Haseloff and Brad Amos, “GFP in plants,” Trends in Genetics 11, no. 8 
(August 1995): 328-329, 328.  
493 Marc Zimmer, Glowing Genes (New York: Prometheus Books, 2005), 195. 
494 Igor Kovalvhik, Olga Kovalchuk and Barbara Hohn, “Biomonitoring the genotoxity of environmental factors with 
transgenic plants,” Trends in Plant Science 6.7 (2001): 306-310, 306.  
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Fig. 94. Left and Middle: The development of green fluorescence on plants (Nicotiana benthamiana) inoculated with 
PVx.GFP. (PVX - potato virus X) Spread of virus monitored by following the development of green fluorescence on 
infected plants. Left: Inoculated with PVx.GFP under UV. Middle: Under white light.495  Reprinted from The Plant 
Journal, 7.6, David C Baulcombe, Sean Chapman and Simon Santa Cruz, ‘Jellyfish green fluorescent protein as a 
reporter for virus infections’, 1045-1053, © 1995, with permission from John Wiley and Sons.  Right: Different 
markers for biomonitoring: ‘(c) Green-fluorescent protein (GFP) negative (orange) and positive (green) tobacco 
seedlings. (d) GFP negative (left) and positive (right) tobacco seeds. Activation of the GFP gene in a GFP 
recombination line is expected to be detectable in the next generation at the seed level.’496  Reprinted from Trends in 
Plant Science, 6.7, Igor Kovalvhik, Olga Kovalchuk and Barbara Hohn, ‘Biomonitoring the genotoxity of 
environmental factors with transgenic plants’, 306-310, © 2001, with permission from Elsevier. 

 

In terms of revealing infection497 in plants, GFP was used to localise viruses, resulting in infected 

tissues fluorescing green (fig. 94).498  For monitoring plants responses to environmental stresses, 

GFP was tagged to a plant hormone where fluorescence was enhanced by exposure to cold and 

darkness.499 In the UK, GFP plant leaves would fluoresce green to indicate dehydration500 and in 

USA, a patent has been filed for utilising GFP to visualise stress signalling in maize leaves.501  

Owing to plants’ sessility, their use as biomonitors (biosensors) are particularly vital in their role 

as targeting mutagenic influences as a way of assessing soil, air or water pollution (fig. 94).502    

 
GFP as a visual communication tool in plants provides understanding of plants’ physiological 

processes, perception, signalling, responses and interactions with their surroundings. While GFP 

offers insights into the ‘processual factors’, aequorin may have the capacity to capture something 

                                                        
 
495 David C Baulcombe, Sean Chapman and Simon Santa Cruz, “Jellyfish green fluorescent protein as a reporter for 
virus infections,” The Plant Journal 7.6 (1995): 1045-1053. 
496 Igor Kovalvhik, Olga Kovalchuk and Barbara Hohn, “Biomonitoring the genotoxity of environmental factors with 
transgenic plants,” Trends in Plant Science 6.7 (2001): 306-310, 307.  
497 Used GFP to monitor and study pathogen infection of plants. Monitoring virus infected tissue with microscopy to 
study virus movements and by fusing protein to determine how the virus spreads through and among host cells.  
498 GFP was used as a reporter gene to localise viruses. Plants were infected with potato virus and GFP (genetic 
fusion) resulting in infected tissue fluorescing green.  The  ‘virus-infected tissue’ could be analysed (epifluorescence or 
confocal laser scanning microscope) using instruments to localise the presence of the virus to the individual infected 
cells. David C Baulcombe, Sean Chapman and Simon Santa Cruz, “Jellyfish green fluorescent protein as a reporter for 
virus infections,” The Plant Journal 7.6 (1995): 1045-1053. 
499 A plant hormone, abscisic acid (ABA), plays a vital role in plant responses to environmental stress.  By fusing an 
ABA-responsive promoter (acting like a ABA gene switch) to GFP. The GFP fluorescence was enhanced by exposure 
to cold, salinity, dark and ABA. Jen Sheen, “Ca2+-Dependent Protein Kinases and Stress Signal Transduction in 
Plants,” Science 274 (1996): 1900-1902. 
500 Marc Zimmer, Glowing Genes (New York: Prometheus Books, 2005), 95. 
501 Jen Sheen, Stress-protected transgenic plants, USA: Patent 7084323. 2006 Janurary 08. 
502 Owing to their sessility, plants are can be used as biomonitors that can be enhanced with the visual screening 
attributed afforded by GFP fluorescent qualities.  Papers have also suggested their use in, with integrated GFP, as 
biosensors to ‘serve as target for mutagenic influences’ to assess soil, air or water pollution. Igor Kovalvhik, Olga 
Kovalchuk and Barbara Hohn, “Biomonitoring the genotoxity of environmental factors with transgenic plants,” 
Trends in Plant Science 6.7 (2001): 306-310, 306.  
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akin to intelligence in plants through its chemical connection with calcium, as we shall see.  This 

is still more controversial and significant, if proven, than genetic markers. 

 

The calcium probe    

 

Evidently, our capacity to recognise plants’ responses to their environment is frequently a time-

delayed event. Tropic effects, such as, stunted growth caused by wind or other mechanical 

stimuli tends to manifest on a slower timescale than ours.  The scientific understanding of plants 

provided by aequorin protein probes increase our capacities to observe these changes and 

highlight internal changes with an immediacy that is otherwise hidden by molecular events, with 

calcium as the driving force.   As noted by plant physiologist, Anthony Trewavas, in his paper: 

‘Le Calcium, C’est la Vie: Calcium Makes Waves’:  

 

We may never fully understand the complex information implicit in the topological 
calcium signal that is generated. But, then again, 20 years ago, we understood nothing at 
all of calcium in plants cells and now knowledge increases on a daily basis.503 

 

Calcium is ubiquitous in living organisms and essential for coordinating a wide range of cellular 

processes504 and structures. Though recognised in its mineralised form (bones), calcium’s less 

visible intracellular role, traversing cellular spaces, involves transducing signals and constructing 

responses. Acting as the ‘major communicator’505 and ‘almost the controller, of the conditions 

outside the cells relative to those inside,’506 calcium’s pivotal role in the transmissions of 

messages (signalling pathways) regulates vital processes in both animal and plant cells.   In plants, 

calcium is taken up from the soil, conveyed into aqueous solution and transported within, 

moving predominantly inside cell walls and in the spaces between the cells. All cells and tissues 

are supplied with and surrounded by calcium containing sap. Calcium507 acts, as we will see, as a 

vital intracellular signalling molecule with widespread functions.   

 

Given the infinitesimal scale, the calcium-sensitive luminescent aequorin protein provides a 

scope through which we can visualise508 intracellular processes509 ‘in vivo’510. Aequorin’s ability to 

                                                        
 
503 Anthony Trewavas, “Le Calcium, C’est la Vie: Calcium Makes Waves,” Plant Physiology 120 (1999): 1-6, 6.  
504 Such as nerve transmission, muscle contraction, cell motility. 
505 Ernesto Carafoli and Claude B Klee, Calcium as a Cellular Regulator (Oxford: Oxford University Press Inc, 1999), 
3. 
506 Ibid. 
507 Calcium is an essential plant nutrient. Calcium deficiency is noticeable as it includes stunted root growth and altered 
leaf appearances. 
508 ‘Methods for measuring plant cytoplasmic calcium using microelectrodes or microinjected fluorescent dyes are 
associated with extensive technical problems, so measurements have been limited to small groups of cells in tissues 
strips or protoplast.’ Marc R Knight, et al., “Transgenic plant aequorin reports the effects of touch and cold-shock and 
elicitors on cytoplasmic calcium,” Nature 352 (1991): 524-526. 
509 ‘Luminescence can be measured continuously for many weeks.  This novel method offers a broad scope for 
obtaining very precise and significant information on [Ca2+] in plant cells. Anthony Trewavas, “Signal Perception and 
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generate blue light from calcium rests on its reactive architectural structure causing it to split into 

parts before slowly reconstituting itself spontaneously. The release of blue light through calcium 

makes aequorin an accurate indicator of its presence - a calcium probe.511 Aequorin’s coupling 

with calcium, as an imaging tool, reveals how rapid bursts of calcium into, or out of, cells convey 

information generated by extracellular sources - mechanical stimuli - and initiate responses. One 

experiment, probing calcium elevation in tobacco plants in response to simulated wind, gives an 

account of the contrasting experience of plants as slow living entities showing visible responses 

in milliseconds rather than weeks or months needed to observe morphological effects 

(thigmomorphogenesis). Aequorin visually highlights this immediacy and offers a way of 

bridging the gaps between the socio-temporal experiences we have of plants by removing the 

time barriers.  

 

It is widely known that:  
 

Wind is a primary environmental variable that markedly influences the growth, 
development, and distribution of plants.  Even short exposures to wind greatly reduce 
plant size and leaf area and can dramatically diminish crop yield.512 

 

In an attempt513 to establish how plants perceive wind, tobacco plants, Nicotiana plumbaginifolia, 

were genetically transformed to express aequorin.514 The plants would receive controlled wind 

stimulus mimicked, using a syringe to expel air at varying forces. The emitting light was recorded 

using special cameras515 and instruments that could image, measure and document luminescence, 

wind forces,516 and seedlings movements.517  The experiment showed that a wind stimulus causes 

an immediate luminescence, reflecting an increase518 in the calcium concentration in the cell. This 

added to a body of findings that implicated calcium as a signalling molecule in plants mediating 

                                                                                                                                                              
 

Transduction,” Anthony Trewavas, Biochemistry & Molecular Biology of Plants, ed. Bob B Buchanan, Wilhelm 
Gruissem and Russell L Jones (West Sussex: American Society of Plant Physiologist, 2000), 967. 
510 ‘This avoids the need for sectioning or staining of tissues and allows potentially the precise monitoring of dynamic 
events in living plants.’ Jim Haseloff and Brad Amos, “GFP in Plants,” Trends in Genetics 11.8 (1995): 328-329, 329. 
511 The aequorin protein is spontaneously generated given its two constituents: apoaequorin and coleneterazine 
(luminophore). The luminescence involves the binding of aequorin with calcium ions that alters its shape 
(conformational change) resulting in oxygen reacting with the colenterazine (oxidation) and an accompanying emission 
of blue light.   Without calcium binding to aequorin, no blue light is given off thus aequorin acts as a highly effective 
luminescent indicator for the presence of calcium.   
512 Marc J Knight, Steven M Smith and Anthony J Trewavas, “Wind-induced plant motion immediately increases 
cytosolic calcium,” Proceedings of the National Academy of Sciences 89 (1992): 4967-4971, 4967. 
513 ‘There is at present no experimental data to suggest how wind signals are perceived and transduced by plant cells.’ 
Ibid.  
514 To express gene encoding for apoaequorin, Aequorin was spontaneously reconstituted by immersing the 
transformed tobacco seedlings in water (for 6 hours) containing coelenterazine.  
515 An extremely sensitive photon counting instrument (chemiluminometer) with an EMI photomultiplier model. For 
luminescence measurements, were measured with luminometer cuvette (Luminescence Detection Instruments). 
Cuvettes were then placed within sample housing of the chemiluminometer.  
516 ‘These wind stimuli calibrated and wind forces were calculated by connecting luminometer cuvettes containing 
seedlings, to energy transducer coupled to chart recorder and aplying the same stimuli as used for luminescence 
measurements.’ Marc J Knight, Steven M Smith and Anthony J Trewavas, “Wind-induced plant motion immediately 
increases cytosolic calcium,” Proceedings of the National Academy of Sciences 89 (1992): 4967-4971, 4968.  
517 ‘Nicotiana seedling movement was recorded using a Sony VHS video camera with macro lense.  The tracking speed 
was 50 frames per s with a shutter speed of 1 ms.’ Ibid.   
518 Neurons also use internal calcium elevation when they relay information. 
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responses that lead to phenotypical changes. The data suggested that mechanical stimulation in 

plant cells are ‘sensed’ through intracellular calcium.519 Concluding:   

 

Mechanical sensing by higher plants is extremely sensitive, and only slight movement or 
touch is necessary to induce immediate responses in cytoplasmic calcium.520 

 

It is interesting to note that:  

 
Intriguingly, the intracellular calcium levels in animal cells also increase following 
mechano-stimulation.521  

 

Unlike animals, plants do not appear to respond instantaneously to environmental stimuli. The 

lack of progressive motion makes it difficult for us to interpret plants behavioural responses. In 

contrast, the apparent behaviour in animals involves movement and given that our 

‘perception/response system works at the rate of transmission of the nervous system’,522 we 

regard movement an attribute of behavioural intelligence. Further, the speed of our cognitive 

functioning and behaviour is attributed to the higher cognition in animals. Herein, lies the 

importance of perceivable responses: through animals’ locomotive capacities, motive becomes 

apparent, enhancing humans’ ability to empathise with their behavioural responses, such as 

animal movement toward a safer location if threatened.  Plants on the other hand are sessile and 

appear devoid of observable responses when exposed to danger.  While behaviour in plants may 

become apparent by using time-lapse to compress time to show plants phenotypical plasticity 

resulting in morphological transformations towards resources or away from danger, foraging, 

competition with other plants and so forth, calcium probes offer inherent visualisation of plants’ 

real-time responses to external stimuli such as wind, touch or temperature.  

 

In the experiment described, the speed at which the aequorin expressing plants responded to 

stimuli indicated that calcium was mediating these signals.  It demonstrated plants’ ability to 

immediately perceive their surroundings.  The aequorin technology (fig. 95) - calcium sensitive 

luminescent indicator - extends the scope of available visualisation techniques, that is, an event 

(such as plants’ response to wind) made visible as it occurs rather than a gradual morphological 

response (growth). As a potential tool for visual arts the instruments used in earlier experiments 

needed specialised calibration to detect aequorin light due to its weak pulses, however, more 

recent developments allow processes to be observable with the naked eye in a dark room. 

 

                                                        
 
519 Calcium responses to touch stimulation that are similar to the wind-induced responses described here (see Chapter 
4.2, ‘Penetrating the Fragmented Self’).  
520 Simon Gilroy and Anthony Trewavas, “Signal processing and transduction in plant cells: the end of the 
beginning?,” Nature Reviews Molecular Cell Biology 2 (2001): 307-314. 
521 E Wassim Chehab, Elizabeth Eich and Janet Braam, “Thigmomorphogenesis: a complex plant response to 
mechano-stimulation,” Journal of Experimental Botany 60.1 (2009): 43-56, 45.  
522 Anthony Trewavas, “What is plant behaviour,” Plant, Cell and Environment 32 (2009): 606-616, 608. 
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The rise of cellular calcium in plants ‘may last anywhere from a few seconds to many minutes in 

plant cells, depending on the characteristics of the stimulating signal.’523  This data and 

subsequent inquiries, through plants transformed with aqueorin, implicate cellular calcium as a 

‘major player in a messaging system that helps plants to monitor and respond to more than a 

dozen environmental variables – functions that, in animals, are performed by the nervous 

system.’524 It has been demonstrated that plants screen numerous external and diverse 

environmental forces that are perceived and acted upon continuously.   

 

Fig. 95. Plant tissues of transgenic aequorin-containing seedlings induced to luminesce by cold-shock treatment.525 
Photo: Anthony Trewavas.526  Permission to reproduce this image has been kindly granted by Professor Anthony 
Trewavas from The Edinburgh Molecular Signalling Group (http://homepages.ed.ac.uk/ebot40/main.html).  

 

An increasing body of research is showing that responses to these signals are integrated 

responses and for these responses to be co-ordinated, internal communication within the plant is 

required. Aequorin coupling with calcium illuminates these emergent features and reveals plants 

as having a type of intelligent behaviour based on their capacity to perceive the environment and 

modulate their morphology, physiology and phenotype accordingly.  

 

                                                        
 
523 Anthony Trewavas, “Le Calcium, C’est la Vie: Calcium Makes Waves,” Plant Physiology 120 (1999): 1-6, 1.  
524 Cherie Winner, No Shrinking Violet, 2006, 29 June 2009  
<http://wsm.wsu.edu/stories/2006/May/NoShrinkingViolet.html>. 
525 Anthony Trewavas, “Signal Perception and Transduction,” Anthony Trewavas, Biochemistry & Molecular Biology 
of Plants, ed. Bob B Buchanan, Wilhelm Gruissem and Russell L Jones (West Sussex: American Society of Plant 
Physiologist, 2000), 967.   
526 Anthony Trewavas, The Edinburgh Molecular Signalling Group, 1 July 2009  
<http://homepages.ed.ac.uk/ebot40/main.html>. 
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In his paper exploring the complexity of plant behaviour, a phenomenon Trewavas describes as 

‘mindless mastery’, he asserts:   

 

How is such intelligent behaviour computed without a brain? Cellular calcium mediates 
most plant signals, and calcium waves inside cells offer computational possibilities. The 
challenge is set — remarkable years of discovery lie ahead.527 

 

Calcium signalling in plants has been demonstrated528 as having similar properties to, albeit 

simpler than, neural networks. Correlations between calcium signalling in plants and neural 

networks that also use an internal calcium elevation when they relay information, were shown in 

five principal properties; spatial structure, coincidence controlling – passing or blocking of 

specific signals, synchronisation of potential and rhythmic oscillation and learning and memory 

of previous signals. In both systems, learning occurs by various ways of reinforcing connections 

in the network. As a result there is acceleration in information and flux between the signal and 

elements that initiate the desired response. The striking resemblance between the networks (fig. 

94) was described as a ‘formal equivalence’,529 placing calcium as a central actor in causing 

behavioural plasticity and emergent properties for plants, in accordance with optimum solutions, 

based on its environment.  

 

 
Fig. 96. ‘Comparison of the information flow through a calcium cloud and a simple neuronal network. A, Generation 
of a wavefront of calcium release through a number of IP3-sensitive channels from a single activated channel (black 
arrows). B, Diversification of a single electrical signal through a neuronal network with the signal impacting on a single 
neuron (black arrows).’530  Plant physiology by American Society of Plant Biologists. © 1999 Reproduced with 
permission of AMERICAN SOCIETY OF PLANT BIOLOGISTS in the format Dissertation via Copyright 
Clearance Center. 

 

The extension developed from the calcium influxes, in its analogy to a neural network, spans a 

contrasting reversal in our thinking of plants.  If aequorin reveals in plants a type of intelligent 

behaviour, the analogy with neural networks in animals is given considerable strength.  It 

constitutes a fundamental change in how we think of plants – and indeed of animals.   

 

                                                        
 
527 Anthony Trewavas, “Mindless Mastery,” Nature 415 (2002): 841. 
528 Anthony Trewavas, “Le Calcium, C’est la Vie: Calcium Makes Waves,” Plant Physiology 120 (1999): 1-6. 
529 Ibid. 4.  
530 Ibid. 3.  
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Summary 

 

By genetically encoding fluorescent proteins, unobservable aspects in plants come to light, 

revealing rapid and dynamic interactions with their surroundings.  These revelations suggest new 

ways of engaging with the intrinsic qualities of plants, as a way of understanding this type of life 

and as an extension of visual arts practices that use living mediums. Thus the scientific 

understanding of real but invisible phenomena of plants can be experienced and contemplated to 

show that its aesthetics (fluorescence) convey relevant biological significations.  It provides a 

scope to consolidate the gaps in our subjective experiences with the sensorial understanding of 

plants emerging from the sciences. 

 

Movement in plants could be described as ‘growing a response’. During early stages, such 

developments and effects are only visible to humans through the various forms of mediation we 

have examined.  The ‘ubiquity of calcium involvement in plant-cell signal transduction suggests 

that calcium forms the basis of intelligent system controlling plasticity.’531  If this is right, then 

the coupling of aequorin and calcium has revealed intrinsic properties of plants that suggest 

intelligent532 behaviour. The image mediated by these technologies indicates a kind of intelligence 

that renders obsolete Aristotle’s early, and still foundational, classification of living systems.  

Here, science can work with media and art inquiries to enrich our sense of the many 

fundamentals, of what might be a more contemporary understanding of the soul of plants’ 

movement, thought, and even animate life.  

 

The following chapter considers the inherent and spectral notion of fluorescence as an interface 

integrating aesthetics and correlating processes in bacteria and plants that were explored as part 

of this research’s practice.     

                                                        
 
531 Anthony Trewavas, “Le Calcium, C’est la Vie: Calcium Makes Waves,” Plant Physiology 120 (1999): 1-6, 5.  
532 ‘Thus, a simple definition of plant intelligence can be coined as adaptively variable growth and development during 
the lifetime of the individual. To add significance to this definition, time lapse shows that virtually all plant movements 
are indeed the result of growth and development.’ Anthony Trewavas, “Aspects of Plant Intelligence,” Annals of 
Botany 82 (2003): 1-20. 
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CHAPTER 3.3: TOWARDS THE AESTHETICS OF 
INTRINSIC BIOLOGICAL ACTIVITIES  
 

 

In both artistic and scientific contexts, fluorescent proteins offer spectacular visual advantages in 

terms of their illuminating aesthetics that communicate intrinsic biological processes extrinsically 

via fluorescence.  The two preceding chapters (3.1 and 3.2) point to a conflict between Kac’s use 

of GFP and its wider use in the biosciences.  On the one hand, the scientific utilisations of GFP 

(and related proteins, such as aequorin or GFP mutants) as a reporter gene enable the 

understanding of biological systems. For example, recall the experiment (chapter 3.2) where 

touch stimuli resulted in aequorin-expressing plants to glow (with the light produced by the 

calcium elevation) demonstrating their immediate awareness of its surroundings (subjectivity). 

On the other hand, in Kac’s GFP artworks (‘Creation Trilogy’), the communicative abilities of 

the protein interface are obscured by his ‘over-emphasis’ on GFP’s aesthetic, symbolic and social 

aspects.  In this regard, the function of GFP was trivialised as it ceased to convey the inner 

biological activities indicative of the organisms’ subjectivity and consequently, as I argued, 

relegated the GFP organisms into living aesthetic objects of art.  This act of objectification 

contrasts with what Kac hails as one of the defining distinctions between bio art and other forms 

of art:  

 

[…] bio art creates not just new objects, but, more tellingly, new subjects. Unlike 
conceptualism, which highlighted the use of ideas, language, and the documentation of 
events, bio art emphasizes the dialogical and relational (e.g., crossing to isolate specific 
characteristics and thus create a distinct being). […] Bio art must be clearly distinguished 
from art that exclusively uses traditional or digital media to address biological themes, as 
in a painting or sculpture depicting a chromosome or a digital photograph suggesting 
cloned children.533 

 

Although Kac avoids the epistemological issues in his work despite evidently staking; 

epistemological claims534, recurrent neologistical535 framings to portray his practice and 

inhabiting ‘new’ spaces or directions in the contemporary arts536, the artworks themselves 

                                                        
 
533 Eduardo Kac, “Art that Looks You in the Eye: Hybrids, Clones, Mutants, Synthetics, and Transgenics,” Signs of 
Life, Bio Art and Beyond, ed. Eduardo Kac (Cambridge: The MIT Press, 2007) 1-28, 19-20.  
534 Ernestine Daubner, Eduardo Kac & The Art of Spinning a Green Bunny, 2005, 26 August 2009  
<http://www.ciac.ca/magazine/archives/no_23/en/oeuvre4.htm>. 
535 ‘I coined the word “antigravitropism” to retain the affirmative quality of negating or neutralizing gravity.’ Eduardo 
Kac, Hodibis Potax (Édition Action Poétique, Ivry-sur-Seine, France and Kibla, Maribor, Slovenia, 2007), 119-121.  
‘In 1997 I created Time Capsule and it was a turning point in my work, when I coined the term “bio art.” Simone 
Osthoff, Eduardo Kac at IVAM : a Conversation with the artist, 2007, 12 August 2010  
<http://www.ekac.org/osthoff.interview.art.es.html>. ‘Kac has coined many names for his work, such as: bioart, 
biopetics, biorobotics, biotelematics, holopoem, holopoetry, telempathy, plantimal, telepresence, teleborg, transgenic 
art, weblography, and webot.’ Angel Kalenberg, Eduardo Kac: The Artist as Demiurge , 2008, 12 August 2010  
<http://www.artnexus.com/Notice_View.aspx?DocumentID=19376>. 
536 ‘Transgenic art, I propose, is a new art form based on the use of genetic engineering techniques to transfer 
synthetic genes to an organism or to transfer natural genetic material from one species into another, to create unique 
living beings.’ Eduardo Kac, “Transgenic Art,” Leonardo Electronic Almanac 6.11 (1998).  For example in his 
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generate these discussions regardless or in spite of his intent. Kac’s implied movement towards 

subjectivity is not necessarily as radical a break as some would have us believe.537 

 

Fig. 97. Eduardo Kac, Natural History of the Enigma, transgenic flower with artist’s own DNA expressed in the red 
veins, 2003/2008. Collection Weisman Art Museum. Photo: Rik Sferra.538 

 

Even Kac’s recent award winning539 work, ‘Natural History of the Enigma’ (2003-2008, publicly 

announced on 17 April 2009540), fig. 97, where he (or more accurately, Professor Neil Olszewski)  

‘creates’541 rather than ‘borrows’ genetically modified living organism (in contrast to his GFP 

artworks), he is still concerned with his subjectivity and its (his subjectivity) expressions:  

 

The central work in the “Natural History of the Enigma” series is a plantimal, a new life 
form I created and that I call “Edunia”, a genetically-engineered flower that is a hybrid 
of myself and Petunia. The Edunia expresses my DNA exclusively in its red veins. 
 
The new flower is a Petunia strain that I invented and produced through molecular 
biology. It is not found in nature.  The Edunia has red veins on light pink petals and a 

                                                                                                                                                              
 

biography cites: ‘At the dawn of the twenty-first century Kac opened a new direction for contemporary art with his 
“transgenic art”--first with a groundbreaking transgenic work entitled Genesis (1999), which included an “artist’s 
gene” he invented, and then with his fluorescent rabbit called Alba (2000).’ Eduardo Kac, Eduardo Kac - Biographical 
Note, 2 August 2010 <http://www.ekac.org/kacbio600.html>.  
537 Jens Hauser, “Toward a Phenomenological Approach to Art Involving Biotechnology,” Tactical biopolitics: art, 
activism, and technoscience, ed. Beatriz Da Costa and Kavita Philip (Cambridge: The MIT Press, 2008) 83-104. 
538 Ibid.  
539 Golden Nica Award, Ars Electronica, 2009, Prix Ars Electronica, Golden Nicas 09, 12 August 2010  
<http://www.aec.at/prix_history_en.php?year=2009>. 
540 Chin-Chin Yap, Blooming into Being, June 2010, 12 August 2010 <http://www.ekac.org/NHE.biblio.html>. 
541 ‘Neil Olszewski, professor of plant biology at the University of Minnesota, coordinated the fabrication of the 
transgenic plant and the source of a protein that Kac integrated into the public artwork’s form.’ The Frederick R. 
Weisman Art Museum, University of Minnesota., Eduardo Kac: Natural History of the Enigma, 2009, 10 August 2010 
<http://www.weisman.umn.edu/exhibits/Kac/home.html>. 
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gene of mine is expressed on every cell of its red veins, i.e., my gene produces a protein 
in the veins only. The gene was isolated and sequenced from my blood.542  

 

 
Fig. 98. Horticultural website showing images of red veined Petunias. Left: ‘Petunia Grand Hybrid Aladdin Summer 
Ice.’ Right: ‘Petunia Grand Hybrid Limbo Red Veined.’543  Permission to reproduce these images has been kindly 
granted by Norseco.  

 

What is more, the flower’s phenotypical aesthetics remain unchanged544 (fig. 97 & 98), and as a 

result the scientific significations of the work become more relevant (fig. 99).   

 

Nevertheless, Kac hints at the characterisation of his ‘blood-derived DNA’ onto the (already) red 

veins of the plant:  

 

The petal pink background, against which the red veins are seen, is evocative of my own 
pinkish white skin tone. The result of this molecular manipulation is a bloom that 
creates the living image of human blood rushing through the veins of a flower. 
 
It uses the redness of blood and the redness of the plant’s veins as a marker of our 
shared heritage in the wider spectrum of life. By combining human and plant DNA in a 
new flower, in a visually dramatic way (red expression of human DNA in the flower 
veins), I bring forth the realization of the contiguity of life between different species. 
 
To create a Petunia with red veins in which my blood gene is expressed I made a 
chimeric gene composed of my own DNA and a promoter to guide the red expression 
only in the flower vascular system.545  

 

However, it is clearly the case that the red veins seen on the plant are a natural occurrence (see 

fig. 98) not a result of the recombination that Kac ambiguously plays on. What is significant here 

is that this work does not communicate plant’s subjectivity or scientific knowledge spaces 

beyond Kac’s ambiguous genetic assimilation.  

                                                        
 
542 Eduardo Kac, Natural History of the Enigma, 12 August 2010 <http://www.ekac.org/nat.hist.enig.html>. 
543 Norseco, Semences - Annuelles O et P, 12 August 2010 <http://www.norseco.com/Photos/61_5306.jpg>. 
544 ‘In Edunia, Kac’s gene is visible under a microscope, Olszewski says. But to the naked eye Edunia “looks like a 
normal petunia. The trans-gene has had no effective on the plant’s appearance.”’ Camille LeFevre, Of Transgenic 
Petunias and Glow-in-the-Dark Bunnies, 13 May 2009, 12 August 2010  
<http://www.mnartists.org/article.do?rid=232926>. 
545 Eduardo Kac, Natural History of the Enigma, 12 August 2010 <http://www.ekac.org/nat.hist.enig.html>. 
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Fig. 99. Eduardo Kac, The making of Natural History of the Enigma546, April 2009.  

 

 
Fig. 100. Left: Eduardo Kac, Natural History of the Enigma, transgenic flower with artist’s own DNA expressed in 
the red veins, 2003/2008. Photo: Rik Sferra.547 Right: Eduardo Kac with his ‘Edunia’.548 ‘The making of Natural 
History of the Enigma549 I’m hoping people will realize this is no plastic flower we're talking about; it’s a living being 
just like me.’550  

 

Further, in light of Kac’s statement at the beginning of this chapter (above) on the distinctions 

between bio art and ‘art that uses traditional or digital media to address biological themes’ are 

contradictory in the light of ‘GFP Bunny’ (which was presented through narrative via traditional 

and digital media) and in ‘Natural History of the Enigma’ series.   Rather than produce a clearer 

                                                        
 
546 Eduardo Kac, The making of Natural History of the Enigma, 12 August 2010  
<http://www.ekac.org/edunia.makingof.html>. 
547 Eduardo Kac, Natural History of the Enigma , 17 June 2009, 12 August 2010  
<http://www.ekac.org/NHE.exhibition.photos.html>. 
548 Star Tribune, Not your garden variety Petunia, this petunia carries artist's DNA, 17 April 2009, 11 August 2010 
<http://www.ekac.org/star.tribune.2009.html>. 
549 Eduardo Kac, The making of Natural History of the Enigma, 12 August 2010  
<http://www.ekac.org/edunia.makingof.html>. 
550 Ibid.  
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knowledge exchange between the disciplines of art and bioscience in order for the works to take 

on this duality, he maintains a practical alignment with ‘traditional or digital media’ in terms of 

executing and presenting his works (see fig. 101, 80 and 81).   

 

 
Fig. 101. Left: Eduardo Kac, “Singularis” (from the Natural History of the Enigma series), permanent public 
sculpture, St. Paul, Minnesota, fiberglass and metal, 14'4" (height) x 20'4" (length) x 8' 5" (width). Collection Weisman 
Art Museum, Minneapolis.  Right: Eduardo Kac, Mysterium Magnum I-VIII, pairs of watercolor on acid-free hand-
made paper (from the “Natural History of the Enigma” series), 9 x 13" (25 x 32 cm) each individual watercolor in a 
pair. 

 

The essential difference between the ‘Natural History of Enigma’s’ ‘Edunia’ and the GFP living 

organisms (plants, bacteria, amoeba, mice, rabbit, fish) in his GFP works, is that the genetic 

fusion of the integrated GFP genes can be visually seen (unlike Kac’s antibody genes in the 

petunia).  However, rather than tapping into this communication potential where a profusion of 

signification has already been established (in the sciences) and meaning to be gained (in the arts), 

we find that we frequently return to the artist’s subjectivity.   

 

Fig. 102. Left: Endothelial cells under the microscope. Nuclei are stained blue with DAPI, microtubles are marked 
green by an antibody bound to FITC (derivative of fluorescein) and actin filaments are labelled red with phalloidin 
bound to TRITC. Bovine pulmonary arthery endothelial cells.551 ImageJ-Programmpaket (public domain). Right: 
Agarose gel with Ethidium Bromide stained DNA after electrophoresis under a UV-transilluminator from Howard 
Boland’s research project on synthetic biology using Catalase promotor to develop a hydrogen peroxide biosensor at 
the University of Westminster. Photo: Howard Boland. Permission to reproduce this image has been kindly granted by 
Howard Boland. 

 

                                                        
 
551 National Institutes of Health, Fluorescent Cells, 12 August 2010  
<http://rsb.info.nih.gov/ij/images/FluorescentCells.jpg>. 
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Like GFP, a variety of fluorescence applications (i.e. fluorescent tags such as Ethidium Bromide 

used to visualise DNA fragments or fluorescein used in microscopy) have rapidly become 

facilitators – ‘inscription devices’ - in extracting knowledge of biological systems at the molecular 

level where intrinsic processes (reactions and activities) can be visualised (fig. 102).  The notion 

of fluorescence signifying biological activities will be further discussed in order to explore the 

connections between intrinsic qualities (biological processes) and aesthetics (fluorescence).  

 

This chapter follows a series of open-ended experimental studies in my practice that utilise 

scientific and reflective approaches. Methods of AR/PAR were deployed to explore how 

fluorescence could externalise inherent biological activities, such as bacterial transformation, 

extraction of plant fluorescent molecules and the use of fluorescence to monitor water uptake in 

plants. The outcomes provided experiential (and empirical) insights into the extent fluorescent 

expressions functions as an interface by visually extending our view of the ‘inner’ (subcellular).   

 
Glowing bacteria: transformation with firefly gene 
 
 

For some things which are neither fire nor forms of fire seem to produce light by 
nature.552 

 

Fig. 103. After the previous night’s fondue, these prawns where taken out of my kitchen fridge and (serendipitously) 
revealed themselves with a striking new coat – luminous bacteria. Photo: Laura Cinti.553  

                                                        
 
552 The earliest written account of bioluminescent dates back to Aristotle.  Aristotle, Minor Works, ed. T E Page, et al., 
trans. Walter Stanley Hett (Cambridge: Harvard University Press, 1955), 7.  
553 Laura Cinti, Glowing (dead) Prawns, 5 October 2009, 12 July 2010  
<http://c-lab.co.uk/default.aspx?id=5&blogid=961>. 



 174 

The phenomenon of bioluminescence,554 the chemically induced production of light within living 

organisms, can be observed in many species.  These include various bacteria (fig. 103), fireflies, 

worms, click beetles and fungi.   Although terrestrial bioluminescence is a rare occurrence, in the 

open ocean555 zone it is a predominant feature.  Its prevalence is frequently encountered as part 

of marine biologist and bioluminescent expert Dr Edith Widder’s research:  

 

In the ocean, it’s the rule, rather than the exception. If I go out in the open ocean 
environment, virtually anywhere in the world, and I drag a net from 3,000 [feet] to the 
surface, most of the animals, in fact, in many places, 80 to 90 percent of the animals I 
bring up in that net, make light. This makes for some pretty spectacular light shows.556 

 

Bioluminescence reactions continue to be harnessed as essential analytical tools in the biological 

sciences.557 These include the aforementioned proteins from Aequorea such as aequorin, the 

calcium sensitive protein utilised as (intracellular) calcium probes, and GFP (including its 

‘family’558 of protein) used as ‘highlighter’ or reporter proteins.  Methods of implementing 

(cloning559) bioluminescent reactions are derived from chemical investigations as a means to 

understand this phenomenon; one such example was discussed in Shimomura’s extraction and 

purification of Aequorea’s light organs (Chapter 3.2). I briefly describe the first extraction 

experiments, where light organs from bioluminescent beetles and clams were extracted, in order 

to highlight an additional mechanism of bioluminescence (the other being photoproteins, GFP 

and aequorin), referred to as ‘luciferin-luciferase’ reaction.  The relevance of this will be seen in 

the two experiments I conducted, the bacterial transformation that utilised the ‘luciferin-

luciferase’ mechanism and the extraction of chlorophyll molecules as means of experiencing their 

functioning outside the plant body.    

 

The first ‘modern’560 chemical studies of bioluminescence was demonstrated in 1885 by French 

physiologist Raphaël Dubois (1849-1929), where light organs of the luminous West Indies beetle 

(Pyrophorus) were extracted and crushed with cold water to reveal a luminescence that gradually 

faded. Another sample of tissue extract of light organs was crushed with hot water, which 

immediately extinguished the luminescence.  After being cooled, the ‘hot extract’ was mixed with 

                                                        
 
554 Edmund Newton Harvey (1887-1959) used ‘bioluminescence to describe luminescence from living organisms, 
possibly for first time.’ Osamu Shimomura, Bioluminescence: Chemical Principles and Methods (London: World 
Scientific Publishing Co Pte Ltd, 2006). E. Newton Harvey, “The Mechanism of Light Production in Animals,” 
Science (1916): 208-209. 
555 These undersea creatures include; the jellyfish Aequorea Victoria, Firefly squids (Watasenia scintallans), anglerfish 
(Lophius piscatorius), Bermuda Fireworm (Odontosyllis enapola), clams (Pholas dactylus), and krill (Euphausia pacifica).   
556 TED, Edith Widder: Glowing life in an underwater world, April 2010, 16 June 2010  
<http://www.ted.com/talks/edith_widder_glowing_life_in_an_underwater_world.html>. 
557 For example: Matthias Brock, et al., “Bioluminescent Aspergillus fumigatus, a New Tool for Drug Efficiency 
Testing and In Vivo Monitoring of Invasive Aspergillosis,” Applied and Environmental Microbiology (2008): 7023–
7035. Osborn J Karen, et al., “Deep-Sea, Swimming Worms with Luminescent ‘Bombs’,” Science 325.5943 (2009): 
964. 
558 Such as GFP-like proteins in corals, a red fluorescent protein called DsRed. 
559 Adding these genes into vectors (plasmids). 
560 Osamu Shimomura, Bioluminescence: Chemical Principles and Methods (London: World Scientific Publishing Co 
Pte Ltd, 2006), xix.  
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the ‘cold extract’ to reveal luminescence.  This demonstrated the function of the ‘hot extract’ in 

reactivating the light reaction.  The same phenomenon was found again when Dubois grounded 

extracts of clams (Pholas dactylus) in 1887.  He, thus, concluded that the ‘cold extract’ contained a 

specific heat sensitive enzyme (proteins that catalyse a reaction) necessary for the light emitting 

reaction and introduced the term ‘luciferase’ for this enzyme. The ‘hot extract’, in which this 

enzyme was destroyed by heat, contained a specific (heat stable) substance he called ‘luciferin’.   

The ‘luciferin-luciferase’561 mechanism has since become a generic term that is applied to variety 

of bioluminescence organisms to describe the substrate-enzyme that catalyses a light producing 

reaction.  Luciferase (cold extract) catalyses the chemical reaction in the presence of the small 

molecule luciferin (hot extract) and the energy molecule of all living systems called adenosine 

triphosphate, ATP.562 Each phenomena of bioluminescence was understood as being implicated 

by ‘luciferin-luciferase’ until the discovery of aequorin and GFP in 1962.   Thus, a new term - 

photoprotein563 - was introduced in 1966 by Shimomura to categorise these proteins capable of 

emitting light in proportion to the amount of proteins used.564  

 

The ‘luciferin-luciferase’ mechanism, that is, light emissions by means of chemical reaction 

(enzyme-substrate reaction), was utilised and first successfully expressed in plants (fig. 104) in 

1986.  This experiment was the first to show the versatility of this technique, utilising ‘luciferin-

luciferase’ system, as a powerful reporter tool to determine genetic expressions.565 Transgenic 

tobacco plants (Nicotiana tabacum) expressing the luciferase gene (luc) from North American 

fireflies (Phontinus pyralis) were produced.  On watering the plants with a nutrient solution 

containing the substrate luciferin, they would gradually glow.  This notion of watering plants 

with specific solutions and having plant gradually glow will be discussed in the concluding 

section of this chapter in relation to my fluorescence experiments.  

 

Prior to the successful ‘luciferin-luciferase’ expressions in plants, the same team of scientists 

successfully isolated the luciferase gene and transformed it into bacteria, E.coli, which was then 

able to produce luciferase.566   This also shows the ability for the protein to be expressed in 

multiple organisms. Returning to my own practical studies of this, a similar approach was 

                                                        
 
561 Both terms were named after Lucifer, the ‘Light Bearer’ or fallen angel of light.  
562 Because of ATP, luciferase-luciferin systems are used as indicators of life. For example, it is used as a vital method 
to measure for the effectiveness of disinfection, where no glow will be seen if surface is disinfected (i.e. no living 
bacteria).  
563 ‘Photoproteins refer to bioluminescent proteins from luminous organisms. These proteins do not exhibit 
a luciferin-luciferase reaction, that is, a normal enzyme-substrate reaction. Instead, these proteins display luminescence 
proportional to the amount of the protein. Such proteins are stable as a luciferin-photoprotein complex, often until 
the addition of another required factor, such as Ca2+ for the photoprotein aequorin.’ Wikipedia, Photoprotein, 1 May 
2010, 13 July 2010 <http://en.wikipedia.org/wiki/Photoprotein>. 
564 Osamu Shimomura, Bioluminescence: Chemical Principles and Methods (London: World Scientific Publishing Co 
Pte Ltd, 2006), xxii. 
565 David W Ow, et al., “Transient and Stable Expression of the Firefly Luciferase Gene in Plant Cells and Transgenic 
Plants,” Science 234.4778 (1986): 856 - 859. 
566 Jeffrey R De Wet, et al., “Cloning of firefly luciferase cDNA and the expression of active luciferase in Escherichia 
coli,” Proceedings of the National Academy of Sciences of the United States of America (1985): 7870-7873. 



 176 

employed by assimilating ‘luciferin-luciferase’ to actuate luminescence. The experiment was an 

opportunity to experience genetic transformation outside laboratory settings and explore 

luminescence to report genetic fusions.   

 

 
Fig. 104. The first representation of a transgenic multicellular organism expressing bioluminescence. Photo: Keith 
Wood (of DeLuca lab) for Science Magazine.567 ‘The tobacco plant was able to emit light with sufficient output to be 
captured by overnight exposure on film.’568 From Science, 234:4778, David W. Ow, Keith V. Wood, Marlene DeLuca, 
Jeffrey R. De Wet, Donald R. Helinski and Stephen H. Howell, Transient and Stable Expression of the Firefly 
Luciferase Gene in Plant Cells and Transgenic Plants, 856-859, © 1986. Reprinted with permission from AAAS. 

 

For the experiment [3.2.1.1] I used a transformation kit569 that included a protocol to efficiently 

transfer genetic material, using DNA vector containing firefly luciferase gene (luc) into bacteria. 

                                                        
 
567 David W Ow, et al., “Transient and Stable Expression of the Firefly Luciferase Gene in Plant Cells and Transgenic 
Plants,” Science 234.4778 (1986): 856 - 859. 
568 David W. Ow, “Transgenic plants, then and now: a personal perspective,” Proceedings of the 2000 Cotton 
Research Meeting and Summaries of Cotton Research in Progress, ed. Oosterhuis M D (Fayetteville: University of 
Arkansas Press, n.d.) 15-21. 
569 WARD'S Natural Science, WARD'S Glowing Bacteria: Transformation with a Firefly Gene Lab Activity, 15 
October 2006 <http://wardsci.com/product.asp?splid=SPLID02&pn=IG0011290&bhcd2=1249408682>. 
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The outcome was that one of the defining features, bioluminescence, of the firefly was observed 

as an active characteristic in colonies of E. coli.570   

 

In this study, E.coli cells were swabbed (fig. 105) and placed in a solution of calcium chloride 

culture to induce permeability of the cells’ membranes.  The cells were then incubated on ice (15 

minutes) and then heat shocked (at 42ºC) for one minute allowing the firefly DNA construct 

(plasmid pBESTluc 571) to enter the cells. After which the cells were placed back on ice for 

further five minutes and fed nutrient rich medium (Lysogeny broth) to stimulate growth.  

 

Fig. 105. Left: Extracting E.coli. Right: Calcium Chloride solution.572 Photo: Laura Cinti. 

 

The solution with the transformed E.coli cells was poured onto the petri dishes containing a 

blotting membrane and left to grow overnight at room temperature.  The next morning colonies 

of bacteria could be visibly observed (fig. 106).  

                                                        
 
570 JM101 E.coli Strain from Agilent Technologies, Stratagene Products. JM101 is a recombination- and EcoK 
restriction-proficient (RecA+, Hsdr+) host strain. 
571 Promega corp of Madison holds exclusive licence to produce recombinant lucerferase. This plasmid contains luc 
gene (chromosomal DNA of firefly that containes luc gene) that codes for the prodution of the enzyme luceferase.  
Further it also contains specific gene that will render bacterial host resistant to antibiotic (ampicillin). Using antibiotic 
resistant genes on vector that also contains luc gene ensures that only host cells containing desired genes are produced.  
By placing the antibiotic-resistant gene on same vector that contains luc gene, the bacterial host cells can be grown in 
the presence of ampicillin resistance gene and therefore the luc gene, will be produced.  
572  Laura Cinti, Glowing Bacteria, 7 May 2007, 16 June 2010 <http://c-lab.co.uk/default.aspx?id=28&projectid=40>. 
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Fig. 106. Bacterial colonies in petri dish, London, 2006.573 Photo: Laura Cinti. 

 

The final step of adding luciferin (the ‘hot’ extract) to the petri dishes was followed by 

luminescence producing a yellow-green light emitting from the petri dishes in a dark room (fig. 

107).  

 

Fig. 107. Glowing bacteria experiment, showing transformed bacteria in petri dishes. Image taken in the dark with 
non-specialised digital camera Canon EOS 300D under exposure of 15 minutes and then manipulated (higher 
exposure) in software (Adobe Photoshop) rather than camera (hardware), London, 2006.574  Photo: Laura Cinti. 
However, the light could be seen clearly without the need of additional interfaces in a dark room. 

 

                                                        
 
573  Laura Cinti, Glowing Bacteria, 7 May 2007, 16 June 2010 <http://c-lab.co.uk/default.aspx?id=28&projectid=40>. 
574  Ibid.  
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Fig. 108. Image left to right. 1. The firefly.575 Permission to reproduce this image has been kindly granted by James E. 
Lloyd, University of Florida. 2. Light emitted from a firefly comes from a small molecule called luciferin – which is 
made by the firefly inside its abdomen. The container with luciferin was used in this experiment, London, 2006. 
Photo: Laura Cinti.  

 

Fig. 109. Image from research journal, ‘From insect to tube’, showing a contrasting image between fireflies and the 
‘industrialisation’ of bioluminescence into a ‘tube’.  

 

The following describes my evaluation of the outcomes based on my observations, participation 

and critical reflection processes of action research approaches. As a protein interface, ‘luciferase-

luciferin’ reported intrinsic biological activities in the form of luminescence. Two aspects of 

externalisation (in the sense of ‘outering’576 the inner) will be elaborated.   The first, the external 

manifestations (phenotype) of bacteria’s embedded ‘otherness’ were phenomenologically 

                                                        
 
575 Fireflies are actually beetles.  
576 Used by McLuhan referring to as one more of extension of our bodies or senses. Marshall McLuhan, 
Understanding Media, The Extensions of Man (London: Routledge, 1964). 
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perceivable. The luminescence confirmed the successful transfer of protein (luciferase) into 

bacteria.  As a result, the luminescent expressions acted as visual extensions reporting the 

‘invisible’ biological processes at the level of the genes.   

 

In the transformation kit I used, the genetic fragments (fig. 110, plasmid pBESTluc) were 

designed to encode for the production of enzymes luciferase under the control of a genetic 

component (promoter) driving the expression (of luciferase) called E.coli tac promoter.577  This 

component is synthetic578 and has its origin in regulating metabolic processes. Thus, the 

expression of the luciferase enzyme is driven by mechanisms regulating the bacteria’s metabolic 

processes. However, it is when the substrate (luciferin) is added that the light reaction occurs as a 

result of luciferase catalysis.  

 

 
Fig. 110. Plasmid pBESTluc™ (Promega Corps).579 Permission to reproduce these images has been kindly granted by 
Promega.  

 

Secondly, on the level of undertaking the technical procedures leading up to the results, the 

luminescence surprised me. Needless to say, the low tech-environment of a kitchen played a 

small part in evoking this reaction. More so, it was spurred by my inability, throughout the 

duration of the experiment, to verify or perceive the underlying processes and in this context the 

luminescence expressions authenticated the successful execution of the technical procedures.  

During critical stages, there were no ‘signposts’ to give an indication of what the statuses of these 

processes were.  In the space from the beginning of the experiment to the point where the 

transformed E.coli colonies express luminescence, the ‘invisible’ remained hidden in 
                                                        
 
577 A region of DNA that facilitates the transcription of a particular gene. 
578 Ptac promoter was created by fusing promoter for the E.coli genes encoding the enzymes for lactose metabolism 
(lac promoter) with part of the promoter for genes encoding for the enzymes of tryptophan biosynthesis (the trp 
promoter). 
579 Promega Corporation, E. coli S30 Extract System for Circular DNA, Technical Bulletin (Madison: Promega 
Corporation, 2009). 
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‘disembodied’ biochemical fluids.  Using a microtube of what appears to be droplets of clear 

fluids (0.25ml of calcium chloride), E.coli cells are added and even smaller droplets of solution 

(10µl of pBESTluc) are added into the microtube, which are thermally treated in a manner of 

oscillation between heat and cold shock treatments.  Although I was theoretically aware that 

these processes were stimulating the cells permeability to integrate the foreign genes (plasmid 

pBESTluc), in actuality all I could see during these processes was a droplet of clear solution.  The 

luminescence, thus, consolidated the abstract gaps between what we see and the ‘invisible’ 

processes leading to it. In this sense it functions as a signification tool by connecting the 

‘invisible’ intrinsic biological activities and extrinsic technical procedures.     

 

The following study describes the purification of light absorbing molecules in plants.   

 

‘Disembodied’ fluorescence: the extraction and purification of chlorophyll  

 

Within plants’ internal spaces (chloroplast), the pigment molecule, chlorophyll, governs 

underlying autotrophic580 processes.  Chlorophyll orchestrates the conversion process of light to 

chemical energy.  Its ability to absorb light and its conversion to chemical energy pushes a series 

of chemical reactions, a process known as photosynthesis.581 The light energy (photo) conversion 

process of photosynthesis drives the manufacture of organic molecules of food - a phenomena 

underpinning virtually582 all life forms, as we know it.   

 

The sheer importance of this molecule cannot be understated.  In an account of plant 

physiologist Richard Willstätter’s work on chlorophyll, which was awarded the Nobel Prize in 

Chemistry in 1915, Professor O. Hammarsten writes:  

 

By its property of making possible the assimilation of carbon dioxide under the 
influence of sunlight and hence introducing the synthesis of organic substances in the 
green parts of the plant, chlorophyll - as is well known possesses extraordinarily great 
biological significance and has an extremely important task to fulfil in the economy of 
Nature.583 

 
 

                                                        
 
580 Defined as: ‘of or relating to organisms (as green plants) that can make complex organic nutritive compounds from 
simple inorganic sources by photosynthesis.’ Princeton University, WordNet Search - 3.0, 13 August 2010 
<http://wordnetweb.princeton.edu/perl/webwn?s=autotrophic>. 
581 Defined as: ‘synthesis of chemical compounds with the aid of radiant energy and especially light; especially: 
formation of carbohydrates from carbon dioxide and a source of hydrogen (as water) in the chlorophyll-containing 
tissues of plants exposed to light.’ Merriam-Webster Online, photosynthesis, 12 August 2010 <http://www.merriam-
webster.com/dictionary/photosynthesis>.   
582 Apart from most life forms in Archaea domain.  
583 Professor O. Hammarsten, “The Nobel Prize in Chemistry 1915,” 1966, Nobel Foundation,  
<http://nobelprize.org/nobel_prizes/chemistry/laureates/1915/present.html>. 
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Fig. 111. Alcohol-grounded spinach leaves ready for their 5-minute spin in the microcentrifuge, London, 2007. Photo: 
Laura Cinti. 

 

In my experiment, chlorophyll was extracted through a method of purification584 from plant 

tissues, spinach leaves (Spinacia oleracea).  In this process the leaves were subjected to various 

destructive protocols, which involved dehydration (two hours in oven at 40°C until leaves are 

dry and brittle), pulverisation (with mortar and pettle), immersion (in 10ml of isopropanol 

alcohol) and sedimentation (centrifuged for 5 minutes at 12,000 rpm).  In the final steps, the 

supernatants (the green liquid above the pellets) were decanted into separate tubes.  

 

Upon exposure to UV light, the chlorophylls (green liquid) absorb the light’s energy but given its 

disembodied585 state, outside the plant, the energy cannot be converted to ATP and is instead 

released as heat and fluorescence (fig. 112) – turning the green liquid into ‘a beautiful red 

glow.’586   

 
Thus chlorophyll not only absorbs light but somehow transforms it and gives it forth 
again.587 

 

Certainly, one can draw resemblances between chlorophyll and blood, when looking at extracted 

chlorophyll under UV light (fig. 113).  These connections do exist.  The haemoglobin molecule 

                                                        
 
584 Dried spinach leaves were mixed with dash of isopropanol and centrifuged to separate solid and liquid layers. The 
solid layer was discarded, and the green liquid containing chlorophyll was exposed to black light to reveal fluorescence 
red. Laura Cinti, Chlorophyll Experiments, 2 December 2007, 27 March 2010  
<http://c-lab.co.uk/default.aspx?id=28&projectid=58>. 
585 In its embodied state within living plants, when chlorophyll receives light energy, one of their electrons is briefly 
pushed away causing the water to split. A special molecule called the primary electron acceptor quickly snaps up the 
electron before it manages to return to the molecule. This mechanism is used to drive a proton flow that generates 
energy for plant through a stepwise return of the electron. In absence of these electron snappers - the electron returns 
directly to the chlorophyll and the energy release produces a fluorescent glow. 
586 “Science: Red Chlorophyll,” 19 September 1938, Time, 10 July 2009  
<http://www.time.com/time/magazine/article/0,9171,931720,00.html>. 
587 Ibid.  
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of our blood cells exhibits a remarkable similarity to the structure of chlorophyll molecule.  

Though functions differ,588 they are both pigment molecules taking in light and exhibiting 

radiation properties.  Their colours are associated with the metals they contain – red (iron) for 

blood and green (magnesium) for plants.589   

 

Although the fluorescence communicated the chlorophyll’s inability to store or utilise the energy 

by instead releasing heat and fluorescence, the visual aesthetics of this emission captures 

chlorophyll’s light harnessing processes.  In this sense, the aesthetics is not disconnected from 

the plant.  However, the consequence of this coupled ‘aesthetic-process’ relationship is that we 

do not recognise the plant anymore (fig. 114). It has become liquefied and the once 

distinguishable form of the plant has been destroyed through the biochemical process of 

capturing the ‘disembodied’ activity – fluorescence. 

 

 
Fig. 112. Under normal light the chlorophyll is of course green but with a blacklight bulb the purified chlorophyll with 
the alcohol takes on a luminance orange red colour, London 2007.590 Photo: Laura Cinti. 

 

Fig. 113. Pouring a few drops onto your hand also produces a startling glow of red, London, 2007. Photos: Laura 
Cinti. 

 

                                                        
 
588 The function of chlorophyll is quite different from that of haemoglobin. Chlorophyll is involved in the process of 
photosynthesis; haemoglobin is carrier of oxygen. 
589 Central atom is iron in haemoglobin, whereas in chlorophyll it is magnesium. 
590 Laura Cinti, Chlorophyll Experiments, 2 December 2007, 27 March 2010  
<http://c-lab.co.uk/default.aspx?id=28&projectid=58>. 
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Fig. 114. Chlorophyll solution under white and black light, London, 2007. Photos: Laura Cinti. 

 

Utilising fluorescence to monitor water uptake in plants591 

 

In contrast to the chlorophyll extraction experiment, numerous fluorescence dye studies [3.2.1] 

were executed to analyse the process of fluid uptake in (whole) living plants.   

 

The importance of action research methods in the fluorescent dye studies can be described in my 

use of MacIsaac’s approach to ‘foster deeper understanding’592 by ‘conceptualizing and 

particularizing the problem’593 of visualising water conduction in plants [3.2.1]. It was undertaken 

as part of a revised plan based on evaluations of the magnetic nanoparticles experiments (chapter 

4.3) [3.2].  As a revised action, the fluorescent dye study moved through several interventions 

that involved using a fluorescent probe as a tool for observing water uptake and the outcomes of 

these evaluations pointed to its effectiveness as a visualisation tool and further the captivating 

effects of seeing the fluorescent expressions.594    

 

In this study, different concentrations (serial dilutions) of fluorescent dye (fluorescein595) were 

placed in petri dishes where plants, Garden Cress (Lepidium sativum), were hydroponically grown 

from seeds.    

 

                                                        
 
591 Although a significant period of my research was spent working with magnetic nanoparticles. The nanoparticles 
were integrated into the plant body, facilitated through the physiological and physical process of water uptake in 
plants. The aim was to embed a magnetic force that could be used to invoke immediate motion in plants by applying a 
strong handheld magnet, causing the internalised magnetic nanoparticles to become attracted to the this force thus 
moving the plant. (This will be discussed in Chapter 4.2 and in detail in 4.3) During these experiments, issues of plants 
selectivity and physiological control (gradients in water potential) in their uptake of fluids became problematic.   
Further, I had difficulties verifying the extent the magnetic nanoparticles were internalised (Chapter 4.2 & 4.3).  So I 
turned to fluorescence as a visualisation tool to see if and how ‘foreign’ fluids could be transported around the plant 
body in a manner clearly driven by the plant itself. 
592 Dan MacIsaac, An Introduction to Action Research, 24 April 1995, 10 August 2010  
<http://physicsed.buffalostate.edu/danowner/actionrsch.html>. 
593 Ibid. 
594 This led me to revise and adapt my plans for the next series of experiments.  Specifically, I decided to try time-lapse 
techniques as a way of visualising process of conduction via fluorescence. 
595 Named for its intense green fluorescence.  
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After the plants reached maturity, I placed them under UV light to find out whether the plants 

would fluoresce from the uptake of the dye.  They did (fig. 115 and 116).    

 

Fig. 115. Cress plants successful uptake of Fluorescien dye, London, 2008.596  Photo: Laura Cinti. 

 

Fluorescein dyes have been widely used to study rate of water flow in various plant tissues 

(xylem and phloem).597  For example, in a study to investigate and trace water uptake in trees and 

twigs of the Norway Spruce (Picea abies), fluorescein dyes located the ‘pathways for absorption of 

water and solutes through the twig bark.’598  Derivatives of fluorescein have a ubiquitous role 

covering a range of scientific visualisation techniques599 and biomedical applications.600  

 

The effect of fluorescien’s absorption into the plant body601 in my studies resulted in the 

radiating fluorescence becoming an inherent optical feature of the plants.   However, this 

experiment further demonstrated the complexities between the aesthetics of the fluorescence 

and its function in tracing internal processes (water uptake).  Although the two perspectives of 

the plants can be observed simultaneously, it appears that the intensity of the fluorescing plants 

dominates as an aesthetic feature, as if its role as a visualisation tool, traversing the internal 

pathways, are forgotten or disguised by the fluorescence spectral qualities.   Rather than a probe, 
                                                        
 
596 This image was published in Sophia, Issue 2, February 2009, 20. 
597 J Sellei, et al., “Effects of Fluorescein on Plant Growth,” American Journal of Botany 29.7 (1942): 513-522. 
598 C. Katz, et al., “Uptake of water and solutes through twigs of Picea abies (L.) Karst,” Trees, Structure and Function 
3 (1989): 33-37, 37.  
599 Fluorescence microscopy such as flow cytometry.   
600 Such as its use as diagnostic tool in optometry (fluorescein angiography, minims fluorescein sodium), my own 
experience with fluorescein dye resulted in the detection of surface scratches on my eye.  It is also used during surgery 
for brain tumours. 
601 Water forms up to 90% of plants.  
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it becomes an apparition – haunted by the very aesthetic quality it portrays.  In this context the 

fluorescence did not transcend further in externalising the inner activities.  

 

Fig. 116. Several Fluorescein Cress plants, London, 2008. Photo: Laura Cinti. 

 

In addition, it was the very continuous and linear (fixed) spectral qualities that intensified the 

aesthetic features and its disconnection from the processes.  Movement draws a significant 

connection to the body that carries the fluorescence across a space in a visible manner.  For 

example, the movement of the firefly602 light sequences (‘the flash code’603) acts as a pattern 

recognition specie-specific reproductive strategy:   

 

For lack of a better term, we may say that the firefly’s state of arousal must be 
sufficiently elevated to enable it to produce the proper flash patterns.  It is difficult to 
underestimate the importance of this concept of state of arousal because it is seen in 
nearly every aspect of firefly flash behavior.604 

 

These flash codes, being discontinuous and non-linear, embed the notion of organisms’ intent 

and thus, the movement of light sequences reveal a type of behavioural manifestation.     

 

Light gives information to others of itself or its surroundings whilst motion is inherent to the 

organisms itself in that it doesn’t have to give information to others, it could be just to sustain 

itself.  Such as in the case of the female deep sea angler fish that utilise their protruding dorsal 

spine with a luminescence tip (symbiotic relationship with luminescence bacteria) in a lantern-

like manner over their mouths.  The luminescence ‘trap’ lures its prey towards its mouth. 

                                                        
 
602 The specie-specific flashing sequence is an important evolutionary mechanisms designed to prevent fireflies from 
different species from interbreeding and producing infertile offspring.  
603 Albert D Carlson and Jonathan Copeland, “Flash Communication in Fireflies ,” The Quarterly Review of Biology 
60.4 (1985): 415-436,  416.  
604 Ibid.  432.  
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Similarly, in the fluorescent dye experiment the aesthetics of the fluorescence was seen to detach 

itself, in a phenomenological sense, from the processes integral to it.  In this context, it remained 

important for me to remain aware of the mesmerising aesthetic trap fluorescence evokes, 

particularly through its estrangement of the subject.    

 

The fluorescence expression, phenomenologically, decouples the aesthetic association with the 

plants’ internalisation processes.  When observing the fluorescing plants (fig. 115 and 116), does 

one not have to consider what the fluorescent expressions are communicating, for surely 

aesthetics alone obscures the performance (fluid uptake) of the plants? Certainly, the plants are 

internalising the solution but it is questionable whether fluorescence, in this instance, transcends 

any further. As a visualisation tool, fluorescence possesses a spectacular ‘outering’ characteristic 

that communicates (reveals) intrinsic processes.  However, motion – in terms of movements of 

organisms’ parts or the bioluminescent organisms’ discontinuous and nonlinear emissions of 

light sequences (i.e. firefly) – evokes a deeper connection with behaviour in that it is directly 

implicated with intentions and motional drive.   

 

In the following chapter, physiological processes within plants are extracted and sonified as part 

of an interactive performance. Notably, the variations of the sonic outputs (as a result of human 

movement around the plant) were created to generate empathic connections with the audience.   
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CHAPTER 4.1: MEDIATING SONIC RESPONSES IN 
PLANTS 
 

 

In the preceding chapter, the notion of bioluminescence as a visualisation tool [4.2] was 

discussed in relation to a series of experiments I conducted. These investigations, which involved 

genetic transformations in bacteria [3.2.1.1], chlorophyll extractions from plants and 

internalisation of fluorescent dyes in plants [3.2.1], explored how different molecular events 

could be visualised through luminescence.  The studies provided experiential insights into the 

extent fluorescent expressions functions as an interface by visually extending our view of the 

‘inner’.  In terms of the fluorescent dye studies, the absence of plant motion tended to decouple 

the ‘outer’ (fluorescence) of its association with the ‘inner’.  In light of this, it was argued that 

visible motion in plants links us (humans) more profoundly to their behaviour and awareness of 

their surroundings.   

 

Fast reactions, to a significant degree, are the defining features of animals, which are coordinated 

by a sophisticated network of electrical signals and muscle contractions. In other words, it is the 

electrical impulses, or in scientific terms, the rapid propagating signals traversing through ion 

channels (membrane proteins in living cells that mediate electrical excitability), that are the 

underlying features of motion.  This was first dramatically discovered in 1791 by physician and 

physicist, Luigi Galvani (1737 - 1798), whose experiments on tissue demonstrated how electricity 

influences and drives the mechanics of the animal body:  

 

Frog legs had just been first and serendipitous current-recording devices to indicate the 
flow of electrical current in the moment they touched the iron grit of the balcony and 
their violent jerks were supposedly visible enough to scare Mrs. Galvani, the observant 
wife of the great scientist.605   

 

In contrast to animal activity being coordinated by electrical excitations (action potentials), 

plants’ seemingly ‘motionless behaviour’ together with their rapid internal signals, might appear 

redundant if not paradoxical.  Although some specialised plants exhibiting fast movements606 of 

their organs in response to mechanical stimuli (touch) warrant the mediation of electrical signals, 

                                                        
 
605 Rainer Stahlberg, “Historical Introduction to Plant Electrophysiology,” Plant Electrophysiology – Theory and 
Methods, ed. Alexander G. Volkov, Berlin: Springer-Verlag, 2006, 3-14, 4. 
606 ‘In sensitive plant (Mimosa pudica), leaf stroking evokes an action potential that causes the pulvinus, a hinge region at 
the base of the leaf, to lose turgor and collapse the leaf. Some insectivorous plants (e.g., sundews, Drosera) also use 
action potentials to couple the sensing of prey to subsequent leaf movements.’ Dale Sanders and Paul Bethke, 
“Membrane Transport,” Biochemistry & Molecular Biology of Plants, ed. Bob B Buchanan, Wilhelm Gruissem and 
Russell L Jones, Rockville: American Society of Plant Biologists, 2000, 110-159, 136.  
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the ubiquitous existence of action potentials in all plants was a surprising discovery.607  This 

recognition highlighted the significance of these signals to instantly inform the entire plant of 

perturbed regions (e.g. wound signalling608). This feature of rapidly transmitting internal and 

integrated information across plants’ living texture signifies their sensorial qualities. In spite of 

our difficulties perceiving electrical signalling in plants (such as the absence of fast responses), 

scientific methods for revealing this rapid informational drive offer significant scientific and 

artistic possibilities towards an understanding of plants as complex perceptual organisms.  

 

Interfaces used as devices to extract electrophysiological information in the sciences are 

increasingly609 being explored in the arts.610 Such artworks utilise comparable interfaces to 

mediate plants’ responses as aesthetic expressions. However, this frequently leads to problems of 

detecting what expressions emerge from the plants.  An analysis of one such artwork, ‘Pieces for 

Plants’, introduced in Chapter 2.2 (fig. 54), is described in what follows.  It was first performed at 

the Oakland Columbarium in 2002611 and presented as part of Lincoln Centre Out of Doors, 

Homemade Instrument Day in New York. Variations of the piece have since been presented. 

 

In this work, Masaoka conveys plants’ awareness of their surroundings as part of her interactive 

performance.  She stimulates ‘physiological responses in plants’612 that are mediated through a 

series of interfaces to express audio compositions.  Masaoka writes:  

 

In the piece, a plant’s real-time responses to its physical environment are translated to 
sound. Highly sensitive electrodes are attached to the leaves of the plant. Scored 
movements by a human “plant player” stimulate physiological responses in the plant 
that are monitored via the electrodes and biofeedback wave analysis. The “plant 
player’s” proximity, touch and interactions with the plant are then expressed in sound 
via midi and synthesizer. During the piece, the plant is brought to a range of 
physical/psychological states, from calm to agitation.613 

 

                                                        
 
607 I I Gunar and A M Sinykhin, “A spreading wave of excitation in higher plants,” Proc Acad Sci USSR 142 (1962): 
214–215 and I I Gunar and A M Sinykhin, “Functional significance of action currents affecting the gas exchange of 
higher plants,” Sov Plant Physiol. 10 (1963): 219–226. 
608 Upon mastication by caterpillars, electrical signals are sent from the wounded site alerting the rest of plant, which in 
response produces defensive chemicals to induce indigestion in the caterpillar. Discussed in Chapter 2.2. Wildon, D.C, 
et al, “ Electrical signalling and systemic proteinase inhibitor induction in the wounded plant.” Nature. 360 5 (1992): 
62-65. 
609 Increasing availability of standardised biofeedback technology. Such as IBVA (Interactive Brainwave Visual 
Analyser). IBVA, “International Interactive Brainwave Biofeedback,” 15 August 2009 <http://www.ibva.co.uk/>. 
610 Examples include; Ryan Wolfe’s ‘Branching System’, an interactive piece that follows on from the “butterfly 
concept” of chaos theory. On sensing the spectators’ presence, its mechanical leaves flutter. In another more relevant 
work, Scenocosme’s ‘Akousmaflore’, is a garden made with real musical and interactive plants or flowers. Each plant 
reacts to the human touch of a spectator by a specific sound language. Scenocosme, “Akousmaflore, Sensitive and 
Interactive Musical Plants ,” <http://www.scenocosme.com/akousmaflore_en.htm>. ‘The Singing Plant’ by Half 
Machine where on touch, the plants trigger different sonic pitches. The plants are wired up to a theremin instrument, 
and sensors to detect presence of audience. Half Machine, “The singing plant,” 14 August 2009 
<http://halfmachine.dk/posts/56>.  
611 Miya Masaoka, “Calendar,” Miya Masaoka, 10 August 2009 
 <http://www.miyamasaoka.com/calendar/index.html>. 
612 Miya Masaoka, “Brainwaves & Plants,” Miya Masaoka, 11 August 2009 
 <http://www.miyamasaoka.com/interdisciplinary/brainwaves_plants/pieces_for_plants.html>. 
613 Ibid. 
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Masaoka suggests an alternative communicative channel between humans and plants via 

electrical signalling that are generated by human interaction. Notably, her performance appears 

to connect with the electrophysiological invisibility in plants. This is in line with her artistic 

motivations:   

 

I consider myself an investigative artist who explores ways of thinking about sound, 
ways of probing deeper into our relationships with the natural environment by charting 
interactions and extracting sonic information from objects, instruments and living 
things.614 

 

The measurement of electrical signals into an audible translation (a ‘black box’ in itself) draws on 

the electrophysiological phenomena in plants. However, this phenomena is also associated with 

the ‘negative stigma of sentient plants and their links to parapsychology, paranormal properties and 

even esoteric ideas.’615 Thus, this chapter interrogates the extent the interfaces and data 

transformation in Masaoka’s work derive authentic significations as well as the function of the 

plants during the performance by negotiating the boundaries between the anthropomorphic 

projections and plants’ (electrophysiological) responses in relation to human interaction. To what 

extent are the interfaces mediating human-plant communication? Are the sonic expressions 

indicative of plants’ sensitivity? The underlying question is whether Masaoka sentimentalises 

these translations into a spurious ‘intimacy’ or if there is a recognition of ‘otherness’, that is, an 

insight into a life we do not know.  

 

In light of these questions, I suggest that the essential feature of Masaoka’s artwork, that is, how 

the recordings of electrical activity allude to psychological responses in plants, draw from the 

infamous experiments of Cleve Backster alleging the existence of a paranormal perception in 

plants. Though this is not directly stated, it would be coherent to consider, in what follows, the 

‘physical/psychological’616 states arising from the ‘physiological responses in the plant.’617  

 

The Backster effect: primary perception in plants  

 

The existence of electrical signals in plants618 exhibiting rapid movements was, as previously 

                                                        
 
614 The Alpert Award in the Arts, “Miya Masaoka, musician/compser/sound artist,” The Alpert Award in the Arts, 11 
August 2009 <http://www.alpertawards.org/archive/winner04/music.html>. 
615 František Baluška and Stefano Mancuso, “Plants and Animals: Convergent Evolution in Action?,” Plant-
Environment Interactions, Signaling and Communication in Plants, ed. František Baluška (Berlin: Springer-Verlag , 
2009) 285-301, 286.  
616 Miya Masaoka, “Brainwaves & Plants,” Miya Masaoka, 11 August 2009 
 <http://www.miyamasaoka.com/interdisciplinary/brainwaves_plants/pieces_for_plants.html>. 
617 Ibid.  
618 It was first described in plants in 1783 by Pierre Berthelon, De l'électricité des végétaux (Paris: Lyon, Bernuset, 
1783). 
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discussed, empirically established by Burdon-Sanderson619 (1873620) and Darwin621(1875). In 

Bose’s (chapter 2.3) first demonstration (1907) of excitability in ‘normal’ plants, he even went as 

far as to describe the isolated vascular strands (tissues that conduct nutrient and water to various 

parts of plants) as ‘a nerve’ and how the ‘physiological mechanisms of excitatory conduction’622 

were similar to that of animals:   

 

A transmitted impulse gives rise, in the isolated nerve of the Fern, to a response of 
galvanometric negativity similar to that given by animal nerve.623  

 

Bose’s findings were further confirmed and extended624 by Barbara Pickard following her 

discovery in 1973 that pumpkins, Cucurbita pepo, were propagating electrical signals.625 In her 

paper titled, ‘Action potentials in higher plants,’626 she demonstrated that all (higher)627 plants 

utilise electrical signals as a way of regulating a variety of physiological functions.628 However, 

that same year, a book titled ‘The Secret Life of Plants, a fascinating account of the physical, 

emotional, and spiritual relations between plants and man,’629 aimed at the general public, was 

published. The book described a series of strikingly controversial experiments that reportedly 

showed plants as acutely responsive to human thoughts. In what is considered as one of the best 

examples of pseudoscience,630 the book roused public interest: it became a bestseller.631 A 

                                                        
 
619 John Scott Burdon-Sanderson, “Note on the electrical phenomena with accompany stimulation of the leaf of 
Dionaea muscipula,” Proceedings of the Royal Society 21 (1873): 495-496.  In 1883, The Royal Society awarded 
Burdon-Sanderson a Royal Medal ‘in recognition of his researches into the electrical phenomena exhibited by plants 
and the relations of minute organisms to disease, and of the services he had rendered to physiology and pathology.’ 
1911 Encyclopædia Britannica - Wikisource, 1911 Encyclopædia Britannica/Burdon-Sanderson, Sir John Scott, 12 
August 2009  
<http://en.wikisource.org/wiki/1911_Encyclop%C3%A6dia_Britannica/Burdon-Sanderson,_Sir_John_Scott>. 
620 ‘Initiated by a correspondence with Charles Darwin which included some carnivorous venus flytraps plants, 
Burdon-Sanderson (1873) was the first to discover APs in plants following a stimulation of a Dionaea leaf.’ Jorg 
Fromm and Silke Lautner, “Electrical signals and their physiological significance in plants,” Plant, Cell and 
Environment 30 (2007): 249-257, 249.  
621 Charles Darwin, Insectivorous Plants, London: John Murray, 1875. 
622 Sir Jagadis Chunder Bose, The Nervous Mechanism of Plants, London: Longmans, Green and Co, 1926, 133.  
623 Ibid.  
624 It is interesting to point out that in 1881 Darwin also provided evidence for chemical signals in plants.  Darwin’s 
‘evidence was so compelling that others soon forgot about plant electrical activity and focused on chemical signals. So 
the belief now arose that animals had electrical signals and plants had chemical ones - a rather nice classification –
especially since one could see the need for rapid (electrical) signals in motile animals, but less need for such signals in 
sessile plants. Then, around the turn of the century (early 1900s) more and more evidence accumulated to suggest that 
animals also had chemical signals - thus arose the field of endocrinology. This then gave rise to the concept that 
animals have both electrical and chemical signals, while plants have only chemical signals (again, elevating animals to a 
more ‘lively’ status).’  Eric Davies, “New functions for electrical signals in plants,” New Phytologist 161 (2004): 607-
610, 607.  
625 I I Gunar and A M Sinykhin, “A spreading wave of excitation in higher plants,” Proc Acad Sci USSR 142 (1962): 
214–215, I I Gunar and A M Sinykhin, “Functional significance of action currents affecting the gas exchange of higher 
plants,” Sov Plant Physiol. 10 (1963): 219–226. 
626 Barbara G. Pickard, “Action potentials in higher plants,” The Botanical Review (1973): 172-201. 
627 Higher (vascular) plants that have specialised tissues for conduction, as opposed to ‘lower’ (non- vascular) plants 
(i.e. moss or lichens). 
628 Ibid. 
629 Described as ‘a fascinating account of the physical, emotional, and spiritual relations between plants and man’ on 
its cover. Peter Tompkins and Christopher Bird, The Secret Life of Plants, New York: Harper & Row , 1973. 
630 Eric Davies, “New functions for electrical signals in plants,” New Phytologist 161 (2004): 607-610, 607.  
631 Hawes Publications, The New York Times Best Seller List, 1974 April 12, 2009 August 13  
<http://www.hawes.com/1974/1974-04-21.pdf>. Times, Best Sellers, 1974 February 18, 13 August 2009 
<http://www.time.com/time/magazine/article/0,9171,942797,00.html>. 
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documentary of the same name was produced in 1979 where American singer Stevie Wonder 

recorded the soundtrack, ‘Journey through the Secret Life of Plants’ (1979) and Prince Charles 

was quoted in a 1986 interview stating: ‘I just come and talk to the plants, really - very important 

to talk to them, they respond.’632  An editorial in the ‘New Scientist’ titled, ‘The touchy life of 

nervous plants’, commented: 

 
Incredible claims of plants having emotional feelings and occult powers have come thick 
and fast over the past decade. […] These are serious challenges to traditional botany, but 
outside the cosy scientific caucus we have heard only whimpers of protest - with a few 
exceptions.  “Had the majority of readers taken it [The Secret Life of Plants] with the 
joy of escape to fantasy that may be accorded a good novel, no damage would have been 
done”, replied Professor Arthur Galston and Dr Clifford Slayman of Yale University.  
But, the damage was done - the public was seriously misled, and the scientists were 
caught with their trousers down.633  

  

Indeed the impact of this book on the scientific field of plant electrophysiology was detrimental.   

‘The entire field of plant electrophysiology was rendered suspect’634 creating a ‘paradigm shift’635 

impacting ‘the existence of electrical signals, at least in “normal” plants.’636 Along with the 

‘underlying assumption that there was no real need for rapid signals in organisms as sluggish as 

plants’637 research on electrical signals ‘hit an impasse […] where funding effectively stopped for 

2 decades.’638 As a result of the publication ‘the credibility of the area had become severely 

strained in the research community making it essentially untouchable in the eyes and minds of 

funding agencies.’639 640 

 

The ‘Secret Life of Plants’ was based around irreproducible results reported by, ironically, a 

criminologist, Backster, specialising in lie detectors, who by attaching plants leaves to the 

electrodes of one of his lie detector machines, a polygraph, postulated the existence of an 

emotional variability in plants and their ability to respond to our thoughts (fig. 117). He termed 

this capacity in plants as ‘primary perception’ (a form of extrasensory perception). A brief 

                                                        
 
632 Charles, Prince of Wales, television interview, Sept. 21, 1986. Quoted in Daily Telegraph (London, Dec. 22, 1986). 
Dictionary.com, Quotation by Charles, Prince Of Wales, 5 August 2010  
<http://quotes.dictionary.com/I_just_come_and_talk_to_the_plants>.  
633 Paul Simons, “The touchy life of nervous plants,” New Scientist (1982): 650-652, 650.  
634 Eric Davies, “Electrical Signals in Plants: Facts and Hypotheses,” Plant Electrophysiology Theory and Methods, ed. 
Alexander G. Volkov, New York: Spring Berlin Heidelberg, 2006, 407-422, 407.  
635 Ibid.  
636 Ibid.  
637 Ibid. 407-8. 
638 Ibid. 408.  
639 Eric Davies, “New functions for electrical signals in plants,” New Phytologist 161 (2004): 607-610, 607.  
640 After publication of paper in 1992, a paper published in Nature ‘provided first evidence that the systematic wound 
signal is a transmitted electrical signal’ (discussed in Chapter 2.2). The field has since opened up again given the 
increasing consensus that electrical signals in plants exist. This paper presented a conceptual breakthrough 
demonstrating how plants utilise electrical signals alerting rest of the plant to potential danger, a defence mechanism 
against its predators.  In the experiments, the paper showed that damaging parts of the tomato plants resulted in the 
production of electrical signals that travelled from the damaged parts along the stem to the first leaf where it activates 
‘the wound response genes’. As the undamaged leaves receive the signal they start to produce defensive chemicals to 
make it difficult for its predators to digest. D C Wildon, et al., “Electrical signalling and systemic proteinase inhibitor 
induction in the wounded plant,” Nature 360 (1992): 62-65.  
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account of one of his experiment will be described in order to provide a context for its 

comparative analysis with Masaoka’s work.    

 

Fig. 117. ‘Section of the February 2, 1966 plant monitoring chart showing the reaction which occurred at the same 
time that the author thought of burning the plant leaf.’641 ‘He decided to obtain a match to actually burn the plant leaf 
being tested. At the instant of this decision, at thirteen minutes and fifty-five seconds of chart time, there was a 
dramatic change in the tracing pattern in the form of an abrupt prolonged upward sweep of the recording pen.’642 
Permission to reproduce this image has been kindly granted by the Parapsychology Foundation, Inc.  

 

Backster’s experimental results were published in ‘The International Journal of Parapsychology’ 

in 1968 and titled, ‘Evidence of Primary Perception in Plant Life’.  All human involvement was 

barred in this experiment as he found that ‘plants can quickly become so attuned to human 

beings’643 (fig. 117) making it impossible ‘to obtain exactly the same reactions with different 

experimenters.’644 To test whether plants reacted to the death of non-human life forms, living 

crustaceans - brine shrimps (Artemia) - were randomly killed by automatic mechanisms dropping 

a cupful of the shrimps into boiling water (fig. 118). Chosen for their ‘nice large leaves, firm 

enough to withstand comfortably the pressure of electrodes,’645 three Philodendron cordatum plants 

were placed in different rooms and each attached with galvanometers (instrument for detecting 

and measuring electric currents) while the automated termination of the shrimps were being 

executed.  

 

The results on the recording charts (fig. 119) showed that the plants reacted immediately and 

simultaneously to the death of the shrimps, thus the paper concluded:   

                                                        
 
641 Image and caption: Cleve Backster, “Evidence of a Primary Perception in Plant Life,” International Journal of 
Parapsychology 10 (1968): 329-48, 332.  
642 Ibid. 330.  
643 Peter Tompkins and Christopher Bird, The Secret Life of Plants, New York: Harper & Row , 1973, 12. 
644 ‘Incidents such as the “fainting” which occurred with the Canadian physiologist sometimes made it look as if there 
was no such thing as the Backster Effect.’ Ibid. 
645 Ibid. 13. 
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The significance of the experiment results provides evidence of the existence of a yet 
undefined primary perception in plant life, indicates that animal life termination can 
serve as a remotely located stimulus to demonstrate this capability, and illustrates that 
this facility in plants can be independent of human involvement. […] The experiment 
results show that recording resistance bridge (wheatstone) instrumentation can be 
utilized to monitor plant life phenomena, demonstrating a similarity to that which has 
been called “extrasensory” perception when related to animal life.646   

 

Fig. 118. Film stills647 of ‘Secret Life of Plants’: Documentary with Cleve Backster carrying out experiment published 
in Evidence of Primary Perception in Plant Life’ in The International Journal of Parapsychology.   

 

By recording their reactions to the shrimps’ executions, the experiment was designed to 

demonstrate that plants were empathic. The upward sweep of the recording pen (fig. 119) on the 

plant-monitoring chart denotes the increased electrical potential in the recorded plants.  

However, it must be noted that no objective evidence exists to support Backster’s claims.  

Several plant physiologists, as will be shown at the end of this section, have replicated Backster’s 

experiments and published these negative results. One researcher, J.M. Kmetz,648 went as far as 

locating the uncontrolled variables after attempting 168 trials on 42 plants with 84 shrimp kills649 

and failing to reproduce Backster’s results. In this study he noted that the plant records were 

                                                        
 
646 Cleve Backster, “Evidence of a Primary Perception in Plant Life,” International Journal of Parapsychology 10.4 
(1968): 329-348, 344.  
647 Video can be viewed here, Clip - Secret Life of Plants, 16 August 2009 
 <http://www.youtube.com/watch?v=mGRluepFwdg>. 
648 Then of the ‘Science Unlimited Research Foundation’ in San Antonio, Texas. Kmetz, J. M. 1977. A study of 
primary perception in plants and animal life. Journal of the American Society for Psychical Research 71(2): 157-170.  
Kmetz, John M. 1978. Plant perception. The Skeptical Inquirer. Spring/Summer, 57-61. 
649 Arthur W Galston and Clifford L Slayman, “Plant Sensitivity and Sensation,” In Science and the Paranormal: 
Probing the Evidence of the Supernatural, ed. George O Abell and Barry Singer (New York: Charles Scribner’s Sons, 
1981) 40-55, 51.  
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seen to be ‘more active’650 after he connected the leaves to the recording system than later on.  

He then connected a pair of electrodes (not attached to leaves) to the recording system and the 

records demonstrated that these electrodes showed the same results as those attached on the 

leaves.  He concluded:   

 
Immediately after placing a set of electrodes in operation, water begins to evaporate 
from the agar gel, causing a change in concentration of sodium chloride in the gel. [This 
change] in turn causes a change in resistance which appears as a pen deflection on the 
[recorder]. Since […] the evaporation process is not uniform, rather wide variations in 
resistance occur. In other words, immediately after the system is set up, it is extremely 
unstable. After a period of time, a “skin” forms [between the agar and the air]. Although 
the skin does not completely prevent the drying process, it retards it sufficiently to make 
the electrode system appear stable […] Our observations indicate that the equilibration 
time is [20-30] minutes. From the description given in his 1968 paper it appears that 
most of Backster’s plant readings were taken during the equilibration period. I would 
suggest . . . that any readings taken [then] may be invalid.651 
 
 

 

Fig. 119. Recording of plant reacting to shrimps executions.652  Permission to reproduce this image has been kindly 
granted by the Parapsychology Foundation, Inc.   

 

For several reasons, as we will see, these controversies link Backster’s experiments with 

Masaoka’s ‘Pieces for Plants’ as it also utilises electrical readings to induce empathic behaviour in 

plants. Using the same653 genus of plants, the climbing Philodendron, Masaoka employs a 

comparable technique of recording electrical potentials through electrodes but swaps the chart 

tracings of the galvanometer (fig. 117 and 119) for the sonification of these measurements.    

                                                        
 
650 Ibid. 52 
651 Arthur W Galston and Clifford L Slayman, “Plant Sensitivity and Sensation,” In Science and the Paranormal: 
Probing the Evidence of the Supernatural, ed. George O Abell and Barry Singer (New York: Charles Scribner’s Sons, 
1981) 40-55, 53.  
652 Image and caption: Cleve Backster, “Evidence of a Primary Perception in Plant Life,” International Journal of 
Parapsychology 10 (1968): 329-48, 341.  
653 She does not specify taxonomic name beyond climbing philodendron. Philodendron cordatum used in Backsters 
experiments are also climbing philodendrons.  



 198 

 

Fig. 120. Film stills of Miya Masaoka’s ‘Pieces for Plants’ performance and audience interaction after the performance, 
Oakland Columbarium, 2002 and New York Univeristy 2007.654 ‘Audience members are encouraged to consider the 
possibility and potential of a plant that has a kind of awareness, that can communicate, taking on qualities of 
consciousness.’ 655 Permission to reproduce the movie recording has been kindly granted by Miya Masaoka.  

 

During her performances,656 the feedback of stimulated responses from the plant(s)657 is 

monitored, to paraphrase Masaoka, ‘via the electrodes and biofeedback wave analysis’658 while, 

‘the plant is brought to a range of physical and physiological states, from calm to agitation.’659 

Conducting this sonification is Masaoka’s scored movements manoeuvring within close 

proximity to the plant triggering the ‘physiological responses.’660 Interfacing the plant leaves and 

her hepatic gestures are the biomedical661 electrodes picking up the readings of the fluctuating 

                                                        
 
654 Miya Masaoka - Brainwaves & Plants: Pieces for Plants, Biofeedback-driven Environment 2002, 16 August 2009 
<http://www.youtube.com/watch?v=PD1Uf5BnK78&>. 
655 NIME, “NIME Performances,” Proceedings of the 2006 International Conference on New Interfaces for Musical 
Expression (NIME06) (Paris: NIME, 2006) 418.  
656 ‘Versions of the piece have also been presented in a musical setting in which the plant participates as a member and 
soloist within an instrumental ensemble.’ Miya Masaoka, “Brainwaves & Plants,” Miya Masaoka, 11 August 2009 
<http://www.miyamasaoka.com/interdisciplinary/brainwaves_plants/pieces_for_plants.html>. 
657 In different versions of this performance, more than one plants are used.  
658 Miya Masaoka, “Brainwaves & Plants,” Miya Masaoka, 11 August 2009  
<http://www.miyamasaoka.com/interdisciplinary/brainwaves_plants/pieces_for_plants.html>. 
659 Ibid. 
660 Ibid.  
661 Electroencephalographs are commonly used to record tiny electrical currents emitted from the brain by using 
sensors (electrodes) placed on the scalp. Traces of the changing currents are shown on an electroencephalogram 
(EEG), which represents an electrical signal from a large number of neurons. EEGs are capable of detecting changes 
in electrical activity of the brain on a millisecond-level and pattern of electrical activity is useful in the diagnosis of 
some brain disorders. There are several limitations with EEG, the scalp electrodes are not sensitive enough to pick out 
individual action potentials but rather the activity of large groups of neurons which produces a greater voltage than the 
firing of individual neurons. EEG signals are small and any vibration can obstruct the signal thus motion can easily 
cause interference. 
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electrical voltages and transforming these into sound via a musical instrument digital interface 

(MIDI) and computer (fig. 120).662 

 

The audience are invited to interact with the plants after the performance. Commenting on the 

impact of observing her audience ‘playing’ the plants Masaoka notes:  

 

A common response to the piece by audience members was a desire to talk about their 
relationship and experiences with plants during their lifetime, and things they had 
noticed which gave them an inkling that plants had extraordinary capabilities and 
awareness beyond what was normally attributed to plants.663  
 
 

In both Beckster’s experiments and Masaoka’s performances, electrical measurements infer an 

authentication of plants’ awareness, even when human participants do not physically touch them.  

Can we be sure that the electrophysiological responses are that of the plants? How can we clarify 

that the spontaneous fluctuations in the chart readings or sounds are not interfering signals, such 

as artefact (noise), that is, recorded activities that originate from elsewhere other than plants?  

  

Backster’s experiments has been castigated by Galston and Slayman664 following scientists, 

Kenneth A. Horowitz, Donald C. Lewis and Edgar L. Gasteiger, from Cornell University665 

replication of Backster’s experiments. Their tests666 results were published in 1975 in the 

‘Science’ journal confirming667 that ‘no relationship between the killing of the shrimps and the 

electrical “responsiveness” of philodendron’668 were found.  They concluded:  

 

We obtained no evidence of primary perception in plants. While the hypothesis will 
remain as an intriguing speculation one should note that only the limited published data 
of Backster support it.669 

 

However, in Masaoka’s case, the signification of the plants’ ‘responsiveness’ is integrated into her 

performance’s narrative construction and can be understood in this way. Limited technical 

details of her performances are provided; nevertheless the process of meaning making and the 
                                                        
 
662 Technical details are omitted.  I have been in personal email correspondence with the artists 11-14 August 2009, 
however, I was unable to obtain further details of the interfaces. 11-14 August 2009.  
663 Miya Masaoka, “Brainwaves & Plants,” Miya Masaoka, 11 August 2009  
<http://www.miyamasaoka.com/interdisciplinary/brainwaves_plants/pieces_for_plants.html>. 
664 Arthur W Galston and Clifford L Slayman, “The not-so-secret life of plants,” American Scientist 29 (1979): 337-
344. Arthur W Galston and Clifford L Slayman, “Plant Sensitivity and Sensation,” In Science and the Paranormal: 
Probing the Evidence of the Supernatural, ed. George O Abell and Barry Singer (New York: Charles Scribner's Sons, 
1981) 40-55. 
665 Section of Neurobiology and Behavior, Division of Biological Sciences, and Department of Physical Biology, New 
York State Veterinary College, Cornell University, Ithaca 14853. 
666 Backster’s observation has been received enthusiastically by the public but has been disregarded until recently by 
the scientific community. Since neither response is appropriate to an experimentally supported contention, we 
repeated Backster’s basic experiment and designed an additional test based on popular accounts of Backster’s 
unpublished work. 
667 Horowitz A Kenneth, Lewis C Donald and Gasteiger L Edgar, “Plant ‘Primary Perception’: Electrophysiological 
Unresponsiveness to Brine Shrimp Killing,” Science 189.4201 (1975): 478-480. 
668 Ibid. 
669 Ibid. 
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links between acts, translations and outputs are convincing. This necessitates some thought in 

the context of my arguments. 

 

Dummy ‘joysticks’ 

 

In contrast to Backster’s ‘primary perception’ in plants allegations, the authenticity of Masaoka’s 

orchestrated interactions with the plants as part of her instrumental ensemble may not be 

significant because a narrative is being performed rather than the illumination of techno-

scientific manifestation, that is, the ‘inscription devices’ recording electrical activity and 

translating these to audio.  The real-time ‘blippy’ electronic sounds670 that correspond to the 

movements of her hands around the plants thereby bring about a ‘suspension of disbelief,’671 the 

point where the audience stop questioning the internal workings and technical possibilities 

(‘black box’) of the work and follow her narrative performance by temporarily suspending any 

scepticism.   A new layer of complexity is added to the work as the plants constitute another 

living system (the ‘other’) and the ‘audio’ provides an apparently direct materialisation of this 

‘communication channel.’   

 

A more sceptical outlook could view Masaoka’s performance as a well-constructed narrative as 

opposed to tapping into a ‘communication channel’ with plants.  Just as the components in the 

artwork may appear to be an open system (one that is continuously interacting with its 

environment), the sensitivity of the electrodes may reconfigure the performance to resemble a 

closed system.  In spite of the pivotal involvement of the plants, their absence may not alter the 

sonic outputs but, subsequently, dramatically change the narrative construction. It is in this 

regard that the complexity of the work lends itself to a language game by playing on meaning 

making processes.   

 

The anthropomorphic argument, due to obfuscation (‘black box’) of technological interfaces, is 

important as Masaoka may be projecting her own feedback loops (her own subjectivity rather 

than that of the plants) and controlling these by alluding to what the plants are communicating 

(e.g. agitation or calmness). In other words, the ‘suspension of disbelief’ produces a scenario 

where the audience, in most cases, do not consider the possibility that they are experiencing the 

projections of Masaoka’s (or their own) sonically articulated responses generated by her (or their) 

own gestures around the plants. Instead, it appears that the plants own responses, and therein 

                                                        
 
670 Reminiscent of R2-D2, the fictional droid in George Lucas epic space opera Star Wars.  
671 Coined by Samuel Taylor Coleridge (1772–1834) in ‘Biographia Literaria’ in 1817 in describing poetic faith – 
allowing our imagination to accept as real in ‘persons and characters’ supernatural, or at least romantic; yet so as to 
transfer from our inward nature a human interest and a semblance of truth sufficient to procure for these shadows of 
imagination that willing suspension of disbelief for the moment, which constitutes poetic faith.’ Samuel Taylor 
Coleridge, “Biographia Literaria,” 1817, Project Gutenberg, 15 August 2009  
<http://www.gutenberg.org/etext/6081>. 
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sensitivity (subjectivity), are evoked and stimulated by human gestures. What, then, is the 

function of the plant, in terms of actual signification, if the measurements are not generated by 

it?  

 

Although ‘Pieces for Plants’ implicates the plants into the context for the performance, by being 

a ‘living instrument’, the question as to whether the plants’ presence is conceptual prompts 

further elaboration on how Masaoka is providing the experience of the plants’ responses:  

 

The piece evolved into really being about the people, their personal stories with plants, 
and I realized that I was brushing the surface of a deeper questions — our complex role 
as humans in a diverse, inter-dependent biological environment, and the potential for 
communication with plants that has not yet been discovered.672   

  

In an interview, Masaoka commented that the challenge lay in creating music from raw data that 

continuously involved altering the interactivity of the ‘parameters of pitch, resonance, density 

rate of change so as to keep the sonified interactions with the plant [and herself] dynamic and 

not predictable as the piece progresses.’673 Questions as to how the data is mediated, to what 

extent and its connection with the original output of source surface. In descriptions of the work 

the ‘sonification’ of data remains as elusive as Backster’s evidence:     

 

Her performances with plants use their output of real-time physiological response 
rendering the plants themselves as ‘live performers.’674  
 
The responses fluctuate and are sonified employing an array of parameters including 
partial selection, granular synthesis, and density.  With this “sonification” of data, the 
performer can excite the plant and shape the performance.675 
 
Well, the Philodendron is a plant, and plant activity is more difficult to monitor, record, 
and make manifest to the senses, eyes and ears than say, insect sounds and activity. But 
it can be done! With plants, and I also use many semi-tropical houseplants, the data 
sonification is trickier, as the plants in general tend to be more static, not as mobile, and 
seemingly to be just sitting there, when in fact, their physiological response to their 
environment is strong and immediate, approximating qualities of sentient beings.676  

 

The translations of the plants’ biofeedback interpreted by Masaoka are indicative of her 

subjective portrayal. For, how would plants’ electrophysiological responses sound? Or, what kind 

of tones could be generated if humans moved closer to, or away from, the plants? The 

experience of the performances, such as the sounds, compositions and translations, convey an 
                                                        
 
672 Miya Masaoka, “Brainwaves & Plants,” Miya Masaoka, 11 August 2009  
<http://www.miyamasaoka.com/interdisciplinary/brainwaves_plants/pieces_for_plants.html>. 
673 Networked_Music_Review, “Interview: Miya Masaoka,” 21 May 2007, Networked_Music_Review, 11 August 2009 
 <http://turbulence.org/networked_music_review/2007/05/21/interview-miya-masaoka/>. 
674 Miya Masaoka, “Miya Masaoka : About : Bio,” Miya Masaoka, 11 August 2009  
<http://www.miyamasaoka.com/about/bio/>. 
675 NIME , “NIME Performances,” Proceedings of the 2006 International Conference on New Interfaces for Musical 
Expression (NIME06) (Paris: NIME, 2006) 418. 
676 Networked_Music_Review , “Interview: Miya Masaoka,” 21 May 2007, Networked_Music_Review, 11 August 
2009  <http://turbulence.org/networked_music_review/2007/05/21/interview-miya-masaoka/>. 
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explicit dynamism between the plant and humans. However, if the measured readings are her 

own motions, she appears as a magician telling a story of desired (or projected) plant emotions 

while the plants remain as silent participants, ‘dummy joysticks’ – convincing in their mere 

presence.  

 

 
Fig. 121. Film stills of Miya Masaoka’s ‘Pieces for Plants’ performance on October 19 2005 at West Hall Auditorium at 
Rensselaer Polytechnic Institute.  Specifically in this video, when they move away from the plants, no sound is 
heard.677  Permission to reproduce the movie recording has been kindly granted by Miya Masaoka. 

 
It is in this context that the ‘aesthetics’ of the sounds in Masaoka’s performance are used to 

induce empathic connections with plants, in terms of the immediacy of the ‘responses’ and 

familiarity in the ‘communicative dialogue’ correlating to the gesticulations. These include an 

increase in frequency when Masaoka intensively moves her arms around the plant or the lower 

pitches when they are surrounded by a group of people.  These sound ‘aesthetics’ project the 

physical/physiological (e.g. calm or agitation) states onto the plants. Furthermore, it is the 

proximity to the plant that determines the sonic output. The sound fades out when humans 

move away from the plant.  This was illustrated in her performance in 2005, at Rensselaer 

Polytechnic Institute678 where a member of the audience was invited up on the stage with 

Masaoka. As they walked away from the plant, the electronic sounds ceased (fig. 121). It resumed 

when they returned.679  This points to, as will be discussed in the concluding section, the issue of 

                                                        
 
677 Networked_Music_Review , “Interview: Miya Masaoka,” 21 May 2007, Networked_Music_Review, 11 August 
2009  <http://turbulence.org/networked_music_review/2007/05/21/interview-miya-masaoka/>.  
678 iEAR, October 19, 2005 at 7:30 PM in the West Hall Auditorium on the campus of Rensselaer Polytechnic 
Institute. 
679 iEAR Presents!, iEAR Show: Miya Masaoka, 19 October 2005, 24 October 2009  
<http://www.archive.org/details/ZulmaAguiariEARShowMiyaMasaoka>.  
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artefact (noise) that are recorded by the electrodes as a result of human proximity and 

movements around the plants. 

 

Masaoka’s interfacing system captures the immediacy of plants’ ‘physiological responses.’ What is 

more, she drives this composition as if edging the plants or provoking them to respond. She 

provides the plants with a ‘voice’ by mapping electrical signals onto a set of preselected sounds, 

whose ‘aesthetics’ constitute an arbitrary mapping, where the signification of the ‘responses’ are 

connected to her interpretations of these signals, and we are left to question the relevance of the 

syntax this operation has in terms of applying transformation on any language set outside what is 

contextual to the audience. As we immerse ourselves into the interactive ‘soundscape’, the 

mapping between the emitted sounds and gestures is constructed to implicate a meaningful 

relationship, or the potential of such, due to the presence of the living plant and our ability to 

modulate the ‘soundscape’. 

 

However, Masaoka’s reliance on biomedical electrodes to extract data from the plants is taken 

‘praesumo presumo’ by their status as reliable devices that can capture such information from 

plants. The broad application of these devices have strong ties to medical cultures, wherein their 

use as data extraction devices must be depended on, as the measurements may be crucial in 

monitoring a patients health. In its wider scientific and medical use, electrodes are ‘inscription 

devices’680 that form part of generating knowledge by inscribing information that can be relied 

upon through a long-standing consensus. Further, as Latour points out:  

 

One important feature of the use of inscription devices in the laboratory is that once the 
end product, an inscription, is available, all the intermediary steps which made its 
production possible are forgotten. The diagram or sheet of figures becomes the focus of 
discussion between participants, and the material processes which gave rise to it are 
either forgotten or taken for granted as being merely technical matters.681  

 

It is against this background that we question the tool’s reliability in terms of Masaoka’s 

utilisation of it to elicit sensory functions in plants. Thus, in the concluding section we consider 

the artefact generating the sonification in more detail.  

 

Anthropomorphic feedback loop 

 
Like Masaoka, several artists have utilised similar biofeedback applications as a means to measure 

the changing electrical activity around plants as a result of human interactions.  For example, in 

                                                        
 
680 Bruno Latour and Steve Woolgar, Laboratory Life, The Construction of Scientific Facts, New Jersey: Princeton 
University Press, 1986, 51.  
681 Ibid. 79.  
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Ola Pehrson’s ‘Yucca Invest Trading Plant’682 (1999), a plant’s electrical activities were 

transformed into a currency investment mapping that ‘interpreted strategies for the stock 

market’683 and this was stimulated by human contact and proximity to the plant. Electrical 

impulses were measured via electrodes attached to the Yucca palm leaves (fig. 122) and 

connected to a computer program, where stock trades on the Stockholm stock exchange were 

carried out according to the plants’ wave activity.  

 

Fig. 122. Images left to right. 1. Eduardo Kac and Ikuo Nakamura, ‘Essay Concerning Human Understanding,’ 1994. 
Photo: Ikuo Nakamura684 2. Ola Pehrson, ‘Yucca Invest Trading Plant,’ 1999.685 ‘Touching and talking to the yucca 
palm creates a stimulus that affects the program.’686 Permission to reproduce this image has been kindly granted by 
Anneli Bäckman, Ola Pehrson Foundation. 

 
 
In another example, Kac’s first artwork with living systems through his collaboration with Ikuo 

Nakamura resulted in a ‘live, bi-directional, interactive, telematic, interspecies sonic 

installation’687 titled ‘Essay Concerning Human Understanding’688 (1994), which made use of the 

‘phenomena described in books such as “The Secret Life of Plants”’689 in facilitating remote 

communication between a bird in Lexington (Kentucky) and a plant in New York (fig. 122). An 

electrode, following Kac’s commentary, was placed on the Philodendron plant’s leaf:  

 

                                                        
 
682 ‘The welfare of the Yucca Invest Trading Plant is generated by itself according to market logic when financial 
results of the transactions is converted to plants essential currencies – water, light and air.’ Ola Pehrson, Yucca Invest 
Trading Plant, 17 August 2009  <http://www.olapehrson.com/work_yucca.html>. 
683 Ibid. 
684 Edward A Shanken, “Agents of Understanding: Art and Telerobotics,” Eduardo Kac: Telepresence, Biotelematics, 
Transgenic Art (Maribor: Kibla, 2000) 19-23, 18. 
685 Ola Pehrson, Yucca Invest Trading Plant, 17 August 2009 
 <http://www.olapehrson.com/work_yucca.html>. 
686 Sara Ilstedt Hjelm, “Making Sense - Design for well-being,” 2005, Doctoral dissertation, KTH, 17 August 2009 
<http://cid.nada.kth.se/pdf/MakingSense.pdf>, 76. 
687 Eduardo Kac, Essay Concerning Human Understanding, 17 August 2009 <http://www.ekac.org/Essay.html>. 
688 Ibid.  
689 Stephen Wilson, Information Arts, Intersections of Art, Science and Technology (Cambridge, 2002), 120. 
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[…] to sense its response to the singing of the bird. The voltage fluctuation of the plant 
was monitored through a (computer) running software called Interactive Brain-Wave 
analyzer. This information was fed into another (computer) […] which controlled a 
MIDI sequencer.  The electronic sounds (sent from the plant to the bird) were pre-
recorded, but the order and duration were determined in real time but the plant’s 
responses to the singing of the bird.690  

 

The artists make explicit references to John Locke’s (1632-1704) classical work of empiricism of 

the same title, where Locke considers the mind to be a blank (tabula rasa) into which experience 

inscribes itself, staking a claim to extending knowledge. Commenting on the title of Kac and 

Nakamura’s artwork, American art historian in experimental new media art, Edward Skanken, 

points out that the artworks’ title was an ‘ironic’ reference since it:   

 

[…] subverted the conventional master-slave relationship described by Locke […] In the 
artwork, there was a multi-directional flow of information in which avian and botanical 
agents were primary, and human agents secondary, as opposed to a one-sided exchange 
in which agency is defined by human command causing non-human response.691     

 

However, the ‘ironic’ reference to Locke is contradictory, at least from the perspective of the 

plants, as it is, as will be shown, the humans’ activity around the plants that are generating and 

directing the ‘flow of information.’ Thus, the ‘the master-slave’ relation remains intact; the 

‘botanical agent’ does not contribute to the ‘exchange’, only narratively, because, to reiterate, the 

human agents drive it. Kac inadvertently acknowledges this:   

 

When this work was shown publicly, the bird and the plant interacted for several hours 
daily.  Humans interacted with the bird and the plant as well. Just by standing next to 
the plant and the bird, humans immediately altered their behavior. When in close 
proximity, the interaction was further enhanced by the constantly changing behavior of 
the bird and the plant, which responded by singing more (bird), activating more sounds 
(plant), or by remaining quiet.692 

 

Mediating the interactions between the bird and plant was the ‘Interactive Brain-Wave analyzer’ 

(IBVA), a portable brainwave monitor.  The IBVA693 application uses electroencephalography 

(EEG) ‘brainwave’694 sensors integrated with software customised for musical applications.  Such 

                                                        
 
690 Eduardo Kac, “Telematic and Telepresence Installations,” Visual Proceedings, The Art and INterdisciplinary 
Programs of SIGGRAPH 96 (New York: ACM, 1996) 137. 
691 Edward A. Skanken, “Agents of Understanding: Art and Telerobots,” Eduardo Kac : Telepresence, Biotelematics, 
Transgenic Art, ed. Peter Tomaz Dobrila and Aleksandra Kostic (Maribor: KIBLA, 2000), 20.  
692 Eduardo Kac, Essay Concerning Human Understanding, 17 August 2009 <http://www.ekac.org/essay2.html>. 
693 Having contacted the UK representative on IBVA system applications with plants, Luciana Hall replied on 14 
August 2009 that ‘A 2 channel IBVA can be used to measure brainwaves or voltage from plants and rocks, the artist 
Duncan Laurie also does this to great effect, he is my client and you can view his website for more on that.’ Laurie’s 
website indicated that he is a firm proponent of ‘the Backster effect’ and describes his practice as ‘articulating art 
methodologies which employ subtle energy or engage Nature intelligence.’  Laurie uses IBVA systems as a means to 
sonify plant and rock voltages. Duncan Laurie, Welcome to duncanlaurie.com and Dragonline LLC, 14 August 2009 
<http://www.duncanlaurie.com/>. 
694 Defined as: ‘rapid fluctuations of voltage between parts of the cerebral cortex that are detectable with an 
electroencephalograph.’ Princeton University, WordNet Search, 10 August 2010  
<http://wordnetweb.princeton.edu/perl/webwn?o2=&o0=1&o7=&o5=&o1=1&o6=&o4=&o3=&s=brain+wave> 
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EEG based applications were also employed in Masaoka’s performance695 and the ‘Yucca Invest 

Trading Plant’.696 The EEG records and measures the brain’s electrical activity, which is based 

on ‘intrinsic electrophysiological properties of the nervous systems.’697 The recordings from 

electrodes placed on the scalp result in traces (electroencephalogram), which represent 

brainwaves.  EEG is routinely used in clinical diagnostics to assess cerebral activities (such as 

brain damage, sleep disorders or epilepsy). Significantly, the recordings of electrical potentials 

generate issues of artefacts (waves produced by disturbances not relating to brain activity) and 

these, even in clinical applications, can be deceiving. For example, movements around or on the 

electrodes result in changes in junction potentials, which result in a potential that can be 

mistaken for a spike (fig. 123).   

 

Fig. 123. ‘EEG patterns recorded without connecting to the patient.  The recording showed irregular varieties of 
frequency activities, which at a glance appear ‘genuine’ EEG activity, though the distribution of the patterns are 
random and not logically organized.’698  

 

EEG’s699 appropriation from a medical diagnostic700 tool into a commercial audio-visual system 

application, such as IBVA,701 in artworks702 tends to overlook the sensitivity of the electrodes or 

                                                        
 
695 Darren Blondin, InnerAction Interactive Music and the Inner Self, 7 November 2006, 2 August 2009 
<http://www.dblondin.com/110706.html>.   
696 Hjelm I S, “Research + design: the making of Brainball.,” Interactions 10 (2003): 26 - 34. 
697 William O. Tatum, Aatif M. Husain and Selim R. Benbadis,  Handbook of EEG Interpretation, (New York: 
Demos Medical Publishing, 2008) 2.   
698 Thoru Yamada and Elizabeth Meng, “Artifact Recognition and Technical Pitfalls,” Practical Guide for Clinical 
Neurophysiologic Testing: EEG, ed. Thoru Yamada and Elizabeth Meng (Philadelphia: Lippincott Williams & 
Wilkins, 2010) 276-311. 297.  
699 ‘Its effectiveness as a research tool, however, is limited because it records only a small sample of electrical activity 
from the surface of the brain. Many of the more complex functions of the brain, such as those that underlie emotions 
and thought, cannot be related closely to EEG patterns.’ electroencephalography. (2010). In Encyclopædia Britannica. 
Retrieved from http://www.britannica.com/EBchecked/topic/183075/electroencephalography  
700 Such as head injuries, epilepsy or brain tumours. 
701 ‘The IBVA consists of a special sensor band with medical electrodes and a tiny bluetooth transmitter to monitor 
and record electrical activity emitted by the brain (EEG). The IBVA’s unique software analyses in realtime and 
continuously visualises EEG up to 280 Hertz per channel. You can learn to intuitively affect your brainwaves 
(neurofeedback), relax deeper, improve lucid dreaming, test your learning skills - trance, focus, hypnosis, and remotely 
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issues of artefacts. The sensitivity of the electrodes in detecting (physiological) movements of the 

patient such as eye blinking (fig. 124) to (environmental) movements around the patient and 

even an intravenous drip affects the reading of these measurements. This is why, in all three 

works, the impact of human movement and touch (on leaves with electrodes attached) was seen 

to dramatically alter ‘the behaviour of the plants.’ Further, connecting plants with IBVA system 

(or similar EEG derived applications) as a way of extracting plant responses is conflicting due to 

the diversity of physiological differences between plants and humans, significantly in this case 

the presence of a central nervous system in the latter (as will be discussed in 4.2). (An EEG 

derived system measures electrical potential differences between electrodes, where the electrical 

activity is generated by neurons and is created when electrical charges move within the central 

nervous system.)  

 

Fig. 124. ‘Eye movement artefacts of various directions.’703  

 

In all three works, ‘Pieces for Plants’, ‘Yucca Invest Trading Plant’ and ‘Essay Concerning 

Human Understanding’, the ‘black box’, that is, the translations and mappings between the 

interfacing components and the ‘inscription devices’, enhance rather than obscure the narrative.  

Yet, the measurements taken from the electrodes of the abrupt interference (artefact) by 

surrounding human activities reveal the underlying source causing the fluctuations in the voltage 

and thus generating the sound.  

 

                                                                                                                                                              
 

control other software applications, trigger and alter sounds by MIDI, Logic and Quicktime etc.” 10August 2010 
<http://www.ibva.co.uk/>. 
702 ‘This makes it useful for artists aiming to boost their creativity, or to expand musical horizons with real instrument 
use and/or interfacing with digital studios.’ Ibid.   
703 Thoru Yamada and Elizabeth Meng, “Artifact Recognition and Technical Pitfalls,” Practical Guide for Clinical 
Neurophysiologic Testing: EEG, ed. Thoru Yamada and Elizabeth Meng (Philadelphia: Lippincott Williams & 
Wilkins, 2010) 276-311. 279.  
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Kac noted that ‘scientists were quick to ask if and how we were measuring the bird’s and 
the plants responses reveal(ing) a basic misunderstanding of our work on their part.’ For 
the artists were concerned with producing symbolic, qualitative meaning, not with 
gathering and quantifying experimental data.704 

 

Kac presumably acknowledges that the scientific interfaces in his (and related) works are used to 

simultaneously illustrate and obfuscate rather than approach such connection in a less 

obstructive manner. In other words, the works attempt to draw meaningful inter-specie 

relationships and develop an empathic platform. Yet, the soundscapes are measurements 

originating from human movements and the plants are, thus, subservient to a conceptual role, 

which reverses their own perspective into that of our own and we return to the 

anthropomorphic.  

 

In the following chapter, I hope to depart from the anthropomorphic by considering the 

perplexities of recognising plants’ awareness through the notion of ‘self’ in plants.   

                                                        
 
704 Edward A Shanken, “Agents of Understanding: Art and Telerobotics,” Eduardo Kac: Telepresence, Biotelematics, 
Transgenic Art (Maribor: Kibla, 2000) 19-23, 21. 
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CHAPTER 4.2: PENETRATING THE FRAGMENTED 
SELF 

 

A rationale towards understanding the other 

 

The difficulty in undertaking the project of understanding the other and its expressions becomes 

limited by the knowledge of our own state of being; a problem exaggerated by the other’s 

exteriority. Science may offer a rational approach to reduce this problem and help gain or 

establish an understanding of something different to what we know. Techniques of obtaining 

quantitative and qualitative measurements can direct hypotheses and derive knowledge. Being 

cumulative, science proceeds in building up possible coherent models that might answer key 

questions. This may help establish ways of engagement, not necessarily a philosophy.   

 

The interplay between scientific inquiries and being critical towards a human-centric view is used 

here to discuss the possibility of a ‘self’ in plants. This scenario begins with our own idea of the 

self that cannot be applied to plants because we have a different physiological make up. At the 

basis of this construct we find our ‘selves’ in a design structurally split into organs that handle 

information processes in a territorialised manner. Here, the brain is the organ of locus in terms 

of information processing and decision making further giving rise to what historically has been 

dualistically exempt705 from its biological attachment – the mind, capable of self-reflection and 

abstractions.   

 

Fig. 125.  Tenia solium, a cestode showing simple cephalisation, July 2005, work of United States Federal Government 
(public domain).  

                                                        
 
705 Cartesian mind-body split.  



 210 

The fragmented embryo begins by deterritorialising (from its original bodies, e.g. gametes) but 

becomes reterritorialised (fertilisation) giving rise to an organisational structure that captures the 

spectacular variety of morphologically distinct animals. Stages of becoming animal involve 

layering of tissue, forming body cavities stretching and folding into an anus and mouth 

connected by a digestive tract. Underlying us (humans) is also the evolutionary direction of 

cephalisation706 (fig. 125), in which areas around the mouthpart eventually produces sensorial 

systems such as eyes connected with a central nervous system. The mouth and anus efficiently 

split zones from ingestion to excretion producing a movement through the animal body giving a 

positional organisation of anterior and posterior. The body plan of animals therefore follows a 

morphological and symmetrical logic that produces an architecture that distinctly places and 

organises animal organs. Notably the symmetrical logic also involves movement plans such as 

bilateral characteristics707 found in our own body plan and radial symmetry that characterises 

sessile animals708 (and plants) by being equal in all sides to its surroundings.  

 

For plants, the differential development divides the root and shoot, one below the ground and 

the other above. Roots absorb water and transports nutrients to the photosynthetic organs 

above. Recall the image of the mouth as the drinking roots (as Aristotle conceived, chapter 2.2) 

with its digestive leaves splitting the water molecules (photosynthesis) and excretion by 

capitation of old vegetative growth. Reversing our own body plan, the root becomes the anterior 

and the shoot posterior. 

 

The classical perception of the root as an anterior structure is already noted as being associated 

with an organism’s forward movement and the presence of a brain.709 The root tip is the location 

where rapid forward growth occurs and what has historically been the site of the root brain.  

Reflecting on roots’ sensitivity and its properties, Darwin concluded his book, ‘The Power of 

Movement in Plants’, with:  

 
 It is hardly an exaggeration to say that the tip… acts like the brain of one of the lower 
animals; the brain being seated within the anterior end of the body, receiving 
impressions from the sense organs, and directing the several movements.710 

 

The distinguishing idea of a brain in plants might be exemplified in the following; decapitation of 

our brain results in almost immediate death whilst ‘decapitating’ roots does not involve such a 

                                                        
 
706 Neil A Campbell and Jane B Reece, Biology, 7th Edition (Benjamin Cummings, 2005). 
707 In anthropods (e.g. Lobster (Phylum Arthropoda) and mammals.  
708 Such as blue mussel (Mytilus edulis) or sea anemone (Phylum Cnidaria). 
709 Peter W Barlow, “Charles Darwin and the Plant Root Apex: Closing a Gap in Living Systems Theory as Aplied to 
Plants,” Communication in Plant, Neuronal Aspects of Plant Life, ed. F Baluska, S Mancuso and D Volkmann (Berlin-
Heidelberg: Springer-Verlag, 2006) 36-51.  
710 Charles R Darwin, The Power of Movement in Plants (London: John Murray, 1880), 574.  
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predicament.711 Decapitation shows that the idea of an anterior root brain does as much to 

change what we mean by ‘brain’ as it does to change our sense of the plant. Plants lack an 

obvious specific tissue for computation, thus its locus is indeterminate.712 It is as if its brain is 

present713 throughout the organisms (e.g. calcium signalling, chapter 3.2).  As we shall see, this 

concept of morphology leads us to question how these physiological differences impact our 

understanding of ‘self’ in plants versus ‘self’ in human/animal?  

 

Plants as a fragmented ‘self’ 

 

Plants have a unique ability to grow and develop throughout their life span. Individual plants 

change their morphology,714 by branching or developing root structures, according to 

environmental conditions. A defining strategy in plants is that they are deterritorialised in the 

absence of a central processing organ. This is made possible by ample distribution and 

regeneration of stem cells (meristems715) throughout their growing life. The detections of 

external variables are played out in their reactions to which they alter the growth and 

developmental processes. It is through this distributed information network that plants have a 

unique potential of ‘becoming’ (continuously developing).  The plasticity of the plant further de-

centralises its boundaries and thus the self.   

 

Moreover, the fluid status of the plants’ becomings and deterritorialisations can also be 

exemplified by the totipotency716 potential of plants (cells), the ability in which parts of 

themselves (their vegetative fragments) can regenerate and sprout into a whole new individual 

(clone or offspring). This feature of propagation, which Aristotle considered a distinctive quality 

of the plants’ ‘soul’ (chapter 2.2), implicates a further notion of fragmentation of the plant’s self.  

In this context, the individuated plant (offspring) can be viewed as an extension of plants’ 

becoming, though it materialises and functions autonomously as a distinct plant. As a more 

                                                        
 
711 ‘In contrast, excision of roots or root apices of plants need not to have immediate adverse effects of the remaining 
parts.’ Peter M Neumann, “The Role of Root Apices in Shoot Growth Regulation: Suport for Neurobiology at the 
Whole Plant Level,” Communication in Plants, Neuronal Aspects of Plant Life, ed. F Baluska, S Mancuso and D 
Volkmann (Berlin: Springer-Verlag, 2006) 66-73. 
712 ‘Because plants lack an obvious specific tissue for computation and because cell division/development continues 
throughout the life cycle, new mechanisms for computation may be required.’ Anthony Trewavas, “Green plants as 
intelligent organisms,” Trends in Plant Science 10.9 (2005): 413-419. 
713 ‘Pressed for an opinion about plant “brains,” Poovaiah laughs. “You want the Poovaiah model? Plants don’t have 
one big brain, they have tiny brains everywhere.” Control is diffuse rather than centralized. Different parts of the plant 
direct different aspects of behavior.’ Cherie Winner, No Shrinking Violet, 2006, 29 June 2009  
<http://wsm.wsu.edu/stories/2006/May/NoShrinkingViolet.html>. 
714 ‘Plants actively forage for food resources by changing their architecture, physiology and phenotype.’ Anthony 
Trewavas, “Green plants as intelligent organisms,” Trends in Plant Science 10.9 (2005): 413-419, 414.    
715 These meristematic cells are analogous in function to stem cells in animals. 
716 Defined as: ‘(the ability of a cell to give rise to unlike cells and so to develop a new organism or part) “animal cells 
lose their totipotency at an early stage in embryonic development.” Princeton University, WordNet Search, 10 August 
2010 
<http://wordnetweb.princeton.edu/perl/webwn?s=totipotency&sub=Search+WordNet&o2=&o0=1&o7=&o5=&o
1=1&o6=&o4=&o3=&h=00>. 
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general process, Gilles Deleuze and Felix Guattari noted: ‘Only something deterritororialized is 

capable of reproducing itself.’717  Further, fragmentation in itself, is the ‘separation of parent 

plant into parts that develop into whole plants’718 and a mode of asexual reproduction. 

Decapitation is a force of regeneration and ‘becomings’, not necessarily of death.  

 

We return to the plant’s decentred and distributed information processing network, signals that a 

plant integrates into a response in relation to its environment, in order to establish how the 

plant’s fragmented self is played out.  

 

The complex communication (macromolecule movements719) between cells and tissues within 

plants requires information internalisation and integration throughout, involving all parts of the 

plant, rather than a specific location, and responses at whole plant level. Recent ideas in plant 

communication go as far as suggesting that plants’ signalling capabilities are ‘likely to be as 

complex as that within a brain.’720 Plants do not possess a central nervous system;721 it is the 

manner of information processing to which plants can be referred to as a fragmented722 self, in 

contrast to our centralised and coordinated self.  

 

Penetrating the fragmented self to induce motion  

 

Various species of tobacco plants, as we have seen, are often used as ‘model plants’ in 

biotechnological experiments.  For example, the GFP tobacco plants in Kac’s ‘The Eighth Day’, 

discussed in chapter 3.1, were appropriated from Stewarts’ research on signalling the presence of 

transgenic proteins in crop plants. The same specie of tobacco plants (Nicotiana tabacum) was also 

used to produce the first plants expressing firefly genes (chapter 3.3). In the touch experiments723 

with calcium, described in chapter 3.2, tobacco plants (Nicotiana plumbaginifoli) were modified with 

the incorporation of aequorin724 to emit light produced by the elevation of calcium725 within the 

                                                        
 
717 Gilles Deleuze and Felix Guattari, A Thousand Plateaus, Capitalism and Schizophrenia, trans. Brain Massumi 
(Continuum, 1992), 59-60.  
718 Neil A Campbell and Jane B Reece, Biology, 7th Edition (Benjamin Cummings, 2005).  
719 ‘The demonstration of macromolecule movement between cells is of considerable significance because it enables 
substantial amounts of information to be built into the signal if needed; thus complex information can be encoded in 
the signal.’ Anthony Trewavas, “Aspects of Plant Intelligence,” Annals of Botany 92 (2003): 1-20,  6.  
720 Ibid.  
721 ‘In the light of recent discoveries from plant cell biology, earlier designations of structures to this subsystems are 
confirmed.  They reinforce the idea that plants possess a form of nervous system […] which, moreover, makes use of 
molecules and organelles found in the neurotransmission system of animals.’ Peter W Barlow, “Charles Darwin and 
the Plant Root Apex: Closing a Gap in Living Systems Theory as Aplied to Plants,” Communication in Plant, 
Neuronal Aspects of Plant Life, ed. F Baluska, S Mancuso and D Volkmann (Berlin-Heidelberg: Springer-Verlag, 
2006) 36-51, 37.  
722 Not in terms of abstraction (mind).  
723 R Marc Knight, et al., “Transgenic plant aequorin reports the effects of touch and cold-shock and elicitors on 
cytoplasmic calcium,” Nature 352 (1991): 524-526. 
724  Aequorin is a calcium sensitive luminescent protein found in the jellyfish Aequorea victoria.  It is an excellent protein 
for measuring the concentration of free calcium ions in living cells (chapter 3.2).  
725 Calcium is important in how plants perceive signals and transmit information.  
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cell. The latter, widely used in animal cells for intracellular measurements, provides a new 

method for ‘determining the role of calcium in intracellular signalling processes in plants.’726 It 

revealed that the tobacco727 plants respond immediately to touch.728 The speed (milliseconds) of 

the response (light emission due to calcium elevation) surprised729 the researchers.   

 

Fig. 126. Tissues of transgenic aequorin-containing seedlings induced to luminesce by cold-shock treatment. A whole 
cotyledon (magnification x 20); note spottiness in response.730  Permission to reproduce this image has been kindly 
granted by Professor Anthony Trewavas from The Edinburgh Molecular Signalling Group 
(http://homepages.ed.ac.uk/ebot40/main.html). 

 

Subsequent scientific inquiries into plant signalling have shown that the internal information 

processing mechanisms occur instantaneously (fig. 126) whilst the morphological adaptations do 

not. These experiments highlighted striking similarities in signalling systems between plant cells 

and our neurons.731 Analogous processes of learning and storage of information between a 

plant’s signal transduction and neural networks have been cited (chapter 3.2).732 Human neurons 

also use internal calcium elevation when they relay information. Plants do not have neurons, but 

                                                        
 
726 R Marc Knight, et al., “Transgenic plant aequorin reports the effects of touch and cold-shock and elicitors on 
cytoplasmic calcium,” Nature 352 (1991): 524-526, 542.  
727 Tobacco plants are not known to be touch sensitive.  
728 ‘To investigate the effect of touch, seedlings were placed in a luminometer and cotyledons touched with a fine wire 
or plastic rod at intervals of 1 min.  With each touch an intracellular calcium concentration spike was observed.’ R 
Marc Knight, et al., “Transgenic plant aequorin reports the effects of touch and cold-shock and elicitors on 
cytoplasmic calcium,” Nature 352 (1991): 524-526, 525. Janet Braam, “In touch: plant responses to mechanical 
stimuli,” New Phytologist 165 (2005): 373-389. 
729 ‘It was as fast as we could measure.  Whereas I have been telling you that plants only respond in terms of weeks 
and months, in this case, they were responding in milliseconds to a signal which we knew would have a morphological 
effect.’  Anthony Trewavas in an interview with Jeremy Narby. Jeremy Narby, Intelligence in Nature, An Inquiry into 
Knowledge (New York: Jeremy P. Tarcher / Penguim, 2006), 89.  
730 Bob B Buchanan, Wilhelm Gruissem and Russell L Jones, Biochemistry & Molecular Biology of Plants (Somerset: 
The American Society of Plant Biologist, 2000), 967.  
731 ‘Plant cell signal transduction uses a similar range of molecules for transduction as in animals.’ Anthony Trewavas, 
“The Green Plant as an Intelligent Organism,” Communication in Plants, Neuronal Aspects of Plant Life, ed. F 
Baluska, S Mancuso and D Volkman (Berlin: Springer, 2006) 1-12, 8. 
732 Anthony Trewavas, “Aspects of Plant Intelligence,” Annals of Botany 92 (2003): 1-20; František Baluška, et al., 
“Neurobiological View of Plants and Their Body Plan,” Communication in Plants, Neuronal Aspects of Plant Life, ed. 
František Baluška, Stefano Mancuso and Dieter Volkmann (Berlin: Springer, 2006) 20-31. 
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there are enough cellular similarities733 to make a comparison between their signalling systems 

and our understandings of the signs worthwhile.     

 

At this point my enquiry returns to the notion of slowness in plants in the hope of opening up 

an analysis of the contradistinction between their ‘inner’ (internal signalling) and ‘outer’ 

(behaviour). Plants’ immediate reaction to touch was detected using molecular tools thus 

penetrating the layers of plant physiology, internalising, producing and embedding proteins to 

follow the stream of the plants’ ongoing communication. Without the ability to move in a 

coordinated manner, this slow process of growth combined with the rapid internal signalling 

generates the ongoing morphology and behaviour of plants.  

 

Fig. 127. Plants on the right were touched twice daily whilst the plants on the left were untreated controls. Photo: 
Dereth Phillips, Rice University.734 Reprinted from New Phytologist, 165, Janet Braam, ‘In touch: plant responses to 
mechanical stimuli’, 373-389, © 2005, with permission from John Wiley and Sons.   

 
 
As a result of plants’ continual developmental735 processes, their responses to environmental 

signals, as discussed above, are expressed in their growth and development736 (phenotypic 

plasticity). Trewavas points out:  

 
It can be objected that animals also grow and develop, but there are important 
qualitative differences. The sessile plant requires a morphological and developmental 
pattern that enables exploitation of local minerals, light and water. Since the 

                                                        
 
733 Anthony Trewavas, “Aspects of Plant Intelligence,” Annals of Botany 92 (2003): 1-20. 
734 Janet Braam, “In touch: plant responses to mechanical stimuli,” New Phytologist 165 (2005): 373-389, 382. 
Anthony Trewavas, “The Green Plant as an Intelligent Organism,” Communication in Plants, Neuronal Aspects of 
Plant Life, ed. František Baluška, Stefano Mancuso and Dieter Volkmann (Berlin: Springer, 2006) 1-12.  
735 Permanent regions of growth producing new organs through the actions of meristems, a powerful group of cells or 
tissues with the ability to replace itself continuously and also provide cells to produce major organs in the plants. 
736 ‘Phenotypic plasticity generated by environmental variation is commonly expressed in growth habit and size, 
morphology and anatomy of vegetative and reproductive structures, in absolute and relative biomass accumulation, 
growth rates, functional cleistogamy, variable sex expression and offspring developmental patterns.’ Anthony 
Trewavas, “Aspects of Plant Intelligence,” Annals of Botany 92 (2003): 1-20.  
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environment is a variable and often unpredictable quantity for any individual plant, 
development continues throughout the life cycle and is necessarily plastic if proper 
exploitation and growth are to be achieved. Plasticity is from all examinations adaptive, 
by its nature variable between individuals in different environments, and therefore must 
involve an element of computation if it is to succeed. […] In contrast, much animal 
development and differentiation is confined to a uterus or egg, is minimal in the adult 
form and, as a consequence, is often described as unitary. Plant development is clearly 
modular, highly polarized through tip growth, and often exhibits complex branching 
patterns to enable proper resource exploitation that continues throughout the life 
cycle.737 

 

Animals deal with environmental influences through movement (coordinated by means of 

electrical excitations) rather than developmental growth. Animal behaviour738 is equated with 

movement whilst plant behaviour manifest in growth and development.739 The distinctions 

between (human and plant) times are explicitly at play.  

 

Fig. 128. The root cone of an adult Socratea exorrhiza.740 Reprinted from Biotropica, 12.1, John H Bodley and Foley C 
Benson, ‘Stilt-Root Walking by an Iriarteoid Palm in the Peruvian Amazon’, 67-71, © 1980, with permission from 
Wiley-Blackwell.   

 

 

                                                        
 
737 Anthony Trewavas, “Aspects of Plant Intelligence,” Annals of Botany 92 (2003): 1-20. 
738 ‘Here we use the term behavior to mean what a plant or animal does, in the course of an individual’s lifetime, in 
response to some event of change in its environment.  This definition of behavior overlaps with that of phenotypic 
plasticity where the term refers to an individual’s response to its environment.’ Jonathan Silvertown and Deborah M 
Gorden, “A Framework for Plant Behavior,” Annual Review of Ecology and Systematics 20 (1989): 349-366, 350.  
739 Anthony Trewavas, “Aspects of Plant Intelligence,” Annals of Botany 92 (2003): 1-20. 
740 John H Bodley and Foley C Benson, “Stilt-Root Walking by an Iriarteoid Palm in the Peruvian Amazon,” 
Biotropica 12.1 (1980): 67-71, 68.  
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Anthropologists John Bodley and Foley Benson741 were able to capture the pace at which the 

stilt palm, Socratea exorrhiza, ‘walks’ through the dry tropical forests of eastern Peru by observing 

saplings ‘escape’ from fallen debris. With its stem raised on prop roots742, it is able to maintain an 

optimal position by growing new prop roots in the direction of movement while those behind 

die off.  In their paper the researchers coined the term ‘walking palm’ to describe the ability of 

the palm to ‘literally pick itself up and “walk”’743. Relative to perception of humans, they hardly 

move. The stimuli (light) causes these palm trees to ‘grow a walk’ and this behaviour was 

explicitly used to describe the palm’s ‘leg-like action of the stilts and because the plant eventually 

straightens itself at a new location.’744 The movement is intertwined with anthropomorphic 

manifestations and suggests a common ground with Bose’s ‘praying palm’ (chapter 2.3) in 

representing the biological phenomenon of tropisms, that is, palms’ movement responses to 

their environment (gravity/temperature and light respectively). One is rooted but the other 

(‘walking palm’), triggered by neighbouring plants ‘hogging’ the light, goes further in 

demonstrating, as Trewavas points out, ‘intentional behaviour.’745   

 

To reiterate, seeing such behaviour in plants is problematic given the gaps in time. Plants’ 

abundance and ability to perceive a complex environment and carefully assess long-term changes 

does, however, make them ideal candidates for technological sensorial development, as we saw 

in chapter 3.2, with GFP plants functioning as sentinels. More than a source of understanding 

the other, a desire to use biological material as an extension of technology is emerging and is 

changing the human-plant relationship. Human activities are becoming a driving force in plants’ 

evolution (e.g. agricultural, pharmaceutical, industrial and military applications in crops).  How 

do we think about the future of plants?  

 

As part of this we are also changing the fragmented self in plants through technologisation, 

influencing the way plants are expressing themselves and communicating with their 

surroundings.746 What is the next paradigm for plants with this evolutionary force? Could 

induced and directed motion in plants become a future scenario?  This question is explored 

through my experimental practice. 

                                                        
 
741 R Gregory Goldsmith and Rakan A Zahawi, “The function of stilt roots in the growth strategy of Socratea exorrhiza 
(Arecaceae) at two neotropical sites,” Revista de Biologia Tropical 55.3-4 (2007): 787-793. 
742 The inner part of the stilt root is used as a male aphrodisiac.  
743 John H Bodley and Foley C Benson, “Stilt-Root Walking by an Iriarteoid Palm in the Peruvian Amazon,” 
Biotropica 12.1 (1980): 67-71, 67.   
744 Ibid.  
745 Plant Intelligence Anthony Trewavas, “Aspects of Plant Intelligence,” Annals of Botany 82 (2003): 1-20. 
746 Such as Aresa Biodetection collaboration with Danish Demining Centre to carry out open-air testing of the 
landmine detection plants (Red•Detect) plants are used as biosensors to localise explosives present in the ground. 
The plants change colour from green to red, using technological aplication (patented in 2002) that controls the red 
formation in plants. ‘To use this technology for detection of explosives, a DNA fragment was transferred to the 
background plant line.  This fragment is responsible for red colour formation only when plant is exposed to Nitrogen 
Dioxide, which is a by-product formed when explosives are metabolised by soil bacteria.’ The Danish Army, Aresa 
Biodetection & Danish Demining Centre, Open-air testing of Red•Detect, Test Report (Copenhagen: Aresa 
Biodetection, 2005). 
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Experiments carried out in my practice [3.1-3.4] transform how plants react to their 

environment, by changing (or modifying) the manner in which they behave towards external 

stimuli. Through a play of time, at the level of interactions, and in invoking an immediate 

response in non-specialised plants, we observe a different behavioural response. Rather than 

adaptation, we see movement that is perceptible and instantaneous.   

 

Following my introduction to a new biomedical technology, magnetic nanoparticles, and 

conversations with Dr Lythgoe, it became clear that these could be used as ‘smart delivery 

systems’747 within living organisms, by guiding particles with external magnets.  This provided an 

empirical mechanism to consolidate plants’ ‘inner’ with their ‘outer’ and to elicit a type of 

behavioural response. In keeping with the circular nature of the action research method, 

described in chapter 1.3, the utilisation of magnetic nanoparticles was adapted as part of the 

research’s ‘revised planning’ stage. The question was whether this nanotechnology could be 

applied to plants, and whether these particles could be internalised to induce movement that 

could be perceived by the naked eye.  With the ‘revised’ plan of action specified, and in line with 

McKernan’s action research method, ‘the testing of hypothesis by application of action to the 

problem’748 was undertaken.   

 

Fig. 129. Video stills of the magnetically actuated plants, February 2008. Video: Laura Cinti.  

 

After a year of experimental combinations, the following chapter will expand on this, plant 

movement was instantaneous (magnetically-supported), though slight, towards an external 

magnet and this opened a way of performing a type of tactile plasticity in plants [3.4]. As a result 

                                                        
 
747 Drugs could for instance be coated onto the particles, engulfed by the cells, injected into the body and transported 
within the living organisms, with the help of external magnets allowing targeting.  
748 James McKernan, Curriculum Action Research: A Handbook of Methods and Resources for the Reflective 
Practitioner, 2nd Edition (London: Routledge, 2006), 5. 
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of the magnetic nanoparticles being internalised in the plants, movement was observed when 

strong magnets were positioned near the plants (fig. 129). These experiments are part of my 

ongoing practice and will form the basis of the subsequent chapter.   

 

As the magnetic nanoparticles are absorbed into the roots and penetrate the cellular spaces, they 

become a feature of the plant that can be actuated by magnetic fields causing attraction or 

repulsion. This method suggests ways of inducing immediate and rapid movements in plants.   

The alteration of magnetic fields can produce anything from simple elastic movements to more 

complex patterns of motion and even suspension scenarios. Here, the magnetic nanoparticles 

and applied magnetic field play the role of generating this movement, which otherwise could not 

be done with plants (lacking specialised ‘touch-response’ mechanisms). Fast movements and 

reactions, as mentioned above, are indicative of a higher cognitive function and a central nervous 

system.  It was the responsive movement to stimuli that was germane to Darwin equating the 

root tips’ sensory functions to that of a brain. For plants, their (rapid) internal temporal reality is 

masked by their external behaviour of slowness.  
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CHAPTER 4.3: THE MOLECULAR INTERFACE: 
INDUCING MOTION IN PLANTS 
 
 

The preceding chapters pointed to the contradistinction between plants’ rapid internal activities 

in relation to their gradual morphological behaviour, where internal signals (electrical or calcium) 

were seen to signify the extent of plants’ acute perceptual qualities.  

 
Methods of extracting such internal signals (electrophysiological phenomena) were seemingly 

utilised in Masaoka’s performances (chapter 4.1), portraying sonic translations of plants’ real-

time responses to their environment749 via human brainwave-derived (EEG) applications.  

However, issues of authentication were raised in terms of external interference as a result of 

human movements and the incompatibility of brainwave sensors to extract electrophysiological 

signals in plants.   

 

The issues with using EEG-derived interfaces to extract electrical signals in plants were 

expanded in chapter 4.2, where physiological differences between human (animals) and plants 

defined their morphologies and, more significantly, behaviours – organisms’ responses to their 

environment. For example, the principle form of expression (behaviour) in animals is movement 

coordinated by a centralised information processing system whilst plants express their behaviour 

(responses to their environment), in the absence of a central processing organ, through growth 

and development. As has been emphasised, it is difficult to recognise and observe plant 

behaviour (growth and development) directly.  

 

Two experimental studies demonstrate several aspects of the challenges involved in perceiving 

growth changes. One looks at touch-induced developmental responses 

(thigmomorphogenesis750) and the other looks at, the most commonly observed, growth 

movement responses to light stimuli (phototropism751). These responses contrast from the rapid 

reactions (thigmonastic752) of plants with specialised organs (for example the sensitive plant 

Mimosa pudica or Venus’ Flytrap Dionaea muscipula [2.1]) and movements in response to touch 

stimulus (thigmotropic753), such as the climbing behaviour of vines (where tendrils coil on touch 

                                                        
 
749 Miya Masaoka, Brainwaves & Plants, 12 August 2010  
<http://www.miyamasaoka.com/interdisciplinary/brainwaves_plants/pieces_for_plants.html>. 
750 Defined as the touch-induced developmental response of nonspecialised plants and coined by M.J.Jaffe in 1973 in 
M.J. Jaffe, “Thigmomorphogenesis: The Response of Plant Growth and Development to Mechanical Stimulation 
With Special Reference to Bryonia dioica ,” Planta 114 (1973): 143-157.   
751 Defined as the growth response of plant parts to the stimulus of light, producing a bending towards the light 
source. Collins English Dictionary – Complete and Unabridged (London: HarperCollins Publishers , 2003). 
752 […] ‘nastic responses are movements, such as the folding up of Mimosa pudica’s leaflets, which occur in a direction 
largely independent of the direction of the stimulus.’ Janet Braam, “In touch: plant responses to mechanical stimuli,” 
New Phytologist 165 (2005): 373-389. 
753 Defined as ‘the directional growth of a plant, in response to the stimulus of direct contact.’ Collins English 
Dictionary – Complete and Unabridged (London: HarperCollins Publishers , 2003).  
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simulation) or in a more extreme example, the strangler fig (Ficus costaricensis), where on touching 

the base of a tree its growth adaptations change and travel upwards to reach the light. In doing 

so it throttles the host tree by growing around it and cutting off essential water and light. 

 

Touch-induced developmental responses  

 

Fig. 130. Right to left: Two sunflower seedlings, plant on left is the control and administering touch simulation on 
right plant, London, 14 July 2007. Photos: Laura Cinti.  

 

In the one study [2.2] exploring the phenomena of thigmomorphogensis in plants, two 

sunflower seedlings were positioned alongside each other.  The left plant was the control and the 

other was subjected to daily (innocuous) touching for approximately 2-3 seconds over a one-

month period (fig. 130). Visible differences in height (approximately 1-2cm) were discernable 

after two weeks (fig. 131).  

 

Fig. 131. Right:  Note reduced stem hairs on the touched plant (on right side). Left: Height difference (approximately 
1-2 cm) between the control and touched plant. London, 16 August 2007.  Photos: Laura Cinti. 

 

After a month, the control’s stem appeared elongated with a fully formed additional (second) 

node of sprouting leaves.  In contrast, the touched plant appeared shorter754 in length and new 

                                                        
 
754 ‘Mechanically perturbed sunflowers produce more xylem and thicker cells than do controls. Environmental stress 
tends to produce a plant more capable of withstanding that stress, the strengthening elements in the stems are 
enhanced.’ M J Jaffe, “Morphogenetic Responses of Plants to Mechanical Stimuli or Stress,” BioScience 30.4 (1980): 
239-243. 
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leaves were sprouting from original node, thus making it look ‘leafier’.755  When touching had 

ceased, the control flowered, while in the other plant, flowering was delayed and it grew 

significantly taller (two months after touching ceased, fig. 132).  The touch gestures affected the 

shoot and timing of flowering.   

 

Fig. 132. Left to right: note early flowering on control (left) and reduced height in comparison to the plant (right) 
subjected to one month of touch stimulation between July-August, showing later flowering and elongated stem, 
London, 9 October 2007.  Photos: Laura Cinti. 

 

Though differences were observed, it was through daily monitoring and recording that an 

awareness of these changes became apparent.  This study highlighted the time disparities and the 

difficulties of perceiving the touch-induced morphological growth adaptations for the casual 

observer (fig. 131).  

 

Growth movement responses to light stimuli  

 

In the second study,756 (during the development of the ‘Growthoscope’ prototype at Woburn 

studios [8.1]), I attempted to observe a pea seedling (Pisum sativum) exhibit positive 

phototropism.   The shoot tip was turned away from the light stimuli (window), followed by an 

intense period of direct (‘naked’ eye) observation.  This process was simultaneously recorded 

with a camera (Canon 300D Digital EOS) shooting at an interval of approximately 1-3 minutes.  

 

However, this method of intense observation acted on my visual senses in obscure ways that will 

be briefly described.   I seemingly observed the following: a period of no movement followed by 

an ever so slight rapid side to side movement on the stem adjoining the tip of the upmost leaflet. 

At this point I would stop breathing to avoid contaminating the observation with my own 

movements. Later I would check the results on the camera, which revealed (fig. 133) that growth 

                                                        
 
755 ‘These growth changes are likely adaptive, enabling plants to withstand additional mechanical force stresses. Touch-
induced morphogenesis changes are correlated with increased production of strengthening tissue and improved 
resistance to mechanical perturbation induced damage. Some species increase tissue rigidity whereas others have 
higher flexibility in response to mechanical perturbation.’ Janet Braam, “In touch: plant responses to mechanical 
stimuli,” New Phytologist 165 (2005): 373–389, 382.  
756 The research was carried out at Slade Research Centre, Woburn Studio during March 2009. 
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movements757 (at approximately 5° angle towards the right) had occurred. The figure below 

shows a fifteen-minute period (16:14 to 16:29) of the plant’s growth movement towards the 

light.  At 16:14 the plant was positioned at an obtuse angle (approximately 95°) and at 16:29, the 

plant was now almost at a right angle (90°).  Still, it remained very difficult to perceive and the 

movement was too slow for me to distinguish whether I was imagining this or actually observing 

it.758    

 

 
Fig. 133. Images left to right. 1. Three minute interval between photographs. First image layer, opacity 100%, 6th 
March 2009 at 16:14. Second layer, opacity 40%, 6th March 2009 at 16:19.  2. One minute interval. First image layer, 
opacity 100%, 6th March 2009, 16:22. Second layer, opacity 40%, 6th March 2009 at 16:23. 3. Three minute interval. 
First image layer, opacity 100%, 6th March 2009, 16:26.  Second layer, opacity 40%, 6th March 2009 at 16:29. Slade 
Research Centre, Woburn Square, UCL.  Photos: Laura Cinti.  

 

Difficulties in observing plants’ growth movement responses  

  

The centrality of the participant’s direct engagement and self-reflective spirals is reflected759 in 

the above studies, where time-lapse (as a recording and a control) becomes a deliberately used 

tool because, as a participant observer schooled in PAR method, I am aware that my presence 

may be impacting what I am observing:   

                                                        
 
757 This directional growth response to the light source, phototropism.     
758 When does continuous motion become invisible to us or disguised by its own timeframe? ‘Measurements with a 
single moving object must traverse at least 1 minarc for a sensation of motion to be experienced.’ In Robert Sekuler, 
Scott N.J Watamaniuk and Randolph Blake, “Motion Perception,” Sensation and Perception, ed. Steven Yantis, Third, 
Vol. 1 (New York: John Wiley & Sons Inc, 2002) 121-176, 126. Speed has ‘a major controlling effect on visual 
responses to moving patterns.’ In Joseph S Lapin, et al., “Spatial and temporal limits of motion perception across 
variations in speed, eccentricity, and low vision,” Journal of Vision 9(1).30 (2009): 1–14. 
759 Robin McTaggart, Participatory action research: international contexts and consequence (New York: State 
University of New York, 1997). 
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[…] participatory action researchers draw on the research methods of phenomenology, 
ethnography and case study, seeking an understanding of the area within which they are 
working. […] Information is collected in the usual naturalistic research ways, for 
example, participant observation, interview, the compilation of field notes, logs, 
document analyses, and the like.  Validation is achieved by a variety of methods, 
including triangulation of observations and interpretations, participant confirmation, and 
testing the coherence of arguments being presented.760  

 

The two experiments above demonstrate the difficulties involved in attempting to perceive plant 

behaviour through layers of growth without the aid of image-recording instruments. The first 

showed the length of time needed (two weeks761) to see these changes and the second revealed 

the complications in perceiving the more rapid growth responses of seedlings to light. Although 

in terms of behaviour, plants’ phenotypical plasticity is comparable to our movements, due to 

the differences in timescales it is almost impossible to experience it directly (unmediated).  

 

The preceding chapter introduced an experiment that utilised a new biomedical technology, in an 

attempt to modulate aspects of plant behaviour by invoking dynamic motion in plants, directly. 

With this in mind, this chapter provides a detailed discussion of the experiment and brings the 

contradistinctions of the plants – the ‘rapid’ inner (signalling) and ‘gradual outer’ (growth and 

development) – directly into tension.  On the one hand, the external characteristics of the plants 

are actuated by a latent behavioural feature enabling the ‘gradual outer’ to rapidly move and on 

the other hand, if we go further, this same latent feature could be used to visualise and 

interactively explore the inner.   

 

Magic bullets:762 the invisible interface 

 

From the outset of this research my idea was to explore the possibility of an artwork, as stated in 

chapter 1, where human touch gestures would elicit rapid, visible and embodied motions in 

living plants. The realisation of having whole763 plants moving towards, or communicate in 

relation to, our haptic gestures were not without obstructions.  Thus, a significant part of the 

research was spent developing strategies that could actualise movements in plants overcoming 

obstacles of temporal disparities and finding ways to consolidate the contrasting physiological 

textures of plants and humans.   

                                                        
 
760 Ibid. 37. 
761 This varies in different species of plants. 
762 The application of magnetic nanoparticles in the life sciences, or ‘magic bullets’ as postulated by Paul Ehrlich (1908 
Nobel Prize winner in Physiology or Medicine) in 1906, are their use as ‘smart’ delivery systems. ‘His aim was, as he 
put it, to find chemical substances which have special affinities for pathogenic organisms, to which they would go, as 
antitoxins go to the toxins to which they are specifically related, and would be, as Ehrlich expressed it, “magic bullets” 
which would go straight to the organisms at which they were aimed.’  The Nobel Foundation , Paul Ehrlich The 
Nobel Prize in Physiology or Medicine 1908 - Biography, 17 September 2009  
<http://nobelprize.org/nobel_prizes/medicine/laureates/1908/ehrlich-bio.html >. 
763 Not movements restricted to specialised parts (i.e. pulvini, the specialised motor organs located at the bases of the 
leaflets and petioles).  
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The dynamics of the induced motion was envisioned to contrast with the rapid ‘nonmuscular 

hydraulic’764 or rhythmic movements of specialised plants that are confined to particular localities 

of their organs.  For example, the sensitive plant’s (Mimosa pudica) expansion and shrivelling of 

cells with water induces immediate leaf closure765 [2.1] while the Venus flytrap (Dionaea 

muscupula), due to its inability to shift water into cells as swiftly, utilises water as a means to 

trigger an ‘elastic buckling instability.’766  In other words, the prey triggers the leaf to swell with 

water and results in the leaf snapping back to its original position, hence trapping the prey.  

 
The implication of inducing flexible motions (i.e. not at specific locations) in plants was aimed at 

producing a kind of ontological provocation by imparting direct perceptual qualities onto plants 

in order to elicit empathic reactions from human agents.  For example, as we have seen 

throughout the thesis, not perceiving visible and rapid responses in most plants has played a 

critical role in constructing the human view of plants as passive and insensitive. This 

understanding was traced back to Aristotle767 (chapter 2.2) and contemporary plant 

neurobiologists768 argue that the ‘Aristotelian’ view prevails.769 Although sensorial features in 

plants can be visualised through interfaces, it is only indirectly, that is, via the mediation of 

photography, such as time-lapse (chapter 2.3) or graphs, as in the case of Bose’s recordings 

(chapter 2.3), and not as an actuality (unmediated) emanating from the living plants themselves.  

Further, perceiving motion in plants, as we saw in the case of the ‘praying palm’ or in 

insectivorous plants (sundews) imparted significant degrees of empathic responses by the human 

subject such as mass pilgrimages showering the ‘praying palm’ with offerings or Darwin’s 

affection toward his ‘beloved’ Drosera plants (chapter 2.3).   

 

Thus, implementing an invisible interface that could actuate motion in plants was critical to 

accomplish the undertaking of this study. Lythgoe’s suggestion of utilising magnetic 

nanoparticles [MNP], as described in the preceding chapter, to modulate motion in plants 

opened tangible possibilities of realising this idea.     

                                                        
 
764 Jan M Skotheim and L Mahadevan, “Physical Limits and Design Principles for Plant and Fungal 
Movements,” Science 305.5726 (2005): 1308 – 1310, 1308. 
765 Rapid folding of leaf is due to loss of turgor (fluid) from cells (extensors) of pulvini. Flexor cells positioned 
opposite to the extensors stretch when extensors lose turgor, thus these interchanging cell volumes allow for these leaf 
movements and are driven by osmosis.   
766 Jan M Skotheim and L Mahadevan, “Physical Limits and Design Principles for Plant and Fungal 
Movements,” Science 305.5726 (2005): 1308 – 1310, 1308. 
767 Aristotle, “On the Soul,” Aristotle, The Complete Works of Aristotle, ed. Jonathan Barnes, trans. J.A.Smith (New 
Jersey: Princeton University Press, 1984) 641-692.  
768 ‘Plant neurobiology is a newly focused field of plant biology research that aims to understand how plants process 
the information they obtain from their environment to develop, prosper and reproduce optimally.’ E D Brenner, et al., 
“Plant neurobiology: an integrated view of plant signaling,” Trends in Plant Science 11.8 (2006): 413-419. 
769 ‘Aristotelian philosophy led to the passive view of plants; which to a greater or lesser degree persists even today’ 
and ‘Nevertheless, the Aristotelian–Linnean approach to reasoning and thinking, which dominates contemporary 
scientific concepts, is based on an almost dogmatic idea that sessile plants are passive organisms that do not need 
rapid electrical signals, and so these, when recorded, should be considered for some kind of biological oddity that do 
not require further detailed studies.’ František Baluška and Stefano Mancuso, “Plants and Animals: Convergent 
Evolution in Action?,” Plant-Environment Interactions, From Sensory Plant Biology to Active Plant Behavior , ed. 
František Baluška (Berlin Heidelberg: Springer , 2009) 285-301.  
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Nanoparticles exist within the nanometer range (one millionth of a millimetre) between 1-

100nm, and, to borrow Lythgoe’s description: 

 
These particles are tiny: one nanometre is the distance that a fingernail grows in a 
second.770  

 

It is interesting to point out that ‘growth’ (of a fingernail, that is, approximately 0.1mm a day or 

3mm a month) is used to offer a degree of comprehension into a level of scale that would 

otherwise escape our senses.  Still, even for the fastest growing trees, Bamboo (Bambusoideae), 

which can grow up to a centimetre an hour,771 Trewavas notes: 

 

without some recording device; it [is] extremely difficult for any human to observe this 
phenomenon.772   

 

Given the size of the nanoparticles, changes in their properties are related to quantum effects 

(for example, the origin of phenomena, superparamagnetism773). Although natural 

(environmental) nanoparticles exist (i.e. volcanic ash or lunar dusts) and also as a result of 

anthropogenic industrial waste (i.e. diesel exhaust), the exciting application of engineered MNP 

in the biomedical sciences (i.e. magnetic resonance imaging [MRI] diagnostics and magnetic drug 

targeting) will be discussed here.  One example of Lythgoe’s research area,774 in his capacity as 

Director of UCL Centre of Advanced Biomedical Imaging (CABI), involves the delivery of stem 

cells to specific targets in the body to repair damaged tissues.  In one such experiment, 

magnetically (with MNP775) ‘tagged’ stem cells (endothelial progenitor cells) were transported (in 

vivo) to sites of arterial injury using an external (outside body) magnet.776      

 

A different but comparable method of having similar MNP utilised as an intrinsic molecular 

interface in plants was explored as part of my experimental art practice.  Rather than use MNP as 

delivery systems to specific locations within a living organism, the idea was to employ these 

particles as a way of generating movements in plants. The motivation for using MNP was to 

                                                        
 
770 The Times, Tiny magnets that help heal injuries could be used to treat cancer, 18 August 2009, 19 August 2009 
<http://www.timesonline.co.uk/tol/life_and_style/health/article6799532.ece>. 
771 Anthony Trewavas, “Aspects of Plant Intelligence,” Annals of Botany 82 (2003): 1-20, 16.  
772 Ibid.  
773 Defined as ‘a form of magnetism, which appear in small ferromagnetic or ferrimagnetic nanoparticles. In small 
enough nanoparticles, magnetization can randomly flip direction under the influence of temperature.’ Wikipedia, 
Superparamagnetism, 17 August 2010 <http://en.wikipedia.org/wiki/Superparamagnetism>. 
774 CABI, Research Areas at CABI, 19 September 2009 
 <http://www.ucl.ac.uk/cabi/Research%20Areas/Research%20Areas.html>. 
775 U.S. Food and Drug Administration-approved nano-sized superparamagnetic iron oxide nanoparticles compound 
Endorem®. 
776 Stem cells from human blood cells were isolated and cultured with magnetic nanoparticles. The cellular uptake of 
these magnetic nanoparticles, through cellular process of (eating) engulfing solid particles was verified and quantified. 
Male rats were anaesthetised and an angioplasty was performed to expose blood vessels (endothelium) where these 
stem cells were administered (injected into).  This technique showed that there was a five-fold increase in the number 
of stem cells that reached the targeted site of the injury. Panagiotis G Kyrtatos, et al., “Magnetic tagging increases 
delivery of circulating progenitors in vascular injury,” Journal of the American College of Cardiology: Cardiovascular 
Interventions 2.8 (2009): 794-802. 
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overcome one of the problematic aspects in plants, that is, their selective uptake of materials. It 

is precisely the size of MNP that gives them the potential of escaping ‘under the radar’ of this 

selection mechanism.  The aim was, thus, to internalise these MNP and if successful, investigate 

if applied magnetic fields could induce movement in the plants via an attraction between the 

magnet and MNPs in the plant.  

 

 
Fig. 134. Images left to right. 1. ‘Introduction to Ferrofluid’ [3.1], 14 July 2007.  2. ‘Painting with Ferrofluid’ [3.1], 24 
July 2007. 3. ‘Injecting Magnetic nanoparticles into Tomato Plants’ [3.3] 21-23 November 2007. 4. ‘Cress growing in 
different concentrations of Ferrofluids’ [3.2] 4-16 September 2007. 5. ‘Biomedical magnetic nanoparticles in cress 
culture medium’ [3.4]. 11-29 February 2008, video still.  Photos: Laura Cinti. 

 

During the period (Jun 2007 – Feb 2008) I was conducting the MNP experiments, new scientific 

papers on plant interaction with nanoparticles were beginning to be published. I was careful to 

reflect on the contents of these papers and adapt my research in response, this was in keeping 

with McKernan’s action research method whereby (after the problem area is identified) ‘inquiry 

is carried out by the practitioner.’777 Most of these scientific papers, however, focused on the 

toxicity of nanoparticles on plants.  For example, in 2007, effects on different types of 

nanoparticles (multi-walled carbon nanotube, aluminium, alumina, zinc and zinc oxide) on seed 

germination and root growth were analysed and the authors found that these varied according to 

concentration and plant species (radish, rape, ryegrass, lettuce, corn, and cucumber).778   In 

another paper779 published the same year, the effects of MNP were analysed on the growth of 

maize (Zea mays) plants.  The authors demonstrated that low concentrations of MNP produced 

stimulatory effects on plant growth while high concentrations induced inhibitory effects. The 

stimulatory and inhibitory effects on growth, as result of MNP concentrations, were also found 
                                                        
 
777 James McKernan, Curriculum Action Research: A Handbook of Methods and Resources for the Reflective 
Practitioner, 2nd Edition (London: Routledge, 2006), 5.  
778 Daohui Lin and Baoshan Xing, “Phytotoxicity of nanoparticles: Inhibition of seed germination and root growth,” 
Environmental Pollution 150.2 (2007): 243-250. 
779 Mihaela Răcuciu and Dorina-Emilia Creangă, “TMA-OH Coated Magnetic Nanoparticles Internalized in Vegetal 
Tissue,” Romanian Journal of Physics 52.3-4 (2007): 367-374. 
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in my preliminary studies with water-based ferrofluids [3.1]. The authors suggested biomembrane 

penetration (internalisation) of MNP as a possible reason for the observed affects780 on the 

plants.  

 

Fig. 135. Image showing toxity symptoms of 12 day old plantlets. Emailed to me through personal correspondence 
with Mihaela Răcuciu, 3rd December 2007. A related image was used in their paper.781  Permission to reproduce this 
image has been kindly granted by Mihaela Răcuciu. 

 

Fig. 136. Email correspondence between Mihaela Răcuciu and myself.  Right: my email 30 November 2007.  Left: 
Răcuciu’s reply on 3 November 2007.  

 

To expand my inquiry (McKernan) I contacted the authors with the intention of adapting my 

specified plan of action in light of their research. One of the authors I contacted, Mihaela 

Răcuciu, confirmed that biomembrane penetrations of MNP were not verified (fig. 136).  In 

Răcuciu’s other paper, effects of MNP on plants alongside static magnetic fields on maize 
                                                        
 
780 Mihaela Răcuciu and Dorina-Emilia Creangă, “TMA-OH Coated Magnetic Nanoparticles Internalized in Vegetal 
Tissue,” Romanian Journal of Physics 52.3-4 (2007): 367-374. 
781 Ibid.  
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seedlings further demonstrated (based on spectrophotometric782 measurements) stimulatory 

effects of MNP and magnetic exposure on the maize.783 One paper described how microscopic 

investigations (cytogentic tests) were conducted on the cellular division in roots’ meristmetic 

cells showing that these increased following MNP addition.784  

 

I highlight these scientific studies not only as possible references on technical matters but for 

several other reasons.  These publications exemplify the novelty of MNP interactions with plants 

as a scientific subject and, more crucially for me, in terms of developing it as an artistic medium.   

In the plant sciences MNP offers great potential of tackling infections in their use as ‘smart’ 

delivery systems within living plants.  For example, ‘tagged’ MNP (with agrochemicals) could 

inhibit damage to unaffected plant tissues and further, reduce the release of chemicals into the 

environment.  The significance of MNP as an artistic medium is that it opens new perspectives 

that can challenge our understandings of plants, such as how we categorise and relate to them, by 

(1) producing latent features (i.e. interactive motion) or (2) reveal plants’ sensorial and intrinsic 

qualities (i.e. interactive visualisation techniques, which will be discussed in concluding 

paragraph).  During this period the ‘unknowns’ surrounding the subject of having plants 

internalise MNP, signify how the process of experimentation had become central and treated as 

an equivalent process, if not more significant, towards the production of an artwork.   

  

As I had previously not worked with plants in this way and in light of the ‘exoticness’ of the 

medium (MNP), numerous experiments were undertaken in order to gain understandings of the 

mediums (‘model’ plants and MNP solutions) and these outcomes were subsequently utilised in 

designing further experiments.  The varieties of experiments, fig 134, [3.1, 3.2, 33] are briefly 

described in the chapter 1.3.  What follows are details of the experiment with biomedical MNP 

[3.4].  

 

Cress plants (Lepidium sativum) were selected for preliminary experiments [2.3] due to their 

suitability for hydroponic applications and rapid growth (a central property for many model 

systems, i.e. E.coli, Arabidopsis plants and mice). Their small size, though, posed certain 

problems. On the one hand it meant smaller vessels, which could affect the transport of MNP 

through their (plants’) vascular systems (tissues that conduct water and nutrients), as opposed to 

plants with larger vessels (i.e. pumpkin or tomato plants). On the other hand, it was the small 

                                                        
 
782 Defined as: ‘a photometer for comparing two light radiations wavelength by wavelength’ University of Princeton, 
WordNet Search - 3.0 , 15 August 2010  
<http://wordnetweb.princeton.edu/perl/webwn?s=spectrophotometer&sub=Search+WordNet&o2=&o0=1&o7=
&o5=&o1=1&o6=&o4=&o3=&h=>. 
783 Mihaela Răcuciu and Dorina-Emilia Creangă, “Influence of water-based ferrofluid upon chlorophylls in cereals,” 
Journal of Magnetism and Magnetic Materials 311 (2007): 291-294. 
784 Mihaela Răcuciu and Dorina-Emilia Creangă, “Cytogenetical changes induced by β-Cyclodextrin coated 
nanoparticles in plant seeds,” Romanian Journal of Physics 54.1-2 (2009): 125-131. 
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size that would enable movements of the stems or leaves (again, in contrast to larger plants) as a 

result of the applied magnetic force being stronger than the weight of the cress’ plant body [3.1]. 

 

Fig. 137. Germination of seeds growing in de-ionised water, 13 February 2008. Photos: Laura Cinti.  

 

Three sets of (approximately) twenty seeds were germinated in mini petri dishes (15 x 60mm) in 

a solution of 5ml (de-ionised) water (fig. 137), each set of plants were re-hydrated with 5ml of 

(de-ionised) water on the second, the fifth and the seventh day.  

 

Fig. 138. Removal of seed coats, 22 February 2008. Photos: Laura Cinti. 

 

The seed coats of the nine-day-old seedlings were removed as a precautionary measure to 

minimise the possibility of contamination (fig. 138).  In one dish, a dilution of detergent (Tween 

20) was added to improve uptake by whetting the roots to aid access of the MNP to the root 
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while in another dish 4ml of root stimulator (Rhizotonic) was added whilst the final dish 

remained without supplementary solution as a control.  

 

Each dish, containing the nine-day-old seedlings, was treated with 5ml iron oxide magnetic 

nanoparticles coated with starch (fluidMAG D nanoparticles, Chemicell).785  

 

The plants in the dish with the diluted detergent solution (Tween 20) perished (fig. 139) soon 

after it was applied (too high concentration).  In the other two dishes, the plants were growing 

well and appeared to be absorbing the solution.  To ensure that the solution was continuously 

absorbed, the plants were only hydrated when no fluids were left in the dishes.  

 

 
Fig. 139. Cress growing in culture solution of diluted magnetic nanoparticles.  The growing samples of plants were 
seen to exhibit magnetic properties, 24 February 2008.  Photo: Laura Cinti. 

 

Fig. 140. Film stills of 14 day old seedlings growing in culture with MNP; these movements were recorded with SONY 
Digital HD Video Camera [HVR-A1E], 26 February 2008. Video: Laura Cinti. 

 

On the 5th day the cress plants (fig. 140) in the remaining two dishes showed very slight 

movement when an external magnet was positioned very close to the plants.   
                                                        
 
785 The experiment methods were recorded with a Canon 300D Digital EOS and logged in my research journal. 
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Slight movements of the whole living plants towards the external magnets determined the 

penetration and translocation of MNP.  However, these needed to be confirmed by imaging 

methods (microscopy, [6.1]) to detect and visualise the presence of these particles within the 

plants and also analyse their locations within the plant body for future applications. 

 

Fig. 141. ‘Hand-cut sections of petioles (A–C) and roots (D–F) of pumpkin plants treated with bioferrofluid. ‘(A) 
Detail of vascular tissues at the application point. Dark coloration indicates accumulation of bioferrofluid. (B) Detail 
of vascular tissues adjacent to a magnet. Bioferrofluid is concentrated in xylem vessels. (C) Detail of vascular tissues 
opposite a magnet placement. No bioferrofluid accumulation is observed. (D) Detail of root vascular tissue preceding 
magnet localization. Bioferrofluid appears distributed through the xylem vessels as a dark staining. (E) As (D) but at 
the point of the magnet placement. Again strong presence of bioferrofluid is observed. (F) As (D) but after the point 
of the magnet placement. No bioferrofluid is observed, indicating its flux was mainly stopped at the magnet 
placement.’ 786 P González-Melendi, et al, ‘Nanoparticles as Smart Treatment-delivery Systems in Plants: Assessment 
of Different Techniques of Microscopy for their Visualization in Plant Tissues’, Annals of Botany, 2008, 101, 1, 187-
195, by permission of Oxford University Press. 

 

A few months after my MNP experiments, a scientific paper was published (May 2008) 

reporting:  

 
The best to our knowledge, this is the first study to show that manufactured NPs 
[nanoparticles] can be taken up by plants as well as undergo translocation and 
accumulation within plant tissues.787 

 

This paper showed (through graphs) that MNP suspended in a liquid medium was taken up by 

pumpkin plants (Cucurbita maxima) and translocated throughout the plant tissues.  Due to the 

pumpkin’s large water uptake capacity, it was as their model plant and they also grew these plants 

hydrophonically in solutions of MNP. (They also tried growing lima bean plants (Phaseolus 

limensis) with MNP in culture medium, however the authors were unable to detect any 

penetration of MNP. The inability of lima bean plant to uptake the MNP contrasted with the 
                                                        
 
786 P González-Melendi, et al., “Nanoparticles as Smart Treatment-delivery Systems in Plants: Assessment of Different 
Techniques of Microscopy for their Visualization in Plant Tissues,” Annals of Botany 101 (2008): 187-195, 190.  
787 Hao Zhu, et al., “Uptake, translocation, and accumulation of manufactured iron oxide nanoparticles by pumpkin 
plants,” Journal of Environmental Monitoring 10.6 (2008): 713-717. 
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pumpkins plants’ ability to internalise MNP and the authors suggested that different plant 

species varied in responses to MNP.)   After twenty days, the pumpkin plants were cut up, dried 

and the concentrations of MNP were measured.  They were able to obtain micrographs of the 

tissues to show where the MNP were transported.  

 

Fig. 142. Techniques for the detection of nanoparticles injected into plants at the resolution of the light microscope. 
‘(A–C) Projection of 3-D confocal stacks from a cell of the stem, after 72 h at the position of the magnet. Aggregates 
of nanoparticles (arrow) are detected by Nomarski (A) and reflection (B) techniques. The overlay between (A) and (B) 
is shown in (C) with an almost complete colocalization. (D–G) Detection of nanoparticles on 7-µm sections of 
paraffin-embedded plant tissues. The particles, identified as dark dots under bright field (arrows in D and F) 
correspond to non-fluorescent areas (arrows in E and G) within the autofluorescent cell wall of xylem cells (xy) under 
an epi-fluorescence microscope. (H–K) Detection of nanoparticles on 1- to 2-µm sections from specimens embedded 
in Epon resin, after 24 h at the site of injection. The nanoparticles can be observed on a light photomicroscope as a 
punctuate pattern of dark or refringent areas (arrows) under phase contrast (H), bright field (I) and dark field (J). (K) 
shows a portion of the stem with a xylem vessel from a control plant without any signal, under phase contrast. Scale 
bar =10 µm.’788 P González-Melendi, et al, ‘Nanoparticles as Smart Treatment-delivery Systems in Plants: Assessment 
of Different Techniques of Microscopy for their Visualization in Plant Tissues’, Annals of Botany, 2008, 101, 1, 187-
195, by permission of Oxford University Press. 

 

                                                        
 
788 Hao Zhu, et al., “Uptake, translocation, and accumulation of manufactured iron oxide nanoparticles by pumpkin 
plants,” Journal of Environmental Monitoring 10.6 (2008): 713-717.  
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In November 2008, another paper was published reporting:  

 

the application of carbon-coated magnetic nanoparticles in whole living plants for the 
first time.789   

 

This paper illustrated the application of microscopy tools and techniques to visualise and track 

the transport and deposition of MNP inside plants.  Also using pumpkin plants (Cucrubita pepo), 

the results showed the presence of MNP in extracellular spaces and within some cells (fig. 141). 

 
The outcomes for the plants in my previous NMP experiments were envisioned as an artwork, 

rather than being dissected and observed (fig. 141 & 142) as described in the scientific papers 

above.  What is significant is that these cuts of plant material can be used to demonstrate, 

through visual confirmation via various microscopy approaches790 the plants’ ability to internalise 

MNP (travelling through vascular system) and for the MNP to be translocated around specific 

areas in the plants (in the extracellular spaces and within some cells) by using an external magnet.  

 

The MNP experiments carried out as part of my practice demonstrated possibilities of producing 

latent features that could be used to develop novel human-plant interactive artworks using  

‘nano’ interfaces.  The significance of MNP is that it is invisible (only perceptible through 

microscopy imaging techniques) and thus trajectories of innovative and integrative interfaces can 

be explored to both challenge and expand our understandings of plants. However, further 

developments (experiments) are needed to explore and realise its full potential. 

In this research the MNP experiments were aimed at inducing movements in plants. One of the 

directions where plant interactions with MNP can be taken further, is that the internalised 

particles could be navigated in real-time with an external magnet using non-invasive imaging 

techniques (i.e. magnetic resonance imaging) to capture images of the plants’ intrinsic spaces and 

these images could be projected on a screen.  Rather than have the plant body move on our 

touch, we could instead observe the plant’s rapid intrinsic biological activities intersecting in our 

timescales as a result of plants’ responses to our touch gestures.   Visualising the inner processes 

of a living plant in this way may unravel their sensorial invisibilities showing some of the 

structures and movements of its inner life.  

 

                                                        
 
789 P González-Melendi, et al., “Nanoparticles as Smart Treatment-delivery Systems in Plants: Assessment of Different 
Techniques of Microscopy for their Visualization in Plant Tissues,” Annals of Botany 101 (2008): 187-195.  
790 For example, confocal, light, fluorescence and electron microscopy. 
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CONCLUSION: (IM)PROBABLE ALLIANCES 
 

 

The thesis scrutinises the sensorial invisibility of plants by contrasting plants’ cognitive features, 

demonstrated by scientific findings, with our subjective perceptions, where they appear passive. 

Organised as three interrelating narratives, it established how two images of plants are emerging 

through a ramified history of understanding plants in relation to bio art practices including my 

own. The bio artworks presented, with an affinity to a scientific context, offered scopes of 

connecting these disparate perspectives of plants, however, the aesthetic prioritisation over the 

scientific interfaces were seen to obfuscate the biological significations and, in doing so, 

reinforce the subjective view of plants.  

 

The contextualisation of plant breeding into a fine art by Steichen and Gessert assigned an 

instrumental function onto plants that emphasise their external appearance (chapter 2.1).  

However, it was argued that aesthetics and subjective mappings complicate our understanding of 

plant behaviour. This pervasive but ordinary view of plants as insensate was traced back to 

Aristotle, where plants were marginalised due to their lack of visible motion (chapter 2.2).  By 

juxtaposing the subjective, or Aristotelian view, with recent scientific findings that reveal internal 

physiological processes, a different and sensorial image emerges.  The artists discussed appear to 

be revealing such intrinsic qualities through the use of scientific interfaces. A central question 

and critique offered by the thesis is how such understandings are communicated given the 

dominant role of artistic considerations? Rather than reveal, it is argued that this tendency 

obfuscates meaning and returns us to the Aristotelian position. Amongst plants, only a handful 

exhibit rapid responsive movements that contradicts the Aristotelian view, the complexity of this 

sensitivity was established in Darwin’s studies (chapter 2.3).   However, it was through scientific 

interfaces, in particular Bose’s instrumentation, where sensitivity was elucidated as a ubiquitous 

property in plants. The development of instrumental interface (the ‘Growthoscope’) was also 

part of my own practice to connect these disparate perspectives of plants.  

 

In Kac’s artworks, an intrinsic interface, GFP, was used to accentuate the social and symbolic 

aspects of transgenic organisms (chapter 3.1). However, the role of GFP that communicates 

intrinsic meaning is lost in the fluorescent spectre and we are left with an external view of plants 

as aesthetic objects. By unpicking scientific examples, the significance these proteins play as 

visual communication tools illustrate how these interfaces expand our understanding of plant 

communication and signalling (chapter 3.2). Chapter 3.3 provides an account of various 

fluorescent applications, some of which was explored in my practice. However, in the absence of 

motion, it was argued that the intensity of the fluorescence dominates as an aesthetic feature and 

concludes that motion generates a more suggestive connection to plants’ behaviour.  
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In the performative artwork of Masaoka, where plants appeared to respond ‘empathically’ to 

human movements around its leaves, the authenticity of the interface was critically evaluated 

(chapter 4.1).  It was argued that a brainwave-derived interface was incompatible and resulted in 

artefacts caused by human movement around the sensors. Departing from this anthropomorphic 

scenario, chapter 4.2 expands on behavioural and morphological aspects to contrast our 

‘centralised’ selves with the notion of a ‘decentralised’ self in plants.   It is here the thesis 

deliberates on the sensorial invisibility of plants by highlighting the degree plants’ internal reality 

is masked by their external behaviour of ‘slowness’.  Finally, chapter 4.3 focuses on experiments 

that were carried out and inspired by the initial motivations of this research in actualising 

possibilities of having plants respond visibly and interactively to our touch gestures.  Latent 

features in plants were induced to challenge our ontological perceptions using magnetic 

nanoparticles.     

 

The ‘subjective’ and ‘scientific’ images 

 

There are two dichotomies in the human perceptions of plants. One that is perceived through 

our ‘naked’ senses and the other that is mediated through scientific interfaces. These have both 

been explored in this thesis through interweaving discourses oscillating between artistic and 

scientific interrelated narratives.   

 

The phenomenological perception of plants, that is, the subjective image, is characterised by our 

corporeal sense perceptions and shows little of their sensorial features.  In contrast, the scientific 

image utilises an additional layer, aided by the mediation of interfaces (‘inscription devices’) and 

extends our sensorial boundaries to indirectly (via interfaces) reveal plants as highly perceptual 

organisms.  The tensions and temporal disparities between the two images were critically 

evaluated. For example, in the subjective image, plants do not appear to respond to human touch, 

yet by utilising a biochemical interface (aequorin), the scientific image illuminates the speed at which 

plants were able to perceive (chapter 3.2).  Further, the subjective image generates incompatibilities 

with the scientific image, such as the contradictory scenario of observing a caterpillar masticating on 

a leaf versus the rapid transmission of electrical signals791 triggered by the plant to induce a 

defence response mechanism792 (chapter 2.2).   

 

The ambiguous relationship between the subjective image and the scientific image were addressed to 

probe possibilities of bridging these experiences, perceptions and understandings of plants and 
                                                        
 
791 D C Wildon, et al., “Electrical signalling and systemic proteinase inhibitor induction in the wounded plant,” Nature 
360 (1992): 62-65. 
792 ‘The leaf's unwounded neighbours are rapidly alerted to the insult and, in repines, adopt a series of defensive 
postures that include synthesis of proteins inhibitors designed to give caterpillars, should try move on to postures new, 
a bout of indigestion.’ Keith Roberts, “Potential awareness of plants,” Nature 360 (1992): 14-15.  
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developing strategies to produce an interaction between these images.   In connecting the two 

images, how do we re-establish our perceptions of plants? More ambitiously, could the 

‘connected’ perceptions of plants reduce the gaps between our ‘lifeworld’ and the scientific view?  

 

Plants sensorial (in)visibilities 

 

…for our subjective world is the first reality with which we are confronted.793  
 

Recall Aristotle’s observations (chapter 2.2), where plants were marginalised in the classification 

of life as a result of being bereft of sensorial qualities, or a contemporary example of Gessert’s 

relegation of plants as having an existence exemplified as ‘nonexperience’794  (chapter 2.1).   Why 

did Aristotle conceive plants as incapable of perceiving their surroundings?  Why did Gessert 

parallel his experience of sensorial amputation while being under the influence of anaesthetics, 

with that of ‘being’ like a plant? On what level does lying on an operating table, oblivious to the 

mutilations on his (Gessert’s) body, reflect plants’ ‘way of being’795?   

 

Aristotle argued that for a living entity to have sensorial qualities ‘it must […] have the 

appetitive’796 to propel it towards what it desires (i.e. food). Thus, in order to sense, movement is 

required. Being rooted, plants did not need to move towards their food as they appeared, 

through growth, to absorb the earth.797  Hence, plants were endowed only with powers of 

nutrition and denied the ‘appetitive’, that is, the faculties of sensory perception.   

 

Gessert’s analogies between the human ‘vegetative’798 and plants evoke empathic connections. 

This relational approach of positioning plants as devoid of sensation was also used to ethically 

validate plants as art mediums and tools to create aesthetics.  

 

In both perspectives (the subjective image), notions of immobility and insensitivity were used to 

describe plants.  These ‘lacks’ (lack of movement, lack of sensitivity) are frequently reflected in 

our phenomenological perceptions and are prompted by the absence of visible and rapid plant 

motion.  

                                                        
 
793 Bertrand Russell, The Scientific Outlook (London: Routledge, 1931), 35.  
794 George Gessert, “Breeding for Wilderness,” The Aesthetics of Care?, ed. Oron Catts (Nedlands: SymbioticA, 2002) 
29-33. 
795 Ibid.  
796 Aristotle, 350 B.C.E, On the Soul,  17 September 2009 <http://classics.mit.edu/Aristotle/soul.html>. 
797 The idea that plants drew their nutrition from earth as soil remained prevalent until the 1600-century when it was 
demonstrated that only minute parts of soil was lost and their main uptake was water used in photosynthesis. 
798 ‘The term ‘vegetative state’ describes a person who is conscious but has no sense of awareness. Having no 
awareness means that they cannot have experiences of any kind. Someone who is in a vegetative state is: not aware of 
their surroundings, not aware of bodily sensations, such as feeling pleasure or pain, not able to follow and understand 
speech, and not able to have thoughts, memories, emotions and intentions of any kind.’ NHS, Vegetative state, 10 
December 2009  
<http://www.nhs.uk/Conditions/Vegetative-state/Pages/Introduction.aspx>. 
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In most cases, motion in plants is difficult to directly decipher. Some specialised plants do, 

however, exhibit visible, rapid799 and responsive movements that intersect our own perceptual 

and temporal space. The manner in which they move characterises their classification and 

generates empathic associations.  For example, the swift folding of leaflets induced by touch 

gestures is reflected in the name - ‘sensitive’ plants, Mimosa pudica.800 The continuous rotating 

movements of the leaflets of the telegraph plant, Codariocalyx motorius, are compared with the 

semaphore telegraph.  The insect trapping mechanism of the Venus flytrap, Dionaea muscipula, 

draws parallels between its remarkable capturing abilities and a sexual innuendo.  Recognising 

these responses and the manner of these motions induce us to assign attributes and motives (i.e. 

protection or trapping) onto the plants. The associations between movements and motives could 

even be perceived in a microscopic amoeba (one-celled protozoa) introduced in chapter 2.3.  

What is more, the denial of the chemical attractant by the experimenter produced a scenario 

reminiscent of a ‘teasing’ game and implicated the amoeba as the ‘victimised’.  Recognising the 

amoeba’s struggle in acquiring the chemical attractant, as a result of perceiving its movements, 

generates a type of empathic reaction.   

  
In the scientific image of plants, where motion becomes visible through techniques of time-lapse or 

rapid colour changes via fluorescent genetic probes, a contrasting image of plants comes into 

view. Far from the simple ‘nutritive soul’ of Aristotle, plants are seen to exhibit acute sensorial 

qualities and pronounced behaviours. However, these are undetectable in the subjective image, and it 

is in this sense that I refer to plants’ sensorial invisibility.  The distinction between the subjective 

image and scientific image is that the latter detects and reveals discrete features through the 

utilisation of interfaces or ‘inscription devices’.  Significantly, the scientific image departs from the 

marginalised view of plants and challenges the subjective image.  

 

A recurring theme, discussed throughout this thesis, has been how various scientific interfaces 

were used to develop this image.  For example; time-lapse recordings show plants’ continual 

motion in relation environmental signals (i.e. light), plants’ sensitivity to touch can be seen at the 

level of the genes (chapter 2.2),801 measurements show propagating electrical signals (chapter 2.2) 

in wounded plants and genetically transformed plants (aequorin or GFP) illuminate their 

perception to surroundings (chapter 3.2).  

 

In the scientific image, what is perceived or recognised is dependent on the interface (i.e. video, 

genetic expressions, electrodes, aequorin or GFP) and this experience of perceiving differs from 

the phenomenological and corporeal encounter of plants in the subjective image.  

                                                        
 

799 Often occurring within seconds.  
800 The Latin word pudica translates to ‘modest’.  
801 Demonstrated through upregulation of ‘touch-induced genes’ (TCH) via as microarray identification/blot 
hybridisations. 
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(Re)disconnecting images – utilising, and nullifying in the process, the ‘scientific’ image 

as  means to augment the ‘subjective’ image 

 

Artworks that integrate our phenomenological perception with scientific applications offer the 

potential to connect the subjective and the scientific image. Three such approaches, where plants’ 

intrinsic physiological processes were utilised as part of artistic engagements, were discussed in 

(a) Gessert’s ‘biological transactions’802 to express living aesthetics (chapter 2.1), (b) Kac’s 

illumination of genomic interventions in living organisms (chapter 3.1) and (c) Masaoka’s 

translations of plants’ sensitivity into sounds.    All three artists employed scientific applications 

to explore biological processes in plants, such as (a) selective breeding,  (b) genetics and (c) 

electrophysiology.  The scientific interfaces were used in attempts to project, connect or 

communicate plants’ inner features through (a) aesthetics, (b) transgenics, telepresence and (c) 

sonification.  

  

However, deeper analysis of these works showed that rather than bridging the gaps between the 

two images, the deployment of scientific applications can produce a ‘connection’ with the artist 

or audience, rather than the plants. In this context, the artworks develop an introspective 

immersion, that is, it is concerned with our own subjectivity.  For example, (a) the selections of 

the artist’s desired aesthetic traits through the plants, (b) observing the spectacle of the 

biochemical interface in GFP living organisms and enhanced by multiple viewpoints, or (c) the 

anthropomorphic projection of plants’ reactions (sounds) implicated by the artist’s interactions 

with biomedical interfaces.  As a consequence, it was argued that; (a) the aesthetic preferences 

reduced the plants to living canvases and this was further accentuated by Gessert’s subjective 

mappings of plant behaviour, (b) the GFP plants were presented as genetic objects of art and (c) 

the sonic projections were feedback loops of human movements around plant.   

 

Despite the emphasis and alignment with scientific aspects as a means to ‘connect’ with the 

plants, we return to the subjective image.  These artworks highlight issues that surface when the 

scientific image of plants is utilised to enhance the subjective experience of the artwork.  The 

connections with the plants remain suggestive and the significations that the artists are 

dramatising do not transform the image of plants (apart from narratively), in relation to their 

behaviour (sensorial qualities) and the ramifications of such connections.  

 

 

                                                        
 
802 George Gessert, “Breeding for Wilderness,” The Aesthetics of Care?, ed. Oron Catts (Nedlands: SymbioticA, 2002) 
29-33. 
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From ‘subjective’ to ‘scientific’  

 

Aristotle, it should be said, has been one of the great misfortunes of the human race.  
To this day the teaching of logic in most universities is full of nonsense for which he is 
responsible.803  

 

Misconstrued perceptions of plants in the subjective image can be traced back to Aristotle. Only 

later, with scientists like Darwin or Bose did the subjective image begin to rupture as a result of new 

instrumentations that could produce graphs and record plants’ movements.  Recall the ‘praying’ 

palm’s synchronised movements with daily prayer times that became intertwined with miraculous 

interpretations (chapter 2.3).  Its movements seemingly alluded to religious prostrations hence 

divinity was bestowed upon it.  Bose came to demonstrate that the movements were not of 

‘divine’ nature but rather a universal phenomenon affecting all plants and that the palm’s 

‘praying’ movements were significantly amplified and dramatised by its severe proclivity.  Using 

an instrumental interface Bose was able to measure the plant’s movements over time and a 

graphical output showed the plant’s ‘praying’ movements corresponded directly to the 

environmental temperature.  This scientific image of the palm, the graphical tracings, depicted a 

temperature sensitive plant that responded through movement. What had started as a subjective 

image through its mystification, resulted in the palm losing its ‘divine’ phenomenon.  The story of 

the ‘praying’ palm demonstrates how the scientific image of plants developed through an additional 

layer using instrumental interfaces that could connect us with plants on a physiological level and 

in so doing, modulate various aspects into our perceptual frame of reference.   

 

Filling the gap - negotiating the ‘subjective’ and ‘scientific’ image 

 

As part of repositioning our subjective relations to plants, my practice-related research looked at 

strategies for modulating the spaces between plants and ourselves. These included altering time 

through time-lapse techniques (chapter 2.3), using a fluorescent interface to visualise inner 

processes (chapter 3.3) and implementing a nano-interface to induce motion in plants (chapter 

4.3).  By revealing qualities of the scientific image that otherwise remain hidden, my experimental 

practice attempts to challenge the subjective image that dominates how we understand, empathise 

and connect with plants.  Thus, interrelating various knowledge layers of art and science 

provided a framework towards connecting aesthetics and biological processes (signification). In 

this way, scientific inquiries or methods offered approaches of ‘filling the gaps’ between the 

scientific image and the subjective image.  The interfaces were used as ‘bridging tools’ to fuse the 

images.  

 

                                                        
 
803 Bertrand Russell, The Scientific Outlook (London: Routledge, 1931), 25 
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As a central artwork (work-in-progress), the ‘Growthoscope’ (chapter 2.3) explores, quite 

literally, the two dichotomies of perception of plants, that is, the subjective image and the scientific 

image.   This installation acts as an interface that mediates the fusion of the two images.    By 

allowing an audience to engage with growth in plants, methods of adjusting plants’ growth 

speeds into their (audience) perceptual frame of reference are used to navigate through histories 

of plants’ morphological growth displacements (motion) and ‘testing’ the limits of our 

perceptions. It investigates issues of negotiating the two images and whether merging the images 

could ‘deepen’ our understandings towards developing a more intimate connection with plants.  

 

Fig. 143. The ‘Growthoscope’ development, implementation and testing of prototype model with pea plant, Slade 
Research Centre, 20 March 2009. Photo: Laura Cinti.  

 

The structural design and technical obtrusions emphasise the ‘Growthoscope’s’ function as an 

interface and also physically accentuates the gaps between the two images.  ‘Caged’ within, is a 

living plant on the ‘specimen plate’, which is continuously monitored by cameras.  The living 

plant, as we directly and immediately see it, is the subjective image.  By interacting with and 

perceiving through the ‘Growthoscope’, that is, by visually and tactically interacting with the 
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instrumental components, we access an additional layer of the plant, the scientific image. The 

scientific image is transformed and visible through its projection onto a transparent screen (or wall) 

and allows the audience to view and manipulate the captured data of the living plant by adjusting 

time to show a dynamic plant.  The scientific image overlaps the subjective image of the living plant.  

The distinct modes of seeing are encapsulated by the indirect mediation of the interface in 

relation to our ‘naked’ senses.  

 

Mediating the ‘unseen’  

 

In the ‘Growthoscope’, the scientific image’s connection to the subjective image is made explicit in that 

the transformed (mediated) image is a recognisable visual representation of the living plant.   

 

However, as our perceptual boundaries are intensified (i.e. advancing high resolution imaging 

technologies such as Atomic Force Microscopy804, imaging at the level of atoms), the interplay 

between the scientific and subjective image become problematic to connect. This is a consequence of 

the scientific image’s development towards the accelerating integration of scales (i.e. nanoscale) and 

layers (i.e. from molecules to whole organisms) that are mediated not only through instrumental 

interfaces but also by using abstract models and results in fragmentation of recognisable bodies. 

Whilst transformed images of the ‘unseen’ (i.e. genetic expressions) become filled with 

descriptions (i.e. ‘touch-induced’ genes, TCH in plants) that communicate understandings of 

processes that significantly enrich the image of the plant towards revelations that result in shifts 

of perspectives and understandings, the visual threads that once connected the images, the 

plant’s autographs (i.e. Bose instruments), are no longer there.   It is the degree of penetration 

(i.e. molecular structure, transcripts or protein models) in relation to the subjective image that 

determines how the gaps between the plants’ outward appearance and ‘inner processes’ deepen.  

In terms of visual representation (and language), the gap disconnects the images of ‘whole’ and 

‘its parts’ and the scientific image resembles less and less our phenomenological view of the plant 

(the subjective image). 

 

Perhaps the interplay between the two images is no longer adequate, and must be expanded in 

ways that assimilate the additional layers. Such integration would include a manifold of images 

expanding on the scientific image to incorporate the mediation through instrumental interfaces and 

abstractions (i.e. symbols, graphs or models) that augment the image of plants.  For example, 

capturing the cellular spaces of plants in a living plant via imaging techniques (i.e. MRI), as 

described in chapter 4.3. 
                                                        
 
804 Defined as: ‘an instrument used for mapping the atomic-scale topography of a surface by means of the repulsive 
electronic forces between the surface and the tip of a microscopic probe moving above the surface.’ Merriam-
Webster, Atomic Force Microscope, 20 August 2010  
<http://www.merriam-webster.com/medical/atomic%20force%20microscope>. 
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As increasing layers of discrete levels become unravelled (i.e. genes, proteins, molecules) and 

visualised, the process of seeing becomes further abstracted and the capturing of ‘invisible’ 

parameters increasingly transformed.  As we extend our senses, our perception of the world of 

plants becomes increasingly rich but equally this process challenges our senses by revealing just 

how difficult it is to understand what is outside ourselves, we become aware that any possible 

sense of the ‘true’ nature of entities such as plants can only be understood by augmenting our 

senses. 
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