On Textile Farming:
Seeds as material for textile design

Presently, designing with living systems such as insects, fungi and bacteria
has become an area of extended interest, proposing collaborative proces-
ses of designing and manufacturing - as a solution for symbiotic ways of
living. On the scale of the interior, modern systems for interior gardening,
combining both functional, e.g., food supply, purifying the air, and aesthe-
tic values, experience exceptional popularity, ensuring a complementary
perspective on horticultural landscapes indoors. As a result, the spaces
where people live and crops grow increasingly intersect and therefore open
up for developments that bridge both areas and where aesthetic perspecti-
ves become equally important. However, modern indoor gardening systems
are shaped by commercial horticultural practices, bringing reservoirs such
as buckets, tubs or tanks, mostly built of plastic, into the homes. Textile
Farming aims to explore alternative forms of plant organisation by blen-
ding seeds and textile structures into a hybrid material for textile interior
scenarios. Consequently the materials’ performative capacity becomes part
of the textile design process. A foundational part are forms of human mana-
gement, e.g. activation of the seeds, maintenance of the plants, interaction
with the hybrid textile structures within and beyond interiors, that leads to
experiences and expressions. By practice based design research and through
a series of design examples that explore the transformative potential of
seeds in textile structures, alternative forms of plant organisation and met-
hods for the textile design process lead to scenarios that propose alternati-
ves to how we live with and organise plants today.
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ABSTRACT

On Textile Farming: Seeds as Material for Textile Design

Designing with living systems such as insects, fungi, and bacteria has become

an area of strong interest, proposing collaborative processes for designing and
manufacturing in order to facilitate symbiotic ways of living. In the interior, modern
systems for interior gardening that combine both functional - e.g. food supply, air
purification - and aesthetic values are currently experiencing exceptional popularity,
bringing about complementary perspectives on horticultural landscapes indoors.
As a result, the spaces in which people live and crops grow are increasingly inter-
secting, opening up for developments that bridge both areas and where aesthetic
perspectives become of increasing importance to practical ones. However, mo-
dern indoor gardening systems are shaped by commercial horticultural practices,
involving generally plastic reservoirs such as buckets, tubs, and tanks. On Textile
Farming as an ongoing research programme, explores alternative forms of plant
organisation by blending seeds and textile structures to create hybrid materials for
use in interior scenarios. Consequently, the performative capacity of materials be-
comes part of the textile design process. A foundational aspect of this approach is
forms of human management, e.g. activation of seeds, maintenance of plants, and
interactions with hybrid textile structures within and beyond interiors that lead to
alternative experiences and expressions to common ones. Through practice-based
design research and a series of design examples that explore the transformative
potential of seeds in textile structures, alternative forms of plant organisation and
textile design methods have led to the production of scenarios that explore how we
live with and organise plants. The results consist of design examples that feature
static and dynamic expressions indoors, focusing on combining interior and exterior
spaces by facilitating growth, wilderness, and decay in textile structures. Thus, the
seeds enable alternative life cycles for interior textiles. These perspectives are di-
scussed in an industrial context as the project was conducted in collaboration with
AB Ludvig Svensson, a Swedish textile company that specialises in interior textiles
and climate screens. The project thus contributes to the development of biophilic
design and stimulates discussion of the human/nature dichotomy and perspectives
on interior design. Textile interiors that grow, degrade, and can be harvested, eaten,
planted, and reactivated challenge our understanding of materials and architecture,
and invite us to rethink our aesthetic and cultural bias towards change in domestic
spaces by exploring natural processes indoors. As these forms of interaction and
conditions redefine behaviour and prevailing states indoors, the present current

definition of ‘the interior’ is challenged and opened up for discussion.
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-
INTRODUCTION -

The underlying framework of this thesis is the ArcInTex European Training Network
(ETNJ), which aims to strengthen the foundations of design through experimental
research that, connects architecture, interaction design, and textiles and develop
perspectives for more sustainable forms of living (ArcinTex ETN, 2017). On Textile
Farming as a design research programme proposes alternative ways for people and
plants to cohabit in spaces in which forms of living and growing intersect. The pro-
gramme functions as a foundation for investigating seeds as dynamic materials, as
they are alive, active, adaptive, responsive, sensitive to their environment, and able
to transform, and can thus be used as smart materials in textile design.

In order to reconnect interior environments and natural habitats through the every-
day presence of and interaction with plants, the interior, textile-based landscape is
used as a supporting medium for seeds in order to propose alternative aesthetics
and contribute to more sustainable forms of habitation.

On Textile Farming is embedded in the ArcinTex ETN work package context of
‘Textile thinking for adaptive and responsive interior design - the scale of the inte-
rior’, which has the aim of addressing ‘Textile structures for adaptive and respon-
sive interiors (textile design)’. This has been undertaken in an industrial context at
Svensson AB, a company that develops and produces interior and functional textiles
such as climate screens.

This thesis presents the research programme by first providing a general
overview of the project’s conditions and assignments. The ‘Introduction’ chapter
discusses the research area with a particular focus on the current shift in interest
in the artistic fields away from computational design and smart materials and
towards bio-materials and design that can be considered to constitute or involve
biological paradigms [cf. Collet & Foissac, 2015]). The underlying framework for
the practice-based PhD work, conducted in collaboration with Svensson AB, is
described in the ‘Formal Project Conditions’ chapter, which precedes ‘Rethinking
Nature - Towards a Biological Revolution On the Scale of the Interior’, in which dif-
ferent design perspectives involving sustainable design practices are discussed and
compared in relation to the field that this project is intended to contribute to. Recent
bio-technological breakthroughs have triggered a shift, wherein the advantages
of biological systems and bio-materiality within science (Stamets, 2005; Trewavas,
2005), technology (Chieza & Ward, 2015), art and design (Kretzer, 2017; Myers & An-
tonelli, 2014), and philosophy (Marris, 2013; Ryan, Vieira, & Gagliano, 2015; Morton,
2012; Clément, Rahm, & Borasi, 2007) are increasingly being acknowledged. This
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development opens up for alternative forms of hybrid interiors, which in this context
are developed with a focus on design. The ‘Bridging Interior Textiles and Climate
Screens at Svensson AB’ chapter describes the interactions between the academic
and industrial aspects of the research project, and is intended to provide a concep-
tual framework that contributes to current thinking regarding the paradigm shift
towards bio-materials and design, through an artistic and practice-based research
programme. The ‘Hybrid Environments’ chapter provides an overview of related

art, design, and research works that exemplify these perspectives. The research
programme On Textile Farming forms a foundation for conducting research, and
proposes alternative aesthetics of and interactions with interior landscaping that

features plants by exploring two major areas:

| Textile expressions, using seeds as dynamic materials for textile design
Il Forms of indoor gardening through textile design materials

The programmatic approach and research through art and design methodology are
described to provide an overview of the contextual frame, research methodology

in an industrial context, and collaboration with Svensson AB. The ‘Results’ chapter
describes how On Textile Farming contributes to knowledge within the textile design
field and presents methods and variables for designing with seeds, a concept for
extending the life cycle of hybrid textile structures, and a model which introduces
biophilic design into the field of interior design as a means of designing interactions
between humans, plants, and textiles. The examples are presented according to
the methods described in the ‘Results’ chapter and categorised into two series.
Series | investigates seeds as dynamic materials for textile design and categorises
the examples into dynamic materials, surfaces, and shapes. Series Il explores the
possibility of using striped and circular patterns in pocket-weave as a means of
organising plants. The investigations [that resulted in the examples] were conduc-
ted in collaboration with Svensson AB and further developed into interior scenarios.
The interior scenarios opened up for reflection on the experimental work in relation
to the contextual framework and aims and objectives of the programme, as well

as the ways in which people and plants can cohabit in interiors and beyond. The
‘Discussion’ chapter describes how the research will be further explored and which

perspectives will be used in relation to this.
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FORMAL
PROJECT
CONDITIONS

The ArclnTexETN

ArcInTex is an international research-through-design network; its members come
from both academia and industry, and have united in order to develop ideas, techni-
ques, methods, and programmes for new perspectives on design in relation to
building and dwelling. As part of a collaborative effort, new expressions, interac-
tions, and forms of spatial design are created by exploring the synergies between
architecture, interaction design, and textiles. The network’s activities include joint
research projects such as the European Training Network, which is supported by
the European Union’s Horizon 2020 research and innovation programme under the
Marie Sktodowska-Curie grant agreement. The consortium consists of the Royal
College of Art (UK), Heriot-Watt University (UK), Eindhoven University of Technology
(NLJ, Vilnius Academy of Arts (LT), the Berlin University of the Arts (DE), University
of Boras (SE], and the companies Philips (NL) and Svensson AB (SE). 15 PhD stu-
dents have been employed to formulate and present design programmes in order to
introduce new techniques, methods, and perspectives relating to design aesthetics
(ArcInTex ETN, 2017).

This is the first time that Svensson AB has hosted an artistic researcher at their
premises, providing the foundations for investigating the influence of corporate en-
vironments, academia, and industry in an exploratory fashion. Within the company
itself there are two departments; one designs and develops interior textiles for the
public sector, while the other develops functional textiles, e.g. climate screens, for
the horticultural sector (Svensson AB, 2017). This intersection of perspectives led to

the development of On Textile Farming.
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RETHINKING
NATURE

Towards a Biological Revolution
on the Scale of the Interior

Recent scientific (biotechnological] breakthroughs, such as the discovery of inter-
plant communication through mycorrhizal networks (Simard et al., 2012), deve-
lopments in Genetically Modified Organisms (Phillips, 2008), and the more general
environmental crisis of the present, have triggered a shift wherein the advantages
of biological systems and bio-materiality within science (Stamets, 2005; Trewavas,
2005), technology (Chieza & Ward, 2015), art (Myers, 2015), design (Kretzer, 2017;
Myers & Antonelli, 2014, philosophy (Marris, 2013; Ryan, Vieira, & Gagliano, 2015;
Morton, 2012; Clément, Rahm, & Borasi, 2007), and industry (Ecovative, 2017; Hebel
& Heisel, 2015) are acknowledged. In the design field, those practices that are
inspired by natural processes and aesthetics undergo rapid and diverse develop-
ment. The following chapters provide an overview of environmentally sustainable
design philosophies, research, and works in art and design with an environmental
focus that propose shifts in how we perceive, live with, and define nature as part

of the interior. The application of these philosophies and principles to the field of
textile design and production allows a fundamental change in common practices to
take place, and offers the possibility of completely overhauling how and why interior
textiles are designed and manufactured and how they perform and interact in the
context of their applications. Thus, they open up a design space, allowing how we
define, perceive, design, interact, and live with nature to become part of the interior

practice.

Nature as Example

The concept of 'sustainable design’ (or ‘design for sustainability’] is frequently

used today, and has its origins in the field of ecodesign. It is a complex notion that
considers both environmental aspects and the social and economic implications of
design (Montana-Hoyos & Fiorentino, 2016), and is intended to “eliminate negative
environmental impact completely through skilful, sensitive design” (MclLennan,
2004). Biomimetics (or biomimicry) imitates natural models, systems, or elements
to solve complex problems. ‘Cradle-to-cradle’ (or regenerative design) is a biomi-
metic approach to designing products and systems that focuses on a holistic and
economic model through a safe, productive, and circular metabolic system that uti-

lises organic and technical components/nutrients (McDonough & Braungart, 2002).
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‘Design for Disassembly’ is a ‘closed loop’ concept and technical metabolism,

and is similar to cradle-to-cradle in that both are analogous to natural biological
metabolisms, wherein waste holds nutrient value, and both consider the process of
deconstruction during the design phase. Desai and Mital describe Design for Disas-
sembly as an organised way of taking apart a product that has been systematically
assembled in order to address e.g. end-of-life objectives, such as reuse, remanu-
facture, and recycling (2003). The concept - along with other sustainable design
strategies - is currently a focus of research in fashion and textiles, and is being
applied by businesses to change the ways in which textiles are produced (Rissanen
& McQuillan, 2015), add value to waste (Schmidttakahashi, 2017), and produce
products that are biodegradable (Freitag, 2017; Moulds, 2015). However, designing a
product’s entire life cycle is not yet a common practice, and usually not considered
during design processes. Jensen and Sommer state that “[wle must rethink the way
we build and design into a scalable, value-driven practice of the resource economy”,
proposing in Building a Circular Future a process consisting of three components:
Design for Disassembly, a material passport, and a description of how individual
parts can be recycled and returned to the circular economy. They state that the
circular economy should be embraced, and that doing so will bring forth alternative
business strategies that will allow architectural structures to be dismantled without
significant harm and or loss of resources (2016).

Within the built environment, alternative concepts for living that attempt to
reconnect humans and nature, such as hybrid housing and urban gardening, are
highly popular. Here, where dwellings and spaces for local food production inter-
sect, self-sufficiency as a means of counteracting the detrimental effects of rising
prices, along with the more global food challenge, is promoted (Doron, 2005; Viljoen
et al., 2005). Urban agriculture has a variety of positive effects, increasing the avai-
lability of healthy and nutritious food (Blaine, Grewal, Dawes, & Snider, 2010; Du-
chemin, Wegmuller, & Legault, 2008; Minnich, 1983) and reducing human impact on
the environment (Doron, 2005; Flores, 2006; Halweil, 2005; Howard, 2006). Despom-
mier proposes “vertical farming”, wherein crops are grown in specially constructed
buildings using hydroponic and aeroponic farming methods. The advantages of this
approach are season- and weather-independent food production, and thus more
reliable food supplies. Such vertical farms can be designed as parts of a closed-
loop system to include water recovery and waste-to-energy conversion. Moreover,

as the horizontal space of cities is often limited, vertical farming can contribute to

more resilient and sustainable cities through local food production (Despommier
2011a; 2011b; 2013). In addition to these functional aspects, such systems and ser-
vices also satisfy the urge to experience nature in an embodied form, as is currently
expressed through e.g. gardening and creative physical work (Louv, 2010). The fact
that modern society offers relatively few opportunities for daily contact with nature
is part of the legacy of the Industrial Revolution, and our fascination with and long-
ing for nature is a response to new research discoveries which push us to rethink
our relationship with vegetation and urban living (Ryan, Vieira, & Gagliano, 2015).
As a result, alternative products and environments are constantly being developed
within the fields of interior and product design. Most of these fall within the scope
of indoor gardening, are derived from horticultural practices (e.g. aquaponics and
hydroponics), and are supported by electronics that either direct the maintenance
actions performed by human beings or form or control part of an autonomous sys-
tem [Aouf, 2016; Wilson, 2016). These proposals redefine the ways in which plants
are organised (Andrews, 2013; Aust, 2010; Wahby et al.,2016), maintained (Aouf,
2016; Camilleri et al., 2015), perceived (Marder, 2012; Ryan et al., 2015), and used
(Scherer, 2016; Ludwig et al., 2012).

Rethinking nature

According to the Collins dictionary ‘s definition, “Nature is all the animals, plants,
and other things in the world that are not made by people, and all the events and
processes that are not caused by people” [Collins English Dictionary, 2018). Marris,
among others, questions our understanding and definition of nature, claiming that
the notion of preserving a pre-human state of nature is an outdated dream that
prevents us from having a fuller relationship with it (Washington, 2015). Marris
argues, quite convincingly, that it is time to look forward, to create a “rambunctious
garden”; a hybrid of wild nature and human management (2013). She also refers

to what Gilles Clément describes as the “landscape of the third kind” (Clément,
Rahm, & Borasi, 2007), asserting the importance these places to being regarded as
natural and thus highlighting the need for a new definition and perception of nature.
Clément, an influential landscape architect, ecologist, botanist, entomologist, and

- above all - gardener, is well known as an environmental thinker. The “landscape
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of the third kind” describes the ‘spaces in between’ - the fallow land that is left to
itself, forgotten, or lies between nature reserves and mono-culture fields. Itis a
refuge of biodiversity, where domestic and wild species meet and the regenerative
force of nature is expressed. Clément understands the role of a gardener as one
who guides and enriches in sympathy with natural processes, and is of the opinion
that a reserved approach leads to stagnation. The inseparability of humanity and
the natural world, which he is promoting, is the main principle of humanist ecology
(Ibid).

Kellert describes the current environmental crisis as a “design failure” and
“avoidable aspect of modern life”, and in Building for Life - Designing and Under-
standing the Human-Nature Connection refers to a dilemma: On the one hand,
the success of the modern world depends on controlling and converting nature; on
the other, human health and well-being depends on healthy and diverse natural
systems [Kellert, 2012). Morton, however, argues that nature itself is a modern
concept that separates and does not assist in understanding and taking action to
prevent further damage to ecological systems. He protests against “rigid ideological
categories” such as those of human/animal, culture/nature, etc. Morton introduces
a “mesh” with which to understand the “inter-connectedness” of existence (2012,
referencing Ingold's “meshwork” (2011), wherein the interpretations or meeting
points are "knots” (2015). This concept is extended through his term “correspon-
dence” to describe the nature of these connections (Ingold, 2016).

Forms of nature that are envisioned as being threatening to inhabitants,
material formations, or ideas that constitute nature, and that appear and are
created by built environments, are discussed by Gissen. So too is “subnature”,
which he understands to be crucial in contemporary debates regarding
architecture, urbanism, and nature: “Subnature is not about what is natural
to architecture; it is about the natures we produce through our most radical
architectural concepts.” In contrast to desirable forms of nature, subnature is often
identified as lesser; as primitive (mud, dankness), filthy (smoke, dust, exhaust
fumes), fearsome (gas, debris), or uncontrollable (weeds, insects, pigeons). This
type of nature, Gissen declares, is under-theorised, -discussed, and -visualised in
architecture, but could “advance a seemingly neo-Victorian and neo-Haussmannite
vision of urbanism in many global cities” (Gissen, 2009).

Additionally, in the interest of minimising the impact of the activities of modern
humanity on the environment, it is essential to establish sufficient and satisfying

relationships between the two. Two concepts that are of particular relevance here
are based on the relationship between humanity and the natural world: restorative
environmental design and biophilic design. Whereas the former seeks to repair this
relationship, the latter intends to generate positive experiences of natural and built
environments (Dias, 2015). Wilson describes biophilia as "the innately emotional
affiliation of human beings to other living organisms” (Wilson, 1984), while Beatley
and Newman call for a broader adoption of biophilic design on urban scales and
biophilic urbanism in order to create more sustainable and resilient - i.e. biophilic -
cities (Beatley & Newman, 2013). Biophilic urbanism addresses the environmental
and, economic (and emotional) challenges of living in cities today, and therefore
promotes contact with nature and the natural world as a fundamental approach to
better deal with them (Beatley, 2017).

Biological Revolution

Hebel and Heisel predict a radical paradigm shift in how building materials are
produced, concluding that there will be a “fourth industrial revolution™; a shift
towards regenerative (agrarian) sources of materials that need to be cultivated,
bred, farmed, and grown (Hebel & Heisel, 2017). This is a response to the non-re-
generative material sources that were mined during the Industrial Revolution, and
is linked to the agrarian age which prevailed before that. Hebel and Heisel explore a
concept for architectural design and production which is based on the use of agra-
rian resources in urban environments through small-scale, on-demand production.
This bio-mechanised or bio-industrial production requires respect, adaptation, and
the development of frameworks of regulations, norms, and standards, and so a dif-
ferent understanding is needed, allowing unique product processes that are similar
but not identical (Ibid.). A radical shift in the form of a bio-revolution is proposed

by Collet, who assumes that developments in synthetic biology will change how we
conceive, design, and produce, just as biologists are now able not only to observe,
but “code and re-programme life":
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“I can imagine in another few decades having access to a design platform that produ-
ces the associated sequence of biological blocks and digital code whilst | design the
perfect hybrid plant that will produce metres of fabrics through its roots. The colours,
the strength and elasticity of the fibre as well as the aesthetic of this bio fabric will have

been designed and programmed with this hypothetical new software.” (Collet, 2012)

Imhof and Gruber support the notion of the "ecocene”, where human actions
augment and enhance the planets living ecosystems and where, one might say, cor-
respondence is to be found where once we saw only boundaries (Imhof & Gruber,
2016). René Dubos, a nobel-prize winning biologist, suggests that humankind and
nature need to retain their wildness, which in turn lead to an endless process of
evolutionary creation (Kellert, 2012). Kellert states that interaction with nature is
critically important for human well-being and development, but extensively dimi-
nished in every-day modern life and among increasing urbanisation. He argues that

progress and civilisation will be held responsible for this development [ibid).

Hybrid Environments
Merging Nature and the Built

In The Shape of Green: Aesthetics, Ecology, and Design, Hosey criticises the so-
called aesthetics of green and sustainable design: “Aesthetics are fundamental to
both culture and nature, and if sustainability refers to the graceful interaction bet-
ween them, it must have a sensory dimension” (2012]. Biodesign, through involving
biomaterials, represents a similar perspective. Collet describes biodesign in adap-
tive architecture as the point at which “the symbiosis of physics, biology, computing,
and design promises the redefinition of what we call architecture today” (Kretzer &
Hovestadt, 2014). Similarly, Mauri asks: “how far can the interrelationship between
construction and spontaneous growth in nature be taken?” (Myers & Antonelli,
2014). This chapter examines design and architecture examples in which expres-
sions of indoors and outdoors meet, and areas for living in and growing crops inter-
sect. The first section illustrates the importance of time in an architectural context
and conceptual work, raising the issue of opening architectural spaces to natural
expressions such as weeds and wildlife. The second focuses on architectural so-
lutions that bridge interior and exterior spaces; the third section examines interior
environments that incorporate interior and exterior expressions and interactions,
followed by robotically controlled ecosystems which provide a more speculative
perspective to how organising, growing and living with plants could become like.

A Temporal Perspective on Materials and Architecture

Space and time are resources for which living organisms compete. Time, as the
second key aspect of growth, is considered in a very different manner when it is
thought of in relation to a structure in the field of architecture. Here, every action
is concentrated on the rapid completion of construction - the end of the building
process and the start of functionality. In a biological context, however, there is no
defined final state, as the very principle of biology is cyclic; instead, there is the
strive for maturity, the major goal of ensuring procreation (Imhof & Gruber, 2016).
For the last few centuries, ideal forms of architecture have been independent

of time and processes of decomposition. Decker proposes overcoming this by
pursuing permanence, achieved through static construction and tough materials,
and emphasises the use of performative materials, designed to be independent of

time and inert with regard to external stimuli and ambient energies, in architecture
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(Decker, 2016). Consequently, architects and designers might consider designing
and building with “time in mind” (Franck, 2016} and embrace this fourth dimension
in design processes (Decker, 2016). Cairns and Jacobs refer to the “life” of archi-
tecture, arguing that it is the responsibility of the architect to conceive and create
this through the art of design. They question the relationship between architecture
and death, along with processes of waste, deterioration, and destruction (2014). In
relation to architectural forms of death, Stoner assigns nine afterlives to buildings,
each of which is a possible beginning and without a definitive end; Abandonment,
demolition, deconstruction, preservation/conservation/restoration, renovation/reha-
bilitation, adaptive reuse, reoccupation, pure expression, and resurrection (Stoner,
2016). Goffi also refers to lives in architecture, writing of “unfinished fabrics of
time” which are coated with history and offer a basic texture for imagining futures
and offering continuity and succession (Goffi, 2016). As objects that are affected by
external conditions and expressed by seasons, activities, and transformative mate-
rials, architecture shows its transformative presence through time-based changes,
wherein “time is local and embedded in the moment” (Taylor, 2016). Thus, form is
a matter of a more flexible, complex, and diverse practice [Cache, 1995). To return
to living organisms; one of the preconditions of their existence is metabolic activity,
which is an exchange of substantial amounts of matter and energy - and again, a
cyclic process - that requires careful coordination between supply and discharge,
system and environment (Gruber, 2009). In relation to matter time can be seen as
a fabric that expresses past and present as well as the possibilities of the future.
When considered during design processes, be they architectural or of textile struc-
tures, these fabrics can express and be designed to change faces, and go through
several lives and afterlives in response to the cyclic flows of nature.

Super Galaxy: NYC Tropospheric Refuge, by Jason Johnson and Nataly Gattegno
(Ibid.) is an architectural system that proposes that the upper floors of a high-rise
building be open to water and urban wildlife. A robotically controlled floor influen-
ces the occurrence of puddles and wet zones, which are to be used by groups of
people and migrating fowl. The entire surface shifts in response to real-time global
and local datasets such as weather and pollution, and desired micro-climates, heat
exchange, light, and sound (Ibid.]). Super Galaxy exemplifies the concept of subna-
ture, and not only questions our understanding of architecture as static and alien
to the environment in which it exists, as well as to nature and human beings, but

opens up for new forms of ‘indoors” and ‘outdoors’ in an urban environment through

the possibility of interacting with wildlife and experiencing nature within a high-rise
building. Incorporating subnatures into a design process by merging areas of living
and growing is an interesting perspective in relation to the research programme
and is linked to time, as the fundamental variable for change in e.g. architecture
and nature. In relation to this research programme, time is a fundamental mate-
rial for designing and living with textile-seed hybrids. By connecting textile design
processes and biological materials, the biological life cycle becomes part of the
expression of materials and spaces. On Textile Farming consequently introduces

a temporal perspective to both textile design and interior design. The temporal

and biological perspectives open up for alternative expressions of materials and
architecture, leading to new ways of designing spaces and, in turn, complementary
approaches to blending the indoors and the outdoors blends and alternative ways of

living with nature. Thus, time is a fundamental variable for change.

Nature and Architecture

When designing for environments that combine architecture and nature, expres-
sions of the exterior enter the built environment or vice versa, bridging the indoors
and the outdoors. At her studio InsideQOutside, located in Amsterdam, Petra Blaisse
dedicates her design practice to bridging interior and exterior, body and architec-
ture, using textiles on different scales and nature as inspiration to reinforce the
dialogue between landscape and interior. Blaisse sees textile curtains as second
skins, creating fluid atmospheres that challenge the static nature of architecture
and drawing inspiration from the construction of clothing and images found in natu-
ral orchestrations of texture, colour, and scent. Her approach to landscaping with
textiles in the interior captures the attention of spectators from every angle and
distance, and addresses not only vision but hearing. In an interview with Weinthal,
Blaisse refers to the garden as an element for creating “awareness of change,
climate and the influence of time, light, sound, temperature, moisture, draught,
movement and decay” (Weinthal, 2008).

The Swedish architect Bengt Warne made similar observations with regard to his
hybrid environments: “Living in a greenhouse gives architecture a fourth dimension,
where time is represented by movements of naturally recycled endless flows of

growth, sun, rain, wind and soil in plants, energy, air, water and earth.” In 1974 he
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began developing what he called Naturhus (‘nature house’), which was used as a
centre for research, development, and demonstration. The living area of approxima-
tely 150 square metres is surrounded by a greenhouse, creating a space between
the indoors and the outdoors that both increases the available living space and
makes it easier for plants to survive during the winter through the existence of an
additional microclimate (Fredriksson & Warne, 1993).

The ReGen Villages project, which was launched during the summer of 2016,
takes the concept of the Nature House to a new level by proposing off-grid, integra-
ted, resilient eco-villages in northern European countries. Due to an approach that
takes "applying science into the architecture of everyday life” as its motto, nature in
the ReGen Villages has a primarily functional purpose (Cooke, 2016). ReGen Labs
undertakes research in resiliency and regenerative system design, taking a holistic
approach to future systems of sustainable living by combining a variety of innovative
technologies such as energy-positive homes, renewable energy, energy storage,
door-step high-yield organic food production, vertical farming, aquaponics and
aeroponics, water management, and waste-to-resource systems [Frearson, 2016).
Thus the living zones represent common interior aesthetics whereas the areas
where crops grow are shaped by technological developments and their aesthetics
which is based on efficiency rather than physical experience between inhabitants
and plants. Both projects aim to creating spaces in which people and plants have
the ideal climate conditions to thrive and are able to meet under one roof. Although
the growth of crops is engineered to be as autonomous as possible, the phases of
planting, harvesting and trimming, in addition to other forms of contact such as
observing, touching and admiring are, forms of interaction and symbiosis. Textiles
can, however, through their adaptability and flexibility, mediate more embodied
forms of interaction that not only propose alternative ways of connecting with and
caring about plants, but create perspectives relating to a symbiosis on an aesthetic
level. The increasing overlap of scientific and artistic research not only strengthens
both areas, but also opens up for alternative practices that challenge and replace
existing paradigms. As this development is currently in its infancy, however, a huge
amount of further work is needed. Advanced holistic housing projects, which are
often linked to research labs that aim to further develop regenerative systems
through modern technologies, offer opportunities to conduct artistic research.

Plants in Interiors

Having examined architectural structures, the focus of this chapter now turns to
interiors and contemporary solutions for indoor gardening, as well as bridging
the spaces of humans and plants by creating different forms of interaction - here
summarised as ‘human management’. Interior spaces are generally ‘managed’ by
furniture, which Weinthal describes as “a piece of technology that lets us inhabit
and be comfortable in a world we have made for ourselves”. He also argues for
more physical, sensual, and embodied forms of architecture that contribute to the
plasticity and tactility of space (2011). With increasing interest in interior gardening,
architecture retains the characteristics that Weinthal laments the absence of, and
this chapter presents examples of how the coexistence of plants and humans could
be redefined on the scale of the interior and how their aspects inspire this research.
Kono Designs’ Urban Farm is an exemplary model of integrating natural expe-
riences into today's indoor-based working life. The employees of the Pasona Group
Headquarters plant, grow, and harvest their food within a nine-story building in
the middle of Tokyo's metropolitan area, where they share space with suspen-
ded tomato vines, lemon trees, broccoli, and rice paddies (Andrews, 2013). The
vegetables and fruits are grown on shelves and beds, cling to bars, cover facades
and walls, hang down from ceilings, and are stored below furniture; thus they are
organised, within or upon rigid structures, in specific places. The plant organisation
follows common forms, in that they grow vertically on shelves or walls, are placed
in automated hydroponic systems, or hang down from horizontal structures in the
ceiling. Metal, plastic, straight lines, squares, boxes, and pipes are the dominant
expressions. The employees are taught by professionals how to plant, take care of,
and harvest the crops, and the herbs and vegetables are available in the company’s
restaurant. How plants can be integrated or organised by furniture was explored
by Aust. The Wohnbeet ('living-room flowerbed’] is a combination of a chair and
a flowerbed and was created to link plant and living spaces and place a focus on
human-plant interaction in an interior. In this way, Aust embeds digging, weeding,
and dirty fingernails in the interior, and enhances ownership of a design process
involving plants through the creation of a living scenario (Aust, 2010]. The example
illustrates a piece of furniture that functions for both plants and people, where an
embodied experience is promoted. The proximity between both creates not only
bodily contact, but an increased awareness and, potentially, emotional bond. Con-
sequently, it exemplifies aspects of biophilic design on the scale of the interior. Both

of the projects described here provide new perspectives on how co-existential living
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in interiors might look, feel, taste, and smell, and how the maintenance of plants

can become a special physical and sensory experience.

Plants and Machines

Modern systems for indoor gardening often conduct the maintenance of and
regulate the environmental conditions for plants autonomously, and thus combine
both functional (e.g. food supply, purifying the air) and aesthetic values (see e.g. An-
drews, 2013). This chapter discusses two research projects that involve an element
of symbiosis between robotics and plants on the scale of the interior. In agriculture
and horticulture, forms of autonomous maintenance are already an integral part of
research and practice, however, the following projects present futuristic perspecti-
ves and speculative scenarios.

Plants & Machines is engaged in the development of robotic ecosystems, in-
cluding hardware and software, for growing food in living spaces, and as a result
received funding under Horizon 2020. The software developed monitors irrigation,
ventilation, light spectra, temperature, and humidity, and controls the hardware that
manages the aquaponic, hydroponic, aeroponic, and deep-water culture systems.
The hardware of the company’s robots serves as an easy-to-use prototyping tool
and supports the DIY philosophy. The robotic indoor gardens are intended to digi-
tally bridge the gap between humans and nature, able as they are to support the
growing of food everywhere - in boxes and fridges, on balconies or rooftops - as the
project’s website suggests (Camilleri, 2015). Plants & Machines raises questions re-
lating to soft robotics, such as ‘what if robotic ecosystems were soft? The available
range of highly specialised materials, technical textiles, and soft sensors is growing
steadily and already in use in many industries, including healthcare, clothing, and
automotive. In the agricultural and horticultural fields, textiles are currently used in
relatively simple ways, e.g. in weed and insect control.

Flora Robotica is a highly cross-disciplinary project across the fields of computer
science, robotics, molecular and cellular biology, zoology, advanced mechatronics,
environmental sensing, and architecture. The project’s objective is to investigate
and create societies of symbiotic robot-plant bio-hybrids. The synergies created by
these hybrids will allow plants and robots to have new functions, such as produ-

cing architectural artefacts and living spaces and creating alternative architectural

design opportunities by fusing the design and construction phases. The project
investigates braided structures in relation to constructing artificial growth proces-
ses, and influencing plants through artificial stimuli (Hamann et al., 2015). This
symbiotic relationship between robots and natural plants is to be used in walls,
roofs, and benches, for example, in living spaces. The project has relevance to
this work due to the many similarities of the two projects, such as the goal of an

equitable symbiosis, the time-based transformation of the structures, and the use

of a textile technique to organise the plants and promote human-plant interactions.

Bringing textile thinking into an area that is driven primarily by technologies based
on digital fabrication, monitoring, and autonomous management systems provides
alternative perspectives to rigid architectural structures and opens up for including
“soft technologies” e.g. biofabrication, textile sensors, and (co-Jdesigning with

living systems.
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Designing with Living Systems
Rethinking the design practice

Recent developments in the field of smart textiles - in which digital components
and electronics are embedded, providing additional functionalities such as sensing,
communication, transformation, and the conducting of energy - have shifted both
the functionality and expressions of textiles from static and passive to dynamic and
active (Worbin, 2010; Dumitrescu et al., 2014; Talman, 2015). In addition, and in
reaction to the concept of biodesign, a change is occurring in materials; this is away
from inanimate ones, and towards those that are alive or have been co-designed

by systems of living organisms. As Antonelli argues: “Biodesign harnesses living
materials [...] and embodies the dream of organic design: watching objects grow
and [...] letting nature, the best among all engineers and architects, run its course”
(Myers, 2014). This chapter examines the implications of this approach for design
practice, provides examples of researchers and designers working and designing
with living systems, discusses contemporary research relating to material systems
that can assemble themselves through their intrinsic, responsive capacities, and
explores these principles in relation to textile design research.

Imhof and Gruber explore the concept of living as architecture through their
research project GrAB - Growing as Building (Imhof & Gruber, 2016}, wherein growth
principles are investigated by exploring hydrogel, mycelium, slime mould, algae,
and bacterial cellulose. The project aims to utilise abstract natural growth princip-
les in architecture, using biomimetics to integrate biology into material systems
and biological organisms and concepts into existing architecture. Imhof and Gruber
thus examine metabolic systems and the hierarchical organisation of living orga-
nisms, and in one investigation explore the structural capacity of plants. The volu-
metric expansion and shape-changing of plants is bound to water uptake/content,
and influences e.g. the change in shape of seedpods. Imhof and Gruber also con-
ducted an explorative design process ‘in collaboration” with slime mould, wherein
they observed how it covered a three-dimensional architectural model in the pro-
cess of growing. With a comprehensive presentation of principles and exploration of
growth mechanisms, obtained through experimentation with biological materials,
GrAB sharts a path that has great potential for developing textile practice within
the research programme. Imhof and Gruber also emphasise the need to consider
feasible life cycle designs in the development of architectural applications, and are

of the opinion that independent or semi-independent systems will challenge our

attitudes towards exerting and retaining control of the systems that we live in, and
that great potential lies in the combining of agriculture and building industries. This
opinion is shared by Hebel and Heisel, who predict a “fourth industrial revolution”
- aradical shift towards agrarian sources, particularly within the construction
industry (Hebel & Heisel, 2017, p.8). This postulation implies that not only design
practice but industry must adapt and learn how to produce materials by cultivating,
breeding, raising, farming, or growing them, as is already being undertaken by e.g.
Ecovative Design and MycoWorks for example (Ecovative Design, 2017; MycoWorks,
2017). In the research project Botanical Factory, Collet and Foissac explore how an
understanding of botany and horticultural techniques can inform design proces-
ses and alternative, sustainable manufacturing using plant systems (2015; Myers,
2015). They argue for a new framework within which materials are designed and
manufactured, and thus a paradigm shift in the field of design by examining the
environment of plant growth and new manufacturing processes. Here, semi-pre-
defined products are grown by taking advantage of existing plant ecosystems that
utilise the sun and water for the process of growth as part of a process of "botanical
fabrication”. From this perspective, plants are partners or service providers, and so
Collet and Foissac propose adaptation to the natural rhythm and duration of growth
of plants, in place of interference.

Rather than bringing the natural sciences into the design field, Tissue
Engineered Textiles does the opposite: The project, conducted by Amy Congdon
in collaboration with the Tissue Engineering and Biophotonics Division of King's
College London, explores how materials and traditional textile crafting techniques,
such as embroidery, crochet, and lace-making, can be used to create alternative
approaches to tissue engineering, and whether they could be used to quite literally
‘grow’ future garments (Congdon, 2017). The presented projects exemplify how de-
sign and fabrication processes and approaches change in relation to designing with
living systems as part of a ‘biological revolution’, and provide information regarding
the possibilities inherent in the methodology of this research.
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Approaches to Designing with Living Materials

The extend to which architecture can benefit from a structural understanding of
plants is explored by Gruber (2009, 2011) and Ludwig et al. (2009, 2012). Gruber,

as a researcher who specialises in biomimetics in relation to architecture,

uses a biomimetic approach to develop applications that are inspired by e.g.
plants, whereas Ludwig uses vegetable structures to support or facilitate
architectural formworks. In ‘Biomimetics in architecture - inspiration from plants’,
Portoghesi describes aspects that are common to both plants and architecture:

“In architecture as well as in living beings, decoration as an element of self-
representation serves to identify parts, reveal their hierarchy and even their

stages of development” [Portoghesi, 2000). Architecture and plants have always
been strongly interconnected due to the fact that plants are a foundational
material for architectural constructions, and their efficacy in such applications
remains undisputed. Another general fact that relates to plants is that form and
architectural construction are defined by the choice of material (Gruber, 2009).
Gruber also notes the high efficiency of plant structures, their adapted geometry,
contrasting characteristics that allow simultaneously for stability and flexibility

or water repellency and absorption, and extraordinary capabilities such as self-
healing. Moreover, she highlights the diverse array of mechanisms by which plants
anchor themselves to the ground that have not yet been adopted by the field of
architecture, even though the engineering principle of foundations for the purposes
of stabilisation, supply, and distribution of resources are very similar. However, the
world of plants offers a broad range of highly efficient archetypes to draw upon and
design with: Plants move continuously, despite their fixed location, and respond and
adapt to environmental factors. This morphogenesis of plants in response to light
(phototropism], touch (thigmomorphogenesis), and gravity (gravitropism) offers
potential for design:

“What if we could engineer the environment of a plant to control the shape of its
branches? For example, could we use positive and negative gravitopism to create a
90 degree angle on a branch and thus pre-form the branch of a tree for a section of
furniture?” (Collet, 2012)

Ludwig's research involves a contemporary interest in using vegetable structures to
support or facilitate architectural form; his research project on the “vivification” of
architecture, Grow!, is a “living plant construction” (Ludwig et al., 2012). Here, an
architectural future that merges technology and vegetable organisms has resulted
in a constructed object that is simultaneously bonded to a living organism. Grow! is
characterised aesthetically and spatially by the qualities of the chosen species of
tree over the course of the seasons. Ludwig is currently in the process of developing
techniques that will allow vegetable structures to be utilised in architectural
contexts through the interoperation of technical joining and vegetable growth,
producing a compound structure consisting of vegetation and architecture (Ludwig
et. al., 2009; 2012). Although Ludwig’s interest is functional, the structures he
develops are distinctly aesthetic: Over the course of their growth, the trees intersect
and create a wall-like structure that responds to environmental stimuli,
representing the natural life cycles of trees as influenced by the seasons. The
inseparable connection between technical structure and plant creates a hybrid
structure that combines two very different worlds, resulting in an object that
possesses multifunctional potentials for symbiotic living by taking into account their
needs and abilities. This is precisely the aim of On Textile Farming in connecting
textile structures and plants.

Bioreceptive Facade Panels is an Engineering and Physical Sciences Research
Council-funded project which, through environmentally driven geometric design
and the fabrication of bioreceptive seeded concrete panels, aims to provide an
alternative to existing ‘green walls'. In relation to this, Cruz and Beckett introduced
‘architectural bark’, wherein the facade itself hosts microorganisms, cryptogams,
and more complex plants (2016). The material's properties and structural
characteristics, such as the level of porosity of the facade panels, are intended to
create the proper conditions for the growth of cryptogamic covers (algae, lichens,
and mosses] such that the panels do not need additional maintenance. A
monitoring system records raw, quantitative data regarding the transformation of
the panels in the form of photographs and measurements. Here, design is used to
explore not only the relationship between the substrate and surface areas that
enhance or inhibit growth, but the specific environment and organisms that thrive in
the substrate material.

In relation to this research, it is interesting to note that Bioreceptive Facade
Panels involves the biocolonisation of lower plants, i.e. cryptogams. The bioengineer
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Olivier Guillitte defines bioreceptivity as “the aptitude of a material (or any other
inanimate object) to be colonised by one or several groups of living organisms
without necessarily undergoing any biodeterioration”. Thus, the bioreceptivity of a
material is a key factor in its becoming biocolonised, as are environmental condi-
tions (Beckett, 2018; Syn.de.Bio, 2015; Cruz & Beckett, 2016).

In ‘Bioreceptive design: a novel approach to biodigital materiality’, Cruz and
Beckett discuss architectural bark as a concept and describe their application of
interdisciplinary methods and concepts. They developed bioreceptive design as a
new research field in order to explore ways of directly embedding nature in the
fabric of a material on an architectural scale. Their particular focus is designing
scaffold systems, and as a result have borrowed heavily from the field of tissue
engineering, in which research is performed to develop bioscaffolds -
biocompatible substitutes for biological structures. Bioscaffolds exhibit voids and
pores to provide space for the attachment and growth of cells.This porosity can be
translated into weaving constructions and so can function as in tissue engineering;
working in conjunction with the textile material itself as a scaffold and nutrient
source, degrading as the plants grow. The materials can be biodegradable or rigid
(non-degradable) depending on how permanent they need to be, and can work as
temporary scaffolds, barriers, or multifunctional scaffolds or exhibit more perma-
nent characteristics, functioning as “a delivery system for growth stimulating
factors, remaining as part of the object throughout its lifespan” [Cruz & Beckett,
2016). Cruz and Beckett state that bioscaffolds can be understood in architectural,
biological, and mechanical terms, and propose scalar hierarchies according to their
design for architecture. The key advantages of textile technologies such as weaving,
knitting, braiding, embroidering, and electrospinning are precise control over fibre
size and orientation, pore size, geometry, interconnectivity, total porosity, and
surface topography (Akbari et al., 2014; Moutos, Freed & Guilak, 2007).

The artist Diana Scherer is fascinated by the dynamics of below-ground plant
components, and studies and manipulates root systems to explore the ‘intelligence’
of plants. For the Interwoven project, Scherer uses underground templates to shape
roots into textile-like structures, which burrow, expand, and eventually fill moulds;
the roots are first guided by a structure, then become the structure (2016).
Scherer’s artistic work is based on floor coverings, and causes the viewer to reflect
on future textiles and landscapes, bridging the interior and the exterior. As the

designing/shaping process takes place underground, it is only visible by interrupting

the process and exposing the roots. Observing and incorporating not just leaves and
stems but sprouts and roots into the textile design process - and using textile
structures to shape growth - are objectives of this research programme, and so
Interwoven is an important work in relation to this thesis.

Collet’s Biolace and Botanical Factory explore how an understanding of botany
and horticultural techniques can inform design processes and alternative,
sustainable approaches to manufacturing that use plant systems (Collet & Foissac,
2015; Myers, 2015]. Biolace explores the potential for synthetic biology and botanical
fabrication in relation to growing lace using plant roots, manipulating them using
macramé. Both projects Biolace and Botanical Factory question the ethics of
synthetic nature and explore how an understanding of botany and horticultural
techniques can inform design processes and alternative, sustainable approaches to
manufacturing that use plant systems.Collet’s practice inspired the process of
co-designing with seeds within of this research project on several levels; utilising
e.g. textile and horticultural techniques in the design process and using speculative
design and images as research artefacts, which met with generally positive
responses and were much-discussed.

At the time of writing, Chieza and Ward are in the process of developing a
closed-loop manufacturing system for textile dyeing and printing using bio-
pigments that are produced by living bacteria (2015). Their collaborative research
project Faber Futures aims to establish a alternative crafting discipline at the point
at which design practice and synthetic biology meet, and so can be categorised as
bio-hacking. Chieza and Ward investigate processes of co-design using living
technology by folding and creasing textiles into which bacteria are introduced,
creating deliberately constructed patterns. One of their hypotheses focuses on
material paradigms and the idea that designing with living systems improves the
design landscape (Ibid.). Using living materials to alter textile structures in this way
opens up for complementary design methods, techniques, materials, and
expressions. The bacteria also require a very specific environment in which to grow
and reproduce, developing according to the conditions and thriving where they feel
most comfortable - in this case the folds arranged by Chieza and Ward.
Consequently, a process of co-design with living systems takes place, wherein
textile techniques and hybrid methods that incorporate biology and design proces-
ses are blended.

These examples show that it is important to factor in the characteristics of the
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scaffold material and every level of its structural hierarchy, e.g. from fibres and yarn
to textile construction more broadly in order to design its bioreceptivity and to
facilitate a symbiosis featuring biocolonisation to occur. Thus the plants’ basic
needs in terms of environmental conditions need to be factored in when combining

and integrating seeds into a woven textile structure.

Self-Assembly

Menges' interest in natural systems relates to the field of climate-responsive
architecture; performing research using a responsive material system with a

focus on the material behaviour of wood, which reacts to humidity, and using a
biomimetic approach, he takes the pine cone as a foundation for his investigations.
Its “ingrained responsiveness” (Menges & Reichert, 2012), which is an integral part
of all natural systems, holds potential for architecture in the sense that it causes
architectural features to constantly adapt and respond to environmental conditions,
in that the shape-changing of the pine cone is intrinsic, fully reversible, infinitely
repeatable, and immediate. Thus, it is a system that does not require sensors or
actuators, and can be designed and manufactured for “tunable self-transformation”
(Correa et al., 2015), wherein the silent movements of the wood are a result of the
material's hygroscopic behaviour and anisotropic characteristics (Correa Zuluaga
et al., 2013; Menges & Reichert, 2015; Menges et al., 2014; Krieg et al.,2014; Correa
Zuluaga et al., 2015).

The pine cone is explored using biomimetics and in relation to textiles by Pro-
grammable Knitting, a research project by Scott. Her first result, "Knitted Assembly”
(2013, 2015), illustrates the structure of a material system by combining textiles
and veneer. To further develop her research, she used the biological principle of
structural hierarchy to design fabrics with inherent shape-changing behaviour, and
mapped the model onto the hierarchies of fibre, yarn, knit stitch, and knit structure.
Accordingly, the “smart behaviours” of her second result, Programmable Knitting,
were integrated through the structure and led to the "Responsive Knit System”,
which provides a technical method of communicating these complex interactions.
Thus, Scott’s work constitutes a design system which details the programming

rules for the production of shape-changing knitted textiles (2016, 2017), and shows

that textiles are indeed “a technology as well as a material’, in the words of Rams-
gaard, Thomsen, and Bech (2012).

In 2015, the results of the bioLogic project, developed by the Tangible Media
Group at MIT Media Lab, were published. These consisted largely of a textile surface
that expands and contracts in response to body temperature and moisture, and is
activated by living bacteria. The cells were grown and harvested in a laboratory (Yao
et al., 2015), then partially printed on a laser-cut pattern; this was incorporated
into a garment that was designed to allow a certain degree of movement in relation
to the temperature of the body. The results of the project were to be used in the
creation of responsive fashion and costumes, in that the textile surface can be used
as a smart, self-actuating textile that senses and reacts naturally, without electro-
nics. The bacterial coating is invisible and reacts to heightened body temperature
resulting from e.g. dancing; the subtle movements of the textile pattern reflect the
cut and coating of the fabric.

In these examples, bacteria, wood, and knitting, just like the seeds used in
On Textile Farming, react to moisture, causing a physical change that leads to a
transformation of the expression. The reactions created in the projects discussed
above, however, are reversible, while the seeds, once activated, carry out their pre-

programmed cycle of growth and transformation in a permanent way.
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On Textile Farming: A Research Programme

Bringing together elements of growing crops and traditional interiors requires
alternative ways of understanding, developing, designing, and producing textiles. As
the general conditions for this already exist at Svensson AB but operate separa-
tely, the combining of the IT and CS departments for the purposes of an artistic
research project open up for development perspectives that exemplify the passion
for innovative solutions and complementary markets that Svensson AB has exem-
plified throughout its history. The fact that Svensson AB is currently undergoing a
reorganisation process at the level of both management and production processes
underlines the company’s forward-looking perspective. Alternative approaches that
by their very nature raise questions can be answered through experimental design;
these may bring challenges to be solved or require conditions that might or might
not exist in the near future. However, they deepen and expand discussion and col-
laboration within the company, beyond the immediate future and towards long-term
perspectives, where research is an important driver of actions and reactions that
can contribute to more sustainable ways of living.

The proposal to bridge the two departments of Svensson AB was motivated by
the company’s philosophy of “improving life for people and plants”, and based on
experience of developing highly aesthetic and functional products (Svensson, 2018).
The IT department has a great deal of knowledge and experience of colours, pat-
terns, and weave structures, which are used to design and develop woven uphol-
stery fabrics and curtains for different contexts (transportation, solar control, sound
absorbance, eco labelling), while the CS department benefits from a close relation-
ship with plant growers and knowledge regarding how to create climate-control
systems using textiles. Thus, the expertise in developing aesthetic and functional
hybrids might created a common space for exchange and new product families and
applications, and so may lead to new business areas.

This research examines the intersection of interior textiles and living systems
such as plants, exploring the relationship between textile structure, natural growth,
and ‘'wilderness’ indoors, a central element of which is continual transformation as
a result of the life cycles and built-in obsolescence of living organisms. On Textile
Farming explores the design possibilities offered by biological and textile transfor-
mations and transience, based on the notion that the integration of elements that
can e.g. grow and degrade challenges the concept of permanent buildings that
are generally intended to be durable and long-lasting. These hybrids thus ques-

tion the prevailing frameworks relating to durability, washability, neatness, and
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immutability in interiors, and challenge the current range of textile expressions,
positing a shift from passive expressions, such as that of patterned interior textiles
(bedclothing), to dynamic and reversible ones, e.g. digitally augmented interior
textiles (Kuusk, 2016). These systems and living materials also open up for a range
of different interactions, e.g. watering and harvesting, expanding the programme of
textile interaction design (Hallnds & Redstrom, 2008) using a biological perspective
and so contributing to the field of biophilic design on the scale of the interior. This
biological perspective requires complementary variables such as humidity, light,
and time.

By exploring the intersection between living and growing, alternative
perspectives on living, involving organising and maintaining plants in hybrid spaces,
arise. In order to showcase the possible scenarios in which these alternative forms
of hybrid cohabitation can take place, a range of interior textiles, manufactured
in collaboration with Svensson AB, were produced. These took the form of woven
structures that hold the potential for transformation as a result of integrated seeds,
and are able to function as conventional home textiles or be activated and, based on
the parameters of their transformations, adapt to their intended use and location.
They thus migrate from indoors to outdoors, illustrating aspects of a biological
cycle that is influenced by both the environment and human management. Through
their ability to transform, these textiles close the gap between the interior and the
exterior, different environments, and nature and architecture.

Designing with living systems such as insects, fungi, and bacteria by engineering
natural behaviour has recently become of interest to many artistic fields, and in-
volves proposing collaborative processes of design and manufacture as alternative
approaches to a novel material category for living. Modern systems for interior gar-
dening that combine both functional (e.g. food supply, air purification) and aesthetic
values are currently experiencing exceptional popularity, ensuring the prevalence of
an alternative perspective on horticultural landscapes on the scale of the interior.
Here, the research programme considers the combination of textiles and plants to
be a hybrid material for use in the interior, and so On Textile Farming aims to ques-
tion and redefine the aesthetics of interior landscaping by exploring seeds as dyna-
mic materials for textile design. With a special focus on human-plant interaction,
the research programme concentrates on searching for alternative ways in which
processes of growth and decay may inform design practice and lead to complemen-

tary textile expressions. Rather than simply providing functional solutions for indoor

gardens, the artistic research programme aims to propose perspectives for future
forms of living with plants, and suggest how textile design knowledge can generate
alternative aesthetics and interactions in interior spaces.

The programme will explore two primary areas through experimental design

research:
| Textile expressions, using seeds as dynamic materials for textile design

Il Forms of indoor gardening through textile design materials
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Practice-Based Research
Through Art and Design

Within the framework of the Arcintex ETN, the On Textile Farming research
programme opens a space in search of alternative ways and forms of living; here,
living and growing intersect, people and plants are connected, and textiles are
approached from an alternative perspective and seen as biophilic materials for
interior design.

The contextual frame therefore relates different areas of research: textile design,
interior design, and biodesign (Figure 2). Smart textiles, as a field within the area of
textile design, enhance dynamic aesthetics and performance in textiles by combi-
ning sensing and response capabilities and textiles, and provide a framework for
textiles to connect with and exhibit dynamic expressions in environments. Recent
research contributions have opened the door to responsive and living materials and
thus created a connection to the comparatively new research field of biodesign.
These contributions explore living materials as alternatives to electronics, providing
new approaches and methods that inform the methods of On Textile Farming.
Biodesign is a sustainable design principle that differs from other approaches by
implementing living organisms as foundational materials. New design
programmes, approaches, and methods in the field use the inherent potential of
living materials and provide alternative perspectives on enhancing aesthetics and
functions, and even replacing industrial or mechanical systems with biological
processes. Thus, they open up for multi-method approaches that bridge art,
science, and design; consequently, more holistic perspectives on design are
facilitated, and it is in this way that biodesign supports the research programme of
On Textile Farming. Through their adaptive and responsive structures, which are in
some cases alive, these contributions lead to new perspectives on interior design
and question the relationship between humans and nature in relation to living
spaces.

Biophilic design intends to generate positive experiences of natural and built
environments for people, and thus provides a biological perspective on interaction
design in an architectural context. This relationship between humans and nature,
resulting from experiences and expressions, links to the research programme,
which aims to propose novel interior interactions with plants facilitated by textiles.

Svensson AB, the company that hosts this research, contributes with access to
expertise and production facilities of the two departments: Interior Textiles and

Climate Screens. This intersection of perspectives was the foundation for the

147



- RESEARCH APPROACH AND METHODOLOGY

481

Figure 2 : An overview of the contextual frame
of On Textile Farming

development of On Textile Farming and integral to the practice-based research and
contextual framework.

On Textile Farming presents research through art and design (Frayling, 1993;
Archer, 1995: Cross, 2001, 2006): here, the construction and evaluation of research
artefacts/examples is of fundamental importance with regard to generating
knowledge and advancing practice. Artefacts do not primarily represent knowledge
in this context; rather, they are instruments for its generation as “epistemological
and methodological medilal” (Jonas, 2015). Experimentation and reflection are the
core processes of this approach, and are carried out in a close dialogue with the
explorations as ‘reflecting in action” and ‘reflecting on action’. This leads to the
creation of theory, that which is more a by-product of the process than the main
focus of project-grounded research (Zimmerman et al., 2010). As the focus of
theory and practice lie in the field of exploration, unexpected insights can result
from experimentation and reflection, leading to new concepts and “new forms of
knowledge” [Rendell, 2005) that express “the language of experience” (Stappers,
2007, p. 87) and open up the field to alternative perspectives.

Thus, research through art and design is of an “multidisciplinary” (Findeli et al.,

2008) nature and suitable for use in more general inquiries relating to e.g.

environmental or societal problems, and consequently has a relatively general
theoretical scope (Ibid.). This framework is compatible with the ArcinTex ETN
programme, which was established to provide flexibility in order to use ‘non-reduc-
tionist design principles and “multimethod’ (Gray & Malins, 2004) approaches to
facilitate the obtaining of unexpected insights and advance practice through the
perspectives of other disciplines. This flexibility as regards non-linear design
processes and unexpected directional developments is the foundation of the
research programme of On Textile Farming, which began life within the ArcinTex
ETN research topic of ‘Textile structures for adaptive and responsive interiors’, with
electronics as the main components for conducting the research.

The programmatic perspective, with a strong focus on textiles, is reflected in the
ArcInTex ETN programme, wherein practice-based design research connects areas
of design such as textile and fashion design, architecture, and interaction design in
order to design more sustainable forms of living. Thus, the overall aim of the
training network is to “introduce new design programmes”, “introduce and display
new design techniques and methods”, and “introduce and display new perspectives
on design aesthetics” [ArcInTex ETN, 2017). Therefore, textile thinking is the
programmatic and methodological foundation and common ground that the
alternative propositions outlined in this thesis are based upon. In this context,
textile thinking relates to how textiles - materials, products, clothing, and interiors
- within textile design are understood and applied in our lives. Here, a special focus
lies on sensitive design expressions which promote consciousness about the ways
in which we live (Ibid.). Textile thinking in relation to On Textile Farming refers to how
our understanding of textiles can be expanded to include alternative materials, e.g.
seeds and plants, and how this understanding can lead to alternative methods and
techniques for textile design. Textile thinking is used to inspire and develop relation-
ships on the scale of the surface (between seeds and textiles), on the scale of textile
design (between designers and textile-seed hybrids), and on the scale of the interior
(between users, textile-seed hybrids, and space).

On Textile Farming, as a research programme (Binder & Redstrom, 2006:
Lowgren, Larsen, & Hobye, 2013; Redstrom, 2011, 2017; Halln&s, 2010) rests on
Redstrom’s three-step iterative process: formulation, realisation through experi-
ments, and formulation of results through reflection, which can lead to revising the
programme in order to bring a new level of precision by proposing new definitions.

‘Programme’ consequently refers to a set of intentions that are explored through
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design experiments, and so there is a mutual dependency between programme and
experiments, as the latter are materialisations of the programme/initial intentions.
“To enable a programme to facilitate the creation of experimental dialectics it must
be sufficiently robust to withstand the influences of practice, but open to the
dynamic process of experimentation and the unexpected (Redstrém, 2011). Léwgren
et al. understand the contribution to knowledge of the programme itself, rather
than simply the way a programme produces outcomes through experimentation
(Lowgren, Larsen, & Hobye, 2013). Similarly, Cross introduces the term “designerly
ways of knowing”, which is embodied in the design process and its products, and
results from, among other elements, nonverbal thought and communication and
modes of cognition.

In this research, the dialectic of the programme and experiments was subject to
major changes at the beginning, as exploring materials and techniques in parallel
to contextual research and experiencing the industrial context at Svensson AB led
to several refinements. From there, the two major areas that the programme was to

explore were specified:

| Textile expressions, using seeds as a dynamic material for textile design
Il Forms of indoor gardening through textile design materials

The relationship between the programme and experimentation became an
underlying framework, and evolved into an approach to conducting the research.
Appreciation of the iterative process of practical and intellectual [writing) work
comes, according to Harrison, from an awareness of occurring and developing
thoughts, intentions, and decisions (2002]. In this process, the examples play a
major role, exemplifying the theory and embodying the information that cannot be
expressed in theoretical reflections due to the limitations of language (Biggs, 2004).
Thus, they are instruments for interpretation.

Through ongoing development in the field of biodesign, much of which
promotes the use of materials that are new to the textile design field, alternative
design spaces are opened up. Consequently, there is a need to investigate and
question these complementary possibilities in order to better understand their
consequences and develop techniques, methods, and perspectives relating to
aesthetic expressions for the design of more sustainable ways of everyday life in

relation to the ArcinTex ETN programme. Schén describes design as a “reflective

conversation with the materials of a situation” (1983}, while Stappers considers the
function of research prototypes to be expressing “the language of experience”
(2007). The "agency of artefacts” is thus a primary characteristic of project-groun-
ded research, where both researchers and artefacts can influence directions and
decisions (Savic & Huang, 2014) - which in turn are triggered by insights that derive
from experi-menting, interpreting, and reflecting. Accordingly, the key characteris-
tics of research methodologies in art and design are experiencing; exploring;
gathering, reflecting on, and interpreting information; and communicating this
knowledge (Gray & Malins, 2004). Research artefacts lead to the generation of
theoretical articulations and intellectual argumentation.

In Collets” speculative design-led research project BiolLace, the research
artefacts are intended to apply the potential of synthetic biology to a possible future
in which plants bear not only fruit but textiles, creating accessible design scenarios
in order to expose their social impact. A range of post-2050 design scenarios were
created; these took the form of physical objects that expressed design concepts,
and were photographed.The design probes and animations not only explore how
textile products could be designed and “biofactured”, but illustrate their potential in
thought-provoking ways. Consequently, a critical inquiry occurs and the research
artefacts facilitate an intellectual discourse, as took place when the textile-seed
yarns were discussed with some of the technicians at Svensson AB. Here, a
discussion of concrete possibilities and uses in industrial machines (weaving and
warp-knitting) took place, which led to the creation of an example using the
warp-knitting machine, as well as insights regarding the explorations being
conducted by personnel at Svensson AB.

The results of practice-based research suggest changes in the form “of a
present state” and “in how things are done”(Jones 1992, p. 6], meaning that these
results are not presented as knowledge relating to concrete things; instead, they
propose alternatives to already-existing methods or situations in design (Cross,
2007, p. 43) in order to advance the practice itself (Jones 1992, p. 6). These sugges-
tions are presented and built by experimental work in order to open alternative
design spaces and complementary perspectives, represent the programme, and
illustrate methods and materials for design (Hallnas & Redstrom, 2006). Biggs
emphasises the importance of the link in between research artefacts and text in
communicatinge knowledge effectively, and highlights their interdependency (2004,

p.7). In this sense, and in accordance with Lowgren et al. (2013), the iterative
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interdependency between the programme and the experiments, which also results
in reflection becoming an integral element of the programme, is a contribution in
itself. However, in the context of On Textile Farming, the results that were derived
through reflection suggest a biological perspective on smart textiles and textile
interaction design, including methods of and variables relating to co-designing with
seeds: how to integrate them, how to manage their life cycles, and how this informs
alternative ways of living.

On Textile Farming is a research programme that is being carried out in collabo-
ration with Svensson AB, and thus connects research in academia to industry.
Experimental and speculative artistic research approaches are often in conflict with
the fact-based perspectives of companies, and practice-based research results are,
as Jones states, often concerned with changing practice and questioning contem-
porary methods and design situations rather than presenting concrete knowledge
that supports the rapid solving of the problems of today (Cross, 2007; Jones 1992).
Thus, academia and industry frequently do not share a perspective on time, and this
fundamental difference involves a range of other opposing motivations.

Overcoming obstacles to introducing future concepts to the market in order to
achieve economically viable and socially relevant effects was the focus of an
investigation by ten Bhdmer. Here, the connection between research and academia
was approached using research-through-design and collaborative design proces-
ses to build complex methods, connecting designers and stakeholders in close-to-
the-body applications (ten Bhémer, 2016). From this perspective, the designer is not
just facilitating in processes with multiple partners, but actively engaging in them,
and making use of a specific group of skills. Ten Bhomer uses an approach inspired
by the concept of “embodied interaction” (Dourish, 2001) for developing close-to-
the-body applications. Here, prototyping and the prototype — which ten Bhomer
sees a distinction between - play a major role in the research as collaborative
design processes are used to investigate how an embodied approach can establis-
hed contact between designers and stakeholders and how prototypes support the
sharing of multidisciplinary knowledge (ten Bhomer, 2016).

Within her industrial PhD project in collaboration with the Danish company
Gabriel A/S, Bang utilises participatory design by including stakeholders and their
personal experiences in developing methods for describing the emotional qualities
and values of textile applications (Bang, 2010). Her programmatic approach is
application-oriented and practical, and addresses the urge of the textile industry to
include user participation and value innovation in relation to the development of

products. Bang developed the “tripod approach” to designing and exploring applied

textiles by relating fabric, object, and environment to one another, the observant,
and the participant from the perspective of the textile (Ibid.). This tool for creating
dialogue has been combined with aspects of the repertory grid (Fransella et al.,
2004) and “four pleasures” framework (Jordan, 2000) to explore and discuss aspects
of participation.

Mody conducted “use-inspired basic research” in cooperation with Philips
Research (NLJ, applying textile thinking and methods from practice-based design
research to investigate how LED technology can be expanded beyond traditional
two-dimensional applications and into a spatial context in order to create architec-
ture (2016). The hypotheses were tested using three modes of material evidence
and three different sites as evaluation contexts, as is proposed by Raamsgard
Thomsen and Tamke (2009).

The Philips Design Probes research initiative is an example of speculative design
research in an industrial context. These projects, which envisage lifestyle scenarios
5-15years in the future, seek to understand socio-cultural and technological shifts
and spark both debate and technological innovations (Philips, 2017). Sustainable
and adaptive living, the future of food, and biotechnology are the primary driving
forces behind the development of the research artefacts. The overall intention for
the research initiative is to create visions of the future, leading to technological
innovations with the potential to meaningfully improve people’s lives.

The four research examples discussed in the preceding paragraphs constitute
different approaches to tackling the challenges that occur in relation to different
perspectives within academia and industry. On Textile Farming is thus committed to
a comprehensive approach that includes research examples and a programme of
hybrid interior textiles as boundary objects to support cross-disciplinary communi-
cation and the transfer of knowledge across boundaries (Star & Griesemer, 1989;
Carlile, 2002). Additionally, the far-future lifestyle scenarios envision possible future
developments that provide perspectives on bridging the departments of Svensson
AB, and their efforts to allow more research to flow into product development in
order to offer customers new perspectives.
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Artistic Research at Svensson AB
Bridging Interior Textiles and Climate Screens at Svensson AB

Svensson AB, a Swedish company that is currently being run by the fourth
generation of the Svensson family, started production in 1887, at the time of
industrialisation and steam-powered machines. The founder, Ludvig Svensson,
devoted himself to a world of woven textiles, established Sweden’s first curtain
factory during the first industrial revolution, and made an entire region famous
for its textile production. Today, the company’s production primarily takes place in
Kinna, Sweden, and at a smaller production plant in Qingpu, Shanghai, China.

Man-made fibres, such as acrylic and polyester, and the first warp-knit
machines were introduced during the 1950s and 1960s, creating a new business
area that made use of warp-knitting and man-made materials on a large scale.
Developing textile-based solutions for climate control and energy efficiency,
Svensson AB began its journey towards becoming a pioneer and world leader in
functional climate screens for greenhouses in the 1970s, supporting the global
trend of the greenhouse cultivation of vegetables and flowers. The screens manage
humidity, temperature, and UV radiation according to specific requirements,
resulting in optimal growing conditions.

Today the company has two departments, both of which are highly specialised.
The Interior Textiles (IT) department develops upholstery, curtains, and solar control
systems for the public sector, and works closely with architects and contractors.
These products must comply with the guidelines for public spaces and meet
requirements relating to abrasion, fire protection, acoustics, and maintenance. They
are therefore woven primarily using Trevira CS and wool. In addition to functional
applications such as shading, room separation, and upholstery, aesthetic qualities
are of fundamental importance, and so the IT Department has its own design
department that leads, organises, and oversees the development of new products
and collections.

The Climate Screen (CS) department provides functional solutions and works in
close collaboration with growers from all over the world to develop products that
satisfy their needs with regard to mitigating the effects of climate conditions so as
to ensure optimal conditions for crop production in greenhouse environments. With
the intention of creating better climates for plants and businesses, the range of
products includes screens for climate control, ground cover, weed control, insect
control, horticultural textiles, and weather protection. The products developed by

the CS department are based on polyolefin, polyester, aluminium, and modacrylic.

Figure 3 : The development plan with five
quality-assurance gates used by the Interior
Textiles department of Svensson AB (from Dorte
Bo Bojesen, 2017)

In order to ensure that the development of new designs and products meshes with
the company's visions and strategies, design and product development within the
IT department involves an evaluation process that is framed by the stage-gate
process. Ideas for products and expressions that have emerged from Svensson
AB’s Think Tank and Ideas Library are evaluated by applying current prognoses
and tendencies that are notable within the area and its design, production, sales,
capacity, and technical development. Design trends in architecture, fashion, and
art with a focus on material, form, and colour are reconciled with developments in
sales, examined by observing sales statistics, market tendencies, and competitor
positioning. Thus, tendencies in design, sales, and production become approved
strategies, resulting in design and development plans or a launch plan that covers
a four-year period. For reasons of quality assurance, this plan passes through five
‘gates’ when being evaluated.

Through its participation in the ArcinTex ETN, Svensson AB and its IT
Design department has opened itself to artistic and practice-based research,
strengthening the foundations of the design field and using these to create
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Figure 4: A Svensson AB management strategy
for the Interior Textiles department, with three
stages for developing a design and a product
plan (from Dorte Bo Bojesen, 2017).

sustainable forms of living for the future. The integration of research is only one
part of an ongoing restructuring of the company, however - and a temporary one at
that - but represents openness and the pursuit of innovation.

The company has repeatedly demonstrated the importance of being open to
new developments and alternative business models. Considering recent develop-
ments in urban gardening and farming, a clear increase in innovative solutions with
reference to cities, architecture, and the interior is evident and expressed in all
societal strata: From rooftop greenhouses (Pons et al., 2015; Gotham Greens, 2017)
to hybrid homes [Greenhouseliving, 2015: Frearson, 2016) and shelving systems
designed for hydroponic plant breeding in domestic interiors (Aouf, 2016}, gardening
and farming have become both status symbols and necessary practices in areas in
which fresh fruits and vegetables are expensive or difficult to obtain (Doron, 2005).

The CS department has already contributed to projects relating to rooftop
greenhouses and hybrid homes (Svensson AB, 2016]). However, as the ArcInTexETN
research programme notes: "As natural science and engineering science introduce

new materials and new technology, there is an increasing need to explore their

Figure 5: An illustration of the two branches
of Svensson AB: The Interior Textiles and
Climate Screens departments (from Svensson
Brandbook, 2016)

possibilities and consequences for the design of our future living environments”
(ArcinTex ETN, 2017). Although the horticultural sector, ever-adapting to the needs
of a growing world population, is constantly expanding into new environments, there
is a great demand for domestic living spaces that are more concretely connected
to gardening and farming. The growing interest in these sustainable and adaptable
forms of living has led to increases in the number of eco-villages, nature houses,
and urban and indoor gardens, and so the spaces in which people live and crops
grow are increasingly intersecting - opening up for developments that bridge both
areas, wherein aesthetic perspectives are as important as functional ones. Modern
gardening systems are shaped by commercial horticultural practices, bringing
containers such as buckets, tubs, and tanks - which are generally made of plastic
- into people’s homes (Vertical Green, 2018). Here, complementary aesthetic per-
spectives are needed to illustrate, promote, and shape these environments in which
living and growing intersect, and to represent and enhance their hybrid natures.
Alternative solutions are needed in order to maintain competitiveness with fast-

developing markets, and introducing responsive materials into industrial processes



- RESEARCH APPROACH AND METHODOLOGY

581

requires complementary design and production processes. It also questions the
notion of interior textiles in relation to the contract market, which requires certain
standards (e.g. inflammability and washability). However, it is hoped that the intro-
duction of alternative concepts, methods, and processes that conceptually bridge
the company’s departments will result in dialogues regarding the potential of joint
projects in relation to hybrid environments. These projects would merge the current
gap between the two business areas, which have distinct customer groups and

needs and requirements.



D E S | G N | N G A Framework for Designing Interior Textiles

Proposing seeds as materials for designing adaptive and responsive textiles adds
two alternative perspectives to the current array of methods of textile design: Firstly
by dynamically transforming the expression of a surface design over time through

W | -|_ |_| S E E D S surface changes in terms of e.g. colour, dimensions, and structure (i.e. on the scale
of the surface); and secondly by changing the ways in which we live with textile-
plant hybrids (i.e. on the scale of the interior). Textile Farming thus proposes a
framework for designing interior textiles by focusing on these two perspectives in
order to promote a more holistic view on textile design processes in relation to
surface and interior design.

The life cycles of interior textiles are usually bound to their context, e.g. part of a
piece of furniture (a tablecloth belongs to a table, a pillowcase to a chair or sofa) or
architecture (a curtain belongs to a window, a carpet to the floor]. While the location
of a textile can change its function is invariable, and when a textile can no longer
fulfil its function it is disposed. A carpet for example can be placed e.g. in the
bedroom first, then in the kitchen and the hallway but it is usually bound to covering
the floor. If the carpet no longer meets the expectations of appearance and
performance, it will be disposed of.

Figure 6 depicts the life cycle of a textile-seed hybrid wherein the life of an
interior textile is extended by a biological life cycle that opens up different possibili-
ties for interacting and living with the textile. The model thus provides a framework
for both the designer and the user; the former can use it to design and describe an
extended life cycle for an interior textile, while the latter is able to understand and
implement this.

The model consists of three successive phases - dormancy, growth, and afterlife
- which are determined by the actions ‘activation” and ‘deactivation’. The dormancy
(sleep phase] is considered from a purely textile perspective due to the biologically
passive seeds in the textile-seed hybrid. Activation triggers the textile's transforma-
tion - the growth phase - which combines the textile and biological perspectives.
The transformation is dependent on environmental factors such as humidity and
the availability of light and nutrients, and can be influenced by forms of mainte-
nance. The natural process of growth can be influenced or halted at any time by an
act of deactivation relative to the relationship between the transformation and the
design intention, e.g. by terminating the supply of resources/environmental stimuli.
This results in a biological ‘dormancy wherein only the textile interaction remains;

in this state, the structure is stable and its expression a result of textile and
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Figure 7: A new life-cycle model for interior tex-
tiles, with the four stages that can be influenced
by human maintenance.

biological transformation. Another activation offers three possibilities for the
afterlife of the textile-seed hybrid: it is left to decompose, reactivated, or planted.
The second and third possibilities expand the model by a few steps, as biodegrada-
tion is, in essence, disposal. The second activation therefore extends the hybrid's
transformation into a second biological cycle. Reactivation is an attempt to trigger
inactive seeds that did not react to the first activation, while planting allows the
hybrid structure to further develop in the sense of given resources, e.g. in an
exterior garden. However, the afterlife is an infrequently utilised possible develop-
ment path in relation to the transformation of textile-seed hybrids; the usual end of
a life cycle is an infinite dormancy or a premature degradation initiated by e.g.
mould. The use of a mixture of natural and synthetic materials also changes the life
cycle as it means that only a part of the structure biodegrades.

By changing the placement of the hybrid and maintaining it over time, the hybrid
structure erodes the boundary between interior and exterior and changes their
relation to the designer and the user, as well as to its environment (the interior
space). Considerations regarding the life cycle of an interior textile, in terms of
different patterns of use that occur after the textile can no longer fulfil its initial
function, are generally not part of the textile design process, and watering is not a
common way of maintaining an interior textile. The model therefore provides a
more holistic perspective on designing textiles in regard how they can be used
connecting the interior and the exterior.

How dynamic biological expressions by integrating seeds as material in textile
design can be designed is shown in Figure 8, which provides a more detailed model

for designing surface expressions using textile design processes. The method

Figure 8: A method for constructing textile-seed
hybrids, and the four variables.

combines three sets of variables relating to the seed/plant, the textile, and the
environment. The variables that define the textile’s characteristics and interactivity
are the material, technique, structure, and position in space. Material choice affects
the tactile and visual aesthetics of the textile, as well as its evaporation or storage
of moisture though capillarity. Different densities promote or restrict the growth of
sprouts, and the angle and position of the textile influence their direction of growth.
The variables that influence seed behaviour are material (the intrinsic characteris-
tics and external appearance), form, size, and the position of the seeds in the textile
structure, e.g. yarn, tubular knit, doubleweave. The seed itself contains information
pertaining to how and under which conditions it will develop as well as the length
and direction of the growth, which is also affected by the angle and position of the
textile and environmental factors. The form and size of the seeds is an important
factor in their integration with the textile, together with their position, degree of
visibility, and degree of disruption to the structure (binding). Environmental
variables such as light, time, temperature, nutrients, and humidity are defined by

direct or indirect forms of human maintenance, and affect how seeds develop in
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relation to the supporting textile structure. This interaction with the textile - the
bio-transformation - can be described from a textile perspective through changes
in the expression of e.g. the material, structure, and colour, and from a biological
perspective based on changes in the expression by as a result of the pattern of
growth, e.g. length, direction, colour, shape.

By adjusting the design variables according to a design intention, the interaction
between the seeds and the textile determines the surface expression. The final
expression of the textile-seed hybrid is a product of the interplay between various
actors: the designer who develops the hybrid, the user who activates and maintains
it, and the seed that transforms it in relation to the human management (cf. Pinto
et al,, 2013). The understanding that the user brings with regard to the hybrid
influences its aesthetic qualities, which are therefore unique and so open up for an
alternative perspective on textile interaction design.

In addition to the transformation, the ways in which textile-seed hybrids are used
and how they react to forms of maintenance can be seen from the two perspectives
outlined above. Thus, textile-seed hybrids can be used from a textile perspective
- when one is sitting on a sofa, walking on a carpet, covering oneself with a blanket
- and from a biological perspective - soaking seeds, washing, harvesting, and
eating sprouts, observing growth. Textile-seed hybrids can function from a textile
perspective, e.g. by covering furniture, surfaces, or humans or absorbing moisture
and sounds, and from a biological perspective, e.g. in terms of their swelling and
germinating and changing colour and shape. Designing these irreversible dynamic
expressions (bio-transformation] requires involving complementary design
principles and variables in the textile design process.

In this context, the design examples of Series | were created in order to achieve a
deeper understanding of the roles of seeds as living materials that transform the
surface expression of a textile, and therefore to also explore the role of the designer
who develops the hybrid. Series Il explores how textile-seed hybrids affect forms of
living, and thus investigates the role of the user who influences the transformation
through forms of maintenance. Both series explore an extended life cycle that

results from the interplay between textiles and a biological perspective.
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EXAMPLES

Integrating Seeds and Constructing
Plant Containers

On Textile Farming, a research programme with a multidisciplinary approach, exists
at the intersection of many fields; in terms of artistic methodologies, it constitutes
“a pluralist approach using a multi-method technique” (Gray & Malins, 2004, p. 21).
Itis the result of an iterative programme of experimental dialectics, and is intended
to increase the usage of responsive biomaterials in the field of textile design,
suggesting a perspective that complements those of smart textiles and alternative
ways of living with plants. Having experimented with a range of biomaterials, seeds
were explored with regard to their dynamic potential for new expressions in textile

design and alternative plant organisation in interior spaces..

Series |: Seeds as a Dynamic Material for Textile Design

Series | comprises a range of examples that were created to exemplify and
investigate the programme of methods for designing textile-seed hybrids. The
examples are categorised according to their dimensions into dynamic materials,
surfaces, and shapes, and were produced using knitting, felting, weaving, and

crocheting.

Series II: Textiles as Forms of Indoor Gardening

Series Il explored the potential of doubleweave with regard to organising plants

and alternatives to common forms of indoor gardening. The programme of hybrid
textiles focused on pocket-weaves, which were manufactured in collaboration with
Svensson AB using one of their Jacquard looms and black and white warp. The
examples were categorised as either dynamic patterns or dynamic interiors. For the
former, a range of pocket-weave patterns were equipped with seeds and substrate
to illustrate their dynamic potential after activation. The latter explored the rela-
tionship between interior textiles and objects of the interior, e.g. furniture, and the
examples created were augmented with scenarios that open up for an alternative

perspective on spatial design and the life cycles of interior textiles.
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Publications
This thesis is based on the following publications.

Series I:
Keune, S. (2017). Co-designing with plants. Degrading as an overlooked potential
for interior aesthetics based on textile structures. The Design Journal, 20(sup1),

S4742-S4744. http://doi.org/10.1080/14606925.2017.1352977

Keune, S. (2017]. Alive. Active. Adaptive. In International Conference 2017 of the
DRS Special Interest Group on Experiential Knowledge (Vol. 19, p. 90).

Heinzel, T.; Keune, S.; Walker, S.; Peciulyte, J.: Al Dente Textiles. Notes on edible
textiles as economic and ecological intermediality, In Proceedings 6th STS Italia
Conference | Sociotechnical Environments, Trento, November 24-26, 2016

Series II:

Keune, S. (2017). Growing textile hybrid structures: Using Plants for Dynamic

Textile Transformation, an Approach Towards Biophilic Urbanism, 3rd International
Conference of Biodigital Architecture and Genetics, ESARQ, Barcelona, 2017 (Vol. 3,

p 264).

Exhibitions
Several of the experiments created during Series Il were exhibited at:

Exhibition of on-going research, experimental work and prototypes in textile design
from the Smart Textiles Design Lab at Techtextil 2017 in Frankfurt on 9-12th May
2017. (2017). Retrieved from http://urn.kb.se/resolve?urn=urn:nbn:se:hb:diva-12489

Speculate, collaborate, define - textile thinking for future ways of living. Textile
museum in Bords, March 23 -7 May 2017

EKSIG 2017 - Alive. Active. Adaptive. International Conference on Experiential
Knowledge and Emerging Materials, 19 - 20 June, Het Nieuwe Instituut, Rotterdam,
The Netherlands

MoOD and Indigo Brussels 2017, 6-8 September 2017, Tour & Taxis, Havenlaan 88,
1000 Brussels. Hall 1, stand B17.
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SERIES |

Seeds as a Dynamic Material for Textile Design

This chapter introduces the materials that were used and the set of methods that
was created in order to explore the embedding and integration of seeds, plants, and
substrate in textiles, as well as managing and extending the life cycles of textile-
seed hybrids and their meaning for the field of smart textiles and alternative forms
of living, influencing the design of interior spaces. ‘Dynamic Materials" describes
the creation of 'textile-seed yarns’, which were the foundation for the ‘Dynamic
Surfaces” and ‘Dynamic Shapes’ sections, wherein knitting, felting, weaving, and
crocheting were used.

Knitting, particularly circular knitting, holds great potential with regard to
flexible structures that can be filled, stuffed, stretched, and shaped, and therefore
can adapt to different shapes, inserted materials, and shape-changing proces-
ses caused by transformations and plant growth. Knitting is thus discussed in
the ‘Dynamic Materials” and ‘Dynamic Shapes’ sections. Weaving, a foundational
technique in creating textile surfaces, was chosen based on the stability of form
that it facilitates, ease of industrial-scale production, expertise available at Svens-
son AB, possible patterns, structures, densities, and materials that it allows. For
organic, three-dimensional shapes, intuitive processes, and experimental materi-
als, crocheting was found to be the best textile technique, and so was central to the
experiments described in the ‘Dynamic Shapes’ section.

These methods both integrate alternative materials and techniques into the
process of designing textiles and add life-cycle management in order to consider
the entire life of a textile, including usage and disposal. A range of complementary
perspectives that are rooted within this more holistic view on textile design,
promoted by a speculative approach to exploring their possible implications, was
therefore utilised.

Crafting Textile-Seed Hybrids

A supporting medium is needed in order to integrate seeds into textiles. In garde-
ning practices, seed tapes are a common means of managing seeds in order to
store and plant them, reducing the amount of seeds needed, clearly defining the
distances between seeds, and speeding up and improving the accuracy of sowing.
The medium is a biodegradable tape that decomposes while the seeds germinate

(Pleasant, 2015). Pre-seeded mats or carpets enable uniform or variable vegetation
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coverage to be established in the desired pattern and density, prevent erosion, re-
duce setup time and weed growth, and provide nutrients (Horton, 2010). Permanent
mats block weeds and organise the plantation based on templates that indicate the
placement of seeds in relation to their needs, label them, and reduce the need for
watering through built-in irrigation (Horton, 2013).

In Series |, the integration of seeds in textiles using craft-based techniques was
carried out on the level of yarn and textile structures. In the context of this thesis,
‘textile-seed yarn’ refers to a textile material which can be used as a “yarn" to be
applied using textile techniques such as weaving and crocheting. All constructions
where seeds and textiles have been merged fall under the umbrella of the term
‘textile-seed structure’. The collective term used is textile-seed hybrid’ or simply
"hybrid".

The textile-seed yarns were a combination of seeds and textile material; more
precisely, chickpeas, mung beans, barley grass seeds, and corn seeds were ma-
nually inserted into a tubular knitted crafting yarn, and small ones such as alfalfa
or brokkoli seeds were integrated in a yarn through an industrial cotton-spinning
process. Thus the methods of producing the textile seed yarns are based either on
inserting or integrating. The hybrid yarns were then used for weaving and croche-
ting as one of the three approaches to creating hybrid structures that combined tex-
tiles and seeds. The second approach was to combine seeds and/or substrate with
wool in a process of needle- or wet-felting, and the third approach was to insert
seeds and/or substrate into knitted structures or doubleweave.

Series | primarily explored textile-seed yarns two-dimensionally in relation to
weaving, and three-dimensionally through crocheting to in order to investigate texti-
le-seed structures in active and passive states. Textile-seed structures, wherein
doubleweaves were filled with seeds and/or substrate, were the focus of Series II.
Here, full-scale pocket-weaves industrially produced at Svensson AB were created
to explore stripes in the form of channels for water supply, pockets on the scale of
patterns, and contrasting bindings on he scale of textile structure. These investiga-

tions were conducted with a focus on textiles as a medium for plant organisation.

Textile Material: Knitted Tubes

Various commercially available tubular materials,
made of either of cotton or a mix of wool and other
materials auch as polyamide, were used to envelop the
seeds. In the context of this thesis the term used to
refer to a combined material with wool is “woolmix" .
Both materials, cotton and the woolmix, were explored
in different colours, diameters, densities, and thread
strengths. Although both wool and cotton absorb

moisture, a clear difference between them is that wool
Figure 9: A wool mix (48%
alpaca, 30% merino, 22%

weight without becoming noticeably damp or clammy polyamid).

is generally able to absorb almost one third of its own

to the touch due to its highly crimped fibres and
hygroscopic characteristics. The pattern of the cloth
is clearly visible in both dry and wet conditions due to
the smoothness of the fibres. Cotton and wool are the
focuses of this work, although other materials and
combinations were also used during the experiments,
as is made clear where appropriate.

The proportion of lanolin in the wool affects the
water-repellency of a woollen product. Water droplets
bead and roll off the surface instead of being absor-
bed, and this must be considered when planning the Figure 10: 100 % Cotton
watering of woollen textile-seed hybrids. The scaly
structure of the fibres provides them with natural anti-
microbial properties, which is important in relation to
managing living materials. Despite the fact that the
decomposition of wool takes a relatively long time, it
is often used as a fertiliser to improve the growth of
plants due to the nutrients that it contains, its water-
storage abilities, swelling capacity, and ability to assist
in preventing the acidification of soil.

Cotton biodegrades much faster than wool and can
be damaged by e.g. mildew and prolonged exposure to
sunlight, but is quite resistant to heat and various
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detergents. Cotton is a seed fibre and consists of natural cellulose polymers, and so
is hydrophilic; thus, its fibres become roughly 20% stronger when wet, which is an
important factor in relation to the watering processes that facilitate and support the
sprouting of the seeds.

Moisture and the substances dissolved in it, e.g. colouring particles, are distri-
buted through capillary forces, which can lead to the discolouration of the fibres
or cloth. Cotton takes longer to dry than wool, which can promote the spread of
microorganisms and mould and thus cause premature degradation.

Biological Material: Seeds

The seed of a higher plant is part of its process of reproduction - a small package
containing a tiny plant and its first meal for the germination process, which is the
reactivation of the seed’s metabolic machinery based on internal and external
conditions such as temperature, water, air, and light (Raven et al., 2005). External
conditions can be manipulated by forms of human maintenance. Knowledge of the
requirements of seeds for germination and growth is crucial to understanding, pre-
dicting, designing, and manipulating how textile-seed hybrids transform in textile
structures. Both passive and active expressions were explored during the experi-
ments, as were aspects such as integration, activation, transformation (growth),
and deactivation in order to understand how design interactions between seeds and
textile materials and structures can be designed.

Seeds vary not only in terms of shape and structure, but activity and readiness to
germinate. While some seeds germinate as soon as they make contact with water,
others only germinate following exposure to a certain combination of environmental
conditions that ensure the correct timing for seed germination, which is a major
stage in the life cycles of plants (Smykal et al., 2014). Thus, the dormancies of
seeds tie into strategies for spreading or delaying germination until the environme-
ntal conditions are favourable for their development. Delays to germination have
evolved in most non-cultivated plants, the most common of which today is desicca-
tion (Toole et al., 1956). A dormant seed contains an embryonic plant and nutrients
to sustain it, which are protected by the seed coat. This protective layer is not only
a defence against adverse external conditions, but communicates information
regarding the exterior to the inside of the seed. The seed coat therefore maintains

specific levels of metabolic and photosynthetic activity, and is permeable in order

Chickpea

Barley grass

Alfalfa

Mung bean

Corn

Figure 11: The five types of seed that were
used as dynamic materials in textile design
processes. The seeds are not shown to scale,
but are in the correct proportions in relation to
one another.
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Figure 12: The germination
behaviour of alfalfa seeds from
Day 0 to Day 5.

Figure 13: The germination
behaviour of mung beans from
Day 0 to Day 5.

to facilitate gas exchange (Radchuk & Borisjuk, 2014).
Provided certain conditions are met, such as the cor-
rect levels of moisture, temperature, and oxygen, the
onset of germination takes place and is perceptible as
an increase in respiration and water absorption (Toole
et al., 1956) and lengthening of the radicle.

Mung beans, alfalfa seeds, barley grass seeds, corn
seeds, and chickpeas were chosen to be integrated
into textiles due to their different characteristics in
terms of shape, size, and expression of growth. Both
mung beans and alfalfa seeds belong to the epigeal
group of germinating plants, which means that they
germinate above ground and have an embryonic stem
(hypocotyl) which pushes the seed leaves [cotyledons)
to the surface. They usually contain little nutrients,
and so urgently need external nutrients. Both have two
embryonic leaves and are termed dicotyledonous ['di-
cots’). Barley grass seeds, corn seeds, and chickpeas
exhibit hypogeal germination, wherein the seed leaves
remain underground. Barley and corn, as members
of the grass family, are monocotyledons , (meaning
that they only have one leaf], whereas chickpeas are
dicotyledons (and thus have two leaves).

Alfalfa are the smallest seeds of the chosen five.
They are simple to sprout and very small, which made
them easier to integrate into a mechanical process.
Due to their being relatively difficult to see when pla-
ced within a passive structure, they also enhance the
contrast between the passive and active expressions.
Figure 12 shows epigeal germination and the two
embryonic leaves.

Mung beans have a very reqular, oval form and
smooth surface, and so are similar to oval beads in
size and shape - facilitating their insertion into tubular
materials. Figure 13 shows the strong radicle and the

embryonic stem that will later push the seed leaves
upwards.

The sharpness of the form and surface of barley,
however, make insertion more difficult, although they
do make the seeds resistant to moving once in posi-
tion in the tube. Barley and corn, as grasses, grow
quickly and are strong and straight once grown. With
their anatomy and the force of the hypocotyl they are
able to push through many surfaces and into objects,
enlarging them vertically. They also develop long,

strong, and dense networks of roots.

As a result of its smoothness, corn is easy to insert,

and is available in many different colours. Its form is
similar to that of a compressed droplet. The image
shows the early stages of germination, the swelling of
the seed, and the expansion of the radicle in response
to the force of gravity.

Chickpeas have a round shape and beige colour,
and resemble pearls. They are the biggest seeds
of the chosen varieties, meaning that they are very
visible in textile structures but function well as three-
dimensional elements and add rigidity to the general
expression of a textile. The image shows the hypo-
geal germination, the growth of the radicle, and the
embryonic stem (epicotyl) that pushes the plumule
upwards.

Figure 14: The germination
behaviour of barley grass
seeds from Day 0 to

Day 5.

Figure 15: The germination
behaviour of corn seeds from
Day 0 to Day 5.

Figure 16: The germination
behaviour of chickpeas from
Day 0 to Day 5.
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Figure 17: Two forms of germination, which
allow the selected seeds to be differentiated
between.
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Series |
Seeds as Dynamic Materials for Textile Design

Series | involved three levels of creating textile-seed
hybrids, described in the sections 'Dynamic Materials’,
‘Dynamic Surfaces’, and ‘Dynamic Shapes’. The
materials created served as the foundation for most of
the experiments involving the creation of surfaces and
shapes using hand-weaving, crocheting, felting, and
knitting.

Dynamic Materials

The focus of these samples was inserting, integrating,
activating, maintaining, and managing the life cycles
of textile seed yarns (hereafter referred to simply as
'seed yarns’). The setup and methods used, as well as
the materials produced, were the basis for construc-
ting plant containers using different textile techniques
in order to explore two-dimensional surfaces and

shapes.

Figure 18: The seed yarn after activation.
Figure 19: The seed yarn fabricated by Nawar
Kadi at the Swedish School of Textiles in
Borés, photographed after the carding process

Dynamic Surfaces

The samples described in this section focused on
hand-weaving, investigating the textile-seed yarns and
their interactions in and with textile structures based
on passive and active modes. In addition other met-
hods of inserting and integrating seeds into textiles
such as knits were applied.

Dynamic Shapes

Three-dimensional textile seed structures were the
subjects of the examples presented in this section,
which explored transformations in size and shape. In
addition, interactions with textile structures — which
open up for alternative ways of living with plants
through textile objects that gradually transform into
them - were investigated, as were the life cycles of the
textile objects.

Figure 20: A hand-woven cloth
with inserted alfalfa seeds.
Figure 21: The activated cloth
began sprouting.

Figure 22: A knitted vessel
with a chickpea rim.

Figure 23: The knitted vessel
with chickpea plants.
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DYNAMIC
MATERIALS

Exploring Textile Seed Materials

The creation of the following examples involved one manual and one automated
process for producing textile-seed yarns. The setup for this process is described,
and represents the general methodology by which the examples were produced and
described. The examples show the transformation of a yarn in relation to exploring
how seeds and textile materials interact with each other. How these materials inte-
ract on the scale of the surface is described in the following chapters, which focus
on dynamic surfaces and dynamic shapes. Thus, the dynamic materials described
in this chapter were the foundation for the experiments of Series |.

How the expressions of the dynamic materials transformed over time is docu-
mented by using Figure 7 for illustrating the stages in the life cycle of each experi-
ment. The main variables of each example are collected in a table to provide a final
overview. The table relates to Figure 8, which represents a method for constructing
textile-seed hybrids, and was the basis for the reflections on the examples.
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Figure 24: A close-up of the cotton-corn yarn
eight days after activation.

Day 8

Exploring a Cotton-Corn Yarn

This example illustrates the transformation of a textile-seed yarn using a cotton
tube and corn seeds. The dynamic changes in the expressions of the yarn were
investigated in order to develop an understanding of designing, using, and activating
textile seed yarns in textile design processes and weaving.

Setup

A tubular yarn was chosen as an envelope/supportive
medium, constituting a material system that can be
used for craft-based textile techniques such as cro-
cheting and hand-weaving. Mung beans, alfalfa seeds,
barley grass seeds, and corn seeds were inserted
manually, using a straw or paper funnel to hold open
the tubular yarn, then squeezed into position. To insert
the chickpeas, the opening of the yarn was stabilised
using tape, and this reinforced rim enabled direct
insertion by hand. The smooth shape of the corn and
the chickpeas allowed them to be pushed through

the tubular yarn and into place, and they were then
positioned with regard to the distance between them.
Inserting the barley grass seeds was more difficult
due to their sharp shape, which often became caught
in the tubular knit. At times seeds were separated
using knots, which also kept them in place. With larger
seeds and a smaller diameter of the tube, the tension
between the seed and the tube kept the former in
place, as which is visible through the adjustment of
the tube to the shape of the seeds (Figure 26).

In the example shown in Figure 27, the corn seeds
were introduced into the rose cotton tubular knit using
a straw, then positioned throughout the length of the
tube. The yarn was then placed on a plate and soaked,
rinsed, and drained 1-2 times per day.

Figure 25: A close-up of a
tubular cotton yarn.

Figure 26: A seed yarn,
wherein the tubular knit
adjusted its shape to the
integrated corn seeds.

Day 0
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Day 0

Day3

Day 5

Day 8

Figure 27: The empty textile envelope and the
chickpea yarn that was used to crochet its
funnel-shaped rim.

Figure 28: A diagram that illustrates which
parts of the life cycle the figures 24, 26, 29-31
belong to.

Transformation of the Expression

Figure 25 shows a textile material that was used as

a carrier for the corn seeds; a crocheting yarn made
of cotton, consisting of a tubular knit with a relatively
open, flexible structure that can be widened across
the opening to insert the seeds and tightens when
itis stretched lengthways. Thus, the yarn can hold
seeds that stretch the structure in place by friction.
Consequently, the seeds are prevented from falling
out of the tube, but dynamic in terms of their position
within it. Corn, with its smooth surface, can be moved
by hand lengthways through the tube or is moved due
to the process of weaving or crocheting.

The soaking of the corn caused it to swell as it took
up water, and the radicle began to grow out through
the knitted structure. As the yarn rolled and changed
its position with each movement, the radicles changed
their direction, as shown in Figure 31, growing down-
wards due to gravity or horizontally when restricted,
constantly correcting their direction of growth. This
was also true for the development of the coleoptiles,
as shown in Figure 32.

Figure 29: Within three days
the radicles had grown out of
the knitted tube in search of
water and nutrients.

Figure 30: The cotton-corn
yarn developed radicles and
extended its coleoptiles

Figure 31: The radicles and
coleoptiles changed colour
and expanded.

Day3

Day 5

Day 8
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Figure 32: Due to the
movement of the tube, the
roots and coleoptiles grew in
different directions.

While the radicles fit through the knitted structure,
the coleoptiles had a greater diameter and strength
and thus sometimes broke it as they grew (Figure
30). The different stages and directions of growth can
be observed in Figure 31, which shows coleoptiles

of different heights and colours as influenced by the
stage of their development and the availability of
light, and two inactive corn seeds and a coleoptile
that changed direction. Figure 32 shows two radicles
growing in opposite directions and a colour gradient,
which starts with dark red and ends with white at
the tip of the root. The coleoptiles ranged from white
to light green, going into deep green for monocotyls
that became visible as they were pushed through the
coleoptiles. The shoot passed through and partially
dislodged threads of the knitted tube, and finer roots
emerged from the foot of the coleoptiles near the
radicle.

Figure 33: The parameters for designing seed
yarns and dynamic surface expressions.

Reflections

This example illustrates how seeds can be integrated/turned into a textile material
system that allows them to be used in craft-based textile techniques, and how
they can transform over time using moisture to activate and maintain them. A key
parameter for the transformation of the textile-seed yarn was its position, which
changed regularly as a result of its maintenance. The radicles and coleoptiles thus
changed the direction of their growth several times, affecting the expression of the
yarn and creating an understanding of how the growth of sprouts and plants can be
influenced using the flexible characteristics of textiles.

The components of the textile material are important parameters due to the
fact that they shape how the tube reacts to the swelling and germinating of seeds,
which in turn occurs due to moisture. Thus, the seeds change shape and cha-
racteristics through their uptake of water, and wool and cotton - in the form of
tubular knitted materials, as well as warp and weft materials - are transformed
by moisture, changing colour saturation, expanding and contracting, or becoming
glossy, weaker, or stronger. The materials used also determine whether and how

rapidly moisture is absorbed and evaporates, which affects how frequently main-
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tenance must be carried out. Other factors that influence the seeds during their
transformation include the thread strength and the density of the structure, while
the size and shape of the seeds determine how they can be inserted and their posi-
tion in relation to the diameter and density of the tubular knitted material. Seeds
such as alfalfa and broccoli have smooth surfaces and are very small, and so can
fall through the knit if the loops of the structure are sufficiently large, while sharp
seeds such as grass seeds can easily puncture the structure and so fall out. Seeds
with sharp and fibrous hulls, however, often stick to the yarns, preventing this.

All of these parameters, along with colour, constitute how seeds can be used
within textile design processes, as well as their expressions on a textile surface
in passive and active states. However, for exploring yarns on a larger scale and in
relation to industrial weaving processes, an automated production technique is re-
quired, and the yarns have to be compatible with industrial weaving looms in order
to be fed into them as new weft materials.

Textile

Seed

Maintenance

Transformation

of the expression

Material: Rose Material: Corn Light: Indoor
cotton light
Technique: Shape/size: Time: 8 days
Tubular knit Droplet- (Dormance
shaped, yellow and Growth)
Construction: Position: Inside Temperature:
Medium the tubular Room tempe-
knit rature
Position: Nutrition: -
Variable in
space
Humidity:
Through
rinsing and
draining

The seeds swelled, the
tube expanded, and
the radicles and cole-
optiles permeated and
even cracked the knit-
ted structure. More
roots grew, and folded

leaves appeared.

Table 1: The parameters that defined the pas-
sive and active expressions of the cotton-corn

yarn.
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Figure 34: The cotton-broccoli seed yarn in its
sprouting phase.

Day 7

Exploring a Cotton-Broccoli Seed Yarn

This example involved the production of a cotton-broccoli seed yarn using industrial
processes; to be further developed and tested in industrial weaving looms such as
those at Svensson AB. Industrial yarn production opens up for exploring seed texti-
les on a larger scale and with regard to designing more complex dynamic patterns
on a Jacquard loom to investigate different patterns, bindings, material combina-
tions, and treatments.

921

Setup

In collaboration with Professor Nawar Kadi at the
Department of Textile Technology at the University of
Bords, the insertion of seeds within a conventional
yarn-spinning process was explored in order to
develop a yarn that can be used in industrial looms.
Therefore, the filaments of 27 mm cotton (Grade
2, from Izmir, Turkey) were untangled and carded
to clean and intermix the fibres in order to produce
a continuous web. During the drawing process, the
fibres were aligned in parallel and the sliver evenness
was improved. Modifications during the process led
to an open sliver in which broccoli seeds, due to their
small size, were inserted and translated into circular
roving. The last step was the twisting, which was
performed without drawing in order to avoid damage
to the seeds. Figures 36 and 37 show the thick, unt-
wisted yarns which seeds were inserted into prior to
the drawing process. The textile was watered in order
to ascertain the number of intact seeds in the yarn
and how the seeds behaved and transformed the yarn.
Having been soaked for 6-12 hours, the textile was
then rinsed and drained twice per day.

Figure 35: Inserting the broc-
coli seeds.

Figure 36: The drawing
process.

Figure 37: A thick, untwisted
yarn with broccoli seeds.
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Figure 38: The cotton-broccoli seed yarn, which
was activated by soaking it in water.

Day 1

Day 1
Day 4
Day 7

Figure 39: A diagram that illustrates which
parts of the life cycle the Figures belong to.

941

; as this process changed the position/
arrangement of the yarn, the seeds had
to constantly adapt to this (Figures 35
and 41).

Transformation of the Expression

As a first foray into industrial methods for producing
textile-seed yarns, the cotton-broccoli seed yarn was
very strong and had a low twist in order to avoid the
mechanical processes damaging the seeds insofar
as possible. The dry material was inelastic, soft,
fluffy, light, and ductile, with a regular texture that
was smooth but somewhat rough due to the cotton
fibres, and so had a certain sticky quality. Its off-white
colour was matte, opaque, and smooth. Due to the
cotton’s reaction to moisture, the yarns aligned and
the material became stronger, slimmer, tougher, and
heavier during activation, and appeared to be glossier
as a result of the fact that the moisture reflected light.  Figure 40: The growing roots

The seeds germinated as a result of the soaking and connected the cotton-broccoli
seed yarn to the surface on

the roots became entangled both with the cotton fibres o
which it was placed.

that they were integrated in and with the yarn itself,
creating a bundle joined by growth (Figure 40) - cont-
rasting with a more common bundle created through
random knots and entanglements. Through germina-
tion, the small seeds revealed themselves and became
visible. The development of the roots was subtle due
to their downward and horizontal orientation, white
colour, and fibrous characteristics. The stems that
supported the seed leaves were difficult to see at first,
but fundamentally altered the expression of the yarn
when the embryonic leaves unfolded and turned green
(Figure 43). As a result of the daily rinsing and draining
procedure, the position of the yarn often changed,

and the orientation of the sprouts along with it. With
increasing root intersections, the maintenance and
handling of the bundle of yarn became easier (Figure
40), and seven days after activation the sprouts had
developed and were ready to be harvested (Figure 34).

Day 4
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Day 7
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Figure 41: Roots built connec-
tions in the yarn bundle, fixing
their positions.

Figure 42: The fine roots, and
the seed coats that fell from
the unfolding seed leaves.

Broccoli seeds germinate above ground (epigeal ger-
mination). As germination takes place, the radicle de-
velops and the embryonic root and the stem push the
seed coat up so that the embryonic leaves can unfold.
In contrast to hypogeal germination, the seed coat
becomes visible on the surface, which in this example
was outside the yarn. As broccoli seeds are a dark
brown colour, they were very visible in relation to the
white cotton fibre and roots and the light green stems
and deep green leaves (Figure 34). Through the roots,
the seedlings had a strong connection to the cotton
fibres; their stems reached out at a right angle, but
were bent because of the changes in the direction of
their growth as they adapted to the changing positions
of the textile-seed yarn. The moisture kept the roots
fresh, and so both the roots and the cotton fibres had
a shimmering, glossy expression. Some of the seed
coats that fell when the leaves unfolded stuck to the
yarn as the moisture created a certain stickiness.

Reflections

This sample illustrates the idea of integrating seeds within a common mechani-
cal process for spinning yarn. Its scope is somewhat broad for use in industrial
weaving processes, but further improvements are currently in development. These
include investigating whether finer yarns that are suitable for use with industrial
weaving machines are able to contain seeds during the process of producing and
weaving. The investigation highlighted several important parameters that should be
considered: The most important of these are the size and durability of the seeds, as
they, together with the textile fibres, must undergo mechanical processes that can
damage them or cause them to fall out of the textile. Furthermore, the textile-seed
yarn must be possible to process using industrial weaving looms, which poses limi-
tations as regards size and irregularities. Another factor is the type of seed in terms
not only of size but needs, e.g. temperature, light, and nutrients, and expressions
such as colour and the forms of roots, stems, and leaves. The germination proces-
ses of seeds are also of importance, as these define how the seeds interact [e.g.
their ability to push out of the textile structure] with the materials and structures,
e.g. fibres, knitted tubes, pocket-weaves, that they are enclosed in and part of. As

is shown in Figure 33 the distances between the seeds, seed size, and strength and
diameter of the yarn are important. When designing a spun yarn containing seeds,
the material - i.e. the fibres - is important, as is the twist of the yarn due to the fact
that this affects how well the seeds are contained within the textile.

Exploring the transformations of hybrid yarns themselves helps us to understand
their expressions in woven cloth. The process of rinsing and draining the yarns twi-
ce a day, as well as the provision of airflow, prevented any mould from forming and
kept the sprouts healthy and the textile material clean. The roots, in a fresh state,
were similar to the cotton fibres. As they grew out of the yarn in search of water and
nutrition, and to stabilise the position of the seedling, they connected to adjacent
parts of the yarn, creating a bundle that was easy to handle with regard to rinsing
and washing due to the position of the sprouts being stable, preventing damage to
the seedlings. Organising the threads horizontally through weaving therefore would

organise the seeds and simplify the maintenance of their development.
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Thick, soft the yarn Room tempe-
twist rature
Position: Nutrition: -
Horizontal as
a bundle
Humidity:
Through
rinsing and
draining

Textile Seed Maintenance | -> | Transformation

of the expression
Material: 27 Material: Light: Indoor The yarn thinned and
mm cotton Broccoli light became stronger,
(Grade 2, and white roots deve-
from Izmir, loped and connected
Turkey) to the yarn to form a

bundle. Seed coats
Technique: Shape/size: Time: 7 days were pushed out
Spinning Small, dark (Growth) of the yarn during

brown epigeal germination,

embryonic leaves

Construction: Position: Inside Temperature: unfolded, the seed

coats fell, and the

leaves turned green.

98 1

Table 2: The parameters that defined the
passive and active expressions of the cotton

broccoliyarn.
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The following examples illustrate the methods and

techniques used to create textile surfaces that embody

a potential for transformation through growth and
U R FA C E S decay. Five approaches were explored: Textile-seed

yarns as weft materials in hand-weaving (Figure

43); textile-seed yarns as crocheting surfaces, or for

crocheting an application onto a surface (Figure 44);

the integration of seeds in the process of wet-felting

(Figure 45); the integration of seeds into three-dimen-  Figure 43: A textile-seed
sional knits; the integration of sprouts in the process yarn that was used as a weft
of hand-weaving. material.
Hand-weaving was used to explore seed yarns two-
dimensionally, with a focus on plain weave in order to
concentrate on the textile and biological expressions
of the materials and their transformations. The base
was a white cotton warp, and the seed yarn was used
as a weft. As in the previous experiments, the seeds
that were inserted into the yarn belonged to edible
plants in order to allow harvesting and eating to take
place, as interactions with the hybrid, in an early stage
of the plants’ growth. The explorations investigated a Figure 44: A textile-seed
close-to-the-object perspective in order to observe yarn that was used to crochet
the impact [visual and haptic) of using seed yarns as zz;ss:catlon onto a woven

a weft material, and the interaction (aesthetic and
functional) between the seeds/sprouts and the weave.
Activation was primarily based on watering, whereas
the examples that used corn reacted to water or

temperature.

Figure 45 - The integration of
seeds and soil in the process
of wet-felting.
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Maintaining Growth

After activation through watering, continuous maintenance was necessary to
ensure that the growing process took place. Light, temperature, and airflow were
dependent on the interior spaces in which the textile-seed hybrids were placed. The
watering was carried out using a spray can for smaller objects and surfaces, and a
watering can for larger objects.

The expressions of the textiles and their colour, feel, weight, and the amount of
water that leaked out provided information regarding the amount of moisture that
was contained or required. The textiles were placed on solid surfaces to ensure that
the roots were always moist and could only expand horizontally, to extend the two-

dimensionality of the textile seed surfaces.

Deactivating Growth

After an arbitrary length of time, the supply of water was cut off to explore the
textile-seed hybrids in a transformed but passive state, in which the textiles re-
gained their original expressions to an extent. In their passive states the examples
did not need maintenance as they were no longer active, although reactivation was
possible if they e.g. contained not-yet germinated seeds, meaning that there was
the possibility of an “afterlife’.

Initiating an Afterlife

‘Afterlife” in this context is understood to be another process of growth in the life of
a textile-seed hybrid, and means that it returns to a passive state after its trans-
formation has taken place. The potential of the textile-seed hybrids for reactivation
and biodegradation was explored in order to investigate an alternative life cycle for
interior textiles, and so they were watered once, placed into glass jars filled with
perlite substrate (a mineral substrate that is sterile, white, granulated, absorbs and
stores water, and is very lightweight] for reactivation, and sealed in order to create a
micro-climate that required no additional maintenance [similar to outdoor condi-

tions with rain and a substrate for the hybrids to root in).

Figure 46: The experiments were conducted in
glass jars to create micro-climates.
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Figure 47: A woven cotton-corn cloth that was
activated using the heat of a microwave oven.

)
£
=

Exploring a Cotton-Corn Surface

This example explored a cotton-corn yarn that was woven into a piece of cloth and
activated using heat to investigate the expressional changes that occurred due to
the popping of the corn. A plain weave binding was used here, and the corn was
held in place by knots in the cotton-corn yarn.

Setup

In order to explore the passive and active aspects of
hybrid yarns and textiles, environmental changes in
the micro-climate around the hybrids, influenced by
forms of human management (e.g. applying heat or
moisture) were used. As corn has a clear response to
both heat and moisture, it was used to explore cont-
rasting transformations in relation to textile surfaces,

which were activated by a heat gun or microwave oven.

The dark blue cotton tube was filled with corn
seeds using a straw. The seeds were first roughly
positioned in the tubular knit and then, beginning at
one end and working to the other, placed close to one
another and fixed in place using knots (Figure 48). The
cloth was then woven on a shaft handloom using plain
weave and was activated using a microwave oven,
being covered by a lid and then heated at a medium
temperature until a couple of the corns popped. This
process took a total of three minutes, with two breaks
of a couple of seconds each in order to prevent the
textile from burning.

Figure 48: The dark blue
cotton corn yarn with fixing
points, woven into a cloth.

Min 0
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Figure 49: The cotton-corn yarn, which was
used as a weft material. The warp material, an
off-white wool yarn, was also used as additional
weft (shown in the upper part of the image).

Figure 50: A diagram that illustrates which
parts of the life cycle the Figures 52, 54-57
belong to.

Transformation of the Expression

The woven cloth exhibited a contrast between the
fine, dark blue knitted structure surrounding the corn
seeds and the rough expression of the white woollen
warp. In other examples, seeds were moved within
the tubular yarn by the friction between the seeds
and the warp. As the corn seeds in this example had
a fixed position inside the tubular yarn, they could not
move and were therefore regularly spaced. The size of
the corn, diameter of the tubular yarn, and tight and
close juxtaposition of the seeds and knots, as well as
the yellow colouring, which contrasted with the dark
blue tubular knit, visually stressed the fact that the
knitted mesh was under tension and revealed its fine
structure of loops. At this stage, the mesh was only
interrupted by the sharp end of the droplet-shaped
corn seeds that penetrated it. The expression of the
plain weave was relatively arbitrary as the expression
of the pattern was not heightened by the binding, but
by the characteristics of the seeds that tended to dis-
place the warp (Figure 49]. In addition to these more
visible qualities, the corn added a certain weight and
rigidity to the overall textile, although it did not affect
its pliability.

Figure 51: The woollen warp
was pushed aside by the corn
seeds.

Figure 52: The tubular cotton
material contained and stabi-
lised the corn seeds, although
sharp edges often protruded
from or even damaged the
knit.

Min 0

Min 0
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Figure 53: The corn popped
but remained inside the
tubular knit.

Two stages can be described with regard to the activa-
ted cloth: popped (Figure 53) and popped and detached
(Figures 47, 54). In the former, the corn expanded

and extruded through the knitted structure, while in
the latter the force of the popping corn destroyed the
knitted structure and the popcorn became partially or
entirely detached from the textile.

Contained in the strong seed coat of corn kernels
is the endosperm, which is not only starchy but hard.
If the water inside the endosperm is heated to the
point that it becomes steam (>100°C], the hull must
withstand a sharp increase in pressure. At the same
time, the starch inside the corn softens and, if the
pressure exceeds the ability of the hull to contain it
(which occurs at c. 180°C]J, the kernel breaks and the
foam within expands by 20-50 times the size of the
original seed.

The foam is termed a ‘flake” in the popcorn indu-
stry, which furthermore distinguishes between ‘but-
terfly” (which have ‘wings’) and ‘mushrooms’ (which
are generally ball-shaped and therefore less fragile)
(CornPopper, 2018). The popped kernels that remained
in the tubular knit were ball-shaped and similar in
form to mushrooms. The white foam pressed against
the seed coat and the knitted loops, expanding the
tubular knit. The white colour of the foam created a vi-
sual connection to the white warp threads (Figure 53).

The corn that extruded through the knitted yarn
was primarily butterfly-shaped. Some were kept in
place by threads in which they became entangled,
while others detached from the surface. The fully
popped corn had fewer visible connections to the
surface expression of the cloth, and appeared to have
been placed there rather than integrated. Regardless

of the state of the popped corn, its smell and the soft

component of the foam added to the expression of the
surface of the cloth. In contrast to growing corn, the
popped corn did not exhibit directionality to light or
moisture but temperature. The important parameters
for the popping of a kernel are its internal moisture
which is related to e.g. its freshness and the tempera-
ture to which it is heated.

Figure 54: The popped corn
damaged the tubular knit and
partially or entirely became
detached from it.

Min 5
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Figure 55: Another method of
activating the corn was to use
a heat gun.

Reflections

This example illustrates how a cotton-corn cloth can
be activated and its surface expression changed. The
two states that were observed are here referred to as
‘popped” and ‘popped out’, and the terms ‘'mushroom’
and ‘butterfly’ describe the two ways in which a kernel
can expand. In relation to the textile in which the corn
was integrated, the popped corn was shaped by the
space that was available for its expansion. When the
tubular knit was too narrow or the force too great, the
knitted structure broke and the popped corn became
detached.

The specific way in which corn reacts to heat and
its transformation from hard to soft opened up for
a range of possibilities with regard to textile design
practice. The three-dimensional expansion and transi-
tion from hard to soft are interesting transformations
with regard to upholstery textiles, providing hard and
soft qualities in the same surface and using the same
material. The process of upholstering could constitute
the act of activating a textile in the desired areas, and
can be undertaken with greater precision using a heat
gun [Figure 55). The kernels that pop out of the textile
surface can also be eaten or composted, and the smell
adds another dimension to the sensory perception of
the textiles.

Textile Seed Maintenance -> | Transformation
of the expression
Material: Material: Corn Light: - The seeds were

wWhite wool,
dark- blue
tubular cotton
knit

Technique:

Hand-woven

Shape/size:
Droplet-
shaped, yellow

Time: 3 minu-

tes [Activation)

Construction: Position: Temperature:
Plain weave Juxtaposed, Medium
fixed by knots power for
3-5 minutes
(covered)
Position: Nutrition: -
Horizontally
draped
Humidity: -

heated, a few popped
and became white/
yellow-brownish and
fluffy, they began to
smell, expand the tu-
bular knit and thus the
three-dimensionality
of the cloth through
the flexibility of the
knit. Some of the pop-
ped corn remained in
the textile, some was
extruded and became
detached.

Table 3: The parameters that defined the pas-
sive and active expressions of the cotton/wool

corn surface.
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Figure 56: The activated cloth after it had been
heated in a microwave oven.

Exploring a Cotton Corn Weave

As in the previous example, this example took the form of a cotton-corn weave that
transformed not through growth but through popping corn and explored the resul-
ting changes in expression. Furthermore, and in contrast to the previous example,
the focus was on expansion, and so a very flexible, tubular knit was chosen and the
corn not separated by knots, to allow unrestricted expansion, and a waffle binding
was used to enhance the three-dimensionality of the extruded corn in relation to its
placement.

Setup

In this example, the cotton-corn yarn was used to
weave a waffle binding on a shaft handloom with an
off-white cotton warp. The same material was used in
the weft to stabilise the cotton-corn weave and make
obvious the differences in expression between the
two materials. The piece of cloth was then placed in

a microwave and covered, and heated at a medium
temperature for three minutes.

Figure 57: The cloth on a plate
and under a cover in a micro-
wave oven.

Figure 58: The activated cloth
on a plate after it had been
heated in a microwave oven.
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Figure 59: The cotton-corn yarn on the weaving
shuttle.

Figure 60: A diagram that illustrates which
parts of the life cycle the Figures 65-67 belong
to.

Transformation of the Expression

The tubular material in which the corn was integrated
was very flexible. Inserting the corn was therefore easy
and, even though the seeds shaped the yarn, it would
have been possible to use larger seeds. The woven
cloth exhibited an irregular sequence and seed inter-
val, with irregular groups of corn wherein no pattern
was visible but a sense of three-dimensionality was
evident (Figure 61).

Only a few of the corn seeds popped, and most
of these exhibited the ‘butterfly’ shape. Due to the
flexible characteristics of the tubular material the corn
did not break through the structure, but remained
inside the tube and expanded the cloth's three-dimen-
sionality (Figure 62). The waffle binding enhanced the
three-dimensional alignment and expression of the
textile (Figure 63).

Figure 61: The light blue
cotton corn yarn in a waffle
binding before activation.

Figure 62: The cotton-corn
weave after activation; the
corn popped but remained in
place.

Figure 63: The activated
cotton-corn; the three-
dimensionality of the weave is
obvious.

Min 0

Min 3

Min 5
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Reflections

This example explored the expansion of a cotton-corn textile using heat. The tubular
material was the foundation for the corn and supported its expansion due to the fact
that the seeds were mobile, in contrast to the previous example (Figure 59). Thus,
the number, density, and diameter of the seeds, along with the degree of stretch of
the tube and duration of the application of the heat, affected the thickness of the
cloth, which was also influenced by the long float and three-dimensional struc-

ture of the waffle binding [Figures 62, 63). Due to the seeds not being specifically
positioned, they were not extruded as in the previous example. In contrast to the
examples that transformed through growth, the transformation in this instance did
not follow a specific direction, and the duration of the transformation as a result

of rupture took very little time - minutes instead of days - and required a single
form of maintenance (heat, and not moisture, light, and nutrients). As no moisture
was needed and cotton is not strongly affected by heat, no premature degradation
occurred. The activation by heat had other positive effects: the seeds became edible
and developed a pleasant smell, creating an interesting perspective on interior tex-
tiles and their life cycles. Through the use of seeds that pop/burst, the expression
can change from hard to soft, expand in certain places, become lighter in relation to
its dimensions, change colour, and become edible. A combination of ‘sprouting” and
‘extruding’ can also be achieved.

Textile Seed Maintenance | -> | Transformation
of the expression
Material: Off- Material: Corn Light: - The seeds were
white cotton heated, a few popped
warp, light and became white/
blue tubular yellow-brownish and
cotton knit fluffy; they began to
smell, expand the
Technique: Shape/size: Time: 3-5 tubular knit and thus
Hand-woven Droplet- minutes the three-dimensi-
shaped, yellow (Activation) onality of the cloth
through the flexibility
Construction: Position: Temperature: of the knit. The pop-
Waffle bin- Formed Medium po- ped corn remained in
ding groups of wer (covered) the textile.
5-10in the
yarn
Position: Nutrition: -
Horizontally
draped
Humidity: -

Table 4: The parameters that defined the pas-
sive and active expressions of the cotton- corn

weave.
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Figure 64: The cotton-corn surface in a state of
degradation, with small grains of perlite entan-
gled in the textile structure at the right.

Exploring a Cotton-Corn Surface

This example explored the visual effects of weaving with a cotton-corn seed yarn
in which the seeds were mobile. The example disrupted the plain weave structure
with a random arrangement of seeds and the process of germination and decay,
particularly as regards changes in colour.

Setup

The foundational material in this example was a cot-
ton yarn, which was knitted into a black tube that corn
seeds were inserted into using a straw. A random
quantity of seeds was distributed throughout the
length of the yarn (Figure 65), which was then used in
a plain-weave binding (Figure 66).

The woven textile was then watered and placed in
a glass jar that was filled with perlite to initiate and
manage the germination process, and sealed to create
a micro-climate.

Transformation of the Expression

The random placement of the seeds in the yarn con-
tributed to the pattern of the cloth due to the varying
distances between each (Figures 66, 7). The size and
shape of the seeds distorted the plain weave pat-
tern, pushing aside the warp threads and creating a
gap akin to a running stitch in a knitted fabric (Figure
66). The seeds partially or fully extruded through the
threads, but were held in place by the knitted yarn in
which they were entrapped. This resulted in a dual ex-
pression of weave and knit, as the tube was stretched
over the corn, making visible the knitted structure
(Figures 66, 67). The quantity of and distances between
the seeds affected the cloth's three-dimensionality,
pliability, and weight (Figures 66, 67).

Figure 65: The black cotton-
corn yarn used in the weaving.

Figure 66: The arrangement of
the corn seeds, showing how
they affected the expression of
the weave.

Day 0

Figure 67: The expression of
a dense arrangement of corn
seeds within a plain weave
structure.

Day 0
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Day 2

Day 4

Day 24

Figure 68: The random pattern that appeared
when the black cotton corn yarn was woven with
a plain weave. The white stripes separated the
different sections.

Day 30

Figure 69: A diagram that illustrates which
parts of the life cycle the Figures belong to.

Two days after activation, the first coleoptiles
emerged. As the cloth was vertically positioned

with the warp in a horizontal orientation, they became
oriented upwards (against gravity), whereas the
radicles grew downwards (with gravity). The cole-
optiles were yellow-green, and the radicles had a
colour gradient between white and red. Due to a lack
of moisture, some dried out and lost a third of their
former thickness, becoming of a similar thickness to
the warp threads (Figure 72).

During the germination phase, the cloth became
infected with mould and began to smell earthy and
damp. Blue-green and white furry mould covered
some of the seeds and their surroundings (Figure
64). The soft and furry layer of mould had a textile
expression similar to that of a flock print, and bound
the seeds into a more unified surface. However, the
colours of the coleoptiles and radicles faded, and
some developed a brownish colour (Figure 72). The
overall impression of colour changed over time, and
was much richer for the activated state than the pas-
sive cloth. To prevent decomposition and preserve
the textile, the cloth was heat-dried in an oven. The
example developed an overall brownish colour and all
of the components merged into one another, resulting
in a ‘crispy’ and more rigid piece of cloth (Figure 73).

o~
>
©

[=]

Figure 70/71: The coleoptile
emerged first, followed by the
radicles.

Figure 72: An example on
which green and white mould
grew.

Figure 73: The cloth was dried
in an oven to stop the transfor-

mation process.

Day 4

Day 24
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Reflections

This example explored the effect of corn seeds on a weave across three phases.
The expression of the cloth in its passive state - the dormancy - was determined by
the size, distance between, and position of the corn seeds in the yarn, and invol-
ved a disruption of the regularity of the plain weave structure: The corn displaced
the warp threads, and the seeds distorted the structure and extruded through the
weave, connecting the weave and the tubular knit (Figures 71-73). When the cloth
was activated, dynamic expressions such as changes in colour, dimensionality,
surface characteristics, and smell occurred and developed in a unique manner over
time (Figures 75-77). Through heat-drying, the process of transformation/growth
was stopped (Figure 78], initiating another dormancy wherein the textile once again

became dormant.

Textile Seed Maintenance | -> | Transformation
of the expression
Material: Off- Material: Corn Light: Indoor The seeds swelled,
white cotton light green coleoptiles and
warp, black red radicles appea-
tubular cot- red, and fluffy green
ton knit and white mould
covered several
Technique: Shape/size: Time: 30 days areas on and around
Hand-woven Droplet- (Dormancy, the seeds. The cloth
shaped, yellow Growth. turned brownish as a
Dormancy) result of the drying,
and the surface co-
Construction: Position: Temperature: lour, dimensionality,
Plain weave Formed Micro-climate and overall expres-
groups in the in ajar sion were affected by
yarn and the the textile becoming
weave a ‘crispy’ piece of
cloth.
Position: Nutrition:
Vertically Perlite sub-
draped strate
Humidity:

Micro-climate

inajar

Table 5: The parameters for designing and
manufacturing the cotton-corn cloth.
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Figure 74: The leaves of the alfalfa sprouts,
which unfolded directly below the surface of the
knitted structures.

Exploring a Viscose-Alfalfa/Barley Surface

In this example, alfalfa seeds were explored within a three-dimensional knit in
order to investigate how they interact with a knitted surface in horizontal and
vertical positions during the process of germination. The resulting expressions
were compared to a similar experiment conducted using barley grass seeds. As
both seeds undergo different forms of germination and vary in size and expression
of growth, the focus was on how each alters the surface of textile structures.

1241

Set-up

Barley grass seeds and alfalfa seeds were inserted
into a white, three-dimensional knit consisting of a
grid of circles with a layer of viscose, a layer of nylon,
and a filling yarn between the two. The tension created
by the nylon layer of the structure led to the viscose
bulging, with the puffy yarn enlarging and creating a
padded expression on the textile surface (Figure 78).

Barley grass seeds were inserted by hand or using
scissors, which were used as a ‘pincer’, into small
openings that were cut into the nylon structure at the
rear of the textile in order to fill some of the circles
with seeds. A paper funnel was used to insert 5-10
alfalfa seeds into each compartment (Figure 76). Once
watered, the textiles were placed in a glass bowl at an
angle so that they could be positioned horizontally and
vertically at the same time (Figure 77).

Figure 75/76: The barley grass
seeds were inserted using
scissors (top), and the alfalfa
seeds were inserted using a
paper funnel (bottom).

Figure 77: The textile watered
and positioned in a glass bowl.
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Day 0

Day 7

Day 0

Figure 78: The uppermost layer of viscose of the
three-dimensional knit.

Figure 79: A diagram that illustrates which
parts of the life cycle the Figures 85, 87-92
belong to.

Transformation of the Expression

The vertical part of the alfalfa knit changed its expres-
sion in displaying patches of an additional colour

- brown - in the first row, fading in intensity in the
lower ones. The seeds were inserted into the verti-
cal middle rows of the fabric; those in the upper row
germinated and grew out of the openings that were
cut in the fabric, and so did not interact with the textile
structure but grew towards the light and in the op-
posite direction to gravity [Figure 80). As alfalfa seeds
germinate above ground, the embryonic stem pushes
the seed leaves and seed coat upwards, where the two
embryonic leaves unfold. Figure 80 shows leaves that
remained unfolded within the seed coat at the upper
right. Alfalfa seedlings that unfolded within two cham-
bers instead of breaking through the textile structure
are visible at the bottom of the image.

The rear of the three-dimensional knit remained
white, but a number of seedlings grew out of the cuts
through which they were inserted as seeds (81). No
seedling interacted with the structure itself, and ins-
tead all chose this path of least resistance and grew
against gravity. The roots, however, grew through the
dense nylon structure, following gravity (81).

Figure 80: The surface expres-
sion of the vertical part of the
three-dimensional alfalfa knit.

Figure 81: The rear of the
three-dimensional alfalfa knit.

Day 7
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Figure 82: The front of the
horizontally aligned three-
dimensional alfalfa knit.

Figure 83: The back of the
horizontally placed alfalfa
3d-knit.

The horizontally aligned part of the fabric had
contrasting expressions, with the white pattern of
circles disrupted by green stains. Here, the seedlings
germinated and unfolded their two embryonic leaves
directly under the viscose knit, inside the chambers in
which they were planted as seeds. Due to the pressure
exerted by the fabric, the leaves did not fully unfold in
many cases and were compressed in different stages
of unfolding (Figure 74, 82).

The rear of the fabric was expanded by roots gro-
wing in a serpentine fashion in search of water and
nutrients. In contrast to the vertically growing roots,
these grew towards the bottom of the glass vessel
and, when this was reached, changed direction several
times - resulting in a spiral, abstractly floral expres-
sion (Figure 83). Some of the seedlings grew out of
the holes through which the seeds were originally
inserted, with the embryonic stems pushing out and
the leaves unfolding. Figure 83 shows seedlings,
wrapped in dark brown seed coat and unfolding fresh,
green dicots.

In contrast to the alfalfa, the sprouts of the barley
grass, with their strong embryonic stems and one

leaf, poked through the textile structure like a needle.
The Figures 84 and 85 show the process of the seeds
sprouting through the textile and the spicy expression
of the grass-sprout when viewed from the front (Figure
85).

Figure 84: The front of the
horizontally aligned three-
dimensional alfalfa knit.

Figure 85: The front of the
horizontally aligned three-
dimensional alfalfa knit.

Day 7

Day 7
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Reflections

This example explored how the type of seed germination and orientation of a textile
can affect the interaction between seeds and a textile structure. The alfalfa seeds
that grew towards the light did not have the energy or physiology to force their way
through the textile structure, and so unfolded within the textile surface in the hope
of accessing light and nutrients in order to continue their growth. A seed’s pro-
perties and germination are therefore important factors to consider when desig-
ning surface expressions for seed textiles. The alfalfa sprouts had a more complex
expression than the barley grass sprouts, even though they disrupted the physical
structure of the textile less. The leaves that unfolded below the surface created a
pattern of green dots in the white, circular chambers. This dynamic pattern was
influenced by the number of seeds in each circle and in which circles in the grid
they were placed.

The orientation of the textile had a strong influence on the germination. In a ho-
rizontal position, the sprouts developed vertically and this added dimensionality in
both vertical directions. In a vertical position, the sprouts also developed vertically,
but followed and extended the knitted structure in both directions. The direction of
growth is therefore influenced by how the textile is oriented in relation to light and
gravity.

The example also illustrates the value of the textile structure in relation to the
type of seed and its growth. The alfalfa sprouts were not strong enough to break
through the knitted viscose structure in the horizontal orientation, unfolding their
leaves directly below the surface in order to absorb light. However, the alfalfa roots
pushed through the denser rear of the textile without a problem due to their shape,
which is both more streamlined and allows them to apply more force. The strong
barley grass shoots made their way through the structure and were essentially not
hindered in their growth.

The example also shows that sprouts prefer to grow through looser parts or ho-
les in a structure in the interest of efficiency. Consequently, the direction of growth
and the interaction between the seeds and the textile can be determined by the

textile construction and thus by the designer.

Textile Seed Maintenance | -> | Transformation
of the expression
Material: 3d- Material: Light: Indoor The seeds germinated
knit Alfalfa light and the stems and
face: Viscose leaves tried to find
Filling yarn ways through the
back: Nylon structure; some were
successful, while
Technique: Shape/size: Time: 7 days some unfolded inside
Knitting Small, brown (Dormancy, the structure. The
Growth) roots grew and moved
freely.
Construction: Position: Inside Temperature:

Dense struc-

the chambers

Micro-climate

ture, creating of the three- inajar

a tension dimensional

between the structure

layers

Position: Nutrition:

Horizontal and Perlite sub-

vertical strate
Humidity:

Micro-climate
inajar
(watered then

sealed)

Table 6: The parameters for designing and
manufacturing the viscose-alfalfa surface.
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Exploring a PVA-Cress Surface

This example illustrates the interaction between PVA as a weft material and inte-
grated cress seedlings in relation to watering. PVA stiffens and dissolves based on
the amount of water applied, and so the experiment investigated the relationship
between plants and the textile when material characteristics not only contrast with
but are damaging to each other. The main interest here was thus exploring the
potentials and expressions of this non-supportive combination of materials.

Setup

PVA was used as a weft yarn on a shaft-loom with a
cotton warp, which was used for hand-weaving the
textile. The cress seedlings were inserted by hand as
an additional weft material, with the roots facing down
and the embryonic leaves facing upwards. Two rows of
cress sprouts were inserted in a plain weave structure.
The cloth was then placed on a plate and watered once
before being left to dry.

Figure 87: The integration of
the cress sprouts during the
weaving process.

Day 0

86 - The dried cloth with merged cress plants in
a PVA weave.
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Day 0

Day 0

Day 1

Day 0

Figure 88: The cress seedlings were integrated
in the process of weaving with a PVAyarn on a
shaft loom with a cotton warp.

Day 27

89 - The diagram illustrates which part of the
lifecycle the following images belong to.

Transformation of the Expression

During the weaving process, the tension of the warp
threads held the cress in an upright position (Figure
88), they collapsed when the fabric was removed from
the loom (Figure 90). By watering the cloth on a plate,
the PVA began to shrink and dissolve, turning the
material into a slimy gel. Due to the static placement
on the plate and the overall shape of the material,
the texture of the weave remained. During the drying
process the sprouts began to degrade and turned the
area surrounding them a brownish colour. The stems
and leaves shrank, collapsed, and were left clinging
to the sticky weave (Figure 91), with which they slowly
merged.

Figure 90: The fabric after wa-
tering, at which point the PVA
began to slowly dissolve.

Figure 91: The fabric after one
day; the cress had begun to
degrade.

Day 0

Day 1
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Figure 92: This photograph
of the dried and rigid cloth
was taken 27 days after its
production.

The piece hardened while drying and became a stiff
textile which had entirely lost its durability and textile
expressions, aside from the visual ones. The plain

weave structure condensed and became impenetrable,

and the formerly three-dimensional green cress lay
flat — as if ironed - on the textile, surrounded by colour
gradients of yellow and brown originating from the
biological process of degradation.

Reflections

This example shows that textiles and plants do not
need to support one another in order to create an inte-
resting expression. The temporal process by which the
two materials interacted and merged gave rise to new
expressions and design processes. The PVA-alfalfa
hybrid, with its floral imprint, looked as if the plants
had been pressed into its surface - even though the
textile was not flat, but kept its draped shape. Thus,
the process of degradation in a textile-plant hybrid can
be part of a textile design process in which degrading
plant parts collapse and merge into a textile surface
as part of an application in which a three-dimensional
life becomes a two-dimensional afterlife. Thus,
sprouts can be grown in a textile, integrated as a pat-
tern, and merge with the textile during the process of

degradation similar in expression to a floral print.

Textile Seed Maintenance | -> | Transformation
of the expression
Material: Material: Light: Indoor The Alfalfa collapsed,
Warp: cotton Alfalfa sprouts light the textile shrank and
weft: PVA became sticky, the
Alfalfa started degra-
Technique: Shape/size: Time: 27 days ding, coloured the tex-
Hand-weaving Green and ca. (Activation, tile and both materials
5-7 cm long Growth, melted together
Dormancy)
Construction: Position: In Temperature:
Medium plain two rows Micro-climate
weave inajar
Position: Flat Nutrition:
position on a Perlite sub-
plate strate
Humidity:
Through a

watering can

Table 7: The parameters for designing and
manufacturing a PVA-Alfalfa surface.
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Figure 93: The alfalfa seeds were contained in
the blue tubular weft, from where they grew
out..

Exploring a Cotton-Alfalfa Surface

This hand-weaving example explored expressional changes in terms of three-
dimensionality and colour-change in a striped pattern. The seeds were invisible in

the passive cloth due to their size.

Setup

A piece of plain cloth was hand-woven on a shaft loom with an off-white cotton in
the warp and as the main weft material. Blue stripes were woven with a cotton-
alfalfa yarn with a diameter of 5-10 cotton wefts. During the process of filling the
tubular knit, which took place during the weaving process and by moving the piece,
some of the seeds fell out. Consequently, every movement decreased the number of
seeds in the textile. The piece was placed horizontally on a piece of grey waxed cloth

and water was applied regularly using a spray can.
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Day 0

Day 3

Day 0

Day 7

Figure 94: The plain weave on the loom; the seeds that
are visible have fallen out of the textile - this was the
only time they could be seen, as those integrated in the
textile were completely hidden in the structure.

Figure 95 - The diagram illustrates which part
of the lifecycle the Figures belong to.

Transformation of the Expression

The white weave with its blue cotton alfalfa yarn stri-
pes appeared to be a normal piece of cloth, with only
the tiny seeds on the surface that had fallen out of the
yarn suggesting that another material was involved

in its creation (Figure 93). After three days of reqular
watering, the off-white cotton material took on a yel-
lowish tone and the blue stripes in the middle of the
piece darkened and became more three-dimensional.
At the corner of a stripe consisting of two wefts, seve-
ral alfalfa seeds began germinating. The embryonic
stem pushed the seed leaves and seed coat through
the textile structure (Figure 96).

After another four days, most of the integrated
seeds had fully germinated and almost all of the
embryonic leaves had shed their seed coats. The
sprouts had grown towards the light, although some
at the outer edges had tilted slightly due to a lack of
support (Figure 97). Roughly five sprouts germinated
on the rear of the fabric; their leaves were light green,
whereas those on the other side were a deep green.
The roots grew out of the fabric's rear (Figure 98), and
their colour, diameter, and thread strength was similar
to that of the cotton used in the warp and weft. The
direction in which they grew, however, disrupted the
expression of the plain weave, which was based on
right angles, and its two-dimensionality. The stems
and leaves expanded the dimensions of the textile
surface, through the outgrowing stems and as did the
embryonic roots on the rear.

Figure 96: The wet cloth in
which several alfalfa seeds
germinated.

Figure 97: After 7 days, the
sprouts built a deep-pile in
one area of the cloth.

Figure 98: The rear of the
textile was partially covered
in white roots and several
sprouts that were searching
for light.

Day 3

Day 7

Day 7
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Reflections

The cotton-alfalfa surface explored the transformation of a hybrid surface; one in
which seeds are largely invisible to one that is fundamentally changed in terms of
colour and vertical dimensionality. Consequently, seeds in textiles can be used to
change surface expressions through the colour of their stems, leaves, and roots.
Their colour, shape, size, and strength defined whether they adapted to or cont-
rasted with the expression of the textile structure, yarn strength, colour, bindings
etc. The direction in which the sprouts grew was dependent on the position of the
textile in space in relation to gravity and physical restrictions such as a solid sur-
face, as well as the availability and direction of the source of light. Furthermore, the
orientation of the alfalfa, (a dicotyledon that undergoes epigeal germination] was
related to where in the structure the leaves were able to push through . The pattern
of growth varied based on how the sprouts grew, the density of the seeds within

the tubular material, and how many were lost during the process of weaving and
handling the cloth. The thickness of the pattern related to the seeds and time, and

the overall expression was somewhat similar to that of a deep-pile rug.

Textile Seed Maintenance | -> | Transformation
of the expression
Material: Material: Light: Indoor Application of water
Warp: cotton Alfalfa light triggers colour-chan-
weft: blue cot- ge of textile, fragile
ton (filled with stems with seedleafs
Alfalfa seeds) in their seedcoat
emerge, the leaves
Technique: Shape/size: Time: 7 days unfold and add the
Hand-weaving Very small and (Dormancy, colour green as well
brown Growth) as organic threedi-
mensionallity to the
Construction: Position: Temperature: surface expression,
Plain weave Woven in Micro-climate the threedimensional
stripes inajar expression on the
back is shaped by
Position: Nutrition: white roots
Horizontal Perlite sub-
placement strate
Humidity:
Through a
spray can

Table 8: The parameters for designing and
manufacturing the cotton-alfalfa surface.
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Figure 99: A cotton-chickpea surface in a se-
cond sleep phase, having been dried in an oven.

Exploring a Cotton-Chickpea Surface

The effect of degradation on colour and pliability of a cotton-chickpea surface is
illustrated in this example, wherein a densely filled cotton-chickpea yarn was woven
into a piece of cloth and partially activated. The example also investigates whether
a textile can be partially (rather than fully) activated in order to directly compare the
different expressions that result.

Setup

The cloth was woven on a shaft handloom with a white
cotton warp and light blue cotton-chickpea yarn weft
[Figure 100). Chickpeas were inserted in such a den-
sity that they touched one another, resulting in a mate-
rial with a diameter equal to that of the peas, a certain
rigidity, opacity, heft, and a beige colour that comple-
mented the light blue knit. This density of the material
fundamentally affected the expression of the plain
weave structure (Figure 101). A white cotton yarn used
in the weft to frame the "chickpea weave " stabilised
the borders of the weave, preventing the cloth from
falling apart when handled. The cloth was placed in a
glass bowl with perlite, with half of the textile hanging
vertically over the edge of the bowl while the other lay
on the substrate. The half that was in contact with the
substrate was watered once, and the bowl was then
sealed (Figure 102).

Figure 100: A close-up of a
cotton-chickpea yarn.

Figure 101: Different hybrid yarn
spacings affected the pattern.

Figure 102: A close-up of a
cotton-chickpea yarn.
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Figure 103: The weave, after it had been removed
from the loom. The warp threads that were woven
between the chickpeas during the hand-weaving
were relaxed when this photograph was taken.

Day 0

Day0
Day 27

Figure 104: A diagram that illustrates which
parts of the life cycle the Figures belong to.

146 1

Transformation of the Expression

On the loom, the weave had an open expression, with

the large, round chickpeas spaced at regular intervals.

During the weaving process, the chickpeas moved the
warp threads, which collected between the peas. As
each weft moved the warp threads, some of the th-
reads were displaced to between or on top of the peas,
creating a varied pattern that ranged from a clear grid
to various crossed structures (Figure 105). The passive
cloth was quite heavy and pliable to a certain extent,
depending on the distance between the chickpeas
within the tubular knit. The beige chickpeas and white
cotton warp dominated the overall expression.

The uptake of water resulted in the swelling of the
peas (which also developed a transparent slime) and
thus the stiffening and reduction in pliability of the
textile. Mould started to grow on the slimy parts of
the peas and the cloth. After drying, there was a clear
difference in colour between the not-activated (Figure
106, top) to and deactivated (Figure 106, bottom) parts
of the piece.

Figure 105: The cloth on the
loom shows the effect of the
cotton chickpea yarn on the
white cotton warp.

Figure 106: The difference in
expression between the not-
activated (top) and deactivated
(bottom) parts of the cloth.

Day 0

Day 27
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Figure 107: A close-up of the
relaxed, not-activated weave.

Figure 108: A close-up of the
deactivated part of the cloth,
showing its change in colour.

The difference between the not-activated and deac-
tivated parts of the cloth is shown in Figures 107 and
108. Whereas the warp threads of the weave under
tension on the loom were stretched, moving and
separating the chickpeas, the relaxed warp threads
retained their positions but were more closely spaced
(Figure 105), defining the pliability of the piece in warp
and weft direction.

The chickpeas in the deactivated part of the cloth
were much closer to one another due to the swelling
that occurred. The slime covered and connected the
components of the surface in the manner of a gluey
coating and dried, connecting the components [the
chickpeas, knitted tube, and warp threads]. All of
the components changed colour; the chickpeas from
beige to brown, the tubular knit from light blue to light
grey, and the white warp threads from off-white to
beige and brown. In addition, the fluffy layers of dried
mould changed from white to grey and grey-green,
and covered some of the chickpeas. The brown coating
glued together some of the warp thread bundles and,
as a result of this and the increased size of the peas
through their swelling, the structure had a tight and
rigid expression (Figure 108). The formerly pliable
structure thus became turned into a rigid composite
(Figure 109).

Day 27

Figure 109: The difference in pliability between
the not-activated and deactivated parts of the
cloth.

1149



- SERIES | = DYNAMIC SURFACES

1501

Reflections

This exploration ascertained that the density of the seeds in the knitted envelope
fundamentally influenced the characteristics and behaviour of the yarn, and conse-
quently that of the woven cloth. The plain weave, as a stable construction, created
a surface that was durable and pliable to an extend that was defined by the density
of the peas. The germination phase was skipped and the textile proceeded directly
to degradation, evidenced by the development of slime and mould. These products
of decay served as a coating or filler, gluing together the seeds and the textile and
thus creating a rigid composite and aesthetic hybrid through the material connec-
tion and alignment of the colours. Thus, mould can be seen as a coating that joins
textile and biological material into a hybrid entity and, moreover, stiffens a struc-

ture.

Textile Seed Maintenance | -> | Transformation
of the expression
Material: Material: Light: Indoor Seeds swell, got co-
Warp: Off- Chickpeas light vered in gelatinous li-
white cotton quid, seeds developed
weft: light mold, colour-change,
blue cotton deactivation stabilizes
(filled with and stoppes the trans-
Chickpeas) formation (molding),
colour-change, pas-
Technique: Shape/size: Time: 27 days sive state
Hand-weaving Big and round (Dormancy,
Growth,
Dormancy)
Construction: Position: All Temperature:

Plain weave over as weft Micro-climate
material inajar
Position: In an Nutrition:
angle: vertical Perlite sub-
and horizontal strate
position
Humidity:

Once watered

then sealed

Table 9: The parameters for designing and
manufacturing the cotton-chickpea surface.

1157



- SERIES | - DYNAMIC SURFACES

152 1

Figure 110: The cotton-grass surface.

Day 7

Exploring a Cotton-Grass Surface

This example was crocheted using a cotton-grass yarn, and illustrated the changes
in colour and shape of a flat circular surface during the stages of its life cycle. In
particular, it investigated the similarities between degraded plant parts and textile
expressions.

Setup

The surface was crocheted using rose-coloured cotton-grass yarn. In comparison
to barley and corn, the grass seeds used here are generally sown in gardens and
thus are thinner, softer, and do not grow to be as tall. The crochet work began with
a small circle that expanded with each row. The structure was placed horizontally
on a piece of waxed, grey cloth. Activation and further maintenance were carried
out using a spray can, with the piece being watered 2-3 times daily. After a growing
phase of 10 days the watering was stopped in order to initiate the degradation of
the grass and observe the changes in expression, comparing the initial, active, and
deactivated textile.

1153



- SERIES | - DYNAMIC SURFACES

1541

Day 0

Day 1

Day 7

Day 7

Figure 111: The passive textile after it had been
transformed during the growing process then
deactivated.

Day 17

Figure 112: A diagram that illustrates which
parts of the life cycle the Figures 129-130, 132-
137 belong to.

Transformation of the Expression

The rose-coloured crocheted piece deepened in colour
and became heavier and more pliable as a result of
watering (Figure 114). The grass seeds, which were
similar to barley grass seeds but thinner, smaller, and
softer, collected in small groups within the tubular
yarn. Some extruded from the tubular knit, but remai-
ned attached to the surface due to their fiborous hull
(Figure 113). The grass germinated within 2 days and
added a three-dimensional layer of green (Figure 110)
to the rose colouring of the crochet work.

Figure 113: A close-up of the
structure that was crocheted
using cotton-grass yarn.

Figure 114: A close-up of the
same structure, taken from
the side and after watering.

Day 1

Day 0
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Figure 115: The roots on the
rear of the textile.

Figure 116: The dried roots.

Whereas the surface of the textile was covered with
green grass growing upwards, the rear was covered
with white roots that grew in a serpentine fashion,
forming a pattern of their own underneath the
crocheted one. The root pattern covered parts of the
open crocheted structure, and was flat due to the
waxed cloth restricting the growth of the roots. Some
light green grass grew among the roots in an attempt
to reach light. The root coverage on the rear of the
textile and the grass on the surface clustered around

its centre, becoming thinner towards the outer edges.

As a result of the deactivation, the roots shrank
and turned dark brown. This revealed the crocheted
structure due to the reduction in diameter of the
roots to less than that of the yarn of the tubular knit.
When the textile was dried, the rose-coloured crochet
lightened and returned to its initial colour. In the
central areas that were covered by roots, the textile
was slightly discoloured, with a yellow-brown tone.

The fresh grass sprouts on the surface of the textile
[which could be considered to be ‘above ground’)
added an intense green colour and were up to seven
centimetres tall. The grass grew straight, similar to a
tufted carpet with a deep pile (Figure 117). The growth
of the grass was limited by the energy available in the
seed as no additional nutrients were added.

By initiating a drought to deactivate the surface, the
grass lost its green colour and rigidity and decreased
in diameter, collapsing and becoming entangled. Just
as with the roots, the grass had a textile-like expres-
sion, similar to thin, light-brown linen threads that had
been tufted onto the crochet work (Figure 118).

Figure 117: Grass on the
surface of the textile.

Figure 118: Dried grass that
collapsed on the surface of the
textile.

Day 7

Day 17
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Reflections

This example explored the similarities between the expressions of plants and
textiles throughout the life cycle of a hybrid. The textile expression of the passive
piece was slowly superseded by the growth of the grass, although the drying
process reversed this by transforming the expression of the plants such that they
came to resemble textile structures such as a tufted linen yarn in terms of their
colour, thickness, dullness, and reduced strength. Consequently, grass could be
used as a design material in creating a living pattern for a carpet which, in fading,
adapts to the surface expression and can continue to be used as a passive interior

element, with an additional biological component as a new textile element.

Textile Seed Maintenance | -> | Transformation
of the expression
Material: Material: Light: Indoor The colour of the
Cotton Grass light cotton yarn intensified
when wet, green grass
Technique: Shape/size: Time: 17 days was extruded straight
Crochet Medium / (Dormancy, vertically upwards,
sharp Growth, white roots covered
Dormancy) the textile surface
from below which
Construction: Position: Temperature: turned brown through
Open but sta- Mostly cen- Room tempe- wittering, the grass
ble construc- tered rature turned brownish and
tion collapsed.
Position: Nutrition: -
Horizontally
placed
Humidity:
Through a
spray can

Table 10: The parameters for designing and
manufacturing seed yarns.
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Figure 119: The cotton-barley grass application
in a stitching frame.

Day 3

Exploring a Cotton-Barley Grass Application

This example illustrated an application on a Jacquard weave, which was crocheted
with a cotton-barley grass yarn to investigate changes in expression. The focus was
combining a three-dimensional structure and a flat surface, creating the potential
for a three-dimensional change that could be activated at will, was subtle, and
when deactivated allowed the textile to be used as usual.

Setup

The foundation for the crochetwork was a Jacquard
weave with a black warp and white weft. The pat-
tern consisted of contrasting bindings that were open
or very dense. The open parts of the structure were
penetrated with a crochet hook to crochet directly onto
the weave, and so a green cotton-barley grass yarn
was used [Figure 120). The finished textile was then
fixed onto a stitching frame to simulate an interior
textile under tension [e.g. upholstery) and to allow the
handling and maintenance of the piece (Figure 119).
Once positioned horizontally (at a slight angle], it was
watered with a spray bottle 2-3 times per day. After
eight days, a drought was initiated to deactivate the
example and to preserve in a passive state.

Figure 120: The cotton-barley
grass yarn was crocheted onto
the open weave structure.

Day 0
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Figure 121: The textile eight days after activa-
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Figure 122: A diagram that illustrates which
parts of the life cycle the Figures belong to.
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Transformation of the Expression

Two days after activation, the first light green coleopti-
les broke through the green knitted tube. As they were
positioned at different angles within the tube, they
aligned with one another and grew vertically upwards
(Figures 121, 122). Their light green colour was very
similar to the green of the tubular material, meaning
that the initial changes were very subtle (Figure 123).
During the process of crocheting, the seeds were
squeezed in order to position them in the loops of the
crocheted structure, accentuating and highlighting its
organic shape (Figure 124).

Figure 123/124: The position
of the barley-grass seeds in
the crocheted structure, from
the front (Figure 123) and
above (Figure 124).

Day 3
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Figure 125: The leaves became
a darker green and stood out
from the green crochet work.

Figure 126: The withered
leaves, which dried and turned
light brown, nestled around
the crochet work.

As the coleoptiles developed and theur leaves unfol-
ded, showing a dark green in relation to the crocheted
structure, the transformation became more visible and
three-dimensionally extended the application with its
isolated sprouts (Figure 125).

After eight days of growing, the initiated drought
caused the stems and leaves to wither. They collapsed,
wrinkled, turned a light brown, and stiffened, but
remained attached to the seed coat and roots (Figure
126). Some seeds developed white and grey mould
that spread and covered parts of the hybrid yarn like
a fibrous coating. Due to its colour, it created a link
between the Jacquard weave and the application.

The strong green of the wet cotton barley grass yarn
became yellowish-green and thus connected with the
brown-yellow of the dried grass straws that nestled
around the crochetwork.

Day 27

Figure 127: The deactivated application and a
quantity of mould, which visually connected the
weave and the crocheted application.
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Reflections

The cotton-barley grass textile involved an application which was manually croc-
heted onto an industrially produced Jacquard weave using the open binding that
characteritzed parts of its weave construction. The pattern of the loose binding
influenced the shape and position of the application. Its three-dimensionality was
expanded by the growing of the grass, but was subtle due to the similarity in colour
of the two. Applications are a common means of highlighting and embellishing

a relatively neutral textile. In the field of smart textiles, textile applications are
often used to integrate sensing and actuation materials, which generally feature
electronic components, with a piece of cloth. The example utilised the sensing and
actuation capabilities of barley grass seeds, and reacted to moisture and light in its
environment. The subtle quality of the change in expression resulted from simila-
rities in colour, as that of the seeds, sprouts, and dried grass were similar to the
green of the tubular material, visually integrating the biological material into the
textile application during all of the stages of its life cycle. Due to its limited size and
isolated placement, the maintenance of the application did not affect the rest of the
piece of fabric, which would be an important factor if the example were to be placed
on an upholstery textile that was used for a piece of furniture. Thus, the context of
use and the use of colour in relation to the development of the seed are important
factors for designing textiles using seeds as a material for textile design.

Textile Seed Maintenance | -> | Transformation
of the expression
Material: Material: Light: Indoor Coleoptiles that were
White cotton Barley grass light the same colour as
warp, black the tubular knit grew
cotton weft, through it, became
green knitted a deeper green and,
cotton tube unfolded leaves. White
mould developed on
Technique: Shape/size: Time: 27 days the yarn/seeds, the
Jacquard Medium / (Dormancy, textile dried out, and
weave, cro- sharp Growth, the leaves collapsed,
chet Dormancy) turned light brown,
became dry, and
Construction: Position: As Temperature: nestled around the
Weave with seed yarn Room tempe- application.
loose and applied onto rature
dense con- the weave
struction
Framed and Nutrition: -
horizontally
positioned
Humidity:
Through a
spray can

Table 11: The parameters for designing and
manufacturing a cotton barley grass applica-

tion.
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Figure 128: The corn seeds, positioned at the
outer rim of the crochet work, created a fence
of shoots and roots.

Day 12

Exploring a Cotton-Corn Crochet

This example offers a somewhat architectural perspective on integrating corn
seeds in the outer part of a crochet work. The roots stabilised the textile and con-
nected it to the ground, while the stems and leaves built a fast-growing fence.
Furthermore, the example explored the internal energy of seeds, as no nutrients or
substrate was added.

168 1

Setup

A certain part of a tubular white cotton knit was filled
with corn seeds and crocheted into a round object. The
placement of the seeds in the end of the knitted tube
and the crocheting technique starting from a loop and
adding circles enlarging the construction horizontally
resulted in their positioning in the outer rim of the
surface (Figure 128). For activation, the piece was
placed on a water-repellent waxed cloth and watered
regularly with a spray can. No substrate or nutrients
were added.

Transformation of the Expression

The cotton tube and corn seeds swelled as a result of
the watering. The knitted structure became smooth
as the fibres aligned. Two days after activation, 1-2
cm-long white radicles developed, pointing in different
directions but reaching down, following gravity. The
coleoptiles were light green, and their tiny (less than
0.5 cm) tips pointed upwards (Figure 130).

Due to the solid surface on which the textile was
placed, the radicles expanded horizontally underne-
ath the textile and beyond its edges (Figure 131). The
light green stems retained a light green colour. During
the process of growth, the edges of the crochet work
curled at two sides, causing the roots to first grow
vertically and then to the sides (Figure 128).

The roots and some of the stems took on a red
colour, while the leaves unfolded and turned a deeper
green. Thus, the initial colour palette of white and yel-
low was expanded by different tones of red and green.
With the growth of the corn, some of the seeds were
infected with a green mould that covered the seeds

Figure 129: The crocheted
surface before it was activated.

Figure 130: The surface two
days after activation.

Figure 131: The sprouting corn
expanded the textile upwards
and to the sides.

Day 0

Day 2

Day 5
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Figure 132: The bottom of the crocheted
surface; the corn seeds are visible in the curled
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Figure 133: A diagram that illustrates which
parts of the life cycle the following images
belong to.
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and surrounding fabric. A drought was initiated after
Day 7 to interrupt and stop this process and explore
whether the crochet work, which had expanded
vertically, could return to its previous expression. The
object was dried in an oven to speed up this process
[Figure 135). The white cotton took on a light brown
colour and the leaves collapsed, stiffened, and also
turned brown. The original form of the surface thus
reappeared, having been overgrown. The corn seeds in
the rim took on a dark brown expression colour.

Reflections

This example illustrated that seeds, when positioned
in a specific area of a textile, can create a three-
dimensional expression in order to e.g. connect it

to the surface on which the textile is placed or tie

it closely to a specific area. The textile-seed hybrid
did not need a direct connection to the surface

for this connection to be established, as the roots
automatically grew in the direction of gravity and thus
bridged this gap. The roots and shoots also created a
spatial and visual vertical boundary, which was defined
by the position, distance between, type, pattern, and
speed of growth of the seeds, as well as the colour of
the resulting shoots. This barrier was temporary and
dependent on the life cycle of the plants and support
of the environment. As corn is an annual plant, its life
cycle takes place over the course of a year. However,
as itis a grass and therefore very fast-growing, it can
reach up to three meters in height and thus has an
architectural dimension.

The example shows that a process of degradation
resulting from e.g. a drought can reverse a transfor-
mation and create an expression that is similar to
that of an not-activated state. Here, the relationship
between the dimensions of the textile, the seeds, and
the environment is fundamental.

Figure 134: The sprouting
corn affected the dimensions
and colour of the cotton corn
crochet.

Figure 135: The drying process
returned the cotton- corn cro-

chet to its original dimensions.

Day 12

Day 27
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Textile + | Seed Maintenance | -> | Transformation
of the expression
Material: Material: Corn Light: Indoor The textile became
White knitted light glossy and the seeds
cotton tube swelled; radicles
appeared and grew
Technique: Shape/size: Time: 27 days downwards, and
Crochet Droplet- (Dormancy, coleoptiles grew
shaped, Growth, upwards. The sur-
yellow Dormancy) face was expanded
upwards, before
Construction: Position: Outer Temperature: the drying process

Medium con- rim Room tempe-
struction rature
Horizontal Nutrition: -
position in
space
Humidity:
Through a
spray can

caused everything
to collapse and the
plant material to
turn brown, shrink,
and become dry. The
surface reverted to
its flat state.

Table 12 - Important parameters for designing
and manufacturing cotton-corn yarn.
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Exploring Textile Seed Shapes

The following section shows the developed methods
and techniques in relation to three-dimensional textile
‘plant containers’. The handmade dynamic materi-

als were used to create the examples, and aspects

of the dynamic surface examples were also utilised.
Crocheting and tubular knitting were the primary
textile techniques used; the crocheted structures were
placed on a stable surface, while the knitted structu-
res were suspended.

The first crocheted examples consisted of empty Figure 136: Watering a textile-
textile vessels to which no substrate or nutrients were ~ seed hybrid.
added, whereas the subsequent ones were filled with
soil as a substrate. Soil was also used for the knitted
structures, which were filled with seeds and substrate
to form chambers using knots. The principle of the tu-
bular knits thus followed that of the seed yarns, albeit
on a larger scale. The crocheted objects were watered
with a watering can, and the suspended structures
with a watering can, spray can or dipped into a bucket
filled with water. The crocheted objects explored
multi-purpose designs in relation to an alternative life
cycle of a textile object, and were designed to allow
plants to be handled in alternative ways, and to gather
information about thesem. The positioning of the
seeds was also a particular focus.

The suspended structures exemplified vertical ap-
proaches to organising seeds, plants and substrate.
Exploring the effects of growth and decay was a goal in

relation to the creation of both types of example. . .
Figure 137: The feel, weight,
and leakage of dust of the
hybrids provided information
regarding the amount of
moisture they contained.
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Figure 138: The woolmix-corn shape on Day 7.

Day 7

Exploring a Wool Mix Corn Shape

This experiment explored the concept of partially integrating seeds into a textile
object and observing how this affected the expression of the section of the textile
where the seeds were integrated, as well as the overall appearance.

Setup

Yellow corn seeds were inserted into the first section of a fine tubular woolmix knit
and crocheted into a three-dimensional vessel, featuring a bulky bottom and upper
section that was similar to the neck of a bottle. As the corn was situated in the first
part of the tube and the bottom of the object crocheted first, the seed filled yarn
constituted the bottom of the object and weighed it down. The fine material and
relatively open structure of the tubular knit highlighted the colour and shape of the
corn and was subtle in relation to it, whereas the area in which the tubular material
created a crocheted structure and that had not been filled was grey, fluffy, and
dense. Thus, there was a strong contrast between the two parts of the object. It was
placed on a glass surface (later a waxed cloth), and water was applied using a spray
can 2-3 times per day to activate germination and maintain growth. After 12 days a
drought was initiated and accelerated by drying the piece in an oven.
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Figure 139: The dried woolmix-corn shape with

~
< anest of stems, leaves, and roots, photo-
©
o graphed from above.
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o ~ ~0 — o~
> > > > >
© © © © ©
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Figure 140: A diagram that illustrates which
parts of the life cycle the Figures belong to.

178 1

Transformation of the Expression

The intuitive process of creating three-dimensional
textiles using crochet technique resulted in a design
process that in dialogue with the material - the seed
yarn - produced a vessel-like object that was weigh-
ted down and stabilised by corn, which also provided
a visual contrast. The fine net of the tubular material
which held the corn in place was subtle but noticeable.
The overall shape was bulky, and coloured light grey at
the top and light yellow at the bottom [Figure 141).

The application of water changed the expres-
sion, making it dark grey and strong yellow, stiff, and
thinner (Figure 142). The wool contracted and the
yarns of the crochet and knitted structure became
indistinct and fuzzy. The contrasting change in shape
- the thinning at the top and swelling at the bottom -
and increased colour contrast produced a change in
expression that was at first dominated by the reaction
of the wool to the water. The corn responded to the ac-
tivation by sending radicles in search of water (Figure
142), which positioned, stabilised, and enlarged the
textile vessel towards the ground and horizontal.

After the development of the roots, the first shoots
- strong, light green hypocotyls - appeared, pointing
straight upwards (Figure 143). While the network of
roots expanded, the stems continued to grow and
pushed up a green leaf, which unfolded; some also
turned dark red. The root system was a dense network
that surrounded the object horizontally due to its being
located on a hard surface instead of substrate. The
roots and shoots developed a red colouring that was
most intense near to the seeds, and the stems and
leaves grew beyond the top of the vessel, expanding its
expression in all directions.

Figure 141: The crocheted
structure dominated the
object’s top section, while the
tubular knit holding the corn is
visible below this.

Figure 142: The upper part
of the object became thinner
while the lower part swelled.

Day 0

Day 4
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With increasing growth, the seeds developed mould (Figure 144). 12 days after
germination had taken place, a drought was initiated and the decay was sped up by
drying the object in an oven. The deactivated object lost all shades of green and red
and returned to its original height, as the stems and leaves shrivelled and collapsed
to the sides. Due to the drought, all of the colours disappeared and the leaves and
roots entangled so as to be no longer distinguishable from one another. The object

decreased in weight, lost its pliability, and became an almost entirely rigid object
(Figure 145).

Figure 143: The coleopti-

2 lesreached upwards; the
S crocheted object is still clearly ~ Figure 144: The stems and
. N . - - .
visible. leaves grew to be twice as tall — - Figure 145: The deactivated, passive object,
as the object. A dense network 3 < which had lost its colour but gained additional
of roots reaches off to one S material that supplemented its original shape.
side.
180 1
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Reflections

The woolmix-corn shape illustrated changes in expression in an object in which
seeds were partially integrated, and investigated the nature of these changes in
relation to its life cycle. The object expanded horizontally through the development
of roots and vertically through the growth of stems and leaves, adding colours to
the original expression (Figure 144). Although such biological developments are
not reversible, many expressions that change fundamentally through processes

of growth can be partially reversed through processes of decay: The added colour
disappeared and the vertical expansion collapsed, revealing the original shape and
height of the object (Figure 145). The two passive states - the not-activated and the
deactivated - differ in terms of the expression of the lower part of the object. That of
the not-yet-activated shape was characterised by the yellow corn, while that of the
deactivated shape was characterised by the dried, brown leaves, stems, and roots.
The upper part changed colour, but largely maintained the same shape. As in the
previous examples, the expressions of decay were aesthetically more interwoven
with the textile expression than the aesthetics of growth, which tended to outshine
the original. The aesthetics of growth, however, added new expressions, such as
three-dimensional expansion, colour, and scent. Thus, the aesthetics of decay blur-
red the boundaries between textile and plant, creating an aesthetic hybrid.

The combination of textile three-dimensionality and forms of plant development
was rich in potential and created a dialogue between the materials, expressed by
their intertwining throughout the process of transformation. Two terms can be used
to describe this transformation; ‘imposing’, which relates to processes of growth,
and ‘accentuating’, which relates to processes of decay. Whereas the original ex-
pression of the textile seed hybrid often cannot compare to that which results from
the growth of seeds [i.e. the expression created by the activation), decay accentua-
tes the textile through the alignment of the textile and biological expressions, and
can thus be seen as a ‘glue’ or design material for aesthetic plant-textile hybrids.
Furthermore, the open nature of the expressions created stimulate interpretation

and thus which makes them suitable for discussion.

Textile

Seed

Maintenance

Transformation

of the expression

Material: Grey Material: Corn Light: Indoor
wool/polya- light
mide
Technique: Shape/size: Time: 24 days
Crochet Droplet- (Dormancy,
shaped, Growth,
yellow Dormancy)
Construction: Position: Temperature:
Vessel-like Lower part Room tempe-
object rature
Position: Nutrition: -
Upright
Humidity:
Through a
spray can

The seeds swelled and
the object contracted
and darkened. The
knitted construction
became subtle, radic-
les reached out to one
side, and light green
cole- optiles reached
upwards and darke-
ned. Leaves unfolded
and turned deep
green, while roots and
stems became red;
the roots shrank and,
the leaves collapsed,
turned brown and
revealed the woollen

object.

Table 13: The parameters for designing and

manufacturing wool mix corn yarns.
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Figure 146: The image shows the empty textile
envelope and the chickpea-yarn that was used
to crochet its funnel-shaped rim.

Exploring a Wool Corn Object

This example explores how the positioning of corn seeds in a rim around a woolen
crocheted container and the availability of nutrience in form of soil, which it is filled
with, affects the transformation of the shape in a dynamic way.

Setup

The bulbous shape is a crochet work from a white
wool-mix and has a rim from cotton-corn-yarn. The
container has a quite open construction and a small
opening in the top, through which the soil was filled
and water for the activation and maintenance applied
with a can. Then it was placed on a concrete win-
dowsill. After five weeks the watering was stopped to
initiate a drought in order to deactivate the sample.
Throughout this processes the object was physically
explored and the explorations recorded to document
the expressions of changing material behaviour of

the stages within the different life-cycle of the object.
To explore the concept of reactivation, the object was
planted into a bowl with perlite substrate, was watered
and then sealed to create a micro-climate for which no
further maintenance was necessary.

Figure 147: The colour palette
of the plant parts ranged from
white and pink to tones of
green.

Figure 148: Sprouting corn has
one embryonic leaf and thus
belongs to the monocotyledon
group.

Day 3

Day 7
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Figure 149: The emergence of the first cole-

< optiles that permeated the crocheted woollen
@ . . . .
2 envelope, which was filled with soil.
n o~ o~ wn
o~ ™ o~ — — n —
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Figure 150: A diagram that illustrates which
parts of the life cycle the Figures belong to.
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Transformation of the Expression

Regularly watering the object initiated the growing
process, which was evidenced by the first coleoptiles
[Figure 149). Through its weight and soft shape the
object was pleasant to hold, and could be squeezed
or manipulated in ways that added an element to the
transforming object, allowing sensorial exploration
(Figure 147).

The shoots framed primarily the rim of the object
[Figure 148), although some interacted with the open
structure of the crochet work by permeating and
deforming it. Despite the fact that nutrients and water
were available within the object, most of the roots
grew between the container and the concrete surface.
They were relatively thick and strong, and had a colour
gradient ranging from white to pink (Figure 155).

In the later stages of their growth, the roots formed
a dense network underneath the object, becoming
brownish and thinner than the fresh white roots that
grew after the event of activation (Figure 156). The
small coleoptiles became strong stems of dark red
that grew out of the crocheted object, slowly fading
into a strong green colour that led up to the leaves.
Although the corn seeds were attached to the side of
the object in the manner of a belt, their plants grew
close to the centre of the object. White mould deve-
loped around the corn seeds, forming a layer around
them and the knitted cotton tube in which they were
inserted. The woollen envelope was not affected.

As soon as the watering was stopped, the leaves
softened and collapsed, and were beginning to lose
their colour (Figure 152). After a couple of days, the
object had completely dried out and thus lost much of
its weight, colour, and vitality (Figure 153). The leaves
were brownish and rustled when touched, creating a
stiff tangle around the object and being oriented down,

Figure 151: The stems grew
upwards, whereas the leaves
bent to the sides and down-
wards.

Figure 152: The once-strong
and straight corn collapsed
due to a lack of water.

Day 15

Day 17

1187



- SERIES | - DYNAMIC SHAPES

Day 52

Day 15

1881

Figure 153: A photograph
taken on Day 52 (the drying
process was completed on
Day 25).

Figure 154: Some of the seeds
that did not germinate during
the first activation process
later began to grow.

in opposition to the growth phase. Several corn seeds
that had not activated before began to germinate and
grow (Figure 154). The textile object began to mould
and degrade, although the investigation showed that
hybrid objects can have an extended lifespan through
reactivation (planting).

Reflections

The wool-corn object opened up for a more physical
way of interacting with plants and textiles, encou-
raging users to touch and hold it in order to feel the
textile qualities and observe the development of the
plants from all angles and with all senses. The phy-
sical experience of the object also provided informa-
tion regarding its weight and moisture levels and the
stability of the plants in relation to movement, leading
to knowledge of the plants” wellbeing and needs. Thus,
a different perspective on textiles was provided, as ge-
nerally there is no need to water, expose to light, feed

and harvest, and cut away or remove parts of textiles.

As in the previous examples that did not use soil, the
roots expanded to the sides, here remaining close to
the object due to the nutrients and water being located
within it. As the water moved downwards, a dense
network of roots was located on the underside of the
object. Thus, the location of the water and soil had an
effect on the direction in which the roots grew. The
grass stems grew around the object in the manner of a
belt; some emerged from the inside, growing through
the open structure or penetrating and deforming the
crocheted envelope. As in previous examples, the
dried grass had a textile-like expression, and so it can
be seen that degradation aligns textile and biological

expressions. Figure 155: The roots, which
had a white to dark pink co-
louring, gathered underneath
the object.

As the substrate for the seeds was inside the
object, the object was mobile and not fixed in a certain
place. However, it was capable of positioning itself in
order to access moisture and/or nutrients, as was the
case when the dried object was watered and planted
on perlite to reactivate it. The reactivated example
showed that textile-seed hybrids can have another
life-cyclelife cycle after a second dormancy, i.e. an
afterlife. This concept describes the use of a textile
after its activation and growth, and can involve e.g. an-
other activation after a dormancy (as in this example)
or planting it outdoors so that it decomposes, as a
natural form of disposal.

Figure 156: The roots formed a
dense network underneath the
object and turned brownish.

Day 7

Day 15
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Textile Seed Maintenance | -> | Transformation

of the expression
Material: Material: Corn Light: Indoor Green stems and
Rim: Black light white roots appea-
cotton red; the stems ex-
Body: White panded, dark green
wool/polya- leaves unfolded,
mide collapsed, lost their

colour, and turned
Technique: Shape/size: Time: 15 brownish then black.
Crochet Droplet- days (Growth, Soft, new stems

shaped, Dormancy, appeared, although
yellow Afterlife) these were fewer

than in the first cycle
Construction: Position: Temperature: of growth.
Open but Lower rim Room tempe-
stable rature
Position: Nutrition: Soil
Horizontal
placement

Humidity:
Through a

watering can

Table 14: The parameters for designing and
manufacturing wool-corn object.
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Figure 157: The textile plant container, featuring
a rim crocheted with a cotton-chickpea yarn.

Exploring a Wool-Chickpea Container

This example illustrated how seeds integrated in a textile object can change its
expression over time through human maintenance, and how the positioning of the
seeds affects the passive and active states of the object. Furthermore, the example
was used in its passive ([dormancy) and active (growth and afterlife] states, and so
explored its life cycle.

Setup

The object was a crochet work, consisting of a
bulbous shape made from wool and polyamide.
Its opening consisted of a funnel-shaped rim
made from a black cotton-chickpea yarn. This
was later filled with soil, and the textile object
was activated and maintained with water and
regularly watered via the seed-framed opening
[Figure 158). A drought was initiated to begin
the process of decay and, once the object had
fully dried, it was planted in a glass bowl on
perlite substrate to investigate the possibility of
reactivation. This involved watering the object
once and sealing the glass bowl to create a
micro-climate and to leave the object to itself
[Figure 159).

Figure 158: Watering the
textile-seed hybrid.

Figure 159: The objectin a
sealed glass bowl.
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Day 0

Day3

Day 23

Day 0

Day 27

Figure 160: The empty textile envelope and
the chickpea-yarn that was used to crochet its
funnel-shaped rim.

Day 54
Day 61

Figure 161: A diagram that illustrates which
parts of the life cycle the following images
belong to.

Transformation of the Expression

The body of the textile seed container consisted of a
soft envelope that was possible to deform and mani-
pulate in various ways (Figure 162]. The tight structure
of the rim, which was crocheted using a cotton-chick-
peayarn, had a certain stability that contrasted with
the soft body (Figure 160). Watering into the opening
caused the chickpeas to swell, stretching the tubu-
lar yarn to its elastic limit and resulting in the yarn
either cutting into the chickpeas or tearing (Figure
163). Following the swelling, which caused the rim to
stiffen, the radicles grew, following gravity, and so con-
nected the rim with both the woollen body and the soil
(Figure 164). The germinating chickpeas were located
near to the funnel-shaped opening and the intersec-
tion with the woollen body, in the most moist section
of the textile after the watering had been conducted.
The downwards growth of the radicles and roots into
the soil-filled body of the object caused the opening to
become increasingly blocked.

Figure 162: The textile vessel
was filled with soil, and was
soft and easy to manipulate
and deform.

Figure 163: The swelling
chickpeas were constricted by
the knitted cotton tube. The
first radicles are also visible in
this image.

Figure 164: The radicles grew
downwards, into the soil-filled
woollen envelope.

Day 0

Day 3

Day 3
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Day 23

Day 27
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Figure 165: The woollen vessel
was very soft, and when this
photograph was taken there
was space within it for more
soil to provide additional
support.

Figure 166: Having filled the
object with additional soil,

it took on a more distinctive
visual appearance, and the
plants were more supported.

As the body was woollen and half-filled with soil, it
was flexible and soft (Figure 165). To alter this expres-
sion and provide the plants with more nutrients and
substrate, the object was fully filled with soil (Figure
166), stretching the crocheted structure and giving it a
bulging shape. Traces of soil altered the colour of the
wool and stabilized the position of the upper rim. The
overall expression changed as a result of the filling,
and the object became more stable and easy to posi-
tion in relation to light sources and the growth of the
stems and leaves (Figure 166).

To initiate the dormancy phase, the watering was
stopped. The young chickpea plants collapsed, shrank,
crumpled, and shrivelled, losing their colour and
thickness. This change also caused dry soil to fall
away from the crocheted structure (Figure 167).

In order to explore the concept of afterlife, the
object was placed in a glass container that was fil-
led with perlite substrate, watered once, and sealed
to create a micro-climate. However, some of the
chickpeas that had not been activated began to mould
rather than germinate. This mould covered the rim
with a thick, flock-like coating in tones of white, yellow,
and green, overlaying the expression of the chickpeas
(Figure 168).

Figure 167: The drying process
caused the plants to wither
and collapse.

Figure 168: The chickpeas
moulded instead of germina-
ting following the re-activation
process.

Day 54

Day 61
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Reflections

This example explored the concept of a living material that can be activated and
deactivated by watering, which is a form of human maintenance. The textile object
came to life and developed the plants that it contained, causing a change in expres-
sion, which was determined by the amount of substrate and the state of growth. The
soft container contained soil and water, flexible enough to be expanded by additio-
nal soil, and was discernible due to its weight and the feel of the wool when touched
(as wool only feels wet when it has absorbed 30% of its weight in water). The object
consequently opened up for a more embodied interaction with plants based on
interior textiles and questioned concepts such as durability, washability, and - in
particular - life cycles that are shaped by static applications, static expressions, and
disposal. Due to its function as a container, the object was flexible and able to adapt
to the growth of plants or be planted in another location (e.g. outdoors) to continue
its growth. The object could be buried when no longer needed and thus decompose,
expanding its biological life cycle.

‘Afterlife’ is a concept that aims to open up the design process and usage of inte-
rior textiles, which are usually designed for indoor use and with a specific purpose
in mind, bringing in a more holistic perspective that includes designing textile inte-
riors so that they undergo multiple phases of development. These not only lengthen
the lifespan of a textile but provide several options as regards use and placement,
and ensure that the experience of the product involves continuous physical and
visual transformation during the active phases (growth and afterlife).

Textile Seed Maintenance | -> | Transformation
of the expression
Material: Material: Light: Indoor The seeds swell,
Rim: black Chickpeas light stiffened the rim,
cotton, body: and germinated; the
grey mix of plants grew rooted in
wool and the object body and
polyamide below; terminating the
watering led them to
Technique: Shape/size: Time: 61 days collapse, and crimple;
Crochet Big and round (Dormancy, planting the object
Growth, into a jar and watering
Dormancy, it led to a second
Afterlife) phase of germination
and growth, accompa-
Construction: Position: Temperature: nied by mould, a sign
dense con- Upper rim Room tempe- of degradation that
struction rature soon also affected the

body: medium

Position:
Variable posi-

tion in space

Nutrition: Soil

Humidity:
Through a

watering can

plants.

Table 15: The parameters for designing and
manufacturing a wool chickpea container.

1199



- SERIES | - DYNAMIC SHAPES

2001

Figure 169: The knitted grass structure and its
compartments, which separated the substrate
and provided space for the grass to grow.

Exploring a Polyester-Grass Structure

This example explored the dynamics of growth and colour using grass that was
integrated in a neon-yellow knitted polyester tube. The transformation of the grass
created an expression similar to fur and, over time, its growth and decay resulted in
various expressions involving furriness and colour.

Setup

For this example, neon-yellow polyester tubular knit was fabricated in the Knitwear
Lab at the Swedish School of Textiles. The tube was filled with a mixture of moist
soil and grass seeds, which were pressed into bead-like shapes and separated by

knots. This was done to "highlight the distinct forms of a seed yarn in a larger scale.

The structure was vertically suspended, and watered by dipping it into a bucket of
water and using a spray can.
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Transformation of the Expression

On the second day of watering, thin stalks of
bright green grass grew through the tubular
knit on the upper areas of the soil spheres
[Figure 172). These changes in the surface Day 2
expression were subtle, as the grass was very
fine and its colour did not contrast strongly
with the neon-yellow knit, which had been
darkened by water and damp soil.
In the following days, the grass coverage
became denser [Figure 173). The young grass,
which was bright green, grew densely and
vertically from the soil-filled compartments, Day 6
each of which was separated by a knot. In
contrast to previous examples, no roots were
visible during the period of growth. The thin
stalks of grass were oriented directly up-
wards, and their thickness was comparable to
that of the yarn used for the tubular knit. As a
result of the number and length of the stalks,
the contrast in colour became more visible

H Day 8
Figure 170: Six months after the structure had (Figure 174). 3y
dried out, the grass lost its colour and turned
beige.

After two days without water, the grass
withered, turned dark green, became fuzzy,
and stood out in all directions, increasing the

Day 153

contrast between the green tones and crea-
ting a textile “yarn-like expression through
the crumpled grass straws (Figure 175).

After six months, the grass had entirely
lost its colour and turned beige, the crump-
led stalks took on the appearance of fur or a
bunch of threads (Figure 169).

Day 2
Day 6
Day 8
Day 12

Day 153

Day 12

Figures 172-175: The deve-
lopment of the grass over a
period of twelve days.

Figure 171: The diagram illustrates which part
of the lifecycle the following Figures belong to.
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Reflections

The effects of change in colour resulting from
growing and withering - i.e. expressions of
growth and decay - were explored in this
example. While the polyester-based material
did not lose its expression, the grass underwent
constant changes, observed daily in the process
of early growth, that later slowed. The withering
of the grass took place quickly, while the change
in colour of the already-dry straws took place
over the course of several weeks. Changes in
maintenance and environmental parameters
thus appear to trigger a rapid response,
whereas stable conditions support more
constant expressions.

In this example, a static material - the neon-
coloured tube - was combined with a dynamic
one - grass - which changed shape and colour
(from light to bright, to dark green and beige).
When designing a textile-seed hybrid and its life
cycle, the dynamic expressions of the materi-
als need to be considered; this is in contrast
to designing textiles, where the combination of
materials and textile techniques creates a static
expression. Consequently, time is a variable that
is not frequently used when designing textiles
but crucial when designing textile-seed hybrids,
as it allows colours and structures to be desig-
ned to display a series of expressions over time.
The interplay between the textile and the seeds
defines the overall expression of the object, cre-
ating an aesthetic hybrid in which it is difficult to
distinguish in between the textile and the plant.
A hybrid could thus be designed and used to
exhibit phases where at certain times biological

and textile expressions oppose or blend.

Figure 176: The dried knitted
grass structure.

Textile Seed Maintenance | -> | Transformation
of the expression
Material: Material: Light: Indoor Bright green grass
Polyester Grass light grew with increasing
density on the upper
Technique: Shape/size: Time: 153 sides of the soil-filled
Circular knit Small, long, days (Growth, compartments. The,
sharp Dormancy) soil dried out, the
structure became
Construction: Position: In Temperature: lighter, the grass
Medium compartments Room tempe- became less stiff,
mixed with soil rature whithereds, turned
dark green then,
Position: Nutrition: Soil beige. The, expression
Suspended of the textile envelope

Humidity:
Through a

watering can

is difficult to distin-
guish between the tex-

tile and the plant.

Table 16: The parameters for designing and
manufacturing the knitted grass structure.




Textiles as Alternative Perspectives
for Indoor Gardening

The immersive examples of Series Il explored the integration of biological materials
and pocket-weave in order to organise plants. They were produced at Svensson AB
using an industrial Jacquard loom, so as to explore the interactions between seeds
and textiles - and in relation to people in a full scale interior scenario at a later
point. The examples have been categorised into three groups: ‘Dynamic Stripes’,
‘Dynamic Circles’ [both of which consider the woven pockets to be patterns), and
‘Dynamic Interiors’; a full-scale installation which was exhibited at the Textile
Museum of Sweden in Boras. Its ‘traditional aesthetic centred on a scenario, with a

table, a carpet, curtains, and seating that were intended to introduce visitors to the
concept of On Textile Farming.
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Figure 177: The bindings in the NedGraphics
Jacquard software package.

Materials and Constructions

The examples described in this section were produced at Svensson AB. The warp
material used was black and white (1:1] with a 32/2 mix of wool (85%) and po-
lyamide (15%), and consisted of 4096 threads at a density of 27 threads per cm,
giving a width of 150 cm. The machine and the warp is usually used to produce

an upholstery collection called ‘ACCESSOIRE'. For the samples described here,

an organic combed 24/2 cotton or the white warp material were used in the weft.
The NedGraphics Jacquard software package (Figure 177) was used to estimate,
calculate, simulate, and prepare for the loom (here a Picanol Jacquard loom) dou-
bleweave constructions. Four contrasting bindings were used for the examples, as
well as two additional ones for the selvedges that were intended to either prevent
the fabric from loosening at the edges or allow openings to access to the horizontal
channels (Figure 178).

Figure 178: The bindings that were used in the
fabrics that were woven at Svensson AB. The
top row shows the selvedges, and below this are
the doubleweave structures.
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Series ||
Textiles as Alternative Perspectives
for Indoor Gardening

Dynamic Patterns - Stripes

An industrial Jacquard loom was used to produce
double cloth with different types of channel to explore
stripes as a basic pattern in textile design. This was
conducted in relation to organising plants in full-scale
interior textiles, their possible spatial arrangements,
and the relationship between growth and the position
of a structure.

Figure 179: Channels in a
doubleweave that was filled
with padding and seeds which
transformed over time.

Dynamic Patterns - Circles

These examples investigated circles as a basic
pattern in textile design; specifically, how seeds and
substrate can be integrated into circular pockets and
how they then interact with structures throughout
their life cycle. Combining stripes and circles allowed
the potential of integrating watering systems to be
explored, where the channels were used to guide

water into the seed-containing pockets.

180 - A circular pattern of
pockets transforms over
time due to sprouts and their
life-cycle.

Dynamic Interiors

This section explored full-scale interior scenarios, and
is based on an installation at the Textile Museum of
Sweden in Bords. Here, the pocket-weaves produced
at Svensson AB formed a spatial experience and
opened up for complementary ways of organising

and living with plants in interior spaces. The flexible
textiles constituted alternatives to static, vertical
gardens, and their patterns provided different

environments

Figure 181: A visitor waters

the installation at the Textile
Museum of Sweden in Boras
(from Jan Berg, 2017)
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DYNAMIC
PATTERNS

Stripes

Stripes are a fundamental concept within textile design practice and education,
particularly with regard to weaving, where interlaced yarns at right angles form
the warp and weft and thus a grid that promotes geometrical patterns. The fabric
described in this section was designed to explore stripes using differences in
width, distance, and direction, and formed channels to investigate how seeds and
substrate can be integrated; how seeds can be activated, and growth maintained
in relation to the pockets they were placed in and the structure of the weaves; and
how plant growth affects surface expressions. This chapter presents the approach
to and setup for designing and producing the examples, wherein a stripe was filled
with seeds and substrate and its transformation was monitored over the course of

12 days.
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Figure 182: The filled channel, from which
alfalfa sprouts grew.

Exploring a Striped Doubleweave

This example illustrated a striped doubleweave construction; here, channels con-
taining alfalfa seeds were used to investigate the seeds’ process of germination and
adaption to the piece of cloth and its weave construction.

Setup

This example, a striped pocket-weave, consisted of
horizontal channels running in the weft direction that
varied in depth and distance (Figure 183). The white
warp threads were bound in a 2/2 pattern to create
an open structure, while the black warp threads were
bound in @ more dense 1/1 pattern. Both layers were
joined using a 2x4 structure (Figure 183). An open
binding (S1) for the selvedge was used to allow easy
access to the channels from the side in order to place
the seeds and substrate.

The example explored cotton padding and alfalfa
seeds, which were inserted into a narrow chan-
nel where the fabric was bound in an open fashion
and densly bound where the two warps were joined
together. The textile was framed and positioned
vertically, with the front facing a light source and the
rear to a wall [Figure 184) in order to explore how this

affected the pattern of growth.

Figure 183: The design of the
stripes and their binding.

Figure 184: A narrow channel
was framed and filled with
padding and alfalfa seeds,
which germinated.
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Figure 185: The empty textile envelope and

2 the chickpea yarn that was used to crochet its
a3 funnel-shaped rim.
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Figure 186: A diagram that illustrates which
parts of the life cycle theFigures belong to.

Transformation of the Expression

One day after activation using a spray can, the first
pale sprouts pushed through the binding (Figure 187)
and the first roots made their way through the open
structure at the back. No roots appeared on the front
of the textile, and only two sprouts appeared on the
rear. The alfalfa seeds lost their seed coats while
pushing through the weave structure (Figure 187).
Thus, the brown hulls stayed inside the padded fabric,
whereas in other examples they appeared on the
surface, providing an additional colour and shape to
the overall expression. The sprouts broke through the
fabric within a day of activation, then unfolding their
leaves in search of light and turning a deeper green.
As the piece was oriented vertically, perpendicular to
the light source, the sprouts were primarily oriented
horizontally, with a slight alignment upwards, against
gravity (Figure 188).

Figure 187: The coleoptiles
broke through the weave
construction, losing their seed
coats in so doing.

Figure 188: The pale sprouts
unfolded their embryonic
leaves.

Day 2

Day 4
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After additional two days, the sprouts lost their
flexibility and became brittle as a result of the drying
process. Their stems took on a yellowish expression,
while the embryonic leaves remained dark green

but lost their colour saturation. While the sprouts
originally had smooth edges and slight bends in their
stems and leaves, the withering resulted in a wrinkled
and sharp expression (Figure 192).

Figure 189: As the water was Figure 190: The effect of the
~ affected by gravity, the effects ~ drought seen from the side.
> . >
3 of the drought were felt first by 8 )
the plants at the top. Figure 192: The collapsed
sprouts dried out, becoming o
. . >
The initiated drought initially affected the upper sec- fm‘“’h’"s“ and crisp to the 8
ouch.
tion of the piece, where the sprouts began to collapse

(Figure 189). As the moisture moved downwards due to
gravity, it collected in the lower part of the textile and
the sprouts there maintained their upright positions
for longer. As the piece continued to dry out, these too
collapsed and so the piece again took on a consistent
aesthetic expression. The collapsed sprouts shrivelled
and lost their rigidity, but were still pliable and flexible
(Figures 189-191).

191 - The images shows

all sprouts collapsed as a
response to the drought.
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Reflections

In this example, alfalfa sprouts adapted to their positions in a channel that hung
vertically. The cotton padding served as substrate and absorbed the added water,
creating a suitable environment for the seeds to germinate and position themselves
within. The contrasting light conditions and permeability, porosity, and openness of
the plain weave caused two distinct areas of growth: stems and leaves on the front,
roots on the rear.

Although the cotton padding helped to absorb, store, and distribute the added
water, this evaporated very quickly and so the sprouts withered soon thereafter.
This process caused the sprouts to collapse, moving from a horizontal position
with an upwards tendency to pointing downwards, following gravity. The behaviour
of the alfalfa sprouts therefore clearly showed the presence and location of water
within the stripe, which can thus be seen as a type of indicator. The change in the
directionality of the sprouts also showed their state, i.e. whether they were active or
passive [deactivated). Expressions of growth showed a clear directionality, which got
lost during the process of withering.

The degree of water accessibility in the vertical stripe opens up for designing
planting patterns that take into account the moisture requirements of different
plants; those that need drier environments could therefore be sown ‘higher’, and
those that need more moisture could be sown ‘lower”.

growth shows clear directionality while withering disturbs this expression

Textile Seed Maintenance | -> | Transformation
of the expression

Material: Material: Light: Face: Alfalfa sprouts broke
Warp: 1:1 Alfalfa indoor light through the weave
black and (mix of natural construction and
white 32/2 mix and artificial unfolded their leaves
of wool (85%) light) at the front and ex-
and polyamide back: shadow panded the roots at
(15%) (position on the rear. With stopping
Weft: White the wall) the watering, the up-
warp material per sprouts collapsed
Substrate: and withered, followed
Cotton pad- by the once in a lower
ding position.
Technique: Shape/size: Time: 12 days
Industrial jac- Small and (Dormancy,
quard weaving brown Growth,

Dormancy)
Construction: Position: Inside Temperature:
DW1, DW4, S1 the channel Room tempe-

rature
Position: Nutrition: -
Vertically
positioned

Humidity:

Through a

spray can

Table 17: The parameters for designing and
manufacturing the striped dynamic double-
weave with seeds.
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Circles

Another fundamental pattern in textile design and doubleweave structures is
circles. This section presents an example that featured more complex circular pat-
terns that were filled with seeds and substrate to create dynamic textile patterns.
As closed curves, circles create two regions: an interior and an exterior. In this
research, circles were used as pockets in a doubleweave to create a hollow interior
in which substrate and seeds were placed. Different bindings were chosen to create
dense and open areas; the former held the seeds and substrate in place and pre-
vented them from being permeated by growing sprouts, while the latter were used
to create openings for inserting seeds and substrate, and also let through more air
and light, promoting the growth of the sprouts and thus interactions with the textile
structure. The design of this example, wherein several pockets adjoined one an-
other, facilitated a range of different experiments. The following section describes
how the fabric was designed and manufactured, and how elements were prepared
and activated to create a dynamic circular pattern.
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Figure 193: Part of the pattern. The dark grey
and white sections are pockets, while the grey
area connects both warps.

Day 5

Exploring Circular Enclosures with Alfalfa

This example illustrated the transformation of expressions of pockets within a
circular pattern in a doubleweave structure. The example investigated how the in-
sertion of substrate and alfalfa seeds and the growth of sprouts changes the shape
and adds colour and dimension to the pockets within the pattern.

224 1

Setup

This example was inspired by the three-dimensional
application on a plain weave that was transformed by
the growth of sprouts, and explored the expressions
that resulted from partially filling and altering the
fabric, i.e. inserting seeds and substrate and activating
the process of transformation. The pattern consisted
of simple circular and elliptic shapes (Figure 197).
The pockets differed in terms of their construction,
and together they formed a graphical expression. A
robust foundational weave suitable for upholstery was
created using DW4 to interweave the two warps, and
DW1 and DW1-3 were used to create the enclosures.
In contrast to DW2/3, DW1 has an open binding on the
front and a dense binding on the rear (Figure 194).
Open-binding DW1 was used to create openings by
separating the warp and weft threads (Figure 195].
The cloth was manufactured using a Picanol Jacquard
loom at Svensson AB (Figure 196] with an organic
combed 24/2 cotton in the weft. Parts of the pattern
were filled with cotton padding and alfalfa seeds,
which also highlighted the visual contrast by adding
three-dimensionality to the pattern. The examples
were then framed and positioned vertically, with one
side facing a light source and the other thus in the
dark. The pieces were dipped in water to activate
them, and regularly sprayed with water mist.

Figure 194: The bindings used
in this example: DW1 (left
column) DW2-4 top to bottom,
right column).

Figure 195: The parts with
the loose bindings could be
opened.

Day 0

Figure 196: The production of
the example using a Picanol
Jacquard loom at Svensson

AB. 1225
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Figure 197: Part of the pattern. The dark grey

and white sections are pockets, while the grey
area connects both warps.

Day 0
Day 2
Day 3
Day 5
Day 8
Day 12

Figure 198: A diagram that illustrates which
parts of the life cycle the Figures belong to.

226 1

Figure 199: A pocket that was
stuffed with cotton padding
and alfalfa, which germinated.

Figure 200: The coleopti-
les and several roots broke

through the dense structure of
the front.

Day 2
Day 3

Transformation of the Expression

One day after activation, the hypocotyls pushed through the structure, losing their
seed coats during this process - as occurred with the example presented in the
‘Dynamic Stripes’ section. The stems pushed the folded, light green leaves through
the weft and warp threads in search of light, initially growing horizontally and with
their embryonic leaves still folded (Figure 199). Several roots grew out of the front

of the fabric (Figure 200], but the majority grew from the rear, facing the wall and
thus the darkness (Figure 201).
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Figure 201: White roots per- Figure 202: Coleoptiles pus- Figures 203-204: The stems

i meated the rear of the pocket 2 hed through the dense binding expanded and grew towards 3
& and its open structure. & onthe front of the fabric. Within another two days, the stems had grown by ap- the light, against gravity. &
proximately two centimetres and oriented themselves

The structure of the rear of the fabric was relatively open, and the white padding horizontally, towards the light and against gravity. The

inside the pockets blended with the white roots and structure, interweaving the embryonic leaves had mostly unfolded at this point in

warp and weft (Figure 201). The roots were initially thick and white, but became time, but were not entirely open. They had, however,

thinner and yellowish as a result of a lack of moisture, outside the microclimate of changed from yellowish-green to a deep, matte, shim-

the pockets (Figure 201). mering green that contrasted strongly with the white

By Day 3, some of the sprouts had pushed through the surface and oriented stems, which were visually connected to the white

themselves towards the light and against gravity (Figure 202), while others were still weft. This created a contrast between the sprouts and

in the process of pushing through the weave, their stems and folded leaves growing the matte, fine-pored texture of the black warp. The

between the interlaced threads. sprouts caused the stuffed pockets to become densely

overgrown islands, wherein the embryonic leaves
added colour to an otherwise black and white cloth
(Figures 203-204).

Figure 205: The sprouts withe-
red, wrinkled, and lost both
their colour saturation and
upright orientation.

Day 8
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Figure 206: By Day 8, the Figure 207: The withered
withered sprouts had col- sprouts changed colour and
lapsed, lost colour saturation, turned brown.

and turned crispy.

Day 8

An initiated drought caused the sprouts to wither and, eventually, collapse due to
gravity and shrivelling. By Day 8, they had changed from being flexible to brittle,
wrinkled, and stiff (Figures 206, 207) and had lost their saturation and brightness
of colour (although this was still present to an extent]. After four more days the
withered sprouts had not changed in terms of shape, but turned brown. The stems
were beige, and some of the leaves were curry yellow, ochre, or mud-brown (Figure
207). The withering of the roots on the rear of the cloth caused them to thin and
change colour, from white to a mixture of beige, yellow, brown, and red. They did
not collapse as the stems and leaves did, but became tangled and retained their
rigidity (Figure 211).

The watering caused the black warp to lose some of
its colour, and caused the white warp to take on a sal-
mon hue. Thus, the black and white fabric received ad-
ditional colouring and a colour gradient at the edges,
where the black and white warps, which were woven
separately, met. The areas in which both warps were
interwoven were evenly discoloured (Figures 208-210).

Reflections

This example showed that pockets filled with cotton
padding and alfalfa seeds are able to host the growth
of sprouts, which extended the pattern of the cloth
in a dynamic way and disrupted the woven structure
of both faces. The sprouts added three-dimensiona-
lity and colour to the black and white cloth, and its
maintenance - the application of water using a spray
can and the dipping of the textile in water - caused Figures 208-210: The white
the discolouration of the woollen warp, although the woollen warp turned a light
cotton weft remained unchanged (Figures 208-210). salmon colour.
Thus, the interplay between the maintenance of the
plants and the reaction of the textile material could be
emphasised and designed with transformation in mind
in future work.

The deactivation - the stopping of the water supply
- initiated the transformation of the textile back into a
stable, passive state, where the expression of growth
was still visible but had been adapted to the textile’s
expression. The duration of the sprouting process was
an important parameter in relation to the height, co-
lour saturation, and direction of growth of the sprouts.
Other important factors included light, moisture, and Figure 211: The withering of
the position of the cloth. The pattern, orientation, and the roots caused a light brown

direction of growth of the sprouts was affected by the colouring.
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Figures 213-214: Roots and
sprouts that grew in the same
direction.

Figure 212: Roots and sprouts
that grew in both directions.

position of the textile and direction of the light. By utilising a specific placement, the
direction of growth of the roots, stems, and leaves was influenced; by changing this,
the orientation of the sprouts was confused, leading to both the roots and embryo-
nic leaves appearing on both sides (Figures 212, 214). However, the expression and
development of the growth can also be guided by the openness of the cloth, which
is defined by its binding. If a dense binding is used, the textile materials’ reaction to
moisture together with the tension of the fabric, will cause an increase in the resis-
tance that the sprouts must overcome in order to push through it. If this resistance
is too high the sprouts adopt a different approach, depending on the environmental
conditions and stimuli. This behaviour affects the expression such that roots and
sprouts develop in the same direction, or the embryonic leaves unfold within the
pockets (as illustrated in the Viscose-Alfalfa Knit example).

Textile Seed Maintenance | -> | Transformation
of the expression
Material: Material: Light: Most of the coleoptiles
Warp: 1:1 Alfalfa Face: indoor pushed through the
black and light (mix of light-facing weave,
white 32/2 mix natural and and the roots through
of wool (85%) artificial light) the back. The mainte-
and polyamide back: shadow nance was challenging
(15%) (position on as the water pearled
Weft: White the wall) off the cloth and
warp material evaporated quickly.
Substrate: Most coleoptiles lost
Cotton pad- their hull on the way
ding through the weave
construction. They
Technique: Shape/size: Time: 12 days were light green, then
Industrial jac- Small and (Dormancy, turned dark green.
quard weaving brown Growth, The cloth discoloured
Dormancy) through the wate-
ring process. Once
Construction: Position: Inside Temperature: stopped, the sprouts
DW1, DW4, S1 the channel Room tempe- withered, lost their
rature colour saturation and
their curvy shapes.
Position: Nutrition: -
Vertically
positioned
Humidity:
Through a
spray can

Figure 18: The parameters for designing and
manufacturing dynamic circular patterns with

seeds.
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INTERIORS

Textiles as Alternative Perspectives
on Indoor Gardening

A full-scale interior scenario, which took the form of an installation at the Textile
Museum of Sweden in Boras, is presented in this section. The installation illustra-
ted the pocket-weaves produced at Svensson AB in an interior scenario; here, the
weaves formed a spatial experience and opened up for new ways of organising and
living with plants in interiors. The flexible textiles opened up for an alternative to
static vertical gardens, and their patterns provided different environments for the
plants.

1235



- SERIES II = DYNAMIC INTERIORS

Exploring Textiles as Plant Containers
An Installation at the Textile Museum of Sweden, Boras

A spatial installation at the Textile Museum of Sweden in Bords investigated the
series of pocket-weaves produced at Svensson AB in the context of alternatives
to indoor gardening and plant organisation using woven textiles. The five fabrics
- Geometrical Stripe, Organic Stripe, Connected Circles, Geometrical Circles,
and Organic Circles — were designed and produced on a larger scale to investi-
gate the potentials of stripes and circles in relation to plant organisation and
interior textiles. These five fabrics were presented as examples, each of which
focused on a type of interior fabric: a ceiling, a curtain, a carpet, a seat, and a
tablecloth. The integration of substrate and seeds in textiles and activation and
maintenance of the examples were investigated. The conceptual explorations
and spatial experience of the installation led to a range of scenarios, which are
discussed in the sections that reflect on each of the pieces.

Figure 215: The installation at the Textile
Museum of Sweden in Boras.

236 1 1 237



- SERIES II = DYNAMIC INTERIORS

238 1

Intermediary Spaces
Where Places of Living and Growing Intersect

The scenarios described in the following sections create connections
between indoors and outdoors, and therefore refer to the Naturhus and
ReGen Villages projects described in the "Hybrid Environments’ chapter.
These hybrid environments were created through e.g. a greenhouse
that extends our understanding of living zones, intersecting architecture
and nature as well as areas of living and growing. Figure 309 illustrates
such a scenario, and how it creates an intersection between interior and
exterior spaces. It is used to illustrate, document, and describe the life-
cycle of the examples across the different areas (interior, intermediary
space, exterior).

The diagram shows an outline of a house, which represents the
interior space. This is surrounded by another outline -the extended
living space - which in Naturhus is the greenhouse that partially or fully
surrounds the common living area. The left of the two dashed lines is
the transition between the zones that is to be facilitated by the hybrid
textiles.

A scenario usually begins indoors, exploring the hybrid textile in a
passive state; the textile is activated and undergoes a transition to the
space in between, where it transforms and the germination and gro-
wing processes take place. In some cases the onset or initial changes
through growth take place indoors, which is illustrated by a sequence of
interior spaces. These sequences refer to the same space, and repre-
sent the changes that occur over time. The right of the two dashed
lines on the way to the outdoor space marks another transition, which
is either a deactivation that leads to another cycle within the interior or
extended interior, or results in the textile moving to the outdoors, where
it can grow towards maturity or degrade. Both transitions constitute the
afterlife of the hybrid interior textile. The diagram can also be interpre-
ted more abstractly, with the space between the indoors and outdoors
standing in for various places in which living and growing intersect, e.g.
indoor gardening systems.

Figure 216: ‘A diagrammatic representation of
the concept of 'intermediary space’ that is at the
heart of On Textile Farming.
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Figure 217: The Geometrical Stripes pocket-
weave in use as a textile ceiling.

Exploring a Textile Ceiling

The concept of a textile ceiling was explored through the Geometrical Stripes fabric,

which investigated how stripes, as channels, can host and organise plants, and how
a flexible textile ceiling can affect the ways in which we live with and organise plants

in interiors.

Setup

The Geometrical Stripes fabric was suspended from

a metal frame in the manner of a textile ceiling. The
fabric was relaxed and formed a curve, held in place by
the frame above and at both sides.

Lettuce-seed tapes were inserted into the channels
of the open structure of selvedge S1. The tapes, which
were adjustable in terms of length, were relatively
easy to insert and contained seeds at optimal intervals
for planting and growth. The white warp dominated the
upper face of the channels and had a 2/2 binding to
create an open structure, whereas a more dense 1/1
binding was used on the underside ([DW1). Both layers
were joined using a 2x4 binding (DWA4). The seed tapes
were visible from both sides due to the open binding
on the upper face (218) and the translucency of the
underside of the structure in the back, when observed
against a lightsource.

Figure 218: A close-up of the
structure and inserted lettuce-
seed tapes, photographed
from above.

Figure 219: A close-up from
below, facing a light source.
The fabric has a certain trans-
lucency, allowing the seeds to
be seen.
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Figure 220: A scenario in which the Geometrical
Stripes fabric is used as a dynamic ceiling that
transforms spatial experiences over time.

Figure 221: A diagram that illustrates which
parts of the life cycle the Figures belong to.

Scenario

The first point is an open space in which a textile-seed
weave can be unfolded to create a flexible spatial
divider (220, Point 1-2). The pictured seat is filled

with substrate and covered by part of the ceiling and
watered to initiate the germination and growth of the
seeds in the desired areas (220, Point 2). The inserted
seed tape would determine the horizontal distance
between the plants, whereas the vertical distance is
influenced by the stripes of the weave. Thus, the pat-
tern of growth is a result of both the inserted mate-
rial and the textile design. The development of roots
would anchor the textile to the seat, which could still
(depending on the type of plant) be used (220, Paint 3).
As the textile is flexible, it could also be detached from
the seat and draped and fastened in a different way,
e.g. as a ceiling. In this configuration, the plants would
dry out, adding a curtain of dried stems and leaves to
the expression of the space, the specifics of which are
determined by the pattern of growth (220, Point 4). The
biodegradable nature of the textile-seed weave would
allow it to be disposed of outside outdoors at any time
(220, Point 5).

Figure 222: The spatial divider
on a seat during State 1, at
which point it is activated.

Figure 223: State 4, where the
dried herbs are suspended.

Figure 224: State 5; the table-
cloth is planted in a garden to
allow the plants to thrive fully.
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Reflections

The explorations of the Geometric Stripes pocket-weave in a spatial setting resulted
in a scenario that redefines the concept of a space-dividing textile. Using the
textile pattern to integrate and organise the seeds, the potential of their growth

is integrated into the textile design, which thus determines the pattern of growth.
The flexibility of the structure opens up for spatial explorations, i.e. the draping
and arranging of the cloth to transform and separate spaces, connecting interior
and exterior expressions. These changes can be undertaken in several steps over
time, and are enhanced by the dynamic surface expressions that the textile-seed
structures enable. Bringing biological processes of growth and decay into textile
design practice thus introduces biological life cycles to those of textiles, opening
up for new perspectives on designing, managing, using, and disposing of interior
textiles. Their dynamic nature is a fundamental characteristic, and must be
considered in the early stages of design processes; thus, a more holistic approach
than is commonly adopted is required.

The presence of biological expressions also brings new perspectives to interior
design practice, wherein spatial transformations are a result of recombining, sty-
ling, and exchanging furniture rather than transforming the furniture or the textiles
of a space. Consequently the flexible ceiling and its integrated seeds open up for
new ways of living with textiles and plants over time.
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Figure 225: The Organic Shapes pocket-weave
in use as a ceiling.

Exploring a Curtain

This example explored the Organic Shapes fabric, investigating larger enclosed
spaces in relation to larger plants and water containers. This was undertaken with
the aim of creating a watering system that was visually integrated into the overall
textile expression.

Setup

The balloon-Llike pockets were connected via a channel
in the warp direction. The structure is based on DW2-
3, and so the textile was designed to create enclosures
and tunnels (the dark grey sections in Figure 226). The
organic shapes partially consisted of DW1 (the light
grey colour areas in Figure 226 to allow openings
being created by separating warp and weft. In this way
pipes for water supply, balloons for water storage, and
substrate to accommodate seeds and plants could be
inserted.

Figure 226: The pattern design
of the Organic Shapes pocket-
weave.

Figure 227: The bindings used
in this example: DW1 (left
column) and DW2-4 (top to
bottom, right column).
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Figure 228: The process of
filling the pockets with perlite
using a tube.

Figure 229: A water balloon
being inserted into one of the
pockets.

Figure 230: The pipes and wa-
ter balloons were connected
using sealing tape.

The curtain that was exhibited at the Textile Museum
of Sweden consisted of a double vertical rapport pat-
tern (Figure 225). The first row from the bottom was
filled with perlite substrate. The loose binding, located
in the middle of the pockets, was used to create ope-
nings through which the funnel was inserted, allowing
the substrate to be added (Figure 228). Water balloons
were inserted into the upper sections by creating
openings in the loosely bound areas (Figure 229). The
upper and lower pockets were then connected by a
pipe that ran through the channel connecting them.

It was connected to the water balloons using sealing
tape (Figure 230). The other end of the pipe led into the
balloon containing perlite (Figure 231). The balloons
were filled with water and thus expanded the upper
pockets, increasing their weight, and their tension
pushed the water down into the substrate.

The pressure of the balloons and gravity led to their
draining quickly and thus excess water collecting in
the substrate, and so the water moved through the
channels that led from the perlite-filled pockets to the
floor. In some areas, drops of water came through the
textile structure (Figure 232), creating puddles on the
floor [Figure 233).

Figure 231: The perlite-filled
pockets, connected to the
water supply via pipes.

Figure 232: Water led through
a channel.

Figure 233: A waste water
puddle where the curtain and
the ground meet.
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Figure 234: A scenario in which the Organic
Shapes fabric is used as a dynamic spatial
divider that transforms spatial experiences over
time.

Figure 235: A diagram that illustrates which
parts of the life cycle the Figures belong to.

Scenario

This scenario uses the Organic Shapes fabric as a
spatial divider between the indoors, ‘the intermediary
space’, and the outdoors, illustrating the concept of a
flexible wall that is anchored by roots. The textiles are
able to collect a certain amount of rainwater in their
flexible tanks, which expand or contract based on the
amount of water (although the expansion is limited

by the size of the pocket that each tank is placed in).
A valve attached to these tanks regulates the water
supply, draining it to larger pockets that are filled with
seeds and substrate. Through its weight, the substrate
creates a flexible connection to the ground. Opening
the valve allows the water supply which activates the
germination of the seeds and maintains the growth

of the plants. The roots of the plants have access to a
permeable surface that they enter, creating a perma-
nent and stable connection and anchoring the textile.
Excess water could simply seeps into the ground.

Figure 236: A bag filled with
substrate to weight down a
textile wall, and a young plant
growing out of it.

Figure 237: The plant even-
tually reaches maturity and
stabilises the wall perma-
nently through a thick network
of roots.
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Reflections

In this scenario, the pattern of the textile provides space in which elements of plant
maintenance and organisation are integrated. Furthermore, it includes external
ressources, in this case rain water for the maintenance of the piece, guided by the
construction of the textile and according to its pattern design. The size, tension, and
filling of the flexible water tanks are influenced by the size of the textile enclosu-
res, which introduce three-dimensionality to a two-dimensional textile envelope,
affecting how it drapes and falls in response to changes in dimensions. Thus, the

expression of the textile is dynamically affected by the amount of water that it con-

tains, the types of plant that are integrated as seeds, and the growth of these seeds.

As the maximum possible dimensions for one pocket (in which the water container
or the substrate could be integrated) in relation to the used Jaquard machine at
Svensson AB could measure 150 cm by 300-600 cm (depending on the pick density],
the sample could be manufactured in an architectural scale.
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Figure 238: The Organic Stripes pocket-weave
in use as a carpet.

Exploring a Carpet

In this example, the Organic Stripes cloth was processed into a carpet, investigating
the three-dimensionality of the channels that were filled with seeds and substrate

and their influence on the dynamic expression of the piece.

Setup

The pattern of the Organic Stripes fabric consisted of
horizontal stripes of varying width, creating a wave-
like expression (Figure 239). A DW2 binding was used
on both sides, with a black and white warp to create
colour contrast (Figure 240). As in the previous ex-
ample, the selvedge could be opened quickly to insert
substrate and seeds. The warp and weft materials
were the same for this piece. The tubular wave shapes
were filled with perlite, and a watering can beside
the piece at the exhibition communicated the nature
of the carpet and promoted speculation regarding its
transformation (Figure 241).

Figure 239: The pattern design
of the Organic Stripes fabric.

Figure 240: The DW2 binding
(1/1 on both sides).

Figure 241: The installation
invited participants to water
the structures (from Jan Berg,
2017)
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Figure 242: This scenario involves using the
Organic Stripes fabric as a carpet that trans-
forms over time when activated and maintained.

Figure 243: A diagram that illustrates which
parts of the life cycle the Figures belong to.

Scenario

This scenario uses the Organic Stripes fabric as

a carpet that transforms into several other three-
dimensional shapes through draping. The carpet is
filled with substrate and activated by watering (Figure
242, Point 2). Thus, the fabric can be used in a space
in which puddles of water can be present without
causing problems. The watering initiates the growth
of plants, e.g. grass (Figure 242, Point 3). Through
the use of biodegradable materials, the carpet has a
set lifetime, it is a template and substrate for seeds
to grow in interiors but would slowly degrade in in
exterior conditions (Figure 242, Point 4). There, the
carpet could be used to create an arrangement that
would shape the landscape and, in time, become one
with it. An alternative cycle is to initiate a drought and
keep the textile carpet and its thick pile indoors. The

surface expression of the dry grass would change over

time, from green to a brownish fur-like coverage (Fi-

gure 246). Depending on its hard-wearing properties,
the pile could be worn away as a result of use, leaving
only the textile expression remains (Figure 344).

Figure 244: The transforma- | |
tion of the carpet as a result of

its being moved to an interme-

diary space.

Figure 245: The afterlife of the
carpet as a living part of the
exterior landscape

Figure 246: The afterlife of the
carpet as a passive part of the
interior landscape.
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Reflections

A carpet that can develop a thick pile as a result of the growth of e.g. grass and is
biodegradable has a range of possible uses within its life cycle, being possible to
use indoors, ‘in between’, and outdoors. Indoors, the structure can be draped and
positioned as needed, and used as a carpet or seating. Activating it would cause the
growth of the pile, and the way in which it is draped would influence the growth of
the roots. As the roots follow gravity they would stabilize the drape and depending
on the ground on which the carpet is placed, the roots could fix its position in a spa-
ce. Managing the life cycles of structures requires participation and opens up for
alternative ways of living with textile interiors and plants, with the options to decide
when to trigger a change in spatial expression and experience, when to interrupt
and stop them, and when to end the life cycle through composting. A biodegradable
textile interior also allows choices to be made regarding the disposal of a textile,
and conditions for this.

The example proposes that the textile be planted outdoors, where the carpet
would initially shape the landscape before merging into it as the grass grows over
its surface and the textile degrades. It therefore expresses its qualities as an inter-

mediary object.
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Figure 247: The pocket-weave with a circular
pattern, in use as a tablecloth.

Exploring a Tablecloth

The tablecloth illustrates the fabric “Connected Circles and explores the idea of a
tablecloth on which a variety of sprouts could grow. The derived scenario investiga-
tes connections between interior and exterior, the cycles of plants and their relation
to the seasons and how a tablecloth could work as a mediator between them.

260 1

Setup

The textile design consisted of a pattern of circles
connected by a system of channels in the warp
direction. Each circle had a different diameter based
on the size of the cotton pads, allowing the seeds to be
integrated with the circles and inserted as composite
units. Thus, ‘planting discs’ were prepared to insert
the seeds at specific intervals and concentrations.

The weave construction of the circles on the front of
the cloth was based on the open DW1 binding, through
which the seeds and cotton pads were inserted. DW2-
3 was used for the larger and smaller channels (the
white areas and grey lines, respectively, in Figure 346).
An organic combed 24/2 cotton was used for the weft.

The cloth was upholstered onto a small table to
create a transforming tablecloth. A system of nozzles,
activated by an integrated timer, sprayed a fine mist of
water onto the seating arrangement (which consisted
of the table/upholstered tablecloth and several seats)
and the tablecloth to provide moisture without the
need for human maintenance.

Figure 248: The rapport pat-
tern.

Figure 249: The bindings DW1
(left), DW4 and DW?2 (top to
bottom on the right)

Figure 250: A ‘planting disc’.
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Scenario

This scenario consists of a tablecloth with integrated seed discs that
contains the seeds of e.g. herbs to be used in cooking. The textile can be
used like an ordinary tablecloth indoors or be activated using water (349,
Point 1). Through regular manual watering or a fine mist of water supp-
lied by a system of nozzles, the growth of the sprouts can be maintained
and the first leaves harvested (Figure 349, Point 2). To promote further
growth, the tablecloth can be planted. If planted outdoors, the tablecloth
would receive rainwater, sunlight, and nutrients from the soil, and thus
be placed in an environment in which it could fully thrive (Figure 349,
Point 3. This process can be halted by removing the tablecloth from

the ground, framing it, and placing it in an interior space to dry out. The
herbs, attached to the cloth, would dry and be preserved to be harvested
in adry form (Figure 349, Point 4).

Figure 251: The scenario involves using a
tablecloth to grow seeds, e.g. herbs to be used
in cooking. The tablecloth could also be planted
in order to grow fresh herbs, or preserved in a
dried state to harvest dried herbs.
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Figure 252: State 5, with the dried herbs at-
tached to the suspended tablecloth.

Figure 253: The diagram that illustrates which
part of the lifecycle the Figures belong to.

Textile Pattern

The cloth featured pockets to host and organise seeds,
e.g. basil, mint, and rosemary, in a circular pattern.
The cotton-seed discs (containing a specific number
of seeds that had been carefully positioned) were
inserted into the pockets through the loose binding on
the front of the tablecloth. The cotton also absorbed
and stored water, allowing the seeds to germinate.

The cloth could be soaked or regularly watered
to activate the germination (Figures 254 and 251,

Point 2], and daily rinsing and draining reduces the
risk of mould formation. Germination would alter the
surface expression of both sides of the tablecloth, as
stems and leaves would appear on the upper surface,
adding three-dimensionality and colour to its expres-
sion (Figures 255 and 251, Point 3). On the underside,
a network of roots would grow between the cloth

and the table, and so its expression would remain
flat. Consequently, the circular textile pattern would
create a circular pattern of growth on both faces of the
textile.

The tablecloth could be used as a ‘plant nursery’ by
being planted, providing the plants with nutrients and
a substrate to anchor in. In this way, the textile pattern
would shape the expression of the bed of herbs and
prevent the growth of weeds (251, Point 4). The flat
network of roots would have space in which to expand
and anchor the cloth to the ground, absorbing water
and nutrients. During the period of growth, the herbs
can be harvested. As the purpose of the textile was to
grow an entire bed of herbs and be used as a tapestry,
ceiling ornament, or tablecloth, it had to be resistant
to environmental factors such as rain and sunlight.

By the end of the growing season, the tablecloth can
be moved indoors and dried, then placed to store and
harvest the bed of herbs throughout over the course of
a winter (251, Point 5).

Figure 254: States 1-2; the | |
tablecloth on a dining table,
where it is activated.

Figures 255-256: State 3,
wherein the sprouting herbs
add three-dimensionality and
colour to the plain cloth.

1 265



- SERIES II = DYNAMIC INTERIORS

2661

Figure 257: State 3, wherein
the sprouting herbs added
three-dimensionality and
colour to the plain cloth.

Figure 258: State 4; the
tablecloth is planted outside in
order for the plants to thrive
fully.

Figures 259-260: State 5; the
sprouts/plants dried out and
hung from/collapsed on the
fabric.

The former rigidity of the plants and their colours and
shapes would change in response to this, from upright
to drooping, from saturated to pale colours, and from
round to sharper and wrinkled (compare the Figures
257 and 260).

The Tablecloth

Tablecloths are generally produced for the sole
purpose of covering a dining table. They are
transformed through wear and collecting stains,

and disposed of when no longer aesthetic or clean.
This scenario proposed the use of a tablecloth as

a template for growth, wherein the textile pattern
determined the pattern of growth. The time between
the activating and planting of the textile is the period in
which different spaces between indoors and outdoors
are explored and techniques to maintain growth are
investigated.

The scenario involves a passive and mobile (locally
flexible] cloth becoming dynamic (transforming) and
mobile (Figure 251, Point 2), then dynamic and static
(251, 3), and finally passive and mobile (Figure 251,
Point 4). The tablecloth consequently redefines itself
by changing its positions and functions. The time until
its disposal is thus shifted several steps into the future
- if the growth is successful.

Reflections

In this scenario a tablecloth changes states; from passive (Figure 251, Point 1] to
active (Figure 251, Point 2-3) and back to passive (Figure 251, Point 4). The textile
plays a crucial role in organising the plants in all of the stages and undergoes ex-
pressional changes, ranging from the sprouts pushing through the textile structure
to harvesting and the subsequent suspension of the tablecloth as a screen in order
to dry and store the herbs (e.g. for the winter). In this way, the tablecloth promotes
gardening practices in relation to the changing seasons. The maintenance of the
textile ranges from manual human actions to possibilities relating to conditioned
spaces and automated maintenance (sprinkler] and the natural environment, where
the sun, rain, and soil would provide optimal growing conditions during spring and
summer. Thus, the cycle and transformation of the cloth could follow the cycle of
the seasons.

The textile tablecloth, as a template for growth, influences the cultivation of
plants through its pattern, and so the design of the pattern creates connections and
separations and promotes symbioses in organising patterns of growth in relation to
requirements (dry substrate, wet substrate), principles [permaculture), and criteria
(height of growth, colour).

In relation to textile design practice, designing with seeds and for alternative life
cycles means designing with several dimensions in mind, and applying a holistic
view to all of the phases of the design process, from pattern design to materials,
bindings, etc. Consequently, the design phase must begin with a detailed scenario,
from which all other design decisions can be derived.

Hybrid textiles and furniture open up possibilities for multi-use products
and dynamic expressions that develop over time and through maintenance, but
also involve challenges such as puddles, dust, mould, smells, and insects. The
transformable tablecloth provides a template for the growth of herbs and a
framework for their storage and harvesting. Consequently, it is extended to cover

and protect a table and produce herbs for consumption and decoration.
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Figure 261: The Geometrical Circles pocket-
weave in use as a seat.

Exploring a Seat

The Geometrical Circles fabric was illustrated in this example, which took the form
of a seating arrangement. Here, a pattern featuring small pockets was combined
with a piece of furniture to produce seats that doubled as plant containers. The ac-
companying scenario investigates an alternative life cycle for this concept.

Setup

The Geometrical Circles fabric was used to upholster
a seat. Prior to the upholstering process, the pockets
of the cloth were equipped with soil tablets (Figure
262]. This was undertaken by choosing areas that had
been loosely bound [DW1), and separating the warp
and weft threads using a pointed object, after which
coconut-fibre tablets were manually inserted into the
created holes, which were then neatly closed to hold
the substrate in place and restore the structure and,
thus, pattern (Figure 263).

Figure 262: A pocket in the
doubleweave structure, ope-
ned by separating the threads.

Figure 263: A pocket in the
doubleweave structure that
was filled with a coconut-fibre
tablet.
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Figure 264: A seating arrangement, the seats
of which can be activated. The resulting surface
transformations can be observed, and the seats
then placed outdoors in order to transform into
e.g. a tree.

Figure 265: The diagram illustrates which part
of the lifecycle the Figures belong to.

Scenario

The scenario involves seats that are intended to be
sat on. These are filled with a substrate that, when
dry, works well as an upholstery filling (Figure 264,
Point 1). When the seat is no longer needed, it can be
rearranged (Figure 264, Point 2] and watered to trigger
the germination of the seeds that are integrated in the
pattern of the fabric, which consists of small pockets
filled with seed discs. Over time and as a result of
human maintenance or an environment that supports
growth through light and moisture, the seeds would
germinate and permeate the weave structure (Figure
264, 266, 267, Point 3). The filling of the seat provides
the growing seedlings with moisture, a permeable
substrate to take root in, and nutrients. The scenario
emphasises the growth of trees and bushes, which
develop over a long period of time, generally outdo-
ors. During the first stages of their growth, the seeds
can grow on and within the seats. Later, due to the
growing roots and need for further nutrients and more
substrate, the seat could be moved outdoors, where
the roots would anchor the young bush or tree to the
ground and consequently create a permanent position
for it (Figure 264, Point 4).

Figure 266: The seat in which
the first plants are to grow.

Figure 267: A more dense
cluster of seeds in a woven
pocket.

Figure 268: Two large trunks
that succeeded in thriving over
time and outdoors.
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Reflections

This scenario proposed a piece of furniture that could be used as a seat in its first
‘life” and as a container for a bush or tree in its second (the “afterlife’]. In contrast
to the previous examples, this scenario emphasises the use of slow-growing
plants such as bushes and trees, and therefore a period of growth that may span
several decades. Pieces of high-quality furniture can be used for decades and even
centuries, and are often passed down between generations. Textiles, however,
generally expire relatively quickly. This example suggests that a piece of textile
furniture can have a second life - in another form - that exceeds the former and
allows subsequent generations to experience the piece.

The pattern of circular pockets serves as a container for a seed disk or soil pellet
containing seeds. As the goal is not coverage of an area but the growth of a single
plant, the number of seeds is lower and so the interactions between the seeds and
the textile structure in the early cycles of growth are relatively small, but become
more interesting as the stem widens with each year.
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A BIOLOGICAL
CHALLENGE

Textile Farming proposes a framework for designing dynamic surface expressions
using seeds, and integrating biological life cycles in the design of textile interiors
in order to open processes of textile and interior design towards botanical and
horticultural practices. The framework provides a complementary perspective
on living with plants indoors and promotes expressions that bridge interior and
exterior spaces, man-made and natural, passive and active.

The concept of weaving, as the interplay of fibres, colour, and weave, is expanded
by another factor - seeds - which provides a range of static expressions relating
to e.g. shape and dimensionality, affecting the structure, pliability, and weight of a
textile, and providing transformative potential with regard to e.g. colour, shape, and
direction of growth. Consequently, using seeds in textile design processes opens
up for the design of surface expressions that develop over time. Bacteria (Yao et al.,
2015), veneer (Menges & Reichert, 2015; Scott, 2013), and other shape-changing
materials and responsive textile systems (Scott, 2016; Mossé, 2014; Abel, 2014)
are dynamic and transform over time and in response to external influences in a
generally reversible manner. Irreversible dynamic patterns are defined by Worbin as
“textile patterns that changes during use and do not come back to an initial expres-
sion, the expression is built up over time” (2010). The transformation of the textile-
seed hybrids is irreversible, and comparable to recent research by Dumitrescu et
al. (2013], Nilsson et al. (2011), Worbin (2010), and Talman (2015). However, seeds
undergo relatively complex transformations; once activated they continuously
change their expression in terms of e.g. shape, colour, and dimensionality, and pass
through different stages of development, e.g. germinating, growing, blooming, and
propagating. This in turn demands alternative ways of designing with and using
them.

As Worbin states: When the characteristics of textiles change, the roles of designers
and users change with respect to textile products. The notion of a textile as the final’
product will be different from what we today get out from traditional industrial textile

processes. (2010)

Thus, both the characteristics and role of the material that the textile is made of
change; the material reacts to certain stimuli, but also constantly performs and
transforms in complex ways in relation to its own dynamics. Consequently, On

Textile Farming explores biological perspectives on textile design and smart textiles,

1275



- A BIOLOGICAL CHALLENGE

276 1

where hybrid textiles are constantly affected by environmental stimuli and impart
information through their response to these stimuli. Thus, the reaction of sprouts
to environmental stimuli and different forms of tropism (explored by Collet in the
Botanical Fabrication project; 2015) shape the surface expressions of textiles and
provide information regarding e.g. light, humidity levels, and direction of gravity. In
relation to this, Ramsgaard Thomsen and Bech describe textiles as “a technology
as well as a material” (2012], using knitting in programmable systems for archi-
tectural structures. The intrinsic potential of natural materials in relation to textile
design and developing adaptive structures that react to environmental stimuli has
not yet been fully explored, however, particularly with regard to weaving and com-
plex plants.

When used as living and responsive smart materials, seeds not only sense and
adapt but transform and change their general character and mode of life,i.e. their
structures and outward appearances, and adapt to the conditions in which they
find themselves. Designing textile-seed hybrids and planning the different stages
of their development and expressions requires that designers combine knowledge
of textiles and botany; this, and relating these two fields to interior spaces and
their environments, along with the parameter of time, leads to the adoption of a
biological perspective on designing interiors. These are generally understood to be
relatively static environments, the design of which involves creating contemporary
expressions that serve the user and the space. On Textile Farming proposes an
understanding of interiors that considers them to be dynamic spaces, and so the
design enquiry focuses on material characteristics that cannot be expressed by new
structures but are expressed through time and use, and in relation to the envi-
ronment itself. Here, textiles - as highly adaptive structures - can accommodate
and organise plants and be used to shape and transform space over time, working
closely with the user and the environment. A framework for designing dynamic
interior textiles has therefore been proposed, and includes methods of designing
textile-seed hybrids, i.e. integrating seeds in textile structures. The introduced de-
sign variables relating to the textile and the seed result in a passive hybrid, whereas
those relating to maintenance lead to a transformation in the expression over time.
The passive and active states of the textile-seed hybrids open up for a life cycle with
different phases, wherein functions, location, and expressions are influenced by the
materials and structures used and human maintenance. Designing a textile that

passes through multiple phases, requires a different approach to textile design,

outlined in the diagram (Figure 7) that frames the life cycle of textile-seed hybrids.
The three main phases - dormancy, growth, and afterlife - can be used to design,
manage, and describe the life cycles of textile-seed hybrids, and question static and
one-dimensional design approaches, opening up for alternative perspectives on

designing interior textiles and interior design practice in general.

In relation to indoor gardening and urban gardening as a means of making cities
greener and more sustainable with regard to the availability of food, textile-seed
hybrids propose a complementary perspective on the rigid structures that both
concepts are based on. The design of templates and patterns that incorporate
seeds offers several possibilities in terms of vertical farming: Seeds can be placed
in a certain pattern, i.e. the selection of seeds and their arrangement can follow

the principle of permaculture, creating beneficial relationships between the plants
and their environment (textile and space]. Furthermore, the areas in which the
seeds grow can be defined by the textile design, with e.g. the bindings being used

to restrict or promote growth and so direct the development of roots, stems, and
leaves. This can be undertaken with regard to the type of germination and cha-
racteristics of development of plants, and environmental influences as directed by
human maintenance. Colours can be selected in order to merge or contrast (or both
in different phases) with the expression of the textile, in order to create dynamic
surface expressions. Accordingly, materials that support the needs of plants and
store, direct, or repel water can be selected, as can textiles with different levels of
durability prior to biodegradation or that change expression in different ways by
environmental influences such as light, temperature, and humidity. These materials
can also be engineered to provide and transport nutrients to the plants such that
the textile structure serves as template, carrier, and substrate, with the structure
working with the material. Furthermore, materials can be selected to provide a
certain thickness and permeability. The arrangement of textile-seed hybrids in
space can be chosen and changed over time, i.e. they can be positioned horizontally,
vertically, or diagonally; suspended or laid flat; framing a space or dividing it; facing
light or shade. In relation to their life cycle design they can be moved, and so be ini-
tially placed indoors and eventually move outdoors. Their activation can be triggered
by changing environmental conditions or the user interacting with the structure,
affecting the entire piece or a certain part of it. Maintenance depends on the setting
and demands of the structure in the interior space; as Despommier states in rela-
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tion to his concept of vertical farming:

[Pllants do not require soil, per se. What they use soil for is a solid base of operations
into which they can spread their roots. In other words, the earth serves as a physical
support system [...] as long as there is enough water and dissolved minerals, and a
source of organic nitrogen. (Despommier, 2011)

Thus, textile-seed hybrids physically support roots and can be developed to meet
the needs of plants in soil-less conditions. Through constraining or promoting their
development, roots can be influenced in terms of direction, length, and density, and
can replace the textile structure as parts of it gradually degrade. Thus, textile-
seed hybrids are designed to grow and decompose in a predetermined way, with
the structure of the textile material and choice of seeds defining the phases of the
dynamic transformation. Consequently, expressions such as weathering, discolou-
ration, puddles, and dust become part of the interior, introducing alternative values
and characteristics that need to be enabled, accepted, and lived with by the inhabi-
tants of the space. These alternative perspectives not only change the practices of
designers but require the cooperation of the user in enabling and maintaining the
dynamic expressions. Pinto et al. describe the new roles and relationships between
designers, users, and materials: “The final product is the result of the actions of
various actors: the designer who developed the system, the one who manipulates
the system and the actuators that define it” (Pinto et al., 2013). There is thus a close
relationship between these actors. Extending the life cycles of interior textiles me-
ans that designers must expand their palette of textile design processes and adopt
more holistic practices in which textiles are understood and handled as dynamic
‘fabrics of time'. Here, individual phases of life — and beyond - must be thought
through and have central roles in textile design processes. As the involvement of
the useris crucial in managing the life cycles of textile-seed hybrids, these must be
designed, communicated, and guided by both the textile design and the designer.
Designers not only design possible surface expressions, but influence the ways in
which users interact with products, and so ‘mediate’ the design intention and the
demands of the textile-seed hybrid and the user. This thesis encourages designers
to explore how natural principles can impact practice, as is proposed by Collet and
Foissac: “designers can begin to integrate botanical and horticultural knowledge to

play with the environment of plant growth and envision production chains of a new

type” (2015]). They can also envision and design textile interactions of a new type,
as textile-seed hybrids promote both textile and biological perspectives, which can
be combined to create a biophilic approach to designing textile-seed hybrids and
interacting with them in interiors. Users, as those who live and interact with textile-
seed hybrids, can choose whether to act based on the information provided by the
designer through the design or instructions. They can also choose to act based on
a design intention of their own. They can determine the use, time of activation, and
maintenance of an object, and so define the duration of phases and select where
these take place. Their commitment or lack of maintenance also determines the
quality of growth and well-being of the structure. Due to the importance of know-
ledge and commitment on the part of users, instructions and even education with
regard to main working methods may be of value. However they respond to these
suggestions, users are free to act in relation to their imagined scenarios and reflect
on their experiences, making them investigators in their own right.

The seeds, as the actuators and drivers of transformations, respond to the
intentions of the designer in relation to their selection and placement, and to
the user in relation to how they are maintained and where the finished object is
placed. The weave structure can consequently exhibit certain surface topographies,
which are defined by fibre size and orientation, pore size and geometry, pore
interconnectivity, and total porosity. These parameters influence the bio-receptivity
of the textile, i.e. whether it is biocompatible with a living system - in this case
seeds. By enhancing or suppressing the bio-receptivity of the textile, the pattern of
growth can be influenced.

However, even if all variables have been carefully considered, the development of
the seed textiles consistently exhibited a certain unpredictability that was related to
a complex network of factors. This unpredictability can cause problems in maintain-

ing the structures, but result in unique and unexpected surface expressions.

The development of the research programme was strongly influenced by the
industrial context of Svensson AB, resulting in a conceptual reunification of the
company’'s departments. This may promote discussion of developments in hy-
brid housing as a potential market and changing design and production practices
through new materials and techniques. By combining textile thinking and indoor
gardening, imaginary and practical realities are explored and sustainable, alter-
native modes of living with plants are investigated, following natural rhythms of
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transformation and the interconnectedness of plant systems. The design methods
presented in this thesis suggest changes to practice, but also posit ways of desig-
ning, producing, and furnishing interiors, and living with plants. Today, the textile
industry (and Svensson AB more specifically) develops highly specific products that
are created for particular purposes and feature static expressions that are desig-
ned to last for as long as possible. Dynamic changes relating to e.g. the age of a
textile are prevented, and perspectives on a secondary usage or the disposal of the
product are not suggested or provided.

On Textile Farming proposes the inclusion of dynamic changes and considerations
relating to the life cycles of plants in design processes and product development,
as well as perspectives relating to multiple uses and environments. With regard to
Svensson AB, this would mean that textiles that manage interiors and plants could
become one and the same: Interior textiles that react to environmental changes
without electronics but through changes in light, humidity, and temperature. Textile
walls, floors, and ceilings could thus become green, and move from the interior
and into the intermediary spaces, and from there outdoors. They would thus benefit
from different forms of human maintenance and environmental conditions, influ-
encing their transformations. These processes could be halted after sprouting in
order to grow a short-pile carpet with a pattern determined by the characteristics
and position of the seeds used, along with the textile structure. This in turn could
be transformed into a vegetable patch through permaculture techniques, or a tree,
wherein the textile provides nutrients. By living with textile-seed hybrids, people
and plants can be brought together - both indoors and outdoors.

The scenarios presented in this thesis represent a speculative approach to
the framework and are intended to open up for speculative design research in an
industrial context as an approach to creating perspectives ahead of the next years
for the company and customers, that can be used for discussions, and developing
business strategies, products, and production methods.

To encourage discussion and enable alternative ways of organising, living, and
interacting with plants in relation to sustainable interior textiles to be explored,
a collection of interior textile prototypes will be developed in which seeds are
integrated in both subtle and overt ways. They will be explored in a real scale living
scenario and exhibited for being explored by the public. .
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