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ABSTRACT

This paper explores the dynamic interplay between knitted textiles, technology, tradition and sustainability in the creation of a

knitwear collection. As the fashion industry continues to evolve, designers are increasingly adopting innovative methods to

address both aesthetic and environmental challenges. The inherent versatility and adaptability of knitwear have been significantly

enhanced by recent technological advancements. This study examines the integration of advanced knitting techniques and the

traditional practices of natural dyeing to develop a collection that embodies the fusion of artistry and responsible fashion.

Highlighting the potential of knitted garments to drive a more sustainable fashion industry, this research details the creative

process behind developing a zero-waste knitwear collection aimed at promoting circular fashion.
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INTRODUCTION

“Barefoot in the Park” collection is an exploration

into the intricate relationship between humans and nature,

challenging the concept of human exceptionalism and

addressing the environmental adversities stemming from

this belief. Human exceptionalism, the idea that humans

are fundamentally different from and superior to other

elements of the natural world, has led to significant

ecological imbalances (Merzlyakov, 2022). This mindset

has contributed to unsustainable practices across various

industries, including the textile and fashion sectors.

The textile and fashion industry are a major

contributor to environmental pollution and waste. Impacts

from the fashion industry include over 92 million tonnes

of waste produced per year and 1.5 trillion litres of water

consumed (The environmental price of fast fashion, 2020).

Additionally, synthetic dyes used in textile production

contribute to water pollution, as highlighted by Kant  (2012),

who notes that textile dyeing is the second-largest polluter

of clean water globally, after agriculture.
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Flat knit production and the use of natural dyes

present viable solutions to these pressing environmental

issues. Flat knitting technology is inherently more efficient

and sustainable compared to traditional cut-and-sew

methods. It minimizes waste by knitting garments to shape,

thereby reducing fabric scraps. As demonstrated by the

research of Blackburn (2009), using natural fibers and

dyes in knitting can significantly lower the ecological

footprint of textile products. Natural dyes, sourced from

plants and other organic materials, offer a non-toxic

alternative to synthetic dyes and can be harnessed to

create a wide range of colours while reducing water and

soil contamination.

METHODOLOGY

Stage 1: Secondary Research:

In the initial phase, previous literature and articles

were reviewed to understand the current status of dye

pollution and textile waste. The aim was to assess how

knitwear and natural dyeing can contribute to resolving
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these environmental issues.

Stage 2: Primary Research:

The second phase involves hands-on exploration and

experimentation with various plant-based dyes, knitwear

techniques, and silhouettes. The objective is to document

the creative process and the challenges faced in

integrating these elements into a cohesive collection and

to develop innovative approaches that promotes

sustainable practices within the Textile and Apparel

Fashion (TAF) industries.

RESULTS AND DISCUSSION

Flat Knitting:

Knitting transforms one-dimensional yarn into two-

dimensional fabrics that are flexible, durable, and highly

customizable in shape and elasticity (Penciuc et al.,

2010). In this study, an attempt has been made to design

and develop sustainable knitted fabrics using the Japanese

machine, Shima Seiki: SSR-112, a computerised flat

knitting machine of gauge-12 (Fig.1). The programming

of the fabrics was done on the supporting software Apex

4 (Fig. 2).

A 7-gauge, handflat knitting machine (Fig.3, Fig. 4)

was also used to make certain textiles.

Yarn:

The yarns selected for this collection were thoroughly

researched to ensure their production methods are eco-

friendly. The primary options that were both readily

available and suitable for creating flat knitted fabrics on

theJapanese machine, Shima Seiki: SSR-112 and the 7-

gauge handflat knitting machine included Hemp/cotton

55/45 (1/26 Nm) and cotton (2/30 Nm).

Swatch Development:

The aim of creating the textiles for this collection

was to replicate the abstraction, tactility, and colours found

in my surrounding nature. By paying close attention to

the details in the environment that often go unnoticed.

The objective was to translate these elements into unique

textile designs. The subtle hues, intricate patterns, and

diverse textures of the natural world served as a profound

source of inspiration (Fig. 5).

Fig. 1 : C ompu ter i z ed

knitting machine

Fig. 2 : Programming on

Apex4  software

Fig. 3&4 : Hand flat knitting machine

Fig. 5 : Self-clicked images. These images acted as the

source of inspiration to develop knitted textures

Techniques Explored:

Flat knitting machines provided a versatile and

effective medium for this exploration. These machines

enabled the creation of complex textures and patterns,

which are essential for capturing the essence of natural

forms. The flexibility of flat knitting allowed for

experimentation with different stitches, yarn combinations,

and techniques, making it possible to mimic the organic

feel of tree bark, the delicate interlacing of branches,

and the soft flow of ivy. The swatches used in the

collection were shortlisted based on the harmony between

texture and natural dye application. Those that closely

resembled naturally occurring textures and effectively
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The Process of Natural Dyeing:

The similarities between the beauty of natural dyeing

and our relationship with nature are remarkable. Just as

the dyeing process evolves naturally, so does our bond

with the environment. Often, humans attempt to exert

control over nature, striving to manipulate their

surroundings. Yet, the practice of natural dyeing illustrates

the futility of these attempts. Natural dyeing, in essence,

becomes a metaphor for our relationship with the

environment—an intricate interplay of intention and

acceptance, harmony and mutual respect.

While there are general guidelines that can be applied

to natural dyeing, each natural dye requires a unique

technique due to its considerable diversity. Optimizing

the following dyeing parameters is required: temperature,

liquor ratio, time, dose, and kind of mordant, plant material

processing, and selection of appropriate fibres. This is

presumably what adds to the interesting and perhaps

alchemical nature of dyeing using natural dyes. The

following Table 2 briefly explains the dyeing method used

in the knitwear collection natural dyeing:

Table 1 : Description of flat knit techniques

Technique Figure 

no. 

Description Machine and 

Gauge used 

Partial 

knitting 

Fig. a to 

Fig. d 

In this technique in which few needles of the entire knitting area knit while other 

needles go inactive and hence selective parts are held in place during knitting, 

allowing the creation of course deflections, flaps, shaping and holes etc. 

Shima Seiki, 12 

gauge 

Pointelle Fig. e to 

Fig. h 

Pointelle was used along with miss to create wale deflections and open structures. Shima Seiki, 12 

gauge 

Emboss Fig.i Emboss uses needle selection in both the back and front bed of a knitting machine, 

creates raised, textured patterns on the fabric. 

Shima Seiki, 12 

gauge 

Needle 

holding 

Fig. j We stop knitting on needles of one needle bed and continue to knit on the other. This 

creates a fabric with portions of increased thickness and texture in double bed. 

Shima Seiki, 12 

gauge 

Half gauge  Fig. k This involves using every alternate needle on the knitting machine instead of all the 

needles creating a more open structure and also giving a look of heavier gauge fabric. 

Shima Seiki, 12 

gauge 

Inlay Fig. l This is a method used to incorporate additional yarns or materials into the fabric 

without knitting them into every stitch. 

Handflat 

Machine, 7 gauge 

Fig. 6 : Swatch explorations

Table 2 : The natural dyeing process 

Step Description 

Choosing the Natural Fiber Decide between protein fibers (wool, silk) and cellulose fibers (cotton, hemp). 

Scouring Clean the fibers by boiling them in water with a mild detergent or soda ash. This removes 

impurities and prepares the fabric for dyeing. 

Mordanting Treat the fabric with a mordant (e.g., alum, tannin) to help fix the dye to the fibers, ensuring colour 

fastness. Different fibers may require different mordants. 

Sourcing of Plant Materials Collect natural materials (plant waste- leaves, flowers, roots, barks) for dye extraction. 

Dye extraction Extract the dye from raw materials by boiling or soaking them in water, straining the liquid to 

remove solid particles. 

Dyeing of Fabric Immerse the mordanted fabric in the dye bath. Simmer the fabric in the dye solution until the 

desired colour is achieved, then rinse and dry. 

EXPLORING THE POTENTIAL OF FLAT KNITTED TEXTILES DYED WITH NATURAL DYES & PLANT WASTE

showcased the technique were chosen. Fig. 6a, Fig. 6d,

Fig. 6g and Fig. 6i were shortlisted to be used along with

certain basic structures like single jersey, interlock and

rib (Table 1).
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Mordanting:

Natural dyes can generally be divided into two primary

categories: substantive dyes and adjective dyes (A guide to

natural dyes). Substantive dyes, such as indigo or certain

lichens, chemically bond with the fibre without the need for

additional chemicals. On the other hand, adjective dyes

require a metal salt to ensure the colour remains fast and

does not wash out or fade under light. The majority of natural

dyes fall into the adjective category and necessitate the

use of a metal salt solution during the dyeing process.

Mordants are metallic salts that aid in the bonding

of the dye to the fibre. For cellulose fibres, a tannin is

also required to ensure a strong bond. Although tannins

are not technically mordants since they are not metallic

salts, they are often recommended as part of the

mordanting process for cellulose fibres. A combination

of Alum (metallic salt) and myrobalan (tannin) was

predominantly used, wherever necessary.

Alum (Potassium aluminium sulphate):

It is the most commonly used mordant for both

protein (animal) and cellulose (plant) fibres and fabrics.

It enhances the light and wash fastness of all natural

dyes while maintaining clear colours. It is also affordable

and safe to use. This type of alum is refined from bauxite,

the raw form of aluminium ore, and is free from impurities

such as iron, which can be found in other alums. The

recommended usage is 15% WOF.

Tannin:

Tannins are naturally occurring chemical

compounds, known as polyphenols, found in many plants.

Tannin is utilized to aid in the mordanting of cellulose

fibres and fabrics, as alum alone does not adhere

effectively to cellulose. Tannin, however, bonds well with

cellulose, and once the fibers are treated with tannin,

alum can then bind to the tannin-fiber complex. Many

natural dyes, such as black oak, pomegranate, cutch,

fustic, and oak gall, already contain tannin and therefore

do not require an additional tannin treatment.

The acidity or alkalinity of the water used for natural

dyeing (both in the mordant bath and the dye bath) affects

the colour. Soft water is best for most natural dyes with

the exception of madder, weld, logwood and brazilwood.

Dyestuff :

Dye extraction from plant waste:

Explorative swatches were created using madder,

myrobalan, marigold, pomegranate, purple cabbage,

hibiscus, rose, and onion skin. Among these, marigold

and onion produced shades that aligned well with the

concept. These dyebaths yielded more intense colours

compared to most others, and their raw materials were

more accessible and less wasteful. Temples discard

dozens of flowers daily, so marigold was sourced from a

temple. Similarly, onion skins were collected from

discarded skins provided by vegetable vendors.

Marigold Dyebath:

Mordanting:

For cellulose, first mordant with tannin at 8% WOF,

then use alum at 15%.

Dyeing:

Use at 20-30% WOF for a medium depth of shade.

Add the dried or fresh flowers to the dye pot, cover with

water and simmer for half an hour to extract the colour.

Strain the dye liquid and add to the dye pot. Add

fibres and simmer for 30 - 60 minutes.

With the addition of iron at 2% WOF warm olives

can be made (Fig. 7).

Fig. 7 : Dyeing with marigold

Onion Dyebath:

Mordanting:

Use alum mordant at 15% WOF for cellulose and

protein fibres.

Dyeing:

To obtain satisfying colours from onions skins use

at 20% WOF. Simmer for 1 hour, remove the skins and

add the mordanted cloth to the dye pot. For a more

thorough extraction simmer for an hour then let it sit

overnight before dyeing. The colour ranged from light

olive to browns and dark olives. Onions skins have

medium fastness. With the addition of iron at 2% WOF

dark olives can be made (Fig. 8).
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Fig. 8 : Dyeing with onion

Dyeing with indigo:

Natural indigo powder is an extract derived from

the Indigofera tinctoria plant, which is cultivated

specifically for dye production. Renowned for its

colourfast blues, indigo can produce a broad spectrum of

shades, making it one of the most successful dye plants

in history. Although indigo can grow in various regions

worldwide, it thrives best in hot, sunny, and humid climates.

The dye yields clear blues that range from a pale sky tint

to a deep navy, nearly black. Indigotin (the dye component

of indigo powder) is insoluble in water. To use it for dyeing

it must be reduced to a water-soluble form. All indigo

vats need three things:

1) Indigo         2) A reducing agent        3) A Base.

Indigo Henna Vat:

To make a 10L vat, use

– 30g indigo, 60g calx (base) and 90g henna

(reducing agent)

– Boil henna in 5L of water for 30 mins. Let it cool

and sieve. Keep the clear henna water aside.

– Add about 1-2 tbsp of water to calx and let it

hydrate.

– Add 1-2tbsp of water to indigo and let it hydrate

as well.

– Take a bucket with 5L hot water. Add henna

water, calx and then indigo.

– The top layer of the vat appears blue and the

liquid inside is a yellowish green. and slowly a

cluster of bubbles floating on top called the ‘indigo

flower’ form.

– Dip the scoured fabric in slowly and dip for 10/

20/30 seconds.

– Take it out and wring the excess and dip it in

another pot of cold water to prevent stains (Fig.

9 and 10).

Bundle dyeing:

Bundle dyeing with leaves and flowers is a natural

Fig. 9 : Indigo dye Fig. 10 : Indigo flower on

top of the vat

dyeing technique that involves arranging plant materials

on fabric, rolling it tightly, and then steaming or simmering

it to transfer the colours and patterns from the plants

onto the fabric. This method captures the intricate shapes

and vibrant hues of the leaves and flowers, resulting in

unique, one-of-a-kind designs. Flowers, leaves and other

plant parts that are rich in tannins produce best results.

Mordant step 1:

Mix alum, iron sulphate, baking soda and vinegar

with water. Keep the fabric in for 10 minutes. Dry the

fabric.

Mordant step 2:

Mix calcium carbonate with water and submerge

the fabric for a few minutes. Wring out excess and

proceed to bundle dye (Fig. 11).

Fig. 11 : Bundle dyeing with rose, blue pea, hibiscus, amla

leaves, neem leaves, pomegranate

Silhouette and Range Development:

The next stage in the development of the collection

commenced with the exploration of silhouettes. Extensive

research on trends and forecasts for upcoming seasons

was conducted to inform this process. The silhouettes

were designed with careful consideration of this research,

as well as the collection’s unique and fresh narrative.

EXPLORING THE POTENTIAL OF FLAT KNITTED TEXTILES DYED WITH NATURAL DYES & PLANT WASTE
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The selection of the final five silhouettes was a

meticulous process involving extensive exploration of knit

swatches, pattern making, and the derivation of various

colours using natural dyes. Pattern making and garment

construction methods were rigorously explored. This

involved developing patterns that could be seamlessly

integrated into the knitting process, thereby minimizing

fabric waste. Various construction techniques were tested

to ensure that the garments would be both structurally

sound and visually appealing.

After thorough exploration and experimentation, the

final five silhouettes were chosen. These designs were

selected based on several key criteria:

Minimal Waste Production:

The knitting techniques employed ensured that fabric

waste was kept to an absolute minimum.

Wearability:

The silhouettes were designed to be comfortable

and practical for occasion wear, ensuring that they would

appeal to a broad audience.

Inclusivity:

The designs were developed to accommodate

various body types, sizes, and genders, promoting

inclusivity and accessibility.

Trend-Forwardness:

The final silhouettes were aligned with current and

upcoming fashion trends, ensuring that the collection would

be relevant and appealing in the contemporary fashion

landscape (Fig. 13).

Initially, 20-25 designs were explored (Fig. 12) before

narrowing down to the final five.

Fig. 12 : Silhouette exploration

Fig. 13 : S/S 25 Range plan

Range Plan Execution:

Using the selected five designs, the appropriate dyes

and swatches were shortlisted based on the explorations

conducted. The corresponding CPI (courses per inch)

and WPI (wales per inch) were calculated to match the

desired measurements of the finalized silhouettes and the

knit programming for each panel on the Apex system

was then initiated. These measurements guided the

Fig. 14a-14e: Look-wise collages documenting the

culmination of the five looks

14 (a) 14 (b)

14 (c) 14 (d)

14 (e)
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creation of the final panels with the allocated structures.

The length of the panels was determined by summing up

the wales per inch, while the number of courses indicated

the width of a panel. All the panels of the ensembles

were programmed, knitted, hand dyed with the desired

natural dyes and then linked (Fig. 14 a-e and Table 3).

Conclusion:

The “Barefoot in the Park” collection underscores

the necessity for a paradigm shift in our relationship with

nature and our approach to fashion. While the use of

natural dyes offers a more sustainable alternative to

synthetic dyes, it comes with its own set of challenges.

The unpredictability of natural dyeing, variations in colour

Table 3 : Detailed description of the final looks 

LOOK NO. Yarn Knit Structure Dye Stuff  

Top Hemp/cotton 55/45 (1/26 Nm) 

and cotton (2/30 Nm) 

Bind off and lace LOOK1 

Bottom  Cotton (2/30 Nm) Interlock 

Onion peels 

Top Cotton (2/30 Nm) Single jersey with shaping Base- onion peels 

Eco print- Pomegranate, blue 

pea flower, hibiscus 

LOOK2 

Bottom  Cotton (2/30 Nm) 

Trim for inlay- boucle and 

cotton slub  

Interlock and single jersey 

7 gauge inlay (belt) 

Indigo  

Top LOOK3 

Bottom  

Hemp/cotton 55/45 (1/26 Nm) emboss Indigo+ marigold 

Top Bind off LOOK4 

Bottom  

Cotton (2/30 Nm) 

rib 

Indigo+ marigold 

Top 7 gauge inlay, interlock (hood) Indigo 

Indigo+onion peels (hood)  

LOOK5 

Bottom  

Cotton (2/30 Nm) 

trim for inlay- boucle and 

cotton slub Interlock, 7 guage inlay(skirt) 

Rib(boot covers) 

Indigo+onion peels 

LOOK 1 LOOK 2 LOOK 3 LOOK 4 LOOK 5

consistency, and the limited range of available hues can

pose significant difficulties (Che and Yang, 2022)

Additionally, sourcing raw materials sustainably and

ensuring that the dyeing process itself does not harm the

environment are critical considerations.

Despite these challenges, the benefits of embracing

natural dyes and flat knit production far outweigh the

drawbacks. These methods not only reduce pollution and

waste but also foster a deeper connection to the natural

world, aligning with the principles of slow fashion and

slow living. Slow fashion emphasizes quality over quantity,

advocating for more thoughtful and deliberate

consumption patterns. By adopting slow fashion practices,

we can mitigate the environmental impact of the fashion
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industry and move towards a more sustainable future.
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