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A MISTAKE THAT
CHANGED THE WORLD

In 1856, while on vacation from London’s Royal College of Chemistry, 18-yearold William Henry Perkin stumbled on a chemical reaction that would revolutionize the world. While attempting to make quinine, an antimalarial drug
produced by the cinchona tree (you can meet our Cinchona officinalis in the Palm
House), Perkin instead produced the color aniline purple (later called mauve)
from chemicals derived from coal tar.
This occurrence marked the first time a dye was produced synthetically and the
event would shape the future of the textile industry. In 1857, Perkin opened a
dye factory at Greenford Green, near London, to produce mauve-colored silk and
other textiles.
Prior to Perkin’s discovery, all dyes were derived from natural products: plant
leaves, roots, fruits, insects, and even some mollusks. The dyeing process was
labor-intensive and could be imprecise owning to variations of the materials.
Synthetic dyes opened the door to a more predictable, efficient, and cost-effective
system of textile manufacturing, and ultimately would go on to aid in the Industrial Revolution.
Today, although nearly all commercially produced textiles are synthetically dyed,
a strong interest in natural dyeing remains. As we learn more about the environmental toll of the synthetic dye industry, many people view natural dyeing as an
environmentally friendly alternative, while still others celebrate its long history
and its beauty.
The Art & Science of Dyeing opens a small window into the fascinating world of natural dyeing, showing the incredible colors that can be produced by plants, some
of which may be growing right near you.

PLEASE TOUCH.
Linen
We encourage you to touch the
Linen is a fabric made from the cellulose containing fibers
textiles and examine the fabrics. of the flax plant (Linum usitatissimum). Flax yields a strong,
absorbent fiber known for its breathability, making linen a
popular choice to wear in hot and humid weather.
Please leave them as you found
them and do not tug on them, as
Silk
we want to keep them hanging for Silk is a protein fiber composed primarily of fibroin. Commercial silk comes from cocoons spun by the mulberry
silkworm, Bombyx mori. As the name suggests these silkeveryone to experience!
As you explore, you will see three
fabrics represented.

worms feed exclusively on mulberry. In particular, they feed
on leaves of the white mulberry tree, Morus alba.

Wool

Wool is a protein fiber produced by hairy mammals such
as sheep and goats. Other wool producers include camels,
llamas, and some rabbit breeds. Wool fabric is known for
retaining warmth and drawing away moisture making it
popular in cold, wet climates.
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TYRIAN PURPLE

A ROYAL COLOR FROM
A MARINE SNAIL
Perhaps the most famous natural dye of ancient times
was Tyrian purple. It was produced by the Phoenician
people who lived along the eastern Mediterranean coast
in what is now Syria, Lebanon, and northern Israel. This
rich purple colorant was produced by the mucus glands of
several species of Murex shellfish, a type of marine snail.
The dye was reportedly such a sought after color that
the Phoenician city of Tyre was largely supported by
the export of purple-dyed materials.1 Wearing this color,
which was impossible to produce with other natural dyes
available at the time, showed the wealth and power of
the wearer. During the height of popularity, Tyrian purple
textiles cost more than gold. In Rome, purple became the
royal color as emperors and statesmen purchased Phoenician textiles.

Front Image
Portrait of Justinian I, flanked by his attendants, wearing a
Tyrian purple robe, in the Basilica of San Vitale, Ravenna.
Courtesy of Roger Culos.
Ink: Designed by Freepik

Humans have been using natural materials as
dyes and colorants for thousands of years, but
why? Why spend the time and energy needed
to dye textiles?
The answer is surprisingly complex. While fashion may be part of
the answer, colors hold deep cultural symbolisms, which have often
developed over thousands of years. Certain colors may have spiritual or religious meanings; others may be associated with emotional
states such as grief, happiness, passion, or contentment.
Just as with goods like spices, pottery, and jewelry, dyed textiles
have historically been closely connected to local economies. Today,
we may take for granted the incredible range of colors in the fabrics
around us. But ready access to vibrant reds, purples, greens, blues,
and yellows did not always exist. As global trade increased over
human history, so did exposure to new goods, which in turn created
cross-cultural demand for these items.
Unique dyed textiles have long been status symbols, denoting
wealth, privilege, and prestige, as purchasing these goods was reserved for the wealthy few, owing to their limited supply and high
cost. While the sale of these textiles sustained certain business
owners and merchants, the actual production of them often came
at the expense of the laborers, many of whom were enslaved. In
this way, the history of dyeing is intertwined with the history of
oppression. It is also a history of humans using natural resources as
commodities, turning plants and animals into products for financial
gain, often at the cost of the natural world.
As you look at your clothes, imagine for a moment the many resources they took to produce, from the growing and synthesizing of
raw materials, to the hands that worked to create the colors, cuts,
and stitches that make up your clothing.

WOAD

Isatis tinctoria
All the Britons dye their skin with woad, which produces a blueish [sic] colour and
makes them appear horrifying in
battle.
—Julius Caesar describing the Brittani, an ancient Celtic tribe7
For years scholars believed that woad, Isatis tinctoria, also called dyer’s
woad, was the source of the blue colorant worn by the ancient Britons.
The common translation of Caesar’s writings, which you can read above,
is most likely behind this pervasive belief.8
Scholars who revisit the original Latin, which reads, “Omnes vero se Britanni vitro inficiunt, quod caeruleum efficit colorem” have offered another
interpretation.9 The vitro inficiunt could translate instead to “stain/dye with
glazes,” or “infect themselves (or ‘work into themselves’) with glass” indicating that glass was used to prick skin for tattooing.10
While it is fun to believe that the humble woad has such an exciting history, we may never know the exact role it served on the Celtic battlefield.
What we do know is that woad has played a very important historical role
as an economic crop.
This illustration was produced by Theodor De Bry in 1588 and was later
hand-colored by an unidentified artist. It is titled ‘The True Picture of a
Women Picte.’ The Picts were tribal people from eastern and northern
Scotland who were culturally related to the Celts. Courtesy of the Paul
D. Stewart Collection. Accessed: https://commons.wikimedia.org/wiki/
File:The_True_Picture_of_a_Women_Picte.jpg

The story of woad is really the story of two plants: true indigo (Indigofera
tinctoria) and woad (Isatis tinctoria). When processed correctly, both produce the chemical indigotin, which is ultimately responsible for the deep
blue pigment called indigo. But while true indigo was historically the blue
of choice in China, tropical Asia, and parts of Africa, woad was the darling
of Europeans, who brought it with them when they colonized the Americas.11
Today, woad can be found growing throughout North America. It is an
aggressive plant in some environments and has been banned as a noxious
weed in many western U.S. states, though it remains legal to grow in all of
the New England states.

NOTES
7. Gillian Carr, “Woad, Tattooing And Identity In Later Iron Age And Early
Roman Britain.” Oxford Journal of Archaeology 24 no. 3 (2005): 278.
8. Carr, 278.
9. Carr, 278.
10. Carr, 278.
11. Carr, 278.
12. William Varga and John Evans, “Dyer’s woad: from cultivated - to
cursed.” Utah Science 39 (1978): 87.

MADDER

Rubia tinctorum
Madder is a dull, even weedy plant with a secret. Its top growth is scratchy and
sprawling, with whorls of plain green leaves and clusters of pale little flowers, but
underground its tangle of pencil-thick woody roots are bright red inside.
—Rita Buchanan, A Dyer’s Garden12
Are you a patient person? In the 17th century, if you wanted to produce
the famous red color yielded by the Turkey red dyeing process, you would
need to be very patient. This dyeing process could take weeks and involved
(among other things) lye, olive oil, oh . . . and sheep dung. The vibrant red
cotton produced through this process used madder (Rubia tinctorum), an
unassuming plant with a red colorant in its roots.
Madder has been used since ancient times to produce a range of dyed reds,
not all as famous as the red produced by the Turkey red process. Ranging
from southeast Europe to the Himalayas, Rubia tinctorum was widely cultivated across Europe and eventually introduced into the Americas and
Africa.
The Lady and the Unicorn is a series of six tapestries woven
in Belgium from wool and silk around 1500. Madder features
heavily as the red colorant present in all of the tapestries.
Art historians believe that five of the tapestries represent the
senses touch, hearing, sight, smell, and taste, while the last
tapestry may show a sixth sense, the definition of which is
debated today. Courtesy of Musée national du Moyen Âge. Accessed: https://en.wikipedia.org/wiki/The_Lady_and_the_Unicorn.

Though madder was a popular red colorant in much of the world, it did
have a significant competitor, which came in the shape of a small parasitic scale insect called the cochineal. The cochineal feeds on cactus in the
genus Opuntia (see this genus in the hardy cactus display outside Lyman
Plant House) and has been harvested throughout history as a source of
red dye. Europeans first learned of cochineal in 1523 when Spanish conquistador Hernán Cortés noted its use as a dyestuff by the Aztec and
Mayan peoples. By 1540, cloth merchants in Antwerp were purchasing
cochineal powder.13 Cochineal produced a cleaner, more vibrant red than
madder, but it was expensive to come by, taking some 70,000 dried insects
to produce just a pound of dye.14
Ultimately, the competition between madder and cochineal proved irrelevant, as a synthetic dye supplanted them both in the textile industry.
By 1868 Carl Graebe and Carl Liebermann produced a synthetic form of
alizarin, the primary chemical responsible for the red coloring in madder.
Beginning in the 1870s and continuing through the 1880s, the use of
madder as a textile dye steadily declined in many major industries.15 While
commercial production of madder has faded, the use of cochineal in food
and cosmetic products continues today.

NOTES
12. Rita Buchanan. A Dyer’s Garden: From Plant to Pot—Growing Dyes
for Natural Fibers. (Loveland, CO: Interweave Press, 1995), 52.
13. Su Grierson, The Colour Cauldron (Scotland: Oliver McPherson Ltd.,
1986), 198.
14. Amy Butler Greenfield, “The Bug That Had the World Seeing Red,”
Smithsonian.com, December 29, 2016, www.smithsonianmag.com/innovation/bug-had-world-seeing-red-180961590.
15. Judith Lopez, “The transition from natural madder to synthetic alizarin in the American textile industry, 1870-1890,” (PhD Diss., Iowa State
University, 1989).

MARIGOLD
Tagetes species

If you happen to find yourself in India during the festival of Diwali, you
can’t help but notice the marigolds. These yellow, orange and sometimes
white flowers omnipresent over the five days of the festival are used both
as decorations and as religious offerings.
Though deeply integrated in numerous Indian traditions, marigolds (Tagetes spp.)actually originated from Mexico, where they hold their own
cultural significance. Historically they were revered by the Aztec people,
who believed the flowers had powerful medicinal qualities.20 Today marigolds continue to feature heavily in the Mexican tradition of Día de Muertos or Day of the Dead. Known as the flower of the dead or flor de muertos,
marigolds (cempasúchil) are believed to attract the souls of the dead and are
used to decorate ofrendas, temporary altars constructed to honor passed
loved ones, as well as graves.21
Marigolds have also been adopted by the Catholic church, hence the English name marigold, or “Mary’s gold.” Interestingly, the name marigold
was originally attached to the pot marigold or Calendula officinalis, an entirely different flower than what you see here.22

Strung throughout the gallery are various species of Tagetes marigolds
including Tagetes erecta and Tagetes patula, whose dried flowers produce the
vibrant mustard color seen in these textiles. Marigolds are a commonly
planted annual throughout New England with a distinctive smell that is
believed to keep certain pests away. For this reason, they are often interplanted among other plants as a form of IPM, or integrated pest management. Marigolds are easy to grow and produce abundantly, making them a
wonderful choice for natural dyeing projects.

NOTES
20. Ebony Porter, “The Meaning of Marigolds,” Buchanan’s Native Plants
Blog, October 29, 2014. https://buchanansplants.com/the-meaning-ofmarigolds/
21. Porter, https://buchanansplants.com/the-meaning-of-marigolds/
22. Porter, https://buchanansplants.com/the-meaning-of-marigolds/

Image
Tofin. Mother Mary with marigolds. Accessed: https://www.pexels.com/
photo/mary-mother-mary-1451316/

WELD
& WOAD
Reseda luteola &
Isatis tinctoria
While our cloth may not conjure up images of Sherwood Forest,
myth has it that the distinctive dark green outfits of Robin Hood
and his merry men were produced in the same way. While we may
never know the full truth behind that legend, we do know that
Vermeer’s famous painting, Girl with a Pearl Earring made use of
paint tinted with weld which was then mixed with indigo, creating a notable finishing glaze. Just as the textile industry depended
on the production of natural dyes, so too did artists who relied on
the natural colorants to create their works.
As with mixing paints, overdyeing, or the process of dyeing a fiber
first one color and then another, opens the door to ever more color possibilities.

This image of Robin Hood depicted here is from a
promotional poster of Frederick Warde's production
of Runnymede created by William Greer Harrison in
1895. Courtesy of the Library of Congress. Accessed: https://www.loc.gov/item/2014636140/

Vermeer's painting, Girl with a Pearl Earring, painted
in 1665. It is not a portrait, but a ‘tronie,' a Dutch
word for a painting of an imaginary figure depicting
a character type. Courtesy of the Mauritshuis. Accessed: https://artsandculture.google.com/asset/
girl-with-a-pearl-earring/

MADDER
& WELD
Rubia tinctorum &
Reseda luteola
Legend has it that weld, Reseda luteola, was the colorant used to
dye the yellow robes of the ancient Roman Vestal Virgins, six
young women who served as the priestesses of Vesta, the Roman
goddess of home and hearth.16 These women were tasked with
keeping the sacred fire of Vesta ever burning in her temple and
were highly revered in Roman culture.
Weld, also known as dyer’s weld or dyer’s rocket, is a biennial,
meaning it takes two years to complete its life cycle. In its first
season it grows vegetative structures, forming roots and a rosette
of leaves near the soil. During the following season, it develops an
elongated stem, flowers, and seeds.

Dedication of a New Vestal Virgin, painted by Marchesini, Alessandro (16641738) in the first quarter of the 18th century. The painting shows a new Vestal
Virgin being dedicated to the goddess in the Temple of Vesta. Above the sacrificial altar, around which the priestesses have gathered, the goddess Diana
is seated on a cloud. Courtesy of the Hermitage Museum. Accessed: https://
www.hermitagemuseum.org/wps/portal/hermitage/digital-collection/

Weld has been an important economic crop for much of history.17 It was widely cultivated in Europe during the Middle Ages
and was the most used yellow dye in Europe until being replaced in the 18th century by quercitron, a yellow dye derived
from the bark of the North American native black oak tree
(Quercus velutina).18 Black oak was considerably less expensive
to obtain than weld, and its ready supply in Georgia, Pennsylvania, and the Carolinas made it a good export commodity for
British colonists.19 Today, weld remains a popular dye among
natural dyers as it produces a range of yellow hues and is extremely fade resistant.
Here we see the combination of weld and madder, which yields
orange. To learn more about madder (Rubia tinctorum) head to
the red textile.

NOTES
16. John Cannon, Margaret Cannon, and Gretel Dalby-Quenet,
Dye Plants and Dyeing. (Portland: Timber Press, 1994), 110.
17. Rita Adrosko and Margaret Smith Furry, Natural Dyes and
Home Dyeing. (New York: Dover Publications, 1971), 37.
18. “Weld dye.” In Conservation and Art Materials Online, May
26, 2016. Accessed August 20, 2019. http://cameo.mfa.org/
wiki/Weld_dye.
19. Adrosko, 33.

When you hear “natural dyeing” you
might think it sounds, well, natural.
While natural dyeing does make use of naturally occurring raw
materials rather than synthetic dyes, the process itself often relies
on chemical reactions that would not happen naturally without our
help. Some of the products used are very toxic and can be hazardous to both the person dyeing and the environment. The natural
dyeing process also uses a considerable amount of water and can
produce a range of waste products.
Still, the natural dyeing process is often much less toxic than
the one used to produce synthetically dyed fabric, which typically involves chemical compounds very harmful to humans. These
chemicals include mercury, lead, chromium, copper, toluene, and
benzene. For people working to produce synthetic dyes or textiles
dyed with them, exposure over time can have severe impacts on
their health.
Today, the commercial dyeing industry also has significant environmental impacts. Water pollution can result from their manufacture,
as dye products are often dumped directly into bodies of water outside of factories, as happened historically in New England rivers.
There have been recent reports of rivers in both China and India,
where many U.S. textiles come from, turning color as dye products
are disposed of directly into the waterways.
It can be hard to know how to reduce our own impact but the easiest way may be to help your clothes, both naturally and synthetically dyed, to last longer. Wash them less without harsh chemicals,
repair minor blemishes, and embrace the way fabrics change over
their lifetime.
For more resources on sustainable and ethical
fashion check out this site provided by Kent State
University by scanning the QR code:

MORDANTS & THE
SCIENCE OF DYEING
Have you ever spilled food or drink on your clothes that resulted in a stain? Dyeing fabric
is a bit like staining a shirt. However, there is much more chemistry involved to get the
color to remain on the fiber.
BONDING
Our world is composed of bonded molecules. For example, H2O, the chemical formula of
water, is the result of two hydrogen atoms (represented by the letter H in chemical formulas) bonding with one oxygen (O) atom.
Bonds allow the colorants in dye to adhere to fiber. A stain resulting from coffee spilled
on a white shirt is an example of molecules in coffee fixing to the molecules in the cotton
shirt. The bond is weak, which allows us (if we are quick!) to wash the stain out of the
shirt.
When dyeing fabrics, we want the colorant to adhere in a much stronger way. Since
colors tend to fade when exposed to light and repeated washing, dyers use mordants
(oftentimes along with an assist) to produce textiles that are both lightfast and washfast,
meaning they are more resistant to fading from sun exposure and laundering.
MORDANTS
Though some dyes are able to bond with a fiber (woad, for example, can form a physical
bond with fibers all on its own) most plants need a mordant. Mordants are water-soluble
metal salts, compounds formed when the hydrogen of an acid is replaced by a metal.
Mordants work by forming chemical bonds between dye molecules and the fibers themselves. Examples of mordants include: aluminum sulfate, copper, tin, iron and chromium.
FIBER
The chemistry of natural dyeing is complex and is highly specific both to the chemicals in
the plant and to the specific fibers being dyed. Protein fibers, those of animal origin like
wool (sheep) and silk (silkworms), work best with certain mordants while cellulose fibers,
those of plant origin like cotton and linen, work best with others. Natural dyes are rarely
used to dye synthetic fibers.

ASSISTS
At times other chemicals are used in the mordanting process. These are called assists.
The type of assist a dyer chooses depends heavily on the fiber used. Cream of tartar, for
example, is often used with protein fibers to make the mordanting process more acidic,
which is better suited to wool. Tannins, which can be extracted from tree bark, pine cones
and acorns, can act as a bridge between mordants and cellulose fibers. Wood ash and
urine are sometimes also used as assists.
WHAT TO CHOOSE
Choosing your mordant depends on a number of factors including your final desired color
and the fiber you are working with. Mordants impact the color of your dyebath. Weld, for
example, can range from bright yellow when used with tin as a mordant to green when
used with iron as a mordant. There are countless combinations of fibers, mordants, and
assists, each yielding a specific color.
TRYING IT FOR YOURSELF
As you can see, many, many factors go into producing dyed textiles. While it can take
many years to master the process of producing fade-resistant, rich, and consistent colors, anyone can begin experimenting for themselves.
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Eliza Lucas brought indigo to South Carolina,
but she didn’t grow it alone.
In 1738, the year she turned 16, Eliza Lucas moved from Antigua,

where she was born, to the 600-acre slave plantation of Wappoo in South
Carolina, which her family inherited from her grandfather. The plantation
was named for the stream that ran through it, which provided irrigation,
transportation, and water for dye making. Wappoo Creek, in turn, was
named for the indigenous people who inhabited the land before European
colonists introduced diseases that decimated their populations.2
When her father was called back to serve as the lieutenant governor of
Antigua, sixteen-year-old Eliza was left to manage Wappoo, along with two
additional plantations her father had purchased, and the enslaved people
living on them. At the time, the plantations were economically faltering,
but Eliza, a self-taught botanist and enthusiastic horticulturist, was deeply
committed to their financial success.
In 1739 she began experimenting with growing indigo plants, hoping to
find a species that would thrive in South Carolina. In 1740 her father sent
her seeds of Indigofera tinctoria from Antigua, and it was these seeds that
helped transform South Carolina’s economy.
Though Eliza was one of many persons interested in developing indigo as a
cash crop in the American colonies, she is credited with truly establishing
it in South Carolina. After years of experimentation and multiple failures,
she produced her first successful crop in 1744. By the 1760s indigo dye had
become the second most exported cash crop of South Carolina (rice being
the primary export).
Though Eliza was a talented plantswoman in her own right, historians believe that one man in particular was instrumental to the successful cultivation of indigo on the Wappoo plantation.3 This man, whose name is recorded as Quash (later he was called John Williams), was owned by the Lucas
family. We know every little about Quash’s life. What we do know comes
mostly from Eliza’s letters to her father and family.

Quash was a talented carpenter whose woodworking and horticultural
skills were key contributions to the success of the plantations. Quash was
freed in 1750 and would go on to own land of his own.
In fact, the indigo industry was fueled by enslaved people, many of whom
were abducted from West African countries with their own histories of
indigo dyeing.4 These men, women, and children not only constituted the
forced labor used for the planting, harvesting, and processing of indigo, but
also provided technical, artistic, and horticultural knowledge to an industry
from which they were not allowed to profit.5 Additionally, enslaved Native
Americans also worked the plantations. These men and women were not
only stripped of their freedom for the benefit of the slave-based agriculture
of South Carolina, but also lost their ancestral lands.6
Though eventually surpassed by rice and by cotton (which by 1850 was
South Carolina’s most important cash crop), indigo left its mark on United
States history, notably as the blue in the original American flag and later as
the dye in the first blue denim pants patented by Levi Strauss in 1873, now
known as blue jeans. But the more haunting legacy of indigo in the United
States is one of lost land and the enslavement of men, women, and children
whose forced labor built the commercial industry.

No portrait of Eliza Lucas Pinckney is known to exist, but three of Eliza’s
dresses have survived. According to historical records, the silk for this
gown was made from silkworms raised on the Lucas-Pinckney plantation. Courtesy of the National Museum of American History. Courtesy of
the Gibbs Museum of Art. Accessed: https://americanhistory.si.edu/collections/search/object/nmah_361871
Indigofera tinctoria, commonly called true indigo, is in the
Fabaceae (bean) family. The indigo colorant is produced from
its leaves. Courtesy of the University of Florida. Accessed:
https://etc.usf.edu/clipart/29700/29764/indigo_29764.htm

NOTES
2. Andrea Feeser, Red, White &
Black Make Blue: Indigo in the Fabric of Colonial South Carolina Life,
(Athens, The University of Georgia
Press, 2013), 101.
3. Feeser, 102.
4. Feeser, 7.
5. Feeser, 102.
6. Feeser, 74.

An engraving of enslaved people working on a Caribbean plantation producing natural blue dye from indigo
plants. The leaves of the indigo were soaked and fermented in bins to extract the blue dye, which was then
processed further into blue powder. French engraving. 1667. Courtesy of the Everett Collection, Inc. Accessed:
https://www.alamy.com/stock-photo-slaves-and-their-overseer-working-on-a-caribbean-plantation-producing-50046418.html

Explore dye plants in our outdoor collection by taking a self-guided tour of the

Happy
Chace ’28
Garden
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