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Abstract: Ethnographic sources from Finland and Estonia in the 18th to early 20th centuries
often mention alder bark as a dye source. The bark of grey alder (Alnus incana) and black
alder (Alnus glutinosa) was used to dye wool and linen yarns reddish, paint leather red, and
darken linen fishing nets. These recipes were simple folk craft and are not represented in
dye books. Combining various sources, a selection of ethnographic and historical recipes
was reconstructed through dyeing experiments to deepen the knowledge of alder bark
dyeing practices and to recreate a colour palette based on past recipes. To understand the
properties of the alder bark dye, the dyed textile samples were tested according to the
ISO standards for washing, rubbing, and light fastness, and colour was recorded with the
CIELab values. Our results show that it was possible to obtain different shades of brown,
reddish brown, and dark brown. The colour fastness of dyed wool samples was moderate
or good. Slight colour changes in the washed samples compared to the untreated ones
were observed, which can be due to the standard’s heavily alkaline detergent.

Keywords: alder bark; traditional dyeing; ethnographic recipe; sunlight exposure; birch
ash lye; light fastness; ISO textile standard

1. Introduction

Ethnographic sources from Finland in the 18th to early 20th centuries mention alder
bark as a source for red, brown, and black colour for wool, cotton, and linen. Bark was
collected from grey alder (Alnus incana) and black alder (Alnus glutinosa).Of these two
species, grey alder grows all over Finland except the highest fells. It is the only alder
species growing in Lapland. Black alder grows in milder climates in central and southern
Finland. Hydrolysable tannins, flavones, flavonoids, proanthocyanidins (i.e., condensed
tannins), and derivatives of diarylheptanoids have been detected in alder bark, cones, and
leaves [1,2].

In Finland, only the ethnographic data mention dyeing textiles red and reddish brown
with alder bark and knowledge about how to dye plant-fibre fishing nets. Alder bark dyeing
was mostly a craft of rural people with long traditions [3-5]. Alder bark is not mentioned
as a dye source in the first dye books available in Finnish. These books contained recipes
for imported dyes such as indigo, madder, logwood, and sandalwood [6-10]. Dyeing with
alder bark was first mentioned in 1905 in four recipes for wool yarns in a dye book written
by weaver Alina Hellén and based on the Norwegian dyeing tradition [11,12]. However,
these recipes were aimed at textile and rug designers.
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To understand the old rural dyeing practices with alder bark, we reconstructed
12 ethnographic alder dye recipes. Of these, eleven recipes were used to dye textile
material with alder bark, and one recipe was used to examine how alder bark dye behaved
on leather. The properties of the dyed materials were tested for washing and light fastness
to understand the dye’s durability and behaviour more deeply. Accordingly, the alder
bark-dyed wool yarns and fabrics, as well as cotton and linen yarns, were tested for their
colourfastness according to the ISO standards (The International Organization for Stan-
dardization) for rubbing, laundering and light. The colour was measured according to the
CIELab method. Previously, ethnographic alder bark recipes have not been examined with
this intensity.

2. Materials and Methods
2.1. Ethnographic Recipes

Twelve ethnographic alder bark recipes were selected for this study. These recipes
are based on our archival research focusing on Finnish and Estonian ethnographic sur-
vey data from the 1920s to the 1940s that are currently available as handwritten notes
in the collections of The Institute for the Languages of Finland (KOTUS), the Finnish
Literature Society (SKS), and The Archive of the Estonian Dialects and Finno-Ugric Lan-
guages at the Institute of the Estonian Language (EMSUKA). We also used ethnographic
publications [13-16] from Finnish and Swedish Lapland. Because many of the recipes are
incomplete, we carried out practical dyeing experiments to recreate and examine the colour
palette of the alder bark hues that had been available in the past.

The Finnish recipes do not distinguish clearly between black and grey alder, although
occasionally when the species was mentioned, it was black alder. In recipes from Finnish
and Swedish Lapland, grey alder was mentioned as a source of red dye for leather [15]. In
the first Finnish herbarium Flora Fennica, published in 1866, black alder was mentioned as
being suitable for dyeing red and black [17] (p. 305). In the Estonian sources, only black
alder bark was mentioned as being suitable for dyeing red [18]. Grey and black alder were
understood amongst rural people in Finland as two different species, and they had distinct
names for these two, but the names varied and occasionally were used interchangeably
in different villages. In the ethnographic records, often only the generic word ‘alder” is
provided, without any specification of accurate species, so we assumed that the properties
of black and grey alder are close to each other.

The ethnographic survey data collected from Finland and amongst the Finnish speak-
ing Forest Finns of Sweden, describing how to darken fishing nets, included several recipes,
but exact knowledge for dyeing red with alder bark was almost forgotten. Thus, Finnish
recipes were supplemented with archival research data from Estonia. As no ethnographic
recipe contained an accurate ratio of bark and liquid or boiling times or instructions for
making wood ash lye, we recreated some recipes using knowledge from Finnish dye
books [12,19,20]. Details of our experiments and their historical sources are presented in
Table 1 and transcriptions and translations in Appendix A.

Wool, cotton, and linen yarns were used for dyeing, and painting was performed
on elk and sheep leather. Wool fabric was Huvi tabby that was woven of Scholler Sport
Loden Nm28/2 yarn by TaTe Team, Finland; linen yarn was undyed Veera from Lankava,
Finland; wool yarn was organic Finnsheep yarn of Kallioméki farm, Finland; cotton yarn
was Aura of Novita, Finland. Alum, cream of tartar, and iron sulphate were from Tetri
Design, Finland.

Experiments were performed in Ivalo, in northern Finland, where grey alder was
the only species available. For recipes 1-6, grey alder bark was collected in April 2023 by
whittling, and then it was dried and stored in paper bags. For recipes 7-12, grey alder bark
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was collected and dye baths prepared in early June on a sunny day, when the tree sap was
running and the bark was easy to peel (Figure 1a—c). In a Finnish ethnographic source from
this time, this was known as “leppd piimii” [21], which could be translated as the alder tree
is with milk. This alder bark was used as fresh for dyeing directly during the harvest day.

Figure 1. Alder bark dyeing preparations. (a) Peeling grey alder. (b) Grey alder bark turns reddish
after peeling. (c) Grey alder bath.

Birch ash lye used in the experiments was prepared by placing 300 g of birch ash in
a plastic bucket and pouring 8 litres (L) of boiling water over it [19]. After 24 h, the birch
ash lye was sieved into a container. The pH value of the liquid was 13. To summarise the
dyeing experiments, alder bark was either soaked in birch ash lye for weeks or boiled in
water as fresh or after drying. The Finnish ethnographic sources do not reveal what kind
of pots were used for alder bark dyeing, but darkening fishing net in a wooden vessel
with hot stones is mentioned in a Finnish source [22], and a wooden tub has also been
described in the Estonian sources [18] (Recipe 8). In our experiments, Recipes 1-7 were
carried out in plastic buckets and a stainless-steel kettle, while Recipes 8-11 were carried
out in stainless-steel kettles only. The colour achieved was modified either during or after
dyeing using birch ash lye, birch ash, iron sulphate, soot from a sauna, or direct sunlight.
For producing alder paint for Recipe 12, fresh chips of grey alder bark were chewed.

Table 1. Experiments for alder bark (owf, of weight of fibre).

Dye Recipe Reference Experiment in Practice
50 g of dry bark was soaked for two

Red was dyed with bark. weeks in 1 L of birch ash lye
Red was dyed with bark when it (pH 13); after that, 3 L of water was
was a sunny day and the color 1935, Finland [23] added, and the bath’s pH was 7.

1 became dark when the weather 1936 Finland [24] Unmordanted skein of wool (20 g)
was cloudy. 1936, Finland [25] and a wool fabric piece (20 g) and
Reddish grey was dyed with bark. 1935 Finland [22] cotton yarn (20 g) were boiled in
Red, reddish, and brown were the bath for 1 h and cooled down in
dyed with alder bark. the dye bath, rinsed with water,

and dried outdoors.
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Table 1. Cont.

Recipe

Reference

Experiment in Practice

For a brown hue, alder bark was
peeled, dried, ground, and boiled;
then a fabric was boiled in the dye
bath and after treated with birch
ash lye.

1745, Finland [3]

50 g of dry bark was soaked for two
weeks in 3 L of birch ash lye (pH
13); after that, 5 L of water was
added, and the bath’s pH was 6. A
skein (20 g) and a fabric piece (20 g)
of premordanted wool (alum 12%
owf, cream of tartar 4% owf) and
cotton yarn (20 g) were boiled in the
bath for 1 h and let cool in the dye
bath. Then, the wools and cotton
were soaked for 30 min in birch ash
lye, pH 13, and then rinsed with
water and dried indoors.

Linen yarns and nets were dyed by

boiling bark in water with salt
(NaCl).

1932, Forest Finns,

Sweden [26]
1938, Finland [27]

50 g of dry bark was boiled in 8 L of
water with 1 tablespoon of salt
(NaCl) together with unmordanted
wool skein (20 g), a wool fabric
piece (20 g), and cotton yarn (20 g)
for 1 h and let cool in the dye bath
and then rinsed with water and
dried indoors.

Fishing nets were dyed with alder
bark by first boiling the bark and
then adding some birch ash.

1935, Finland [22]

50 g of dry bark was soaked for two
weeks in 3 L of birch ash lye; after
that, 5 L of water was added, and
the bath’s pH was 6. Linen yarn
(20 g) was first boiled in 2 L of dye
bath for 1 h, and then 0.5 dL of dry
birch ash was added. After 30 min,
the skein was rinsed with water
and dried outdoors.

Bark bath was boiled and
fermented for a few weeks with
rusty iron items and sludge from a
grindstone to darken fishing nets.

1902, Finland [28]

50 g of dry bark was soaked for two
weeks in 3 L of birch ash lye; after
that, 5 L of water was added, and
the bath’s pH was 6. Unmordanted
wool skein (20 g) and a wool fabric
piece (20 g) and linen yarn (20 g)
were added to the bath for 2 weeks
for dyeing and boiled at the end
and cooled down and then rinsed
with water and dried indoors.

For black and grey fishing nets,
(black) alder bark was boiled and
iron sulphate or grindstone sludge
was added to the dye bath.

1932 Finland [29]
1935, Finland [23]
1935, Finland [30]
1936, Finland [24]
1935, Finland [31]
1932, Forest Finns,
Sweden [26]

50 g of dry bark was soaked for two
weeks in 3 L of birch ash lye; after
that, 5 L of water was added, and
the bath’s pH was 6. Unmordanted
skein of wool (20 g) and a wool
fabric piece (20 g) and linen yarn
(20 g) were boiled in the dye bath of
2 L volume for 1 h, and, at the end,
iron sulphate (4% owf) was added.
After 15 min, yarns were rinsed
with water and dried indoors.
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Table 1. Cont.

Dye Recipe Reference Experiment in Practice
50 g of dry bark was soaked for two
For black fishing nets, the bark bath :ﬁk; Eljf L&i;ﬁ;ﬁéﬁ f;?
was fermented in a warm sauna the ];a th’s pH was 6. Then lir,len
7 with grmds.tone Sl.u dge, and the 1939, Finland [32] yarn (20 g) was added for 2 weeks
nets were dipped into the bath and to be dyed, boiled, and finally
wiped with the soot from sauna smeared b;r wipin’g soot from a
walls. smoke sauna’s walls and then dried
indoors without rinsing with water.
5 L of boiling water was poured on
400 g fresh bark and the bath was

For red hues, hot water was poured let rest for 2 h without a lid.

on fresh black alder bark that was Unmordanted wool skeins

in a wooden tub. Wool yarns were . (3 x 20 g) and pieces of wool fabric

8 dipped into the dye and exposed to 1942, Estonia [1] (3 x 20 g) and cotton (2 x 10 g) and
direct sunlight, repeating the linen yarn skeins (2 x 10 g) were
process several times. dipped into the bath for 5 min and

then exposed to direct sunlight for
30 min (repeated 5 times).
400 g of fresh bark was boiled in 5 L
of water for 1 h and the bath was
let rest for 2 h without a lid.
For red hues, fresh black alder bark gnfgéda)r;t;zg VZSS;SSIS?I\T\;ZOI fabric
was boiled in water. Wool yarns (3 x 20 g) an dpco tton (2 x 10 g)

9 were dipped into the dye and 1942, Estonia [18] and line%yl,yarn skeins (2 x 10 g)
exposc?d to direct sunlight, . were dipped into the bath for 5 min
repeating the process several times. and then exposed to direct sunlight

for 30 min (repeated 5 times). A

wool piece (9b) was modified with

birch ash lye as in Recipe 2.

400 g of fresh bark was boiled in 5 L

of birch ash lye (pH 13) for 1 h and

the bath was let rest for 2 h without
For red hues, fresh black alder bark ?311:1.zgrg)n:;jjgrjlz(:svgf)c‘i(s)lglellesgric
was boiled in birch ash lye. Wool (3 x 20 8) and cotton (2 x 10 g) and

10 yarns were dipped into the dye and 1942, Estonia [18] linen yarn skeins (2 x 10 g) were
exposed to direct sunlight; the. dipped into the bath for 5 min and
process was repeated several times. then exposed to direct sunlight for

30 min (repeated 5 times). A linen

skein (10b) was modified with birch

ash lye as in Recipe 2

500 g of fresh alder leaves and

twigs were boiled in 8 L of water
To darken fishing nets, fresh black Z)Vx? ;IZ ;f;ngfriir;;iiéa?ﬁ)u e

1 alder bark, leaves, and branches 1932, Forest Finns, woo’l skein (20 g) and :wool fabric
were boiled, and the nets were Sweden [26] &

added to the dye bath.

piece (20 g) and linen yarn (20 g)
and let cool in the dye bath and
then washed (i.e., rinsed with
water) and dried indoors.
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2.2. Colour Testing

The colour fastness to laundering was carried out according to standard ISO 105-
C06:2010 [33] using an Original Hanau Linitest machine (Hanau, Germany), following the
A1S procedure (10 steel balls, 40 °C for 30 min). The dyed fabric (40 mm x 100 mm in
size) was attached to a multifibre adjacent fabric (which included wool, cellulose acetate,
polyester, polyamide, cotton, and cellulose diacetate) by sewing together one of the short
sides. The washing liquid was prepared from the AATCC WOB washing detergent by
dissolving 4 g of the detergent into 1 L of water (pH 9). The relative atmospheric humidity
of the laboratory was 62%, and the temperature was 20 °C during the testing.

In the washing fastness test, both staining and colour change were evaluated. The
amount of staining of the multifibre fabric was assessed with a 9-step grey/white scale with
a numeric rating according to standard ISO 105-A03:2019 [34] (values 1-5, with 5 indicating
no staining). To assess the amount of colour change, the sample fabrics were rated with
a 9-step grey/grey scale according to standard ISO 105-A02:1993 [35] (values 1-5, with 5
indicating no colour change). This rating was performed by comparing the non-washed
and washed fabrics side to side. The CIE L*, a*, and b* colour values were measured before
and after washing using a Konica Minolta (Tokyo, Japan) spectrophotometer (illuminant
D65, CIE 10° observer) and recording the SCI (Specular Component Included) values.
This type of colour evaluation measures the total appearance independent of the surface
conditions. The colour change (AE) values were calculated with Spectra Magic NX software
(version NX2 1.50; Konica Minolta). The colour measurement of a folded wool fabric was
taken once.

The rubbing fastness test was conducted according to standard ISO 105-X12:2016 [36].
The cylindrical finger of the test device used was 16 mm in diameter, and the force used was
9 N. An exception to the standard was that only dry rubbing was performed. The relative
atmospheric humidity of the laboratory was 64%, and the temperature was 20 °C during
the testing. The rubbing fabrics were given a numerical rating for staining using a 9-step
grey/white scale according to standard ISO 105-A03 [34] (values 1-5, with 5 indicating no
colour on test fabric).

The ISO 105-B02:2014 [37] standard was used for the light fastness test following
method 2. Samples of the dyed yarns were wrapped around a non-optically brightened
white card. Parts of the specimens were masked, and the remaining parts were exposed
to the light of a Xenon arc lamp (2200W) using a James Heal Trufade light-fastness tester
(James Heal, Halifax, UK). The Xenon arc lamp has an emission profile closely matching
the D65 standard light source and mimics well exposure to natural light. Temperature and
relative atmospheric humidity were controlled during the test, at 36 °C and 45%. The cover
of the sample was removed after specific periods (8, 16, 32, 64, 128 h).

Light fastness was evaluated with a reference 8-step blue scale exposed with the
samples. The blue scale value 1 indicated very low colour fastness, while the value
8 indicated very high colour fastness. The colour of each sample was measured by CIELab
readings taken on a VeriVide DigiEye (D65 light source, 10° angle) using Digi Production
software of VeriVide, Leicaster, UK. In the CIELab colour system, the L* indicates lightness
and can obtain values from 100 (white) to 0 (black); a* indicates redness as a positive value
and greenness as a negative value; and b* yellowness as positive value and blueness as a
negative value [38]. Near 0, a* and b* values indicate the colour grey. The CIE L*, a*, and b*
values were converted to RGB-HEX values using Nix Free Colour Converter of Nix Sensor
Ltd., Hamilton, ON, Canada.
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3. Results
3.1. Dye Palette of Alder Bark Dyes

Our colour palette of alder bark dyes is presented as CIELab values and RGB colour
swatches in Table 2 (Figure 2a—c).

Table 2. Obtained colours on wool, cotton, and linen as CIELab values and visualised as RGB hues.

Recipe Material Colour Hue L* a* b*

1 wool 49.44 3.86 25.38
cotton 58.09 2.52 27.79

2 wool 34.02 9.23 29.11
cotton 65.14 1.26 12.97

3 wool 53.63 2.61 21.91
cotton 51.10 191 9.40

4 linen 55.40 3.16 12.25
5 wool 54.08 5.52 34.93
linen 42.60 0.69 10.87

6 wool 39.13 —0.66 6.07
linen 49.33 0.54 5.60

7 linen 30.62 2.96 3.88
8 wool 71.29 8.25 27.15
linen _ 52.37 15.76 32.65

wool 73.49 6.39 25.23

9 linen 56.00 8.38 24.31
wool + lye 41.19 11.59 34.20

wool 44.63 12.37 30.20

10 linen 48.04 9.72 19.55
linen + lye 48.04 9.72 19.55

11 wool 62.60 12.07 53.28
linen 61.74 4.01 26.97

On wool, linen, and cotton, a variety of shades were achieved with grey alder bark, i.e.,
brownish red (Recipe 10), orange tones (e.g., Recipes 8, 9, 11), brown colours (e.g., Recipes
1, 3, 5), as well as greyish and blackish brown colours (e.g., Recipes 6, 7). On leather, we
achieved strong reddish orange hues with Recipe 12 (Figure 3a—c).

It is interesting to note that wool and cellulose fibres, i.e., cotton and linen, had
different colour hues. In many cases, the colour in the cellulose fibres is stronger and darker
than that obtained in wool. In Recipe 1, the colour hue of wool is stronger and darker,
indicated by the lower L* values, but in Recipes 2, 3, 5, and 8-11, linen yarns are darker. The
darkest blackish colours were obtained with Recipes 6 and 7, which included use of iron
sulphate and soot (carbon black). The linen treated with soot obtained the lowest L* value
(30.62) of all samples and the a* and b* values approached zero (2.96 and 3.88, respectively),
confirming hues near grey, all supporting the black result. The colour of Recipe 6 on both
wool and linen was dark (low L* 39.13 and 49.33, respectively); a* was near zero, indicating
grey (—0.66 and 0.54); and b* revealed a yellowish tint (6.07 and 5.60), thus supporting total
colour more on dark grey and linen having an even slightly lighter hue than wool.
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Figure 2. Obtained colours. (a) Alder dyes on small hand-knotted linen and cotton fishing nets,
Recipes 1-11 left to right. (b) Recipe 9 resulted in pale orange, while modifying with birch ash lye
turned hues reddish brown. (c) Colour hues obtained on wool with Recipes 1,2, 3,5, 6, 8,9, 10, 11
from top to bottom.

Figure 3. Chewed alder bark dye. (a) Chewed bark. (b) Alder bark dyes on sheepskin: orange
on right painted with chewed bark paint, greenish patterns painted with fermented bath, reddish
patterns painted with fresh bark in birch ash lye. (c) Elk fur piece dyed with grey alder dye.

There were several reddish colours, the darkest being the ones obtained for linen
with Recipes 8 and 10, indicated by the high a* value (15.76 and 9.72, respectively) and b*
clearly indicating yellow (32.65 and 19.55). Interestingly, both recipes included exposure to
sunlight. For wool, the tones were nearly the same as for linen but were lighter, especially
for Recipe 8 (L* 71.29 for wool vs. 52.37 for linen).

The brightest orange colour was obtained on wool with Recipe 11, which included
the use of alum, obviously resulting in more brilliance in colour. This orange was bright,
indicated by the L* value 62.60, whereas the a* value of 12.07 reveals a clear red hue and
the b* value of 53.28 a strong yellow. The colour for linen in the same dye bath resulted
in a quite greyish orange, as indicated by the value of a* of 4.01 and a clearly lower b* of
26.97 vs. the 53.28 of wool, while the L* values were almost the same.
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3.2. Colour Fastness

Colour fastness to washing was evaluated as staining and colour change, the results
of which are presented in Tables 3 and 4. To summarise, in the ISO standard washing test,
staining the multifibre adjacent test fabrics was minor with the lowest value being 4/5
(scale 1-5).

Table 3. CIELab values and colour change (AE) of dyed and washed wool samples.

Recipe L* a* b* AE CC RGB
1 54.05 7.05 29.39 - -
59.07 542 29.22 5.28 4
) 39.39 8.71 32.50 - -
40.21 9.33 32.58 8.01 5
3 54.08 5.52 34.93 - -
38.67 7.41 31.24 15.96 2/3
5 54.08 5.52 34.93 - -
38.67 7.41 31.24 15.96 2/3
6 39.13 -0.66 6.07 - -
42.8 1.13 7.73 4.41 4
g 79.01 0.83 16.85 - -
68.89 6.78 22.99 13.24 1/2
9a 72.50 430 24.35 - -
67.15 5.79 25.18 5.61 3
9% 41.19 11.59 34.20 - -
41.04 8.24 31.52 4.29 4
10 33.91 11.66 24.66 - -
33.73 11.65 25.26 0.63 4/5
1 59.79 6.90 62.35 - -
50.28 16.62 58.10 14.25 3/4

Colour changes due to washing received values of 1/2 to 4/5, with minor fading or
slight darkening and reddening in the colour hues after the washing procedure (Table 3).
The reddening in washing is revealed by the greater value of a* of the washed sample
compared to the non-washed one (e.g., samples of Recipes 5, 8, 11).

The dry rubbing test resulted in slight to moderate staining of the test fabric, obtaining
values from 3 to 4/5.

Nearly all alder bark-dyed samples received light fastness of moderate (3) or even
higher. The wool dyed in the Recipe 9 dye bath obtained even, good light fastness (LF 6)
for both wool and linen (Table 4). This recipe included using fresh bark and exposing the
dyed material to sunlight. The fading slips in Appendix B show the fading rates and the
fastness grade of different dyed materials due to light exposure. The colour change after
different exposure times is presented as CIELab values and colour swatches.
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Table 4. Ratings of dyed samples for washing fastness, rubbing fastness, and light fastness.
Recipe cc Washing Fastness/Staining RE/D -
WO CA PES PA coO CDA
3/4 5 5 5 5 5 5 4 WO: 2
1 - - - - - - - - CO:2
4 5 5 5 5 5 5 3/4 WO: 2
2 - - - - - - - - CO:2
2/3 5 5 4/5 5 5 5 3 WO: 4
3 - - - - - - - - CO: 4
- - - - - - - - LI:3
2/3 5 5 5 5 3/4 4/5 4 LI:3
4 5 5 5 5 5 5 3 WO:3
6 - - - - - - - - LI:3
7 - - - - - - - - LI:3
1/2 5 5 5 5 5 5 4/5 WO: 4
8 - - - - - - - - LI:3
3 5 5 5 5 5 5 4/5 WO: 6
? - - - - - - - - LI: 6
9b 5 5 5 5 4 5 4/5 5 WO: 6
4/5 5 5 5 5 5 5 4/5 WO: 3
10 - - - - - - - - LI: 4
10b - - - - - - - - LI: 4
11 3/4 5 5 5 5 5 5 4 WO:3
11 - - - - - - - - LI: 4

CC, colour change; WO, wool; CA, acetate; PES, polyester; PA, polyamide; CO, cotton, bleached; CDA, cellulose
diacetate; LI, linen; RF/D, rubbing fastness dry; LF, lightfastness.

4. Discussion
4.1. Alder Bark Red

In our experiments, the most reddish hues were obtained when following Recipes 8, 9,
and 10. The hues achieved could be described as reddish brown and orangish reddish, but
there is no specific colour name for these hues. It is possible that when the ethnographic
data were collected in the 1930s and 1940s, the reported red, reddish, and brown colour
hues mentioned by the informants meant only one colour hue that was just named differ-
ently in different villages. Indeed, in different Finnish dialects, the word for red meant
sometimes red or brown colour hues, and the word brown had a meaning as brown or red
colour hues [39] (pp. 82-90). For example, the fox (Vulpes vulpes) was considered red, but
nowadays, its colour could be described as reddish brown [40] (pp. 640-641).

Direct sunlight was used in Recipes 8, 9, and 10 (Figure 2a—c). The exact recipes are
from Estonia, but according to ethnographic sources from rural Finland, the importance of
sunlight was also known in Finland in the early decades of the 20th century. In western
Finland, it was known that when dyeing with alder bark, a clear and sunny sky was
mandatory for bright colours, while cloudy weather gave dark hues [24]. In eastern
Finland, it was known that red must be dyed with fresh alder bark collected in early
summer when the tree sap was running and it was easy to peel the bark from trees [41]
(p- 229). In south-eastern Finland, it was reported that alder bark can give red or brown
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hues, but no exact recipe was written down [23]. From the same area, there are data
that alder bark dyeing for reddish brown and black with iron had almost vanished in the
1930s [36].

It is likely that, in Finland, alder bark red was dyed in the same way as in Estonia,
where the bark of the black alder was peeled off trees on a sunny spring or summer day
when the tree sap was running; the bark collected was then boiled in wood ash lye or water,
or boiling water was poured on the bark to free its dyestuffs [18]. Yarns were then dipped
in the dye bath quickly and exposed to direct sunlight to become reddish. When the yarns
were dry, dipping was repeated. The hue of the dyed yarns that was achieved has been
described as “not yellow, not red, but like the colour of the fox” [18]. According to the
ethnographic data collected in Latvia, some dyes were “burned” in sunlight, and this term
was applied to alder bark dyeing too [42] (pp. 118, 137, 139, 154).

A similar sunlight-using recipe was published in Finland in 1942 during World War
II, in a book with instructions on how to use domestic plants as medicines, food, spices,
fodder, and for carpentry, as well as for dyeing [43]. Accordingly, there were instructions
for dyeing linen yarns yellow with a strong bath boiled with fresh alder leaves, and after
dipping into a dye bath, yarns were dried in direct sunlight to obtain the yellow colour;
by allowing fresh alder bark to rot for a long time, it was possible to obtain orange red by
boiling the bark [43] (p. 161). Also, in Olonets on the Karelian Isthmus, fishing nets made of
plant fibres were dyed with freshly collected alder bark in a bath that was heated up with
hot stones and by adding wood ash to the bath. The nets were dyed by dipping and drying
them in the direct sunlight [several times] [44] (p. 259). In Japan and Korea, textiles have
been exposed to direct sunlight when dyeing with unripe peels of persimmon fruits [45]. It
seems that the knowledge of good dyeing practices was discovered in several places.

A warm brownish hue came with Recipe 2, in which the brown colour hue was
modified by treating dyed materials with birch ash lye. Our experiment was based on a
recipe from 1745 [3] that describes how Finns peeled alder bark, dried it, ground it, and
boiled it into a thick concoction that could be used to dye fabrics brown; if the colour was
not dark enough, the fabric could be dried and treated with wood ash lye [3]. No sunlight
was mentioned, and it remains unclear which liquid the bark was boiled in, but otherwise
the recipe reminds us of the Estonian sources used for Recipes 8, 9, and 10. Treating these
further with birch ash lye resulted in strongly reddish brownish hues (Recipes 9b, 10b),
and these became intense brownish red (Figure 2b). Concerning Recipe 2, alder bark was
possibly collected at the wrong time and stored wrongly; repeating the experiment with
fresh bark and in direct sunlight might produce a redder hue.

When we experimented with colouring leather with alder bark in Recipe 12, we were
able to produce reddish orange by following the old knowledge (Figure 3b,c). The bark
tasted quite bitter and produced a lot of saliva, which also became an ingredient of the
paint, with some amount of added water. In practice, it was difficult to depict leather
because the paint that attached immediately to the leather made it impossible to fix any
errors. Brushing paint on leather was easier and resulted in quite an even colour, as did
dipping the leather into the paint.

It seems that dyeing leather reddish with alder bark has been known in a wide
geographical area for a long time. The Sami people of Swedish Lapland painted figures
on the sacred shaman drums with boiled and mashed alder bark paint [16] (p. 119), while
leather garments, such as belts, were coloured with alder bark that was first chewed [15]
(pp. 78-79). The same was known in Inari in Finnish Lapland and amongst the Skolt Sdmi,
where both leather and bark were chewed; sometimes, skin was soaked in the alder bark
bath for days or weeks with added birch ash [13] (pp. 317, 319, 510) and [14] (p. 338). In
Siberia, among the Ob-Ugric, i.e., Khanty and Mansi areas, the leather sides of furs and fish
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skins were coloured with a paint that was boiled from alder bark and the bark of Siberian
larch (Larix sibirica) to achieve reddish-brownish hues [46] (p. 89). The Native Americans,
too, prepared red dye by chewing, macerating, and boiling alder bark [1] (pp. 425-426).

4.2. Brown, Grey, and Black Hues with Alder Bark

In our experiments, Recipe 6 was an attempt to dye fishing nets black with alder bark
and added iron, but the result was more grey than black. The result can be close to the
ethnographic dyes, as it was described that if copper sulphate or iron sulphate was added
to alder bark baths, fishing nets became dark, black, or grey [47,48]. A recipe instructed
users first to dry the alder bark and branches of bearberry in an oven, then boil them for
3—4 h and add some copper sulphate, linen yarns, and fishing nets to obtain a blackish
blue [28]. Also, darkening nets as net black was made by first boiling alder bark in a pot,
and when the dye came out from the bark, the nets and iron sulphate were added—but it
was important to avoid dyeing during a north wind [24].

Dyeing black and darkening colours with alder bark has been known for centuries in
areas where alders grow [1] (p. 426). In 18th century Sweden and Finland, rural people
dyed things black with alder bark and iron-rich soil [3,49,50]. In 1789, alder bark was listed
as a useful material that the rural people of Finland could have collected for professional
dyers, who then could dye black with oak galls and iron sulphate [51].

Dyeing plant-fibre fishing nets was needed to make plant fibre nets blend in with
the colour of the water of the lakes. Before World War I, imported dyes such as catechu
were cheap and were used to dye fishing nets [52]. During the time of war, dyeing nets
with domestic plants was highly recommended due to the increased prices of imported
dyestuffs [53-55]. Dye baths were prepared of alder bark and iron baths and enriched with
only a small amount of imported logwood or catechu, as well as domestic birch bark, pine
bark, oak bark, or bearberry branches to obtain blackish hues [24,54-56]. Alder bark was
still commonly used to darken cotton, linen, and hemp fishing nets in the 1930s [22,24,57].

In some areas of Finland, as well as amongst the Forest Finns, sludge produced
when sharpening iron tools with a grindstone was used to dye nets black with alder
bark [26,29,30]. This was accomplished by first dipping the plant-fibre fishing nets into
the grindstone sludge and then drying them; after that, the yarns were boiled in an alder
bark bath that was prepared by boiling bark in salt water [26,27] (Table 1). Instead of
boiling, alder bark baths were sometimes just warmed in a sauna for a long time [28]. Some
fermented alder bark liquid was in a warm sauna for weeks with iron substrate, and then
this bath was poured on fishing equipment; if needed, extra darkness could be obtained by
wiping soot on the nets from the walls of a sauna [32] (p. 229). In our experiments, Recipe
7 produced an almost-black hue on linen yarn with fermented alder bark and sauna soot.
Modifying the colour of the dyed yarn with birch ash in Recipe 3 produced a brownish hue
on linen, as did adding salt to the dye bath as in Recipe 4. Fermented alder bark, in Recipe
5, without any added iron, also produced a brownish shade.

4.3. Beliefs About Alder’s Magical and Healing Properties

Alder bark turns reddish soon after peeling, and alder wood gains a similar reddish
hue after cutting. Because of this behaviour, many magical and spiritual aspects were
attributed to alder trees. Alder trees were sacred for ancient Finns and created by Lemmes,
a minor forest god [58] (p. 48). Items made of alder wood were considered to be magical.
For example, according to an ethnographic description, maidens longing for love placed an
alder branch in their bed overnight, then pulled the branch to a spring with a sledge made
of a single-trunk alder tree [59] (p. 249). Also, it was known that if a snake was beaten with
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an alder tree stick, the snake would be killed [60]. In addition, it was believed that if chips
of alder wood were put into butter or drinks, they were preserved for longer [5].

As the Finnish word for blood, veri, was a taboo word in some dialects, the name for
alder tree, leppd, was used instead [61] (p. 288). Taking these beliefs into consideration, it
is also possible that dyeing things reddish with alder bark might have had some spiritual
or taboo aspects, and this might have had an effect on the craft vanishing. In 1737, it was
described that in Swedish Lapland, alder bark dye represented the blood of a bear (Ursus
arctos). After a successful hunt, women chewed alder bark and prepared red paint, which
was spurted on men’s faces during the hunting feast. The aim was to make the men look
heroic, as if smeared with the bear’s blood [16] (pp. 201-202). The bear’s body was painted
with alder bark dye before skinning, and a birch-bark cup filled with alder bark dye was
placed under its nose [16,62]. A connection between alder dye and blood is understandable,
as in our dyeing experiments, we found that alder bark baths have an intense red colour,
and they look like blood (Figure 1c).

Alder had medicinal properties, too. It was known that mashed black alder leaves
cured a wasp sting [24], and alder catkins were used as medicine for piglets if they had
stomach problems [25]. Amongst the Skolt Sami, if a child contracted chicken pox, alder
bark was boiled, and the child was washed in a dye bath prepared of the alder bark [14]
(p- 468). In Norwegian Lapland, if a baptised baby was ill frequently, the baby had to be
bathed in alder bark dye and renamed [63] (p. 469). Nowadays, the role the alder bark
bath played in this renaming ritual is still unknown. Based on our alder bark experiments,
we can suggest an explanation. Human skin turns strongly reddish in direct contact with
the alder bark dye, and alder bark dye baths also look like blood. Based on this, it seems
possible that bathing a child in an alder bark bath coloured the child’s skin and made the
baby look like a newborn.

4.4. Dye Properties

Our research showed that it is possible to obtain a great variety of brown, reddish-
brown, and even dark blackish colours with alder bark (Figure 2a—c). Alder bark dyes
obviously work well both for wool and cellulose fibres, depending on the recipe used (,
which agrees with ethnographic knowledge. When sunlight exposure was applied (Recipes
8,9, 9b, 10, 10b), reddish colours were obtained for linen and wool. The yellowish orange
hue on wool (Recipe 11) is probably the result of flavonoids, while a brownish hue on linen
might indicate a small level of tannins in the bath. Moreover, it seems likely that darkening
fishing nets was not only performed to obtain some specific colours but also to protect
the fibres. Accordingly, using soot from a sauna for dyeing black (Recipe 7) was possibly
performed not only to obtain a black net but also to increase light fastness properties by
creating a thick opaque layer all over the yarns.

Colour fastness values in our experiments varied from moderate to good, which can
explain the long-lasting tradition of alder bark dyes. Moreover, most of our dyed materials
would fulfil the criteria for moderate to good colour fastness desired for contemporary
textile garments. The challenge of alder bark dyes in contemporary use appeared in the
washing fastness test where the ISO standard washing powder caused colour changes in
washed materials. This phenomenon is due to ionisation of the numerous OH-groups in the
natural dye structure, causing a shift in its absorption spectrum, thus affecting the perceived
visible colour [64] (p. 213). Challenges in changing colour in washing could be avoided
by using neutral washing detergents. In future, a detailed HPLC analysis is planned for
alder bark samples, dye baths, and dyed materials to gain a deeper understanding of their
dye composition.
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5. Conclusions

Our study revealed that past dyers had knowledge of procedures and steps for several
colour hues from brown, reddish brown, and almost black, which all can be produced with
alder bark. It can be assumed that there was a knowledge of best practices amongst rural
people, such as the best time for bark collecting, using direct sunlight, or modifying the
hues that were achieved with wood ash lye, an iron substrate, soot, or salt spread because
these recipes were not available in dye books. Depending on the recipe used, the dye
properties were moderate or relatively good. Probably similar recipes were also invented in
places where alder grew and bark was available, since similar procedures can be found in
cultures near and far. In future, a detailed HPLC analysis is planned for alder bark samples,
dye baths and dyed materials to get deeper understanding of the dye composition.
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Appendix A

Table A1. Transcriptions and translations of the Recipes 1-11.

Recipe Transcription Translation
23] [25] .
Lepénkuorella punertavaa Alder bark gave reddish (KW)
[24] [24] .
1 Lepéankuoria + vihtrillid: mustaa, tummalla ilmalla Alder bark + iron sulphate: black, dark hues must be

musta varjdttdvd, punainen kirkkaalla

[25]

Varjdysaineita: Lepan kuoret. Punaisen harmaata.

dyed on cloudy weather, red hue when sky is
clear. (KW)

[25]
Dyestuffs: Alder bark. Reddish grey (KW)
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Table Al. Cont.

Recipe Transcription Translation
[22] [22]
1 (a) Lepankuorilla ruskeaa (a) Brown with alder bark (KW)
(b) Lepankuorilla punertavaa (b) Reddish with alder bark (KW)
P p
3] [3]
.. o o 1a . Alder bark is collected, dried, chopped, and boiled
5 ﬁlbezﬁ%ﬁiiaggi’ktoégfsésl?tezrsﬁz;}?kzst ssolrinsgkea?ls until the liquid becomes thick. Then the fabric that is
°8 " pa @88 Y&eL, som to be dyed brown is placed in it; if one fears that the
fargas brunt, deri; frucktar man, at tyget ¢j blir fabric will not be dark enough, one dries it and
morkt nog, torckar man det samma; och lutar sedan. treats it with wood ash lye (KW)
[26]
[26] Fishing nets were boiled [in alder bark bath] for two
8
Verkkoja keitettiin [leppédparkissa] kaksi tuntia, tunti hours, one hour without salt and another with salt
keitettiin suolatta, sitten pantiin toiseksi tunniksi to fix the dye. (KW)
keittosuolaa joukkoon, se puri kiin.
3 [27]
[27] Dyeing with alder bark was done in same way [the
Lepén kuorilla vérjdys tapahtui samaan tapaan, previous text describes dyeing with Parmelia saxatilis
lepankuoretkin kdytettiin tuoreina. Vihtrillin sijaan by having yarns and lichens together in dye pot].
% y J y 8y 3 yep
kédytettiin joskus suolaa puretusaineena. Instead of iron sulphate sometimes salt was used as
mordant. (KW)
[22] [22]
4 Verkkoja vérjasivat lepankuorilla—maitolepan Fishing nets were dyed with alder bark—milk alder
kuorilla—tuhkaa laitettiin joukkoon bark [grey alder]—wood ash was added. (KW)
[28] [28]
. ; . u Water was taken from the edges of the rust spring
'Otettur} ruostela}}'t een reunoilta .Ve.t ti korvoon, into a bucket, into which rusty nails and grindstone
johon sitten pantiin ruostenauloja ja tahkoaltaasta sludge were placed, and allowed to ferment for
hiekkaa, ja annettiin hapata joku viikkokausi. Sitte / .
- . . . week or so. Then the stuff was poured into a pot to
5 se hera kaadettiin pataan kiehumaan, johon sitten boil. into which the wool varns were placed. After
langat pantiin. Keitettyd nostettiin valumaan ja L ye b :
satp y R A boiling, they [yarns] were lifted to drain and dry.
ku%vum'aan. Rg'o steveden asgmest"a kayfe?tun MYOS " Instead of rusty water, water boiled from dried alder
k.u 1vatu1sta}.lepanku0rlsta kelte"Fty? vettd, johon bark was also used, into which rusty iron bars and
zﬁir;ﬁi:;;r; ;i%?ii;gj;geka hiekka sand from the grindstone were then placed to
' ferment. (KW)
[29]
[29] Alder bark was boiled in water that contained
.. T .. sludge, gave black. (KW)
Lepankuoria keitettiin tahkovedessé—mustaa
[30] [30]
; ] rs (a) Alder bark and copper sulphate gave black.
6 (a) Lepankuorella mustaa + kuparoskia (b) Dyed with alder bark with copper sulphate.

(b) Lepédnkuorella vérjailit, sinikived joukkoon

[31]
Tervalepan kuorilla + takhomustalla mustaa. kuoret
keitettiin, siilattiin, langat + vahédn tahkomustaa.

(KW)

[31]

Black with grey alder bark and grindstone sludge.
bark boiled, sieved, yarns added with some amount
of sludge. (KW)
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Recipe Transcription Translation
[24] [24]
(a) Tervalepan kuorilla mustaa + rikselid ja vihtrillid. (s?l)lB}lilctl; aﬁ/figﬁke%;ve(sjg?;k ;i%%xoﬁ?nznd tron
Pohjatuulella ei saanut verkkoja varjata. (b) %Iet biack with};lde% bark f iron sul hate' Bark
(b) Lepankuorella verkkomustaa + vihtrillid. Kuoret was put to a pot and boiled. Bark remose d v;lhen
pantiin pataan ja kiehutettiin. Kuoret pois, kun véri P P . : ’
irtautui, sitten vihtrilli ja verkot dye came out, then iron sulphate and nets were
! ' added.

6 [32] . [32]
Lepankuoret + vihtrillid, harmaata Alder bark + iron sulphate, grey (KW)
[26] [26]
(a) Lepankuorilla mustaa, vihtrillid puretusaineena: . .
mustaa tuli (a) Blabik vlzflth alder bark, iron sulphate as mordant,

R . e gave blac
%a)nLeal?ti?f;oeigiih:li(rﬂila:z;ﬁhtrﬂha joukkoon. (b) Grey with alder bark, with iron sulphate. Then
& J ) the yarns are rinsed and dried. (KW)

[33] [33]
Kalanpyydyksid varjattiin saunassa, esim. rysid Fishing nets were dyed in the sauna, for example

7 tahkoveteen sekoitetuilla lepan kuorilla. Verkko with alder bark mixed with grindstone sludge. The
vain kastettiin lampimddn veteen, sitten sitd net was simply dipped in warm water, then applied
vedeltiin saunan mustiin seiniin, ja véari kestda to the black walls of the sauna, and the color would
ilmosen idn. last a lifetime. (KW)

[18]
[18] Black alder tan (dye you can get from alder bark).
" ; .. How did you get this beautiful yarn?

I]ilcr)lsilgiliganziﬁ(a(ille(iz ll(gr?;taeztﬁgiil;i:;gv) Well, from alder bark, alder tan. It has the colour of
Noh lepi kuiired, lepé park. Sili] o[ne] niskese ore (=rust, red water on the meadows and in the
karvaga ku muak (= rooste, punane vesi niidul, swamp). Black alders were peeled, and they were
soos). Kuariti drd emdlepad, panti turvi, niid kuared putina Wooden tub, thesg barlfs and youns 1eave§.
ja nuared lehed. Paerga on[e] ndid paras tehd (koor Just now 1t woulFl b.e the right time for it (the bark is
lahti; juunikuu algul). Lahe vesi kiim4, ja vii turvi loqse, n the. beginning of J u.ne). Once the wat.er
kuarede piile, la[s] liguneb iiks kaks tundi, kui dige boils, pour it over the bark; in the tub and }et it goak

8 ilos péayv, pilvese ilmaga ei sua, ei vota varvi valja. for1-2 h during a rather nice day, you can’t do it

Ele péav pidb olema. Jah, siis 1onga pidb enne
marjdss kastama. Siis mine turvi juure. Si kutsutasse
leppa kuare varv. Niiid kastavad, kaks paava.
Loppottad siis, vahel tahendad tdd4, longad liitid
lahkes padava kéen. Siis jdlle kastad. Ku kaks paava
miitidé siis on[e] long ilos. Aga l6emes ei vei panna,
tdma o[ne] torvane, ei kéi piira vahel. Aga kudejess
pidb panema. Natukene panevad muarja ijad

ja suula.

when it’s cloudy, the dye won’t come out. The day
must be sunny. And then you must soak the yarn
beforehand so that it is wet. Then go to the tub. It is
called the alder bark dye. Now you keep dipping
the yarn, for two days. From time to time, you dip it
in and then let it drip dry and shake the yarns in the
sun. Then you dip yarns again. After two days you
have a nice yarn. But you can’t use it as warp, as it is
tarry and will not move between the reed tines. You
must use it as weft. They also add a little alum and
salt. (EHW)
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Recipe Transcription Translation
I have made the alder tan several times. [I use] The
leaves and bark of black alder, when the leaves are
[18] young and fresh like now in the spring. When you
Lepa parki mind elen mitu korda tehnud. Emalepd  go to the bush, take a bag with you, as you can’t
lehti ja kuuri, lehed kui nuared ja vdrsked tulevad take the trees home, you peel them there. You put
niiid kevade. Kui ldhadd vessu, veta kott {ihen, vaisa  the raw barks in a pot to boil, the dye comes out,
jeevad puid kodo tuada, kuarid &rd. Tuurvelt padaje pour well water over them. Those who live by the
kiimd, annab varvi véljd kaevu vesi piéle. Kos jee river, dye with river water, this is softer. Boil the
keit, vérvitdma jee vedegd, elema pehemem. Kiddda, water, once the water boils, it [the dye] soaks out on
vesi ldhab kiavis, ta liguneb ise vilja. Pidd pali vett  its own. You must add a lot of water, because
9 panema, et mueto kadub vesi drd kui kastad lenga otherwise the water disappears once you start
varvi sisse. Piksta leng kuevalt sinna vérvi sisse, dipping the yarn in the dye. Put the yarn there into
kuiv on parem. Puu on pada kehan, nerjub vesi the dye bath dry, dry is better. A wooden stick is
padaje tagasi. Kui kuevas suab, kasta jdlle padaje. placed over the pot, so that the water [from the
Sii tdimé varv. Mine ja keik. Kuni vett one, kasta. Kui ~ yarn] can drip back into the pot. Once it [the yarn] is
vesi leppeb &ré, jaab sii tiiii seisma. Sii one leppéa dried, you dip it into the pot again. This is the dye.
park. Leng ku talvud &dréd one pehme. Niiid onegi Dip for as long as there is water [in the pot]. Once
vadrvid, ei ele kellane, ei ele punane, niske rebédne you have no more water, the work ends. This is the
one. alder tan. The yarn will be soft once you pound it.
And then it is dyed, it’s not yellow, it’s not red, it’s
like the colour of the fox. (LL)
[18] [18]
Leppa-park Alder tan was used for dyeing. First you boil the
Lepé-pargiga véarviti. Este lehelisegd kiddd kudred  bark in wood ash lye, then the tan comes out. Bring
10 ard, tuleb park vélja. Tuurved kuared tuu kehe the raw barks straight from the alder bush, you peel
lepissikus, kuarid drd. Kuared one alatte sidl siden,  them. The barks stay inside [in the pot] for the
padan. Kasta aga lenga sisse ja pane latile pdevikule. whole time. Just dip the yarn in and put it on a plank
Paev vetab kiilge. in the sun. The sun will attach it [the dye]. (LL)
[26] [26]
Verkkoia variattii talens killa. Pat Fishing nets were dyed with black alder tan. Bark
erkkoja varjattiin mustalepan parkilla. Pataan :
in kuorta. usein lisiksi lehtis ia oksia. Kun was put on pot, often w1.th leaves and branches.
11 Eantnn . " ) s . When bark had been boiled enough, branches were
uoret olivat kiehuneet tarpeeksi, oksat otettiin pois, di ter [dye bath] was poured to
s. 0. vesi kaadettiin toiseen pataan, jonka péille oli remc;lve ! l'e"ﬁN ater lye d wi hfp h ald
pantu tuoreita lepénlehtia. ;mot er pot, that was covered with fresh alder
eaves. (KW)
Translations by Krista Wright and Liis Luhamaa, and Ergo-Hart Véstrik (EMSUKA).
Appendix B
Table A2. Fading rates of alder bark-dyed materials towards light exposure, and the light fastness
value according to the ISO 105-B02 standard [37].
. . N N " Colour Light
Recipe Testing L a b AE Hue RGB Fastness
Oh 49.44 3.86 25.38 - 8A724B
8h 48.15 423 19.87 5.67 856F51
16 h 50.21 3.52 17.15 8.27 88755B
1 wool 2
32h 53.84 2.94 16.48 9.97 907E65
64h 58.88 2.90 15.58 13.64 9D8B73
128 h 68.24 2.62 16.72 20.74 B7A488
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Table A2. Cont.
. . Colour Light
* * *
Recipe Testing L a b AE Hue RGB Fastness
Oh 58.09 2.52 27.79 - A38B5D
8h 57.51 2.79 19.58 8.24 9B8768
16 h 61.19 2.57 13.92 14.22 A2917B
1 cotton 2
32h 65.49 2.28 10.99 18.36 AB9D8C
64 h 71.95 2.10 7.53 24.56 BAAFA3
128 h 80.61 162 7.11 30.59 D1C7BB
Oh 34.02 9.23 29.11 - 6A4A21
8h 38.62 8.21 31.79 5.42 755526
16 h 40.23 8.10 29.52 6.32 79592E
2 wool 2
32h 46.54 9.52 31.47 12.74 8C6739
64 h 49.11 9.45 30.03 15.12 936E42
128 h 53.09 9.16 26.68 19.22 9C7851
Oh 65.14 1.26 12.97 - AA9D87
8h 71.15 1.53 12.94 6.02 BAAC97
16 h 7251 1.22 12.66 7.38 BDB09B
2 cotton 2
32h 78.92 1.16 10.98 13.93 CEC2AF
64 h 85.32 0.71 4.75 21.80 DAD4CC
128 h 87.67 0.55 3.53 24.44 DAD4CC
Oh 53.63 2.61 21.91 - 927D5B
8h 51.48 3.38 20.57 2.65 8D7858
16 h 53.71 3.24 18.93 3.05 927D60
3 wool 4
32h 55.98 2.99 17.60 492 978368
64 h 58.19 2.45 16.34 7.20 9B8A70
128 h 64.21 2.76 15.70 12.27 AB9980
Oh 51.10 191 9.40 - 83786A
8h 51.54 2.70 9.74 0.96 86796 A
16 h 56.78 2.47 9.09 5.72 938679
3 cotton 4
32h 59.99 2.36 9.39 8.90 9B8F80
64 h 60.31 2.47 10.80 9.33 9DS8F7F
128 h 67.87 2.78 11.76 16.96 B3A390
Oh 55.40 3.16 12.25 - 928270
8h 57.14 3.56 13.54 2.21 988672
16 h 60.59 3.43 13.08 5.26 A18F7B
4 linen 3
32h 66.14 2.97 13.86 10.86 BO9ES&8
64 h 68.18 2.94 13.31 12.83 B8A691
128 h 70.32 2.76 10.40 15.04 B9AA99
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Table A2. Cont.

. . Colour
* * *
Recipe Testing L a b AE Hue
Oh 42.60 0.69 10.87 -
8h 45.20 141 13.03 3.46
16 h 46.70 1.08 13.08 4.68
5 linen
32h 53.53 1.18 13.25 11.19
64 h 55.48 1.38 12.18 12.97
128 h 62.57 1.48 8.88 20.09
Oh 36.49 1.31 7.13 -
8h 40.73 1.47 8.21 4.38
16 h 41.82 1.77 8.86 5.62
6 wool
32h 47.55 1.68 10.00 11.43
64 h 48.53 1.80 11.32 12.75
128 h 50.80 3.00 11.22 14.97
Oh 49.33 0.54 5.60 -
8h 52.42 0.80 7.54 3.66
16 h 54.06 0.64 7.82 522
6 linen
32h 61.54 1.41 8.04 12.48
64 h 60.52 1.31 7.87 11.44
128 h 59.72 1.50 7.48 10.60
Oh 30.62 2.96 3.88 -
8h 34.10 2.36 4.65 3.61
16 h 37.62 2.06 451 7.08
7 linen
32h 44.03 1.82 2.18 13.56
64 h 34.78 2.86 422 417
128 h 34.63 1.82 2.32 4.45
Oh 71.29 8.25 27.15 -
8h 70.33 7.32 23.72 3.68
16 h 69.84 6.91 22.63 493
8 wool
32h 69.59 6.86 22.30 5.32
64 h 69.69 7.23 22.59 493
128 h 71.26 6.33 24.27 3.45
Oh 52.37 15.76 32.65 -
8h 53.10 13.68 29.24 4.06
16 h 52.88 12.43 27.29 6.33
8 linen
32h 54.06 11.61 25.05 8.82
64 h 56.07 10.58 23.12 11.46
128 h 59.11 10.36 21.60 14.02

RGB

Light
Fastness

6D6453
766955
796D59
8B7E69
908370
A09688

5D554B
685F53
6B6154
7A6F60
7E7260
857766

7A756C
847C70
888074
9D9387
9A9184
988F83

4F4642
574F49
5F5751
6D6765
59504B
56504E

CAAS87D
C4A781
C2A682
C1A582
C2A582
C6AAS82

A27245
9D734A
9D7650
9F7956
9D7A5A
A98769
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Table A2. Cont.
Recipe Testing L* a* b* AE CI(_)IIE:r RGB F;:gll;;s
Oh 73.49 6.39 25.23 - CCB086
8h 72.50 5.53 21.87 3.61 C7AESA
9 wool 16 h 72.00 5.66 21.66 3.94 C6AC89 .
32h 71.59 5.63 21.55 4.21 C4ABS8
64 h 71.15 6.26 21.81 414 - C4A987
128 h 72.82 5.30 23.53 2.13 C8AF88
Oh 56.00 8.38 24.31 - 9F805C
8h 56.77 8.33 23.23 1.33 A08260
9 linen 16 h 56.67 8.67 22.73 1.74 A18261 ¢
32h 56.58 9.11 22.07 2.42 A18162
64 h 56.97 8.84 20.89 3.58 A18365
128 h 61.37 8.73 20.18 6.78 ADSE71
Oh 40.74 14.09 27.51 - 7F5733
8h 39.62 12.79 23.58 428 795537
9 wool + 16 h 39.48 12.03 22.31 5.74 785537
lye 32h 40.12 11.66 21.76 6.27 79573B 6
64 h 41.59 11.32 22.02 6.21 7C5B3E
128 h 43.88 11.11 23.90 5.64 826040
Oh 44.63 12.37 30.20 - 876137
8h 46.86 11.04 27.91 3.46 8B6840
16 h 49.77 9.85 26.77 6.67 917049
10 wool 3
32h 53.81 8.98 25.23 10.98 9A7A55
64 h 57.65 8.08 23.10 15.43 A28562
128 h 63.89 6.82 22.48 21.47 B19673
Oh 48.04 9.72 19.55 - 8A6C51
8h 51.06 8.42 19.32 3.29 907459
10 Tinen 16 h 54.16 7.35 19.40 6.56 977C60 A
32h 56.80 7.01 18.73 9.20 9D8368
64 h 59.37 6.92 18.41 11.72 A48A6F
128 h 63.53 5.10 16.63 16.42 AB967C
Oh 27.62 10.92 16.72 - 573B28
8h 29.15 11.16 17.43 1.71 5B3E2A
10 linen + 16 h 31.30 10.57 18.16 3.97 60432E
lye 32h 33,51 10.72 17.93 6.01 654833 !
64 h 36.39 11.42 18.04 8.88 6E4E39
128 h 40.44 10.41 18.82 13.00 775941
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Table A2. Cont.

. . Colour Light
* * *
Recipe Testing L a b AE Hue RGB Fastness

Oh 62.60 12.07 53.28 - BESE33
8h 58.75 12.75 51.99 4.11 B3842C
16 h 57.27 13.00 50.62 6.02 AF802C

11 wool 3
32h 57.70 13.28 49.52 6.30 B18130
64 h 55.79 13.34 44.74 10.99 AB7C35
128 h 58.80 13.05 43.12 10.89 B28440
Oh 61.74 4.01 26.97 - A89265
8h 60.44 4.68 25.43 2.12 AB58E65
) 16 h 61.20 4.80 24 .51 2.64 A79068

11 linen 4
32h 64.39 3.76 22.25 5.43 AE9974
64 h 66.95 2.76 20.06 8.75 B2A07F
128 h 72.77 2.21 19.16 13.64 C1B090
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