Agronomic Engineering, Bast Fiber
Metallurgy, and Textile Chemistry of Fine
Linen: From Glacial Arenosols to the

Civilised Table

Pedological Adaptation and Agronomy of Fiber Flax
on Glacial Arenosols

Establishing an autonomous textile production base in the Berlin-Brandenburg region requires
tailoring plant physiology to the post-glacial landscapes of the North German Plain. Formed
during the Weichselian glaciation, this terrain is shaped by outwash plains (Sander), terminal
moraines, and broad glacial spillways (Urstromtéler). The local soils are predominantly
Arenosols (specifically Rosterde and Braunerde variants) that register low agricultural tax
ratings of 25 to 40 Bodenpunkte. These light sands are characterized by coarse quartz
fractions, silt and clay content below 5%, minimal cation-exchange capacities (

CEC <8 CmOIC/kg ), and weak water-retention capabilities’. Under an annual
precipitation regime of 500 to 600 mm, an average of 137 frost-free days, and high summer
evapotranspiration in USDA hardiness zone 7b, cultivated crops face frequent, severe moisture
deficits and rapid nutrient leaching’.

Fiber flax (Linum usitatissimum L. conv. elongatum) cultivated for fine bast fibers requires
different agronomic management than oilseed flax (Linum usitatissimum conv. mediterraneum).
To yield long, uniform, supple bast fiber bundles suitable for high-density dining damask, the
plant must grow as a tall, slender, unbranched single stalk. Moisture or nutrient stress on poor
sandy Arenosols frequently triggers defensive, premature flowering and branching, which ruins
the textile quality of the crop.

Historical Precedent and Crop Rotation Architecture

The scientific foundation for cultivating fiber flax on these marginal soils was codified at Moglin
in the Markisch-Oderland district by Albrecht Daniel Thaer in his treatise Grundsétze der
rationellen Landwirthschaft (1809—1812)°. Thaer demonstrated that while flax produces its
highest yields on the deep, moisture-retentive loams of Flanders or Silesia, it can be cultivated
systematically on Brandenburg sands through rotational farming (Fruchtwechselwirtschaft) that
prevents soil sickness (Leinmdidigkeit)*.

Flax sickness is caused by an accumulation of soil-borne fungal pathogens—primarily Fusarium
oxysporum f. sp. lini, Colletotrichum linicola, and Pythium species—combined with the buildup of
allelopathic root exudates containing cyanogenic glucosides (linamarin and lotaustralin) and
phenolic acids. Thaer established that a strict rotation of six to seven years between flax crops
on the same parcel is mandatory®. In an isolated agrarian setting, flax must follow an intensive



green-manure sequence adapted to light soils.

The preceding crop should consist of winter rye (Secale cereale) underseeded with
deep-rooting yellow lupine (Lupinus luteus) or serradella (Ornithopus sativus). The incorporated
legume and cereal biomass builds active humus, increases water retention in the upper 30 cm
of the soil profile, and pulls subsoil nutrients toward the surface.

Nutrient inputs must be balanced to avoid lodging. Excess nitrogen causes vegetative collapse,
broadens stem diameters, expands the central lumen, and leads to coarse, highly lignified bast
walls that yield brittle fiber. Mineral requirements per hectare are:

e Nitrogen (N ): 30 to 45 kg/ha, provided entirely by the residual nitrogen from preceding
legumes.

e Phosphate (P2O5 ): 40 to 50 kg/ha, supplied via calcined bone meal from livestock
processing, relying on the slow rhizosphere solubilization of hydroxyapatite.

e Potassium (KZO ): 70 to 90 kg/ha, supplied via well-weathered hardwood ash from

domestic hearths, applied in late autumn to prevent salt injury to young spring seedlings.
Varietal Selection, Sowing Dynamics, and Weed Eradication
Cultivars adapted to the sandy soils of northern Europe include historical landraces such as
Rigaer Flachs—renowned for cold tolerance during spring germination, rapid vertical growth,
and high line-to-tow ratios—and traditional blue-flowering cultivars (Blauer Flachs).
The operational steps for establishing the crop are:

1. Seedbed Preparation: The soil is worked in autumn to a depth of 20 cm, followed in late
March by light harrowing to break capillary crusts. The top 5 cm must be leveled into a
firm, fine seedbed. Working the soil too deeply in spring causes rapid moisture loss from
Arenosols.

2. Sowing Density and Calibration: Flax is broadcast or cross-drilled in narrow row
spacings of 7.5 to 10 cm. The target plant population is 1,800 to 2,200 viable stems per

square meter. At an average thousand-kernel weight (TKW) of 4.5 to 5.5 grams and an
2
85% emergence rate, the sowing rate is calibrated to 130-150 kg/ha (13—-15 g/m )- This

high density forces competition for sunlight, which suppresses lateral branching and
keeps the stalks unbranched for 80 to 110 cm of their height.

3. Seeding Depth and Packing: Seeds are placed at an exact depth of 1.0 to 1.5 cm.
Sowing deeper exhausts the cotyledons in loose sand, while shallower placement leaves
the seed vulnerable to surface drying. The plot is immediately consolidated using a
hand-drawn wooden field roller to re-establish capillary water flow.

4. Weed Suppression (Jédten): Mechanical hoeing will damage high-density plantings.
Weeds must be removed by hand when the flax stands between 5 and 10 cm high. Crews
work barefoot or in soft cloth wraps, crawling forward against the wind; the resilient young
stems recover their upright posture within 48 hours.

Hand-Pulling Protocol (Flachsraufen)
Fiber flax must never be cut with a scythe or sickle. Cutting blunts the naturally tapered ends of



the elementary fibers, loses the bast tissue residing in the taproot, and exposes the severed
vascular channels to oxidative enzymes that accelerate localized lignification.

Harvesting takes place at Yellow Ripeness (Gelbreife), which occurs roughly 30 to 35 days after

full flowering, typically in mid-to-late July in Brandenburg®. At this physiological stage, the lower
third of the stem leaves have dropped, the stalks have turned from green to a golden-yellow
hue, the seed capsules (Kapseln) are firm and light brown, and the seeds within have
transitioned to a tan color. The middle lamellae cementing the fibers remain unlignified,
preserving maximum tensile strength and flexibility.
Harvesters grasp handfuls of stalks just beneath the seed head branch point, pulling upward

along the vertical axis to extract the entire plant with its taproot. The root ends are struck against

the harvester's clog to dislodge sandy Arenosol particles. The pulled flax is gathered into small
bundles, tied loosely near the seedheads with straw bands, and stacked into conical stooks

(Kapellen or Stauchen) of 8 to 12 bundles to cure in the field for 5 to 8 days, setting the stem
waxes and drying the seeds.

Ripeness Stage

Green Ripeness
(Griinreife)

Yellow Ripeness
(Gelbreife)

Brown Ripeness
(Braunreife)

Rippling (Riffeln)

External Visual
Morphology

Stems entirely
green; petals
recently fallen;
capsules soft and
watery

Lower half of stem
defoliated; stalks
golden-yellow;
capsules
yellow-brown®

Stems brittle,
uniform dark brown;
capsules dry and
rattling; seeds dark
brown

Fiber Tensile
Strength & Quality

Fibers fine but
chemically weak;
secondary cellulose
wall incomplete;
non-viable seed

Optimal maturity;
maximum line
tensile strength;
flexible pectin
lamellae

High lignification;
brittle, coarse fibers;
line-to-tow ratio
shifts heavily toward
tow

Operational
Recommendation

Harvest aborted;
yields low fiber
mass and inferior
seeds

Harvest
immediately.
Hand-pulling
preserves full fiber
length and seed
viability”

Unsuitable for fine
table damask;
relegated to utility
twine or heavy
cordage

Once field-dried, the seed capsules are separated from the straw using a ripple comb (Riffel),

preserving the parallel alignment of the stems:

1. Tool Construction: The ripple comb consists of a heavy oak bench (Riffelbank) fitted
with an upright array of forged iron or carved ash teeth. The teeth stand 30 to 45 cm tall,



measure 8 to 10 mm square in cross-section, and are spaced 5 to 6 mm apart at the
base, tapering slightly toward the tips.

2. Mechanical Protocol: Harvesters work in facing pairs across the bench. A bundle of flax
straw (8 to 10 cm in diameter) is gripped firmly at the root end, brought downward into the
comb, and drawn through toward the operator. The teeth strip the capsules without
crushing the stalks or tearing fibers from the core.

3. Fractionation: The stripped seed capsules drop onto a linen catch-cloth laid beneath the
bench. They are flailed with light wooden rods and winnowed to recover clean linseed for
propagation and culinary oil pressing. The deseeded stalks are retied into uniform
bundles (Gebinde) 15 to 20 cm in diameter, squared at the root ends, and moved directly
to the retting pits.

Biochemistry, Microbiology, and Fluid Mechanics of
Retting (R6sten)

Bast fibers are located within the cortex of the flax stem, arranged in a concentric ring of 20 to
40 cylindrical bundles situated between the outer cuticular epidermis and the inner cambium,
which encloses the woody core (Schdben)®. Each bundle contains 10 to 40 elongated,

spindle-shaped elementary fiber cells (length: 20-50 mm; diameter: 10-25 pm) composed of

70% to 75% crystalline p-D-glucan (cellulose)®.

These elementary fibers are held together and bound to the adjacent cortical parenchyma by
the middle lamella®. The lamella consists predominantly of complex pectic polysaccharides,

specifically homogalacturonan (chains of a—(l - 4)-1111ked D-galacturonic acid, partially
methyl-esterified) and rhamnogalacturonan |, stabilized by calcium ion bridges (

~CO0™---Ca’" -~ 00C— ) forming rigid calcium pectate networks, intertwined
with neutral hemicelluloses (xyloglucans, glucomannans) and variable fractions of phenolic
lignin®. Retting (Résten) is the selective microbial degradation of this intercellular pectin cement,
freeing the bast fiber bundles from the woody xylem without degrading the structural cellulose
inside the secondary cell walls®.

Dew Retting (Taurdste)
Dew retting relies on ambient moisture (heavy nocturnal dew and rain) and indigenous epiphytic
fungi colonizing the senescent stem tissues®.
The primary colonizers are filamentous molds, dominated by Cladosporium herbarum,
Epicoccum nigrum, Alternaria alternata, and Aureobasidium pullulans®. These molds penetrate
the stomata and cuticular micro-fractures, producing extracellular enzymes:

e Pectinesterase (PE, EC 3.1.1.11): Catalyzes the de-esterification of methyl ester groups

on homogalacturonan, yielding low-methoxyl pectin and free carboxylic acid residues.
e Endo-polygalacturonase (Endo-PG, EC 3.2.1.15): Randomly hydrolyzes internal

a-(1 — 4)-D-galactosiduronic linkages, breaking down the structural pectin



gel’.

e Pectin Lyase (PNL, EC 4.2.2.10): Cleaves a-(1 — 4)-glycosidic

trans-elimination.
The deseeded flax straw is spread in thin, uniform layers (one to two stalks thick) across clean

bonds via

pasture grass, perpendicular to prevailing winds. Under mean diurnal temperatures of 12°C to

22°C and relative humidity above 80%, retting takes 21 to 42 days®. The swaths must be
inverted every 5 to 7 days using long wooden poles (Wandestangen) to balance moisture and
fungal development across the stems. Dew-retted fiber develops a characteristic silver-gray
color from fungal melanin®. Although mechanically durable, it is coarser and less uniform than
water-retted flax, making it primarily suited for utilitarian cloths like cheesecloth and heavy work
aprons.

Water Retting (Wasserréste)

Water retting is an anaerobic, submerged bacterial fermentation historically conducted in
Brandenburg within dedicated clay-lined pits (Flachskuhlen), slow-flowing canalized ditches, or
the quiet backwaters of the Spree and Havel river basins®. This method yields the clean, pale
golden, supple line flax required for fine table damask.

The microbiological succession proceeds in three distinct phases:

1. Aerobic Leaching (0 to 24 Hours): The dry straw absorbs water, swelling the cortical
tissues. Water-soluble constituents (sugars, mineral salts, tannins, glucosides) diffuse into
the water column, shedding 10% to 12% of dry stem weight®. Aerobic bacteria on the
stems (Bacillus subtilis, Bacillus amylobacter) consume the dissolved oxygen, driving the

redox potential down to negative levels (Eh < —200mV ).

2. Anaerobic Pectinolysis (Days 2 to 8): With oxygen depleted, obligate anaerobic
mesophiles proliferate, dominated by Clostridium felsineum (historically classified as
Granulobacter pectinovorum) and Clostridium pectinovorum?®. C. felsineum secretes high
levels of endo-polygalacturonase and pectinesterase®. Its optimal activity occurs at

temperatures of 28°C to 32°C and a pH between 5.5 and 6.8%. As these bacteria
ferment polyuronides and hexoses, they produce volatile fatty acids (VFAs)—mainly

butyric, acetic, and propionic acids—along with carbon dioxide (CO2 ) and hydrogen (

H2 )12

. The accumulation of butyric acid lowers the bath pH to 4.5-5.0, producing a
distinctive, pungent odor'2,

3. Sulfate Reduction (Days 5 to 10): Secondary anaerobes (Desulfovibrio spp.) utilize
organic acid metabolites to reduce sulfur compounds derived from plant proteins,

releasing hydrogen sulfide gas (H2S )'2.
Water-retting pits are constructed as rectangular basins 1.5 meters deep and 3 meters wide,
lined with puddled clay to prevent effluent from leaching into surrounding Arenosol aquifers. Flax



bundles are stacked vertically with roots pointing down or packed horizontally in alternating
layers. Because fermentation bubbles cause the straw to float, the bundles are submerged
beneath wooden pine grates (Réstgitter) weighted with dense granite field stones.

2+
. ) , . e
Iron stones (Raseneisenstein) must never be used as ballast; dissolved ferrous ions ( )

react with plant tannins to form dark iron tannate complexes that permanently stain the fibers
dark gray or black. Retting in stagnant pits at 20°C to 24°C requires 7 to 10 days®. In
slow-flowing rivers, where flowing water washes away acidic metabolites, retting takes 10 to 14

days and produces bright, light-colored fiber®.

Retting Parameter

Dominant
Microorganisms

Aeration
Dynamics

Thermal Range

Duration Range

Fiber Hue

Cellulose
Degradation Risk

Effluent Impact

Field Dew Retting
(Tauroste)

Cladosporium,
Alternaria,
Epicoccum
[cite: 8]

Aerobic, ambient
field moisture®

12°C ¢, 22°C
[cite: 8]

21 to 42 days®

Silver-gray to
charcoal®

Moderate;
cellulolytic fungi
proliferate if wet

Negligible runoff®

Stagnant Pit Water
Retting
(Kuhlenroste)

Clostridium
felsineum, C.
pectinovorum
[cite: 10, 11]

Strictly anaerobic,
submerged
stagnant®

18°C , 24°C
[cite: 8]

7 to 12 days®

Pale golden-blonde
to light fawn

High; cellulase
activation upon
over-retting'’

High BOD; ,

QS , toxic to

Controlled
Warm-Water
Retting
(Bassinroste)

Enriched
Clostridium
felsineum
[cite: 9, 10]

Anaerobic,
submerged
controlled
temperature®

30°C 4, 32°C
[cite: 8]

3 to 5 days®

Warm ivory to
creamy white

Low; stopped at
exact biochemical
inflection

High BODs , high
VFA effluent;



aquatic life® treatable'?

Sensory Metrology, End-Point Detection, and Safety Hazards

Retting must be stopped when the pectic middle lamellae are dissolved, but before bacterial
cellulases attack the elementary fiber walls. Testing occurs daily once fermentation odors peak:

The Manual Snap Test: Several stalks are pulled from the center of the pit, rinsed in soft
water, and dried. The operator snaps the stem between both thumbs. In under-retted flax,
the woody core bends flexibly without breaking, holding fast to the bast. In properly retted
flax, the xylem core fractures crisply with an audible snap, and the bast ribbons strip
cleanly from the broken wood without resistance.

The Epidermal Sleeve Test: A wet stalk is squeezed between thumb and forefinger and
drawn downward. If retting is complete, the outer green epidermis and parenchymatous
slime slide off smoothly, exposing pale bast bundles.

Over-Retting Detection: If the fibers feel greasy, slimy, or break apart under gentle
tension, cellulase-producing clostridia have breached the secondary cell walls. The flax
must be pulled immediately and washed in cold water; the batch will suffer high tow loss
and reduced tensile strength’’.

Water retting involves several physical and chemical safety hazards:

Hydrogen Sulfide (HQS ) Toxicity: Sulfate reduction in stagnant pits generates H,S ,
which collects over the surface of sheltered basins during calm, hot weather'*. Exposures
above 50 ppm cause severe eye and lung irritation, while levels exceeding 100 ppm
paralyze the olfactory nerve, masking the warning odor and causing rapid
unconsciousness. Workers must approach pits from the upwind side and work in areas
with clear air movement.

Effluent Oxygen Depletion: Retting wastewater has an extreme Biological Oxygen

Demand (BOD5 : 30,000 to 60,000 mg/L) and Chemical Oxygen Demand (COD Jup

to 100,000 mg/L), loaded with dissolved tannins and organic acids'?. Discharging this
effluent directly into streams strips dissolved oxygen, killing fish within minutes®.
Historically, Prussian water ordinances strictly forbade pit retting in public waterways.
Post-retting effluent must be pumped onto fallow fields or into dedicated settling swales,
where the high potassium and nitrogen load can nourish the soil safely?.

Mechanical Extraction: Breaking, Scutching, and
Heckling with All-Wooden Implements

After removal from the retting pits, the bundles are rinsed in running water, untied, and stooked
in open fields to dry. To facilitate mechanical decortication, the flax straw must be dried to an
equilibrium moisture content of 6% to 8%.

Thermal Conditioning: The Drying Kiln (Flachsdarre)

In Brandenburg's autumn climate, ambient air drying rarely reaches this low moisture threshold.
The straw is conditioned using low-temperature wood-fired kilns:



e Apparatus: A dry stone smokehouse kiln (Darre) or a domestic masonry bread oven 12

to 16 hours after baking, when the interior temperature has cooled to 4000_500(1.

e Fire Hazard: The shattered xylem (Schében) and fine cellulose dust have low ignition

o]

thresholds. Direct flame exposure or temperatures exceeding 70°C can cause flash
combustion. Prussian municipal fire ordinances required Flachsdarren to be constructed
at least 50 meters downwind of residential farm buildings.

e Protocol: Sheaves are spread over wooden slatted hurdles (Roste) 1.5 meters above a
bed of smoldering hardwood embers (beech or alder) for 6 to 10 hours, turned every two
hours until the stalks feel brittle and snap under light finger pressure.

The All-Wooden Flax Brake (Flachsbreche)

The brake shatters the brittle woody xylem core into short segments without severing the
flexible bast ribbons. The implement is built entirely from dense, split-resistant European
hardwoods.

The base consists of two parallel planks of European beech (Fagus sylvatica) or hornbeam
(Carpinus betulus), 1.2 meters long, 4 cm thick, and 15 cm wide, mounted on four stout legs.
The upper edges are planed into rounded wedge profiles. A pivoting upper jaw features a single
central hardwood blade (or two alternating blades) fixed to a weighted lever handle. The upper
blade drops into the 15 mm gap between the lower planks without wood-on-wood contact.

The operator holds a handful of conditioned straw at the root end with the left hand, places the
top end across the lower bed, and raises and drops the upper lever rhythmically with the right
hand. The descending wooden blade applies perpendicular shear stress, crushing the brittle
inner xylem into fragments 2 to 10 mm long (Schéaben) while the elastic bast fibers deform
without breaking. The bundle is drawn through, reversed, and processed from the opposite end
until the woody core is entirely crushed.

The Scutching Board and Knife (Schwingbrett und Schwingmesser)

Scutching knocks away the loose woody shives still clinging to the broken bast ribbons using
high-velocity scraping and impact strokes:

e Scutching Board (Schwingbrett): An upright plank of linden (Tilia) or soft pine, 1.0
meter high and 30 cm wide, secured to a heavy base. The top features a broad horizontal
notch cut at a working height of approximately 85 cm.

e Scutching Knife (Schwingmesser): A broad wooden blade carved from a single piece of
hornbeam or quarter-sawn white oak, measuring 40 to 50 cm in length, 8 to 10 cm in
width, and 8 mm thick, tapering to dull, beveled edges on both sides with an offset handle
to protect the worker's knuckles.

e Protocol: The worker drapes the broken bundle over the board's notch, holding the root
end firmly against the reverse side. The scutching knife strikes downward along the face

of the board in a glancing blow at an angle of 30 to 45 . The impact drives the brittle
shives outward, while the flexible bast ribbons yield and drape over the board.

e Fractionation: The bundle is turned continuously until free of shives. Short, tangled fibers
torn away by the knife fall to the floor as scutching tow (Schwungwerg), which is collected



for cordage, work aprons, and caulking. The long fiber bundles remaining in the hand
constitute scutched line flax.

The Heckling Comb (Hechel)

Heckling is a sequential combing operation that straightens the fiber bundles, splits thick ribbons
into elementary filaments along their natural cross-lamellae, and removes all remaining tow,
shives, and dust:

e Tool Construction: The heckle consists of an array of forged iron or tempered steel pins
set vertically into a seasoned beech block, reinforced with an iron collar to prevent
splitting.

e The Gradient Series: Processing follows a strict sequence through three comb grades:

1. Coarse Heckle (Grober Raufhechel): Pins are 12 to 15 cm long and 4 to 5 mm thick,
spaced at 3 to 4 pins per square centimeter.

2. Medium Heckle (Mittelhechel): Pins are 8 to 10 cm long and 2.5 mm thick, spaced at 8 to

10 pins per square centimeter.

3. Fine Heckle (Ausputzhechel): Hardened steel wire pins, 4 to 6 cm long and 1.0 to 1.5 mm
thick, set at 16 to 20 pins per square centimeter.

e Operation: The heckler takes a bundle of scutched flax (approx. 100 grams), wraps the
tail around the hand, spreads the tips into a fan, and casts them onto the pins, drawing the
bundle through horizontally. The passes begin at the fiber tips and work gradually up to
the hand grip. The bundle is then reversed, and the root end is combed in identical
fashion. The process moves from the coarse to the medium, and finally through the fine
heckle.

e Yields: The combed fiber remaining in the operator's grip is dressed line flax (Reinflachs),
consisting of long, parallel strands that represent 50% to 60% of the scutched fiber mass.
The shorter fibers caught in the combs are collected as heckling tow (Hechelwerg); tow
from the fine heckle is clean and soft, suitable for wet-spun utility culinary cloths.

Processing Implement Mechanical Output (% Dry  Functional
Stage Architecture Dynamic Retted Straw) Destination
Kiln Drying Masonry kiln or = Low thermal 92% to 94% Prepares stem
residual bread drying ( mass retention for crisp core
oven 4000_500()1 fracture
Breaking Hardwood jaw Perpendicular 85% to 90% Fractures
brake shear stress crushed stem xylem;
(Beech/Hornbe maintains bast
am) ribbons
Scutching Upright board Glancing 10-12% Line; Long line bast;
and oak impact and 6—8% Tow; shives used for



scutching knife friction 50-60% fuel
Shives
Coarse Hardwood Coarse comb 8% to 10% Removes
Heckling board, 3—4 iron alignment partially residual
2 dressed line shives; coarse
pins/ €™M
tow
Fine Heckling Hardwood Micro-fibrillar 5% to 7% Dressed line
board, 16-20 bundle splitting Dressed line; for fine dining
2 3-4% Fine tow damask war
pins/ cm ° P

Yarn Mechanics and Spinning: Drop Spindle to the
Saxony Wheel

Flax bast fiber exhibits physical properties that distinguish it from wool and cotton:

e Tensile Dynamics: Elementary flax fibers have tensile strengths between 600 and 1,000
MPa, with an elastic modulus of 50 to 80 GPa. The fiber gains roughly 20% in tensile
strength when wet due to the realignment of hydrogen bonds within the amorphous zones
of its cellulose chains.

e Microfibrillar Geometry: Cellulose microfibrils within the secondary cell walls spiral in an

Q

-direction at an angle of roughly 1 relative to the fiber axis. To lock this crystalline

structure without causing internal stress, spinning twist is typically inserted in the
-direction (clockwise rotation).
Drafting Physics and Moisture Regulation (Wasserfaden)
Unlike wool or cotton, which rely on fiber crimp and surface scales to provide friction during
drafting, long-line flax fibers are smooth, stiff, and straight. The spinner must continuously wet
the drafting zone with clean water, saliva, or a boiled flaxseed mucilage (Leinsamenschleim).
Moisture acts as a temporary plasticizer by softening the residual surface pectins and
hemicelluloses on the line filaments, allowing them to slide past one another smoothly under
drafting tension. As twist enters the moistened drafting zone, these softened pectins flow and
re-harden as the yarn dries, cementing protruding fibrils into the core of the thread. This
produces a smooth, cylindrical, lint-free yarn. Dry-spun linen, by contrast, is hairy, uneven, and
lacks the tensile strength required for loom warps.

Spinning Technologies and Mechanics

Low-Whorl Drop Spindle (Handspindel)

The spindle consists of a slender birch or ash shaft (25 to 30 cm long) fitted at its lower third
with a lathe-turned wood, bone, or steatite whorl (Wirtel) weighing 15 to 25 grams. Suspended
freely, the spindle uses its rotational momentum to insert a high, uniform twist into the drafting



Zone:

Turns per Meter

vNmMm

Twist Factor (k) =

The spinner drafts fiber from a standing distaff using the left hand while regulating the drafting
zone and flicking the spindle with the right. The drop spindle produces strong, high-twist warp
yarn, but output is limited to 25 to 40 meters per hour.

Great Wheel (Wolirad | GroBes Rad)

This wheel features a large, hand-cranked flywheel (diameter: 90 to 120 cm) driving a horizontal
spindle through a single-band reduction, yielding a 40:1 to 60:1 drive ratio. The spinner works
from a standing position using intermittent drafting: walking back 1.5 to 2.0 meters to draw out
and twist the strand, then walking forward to wind the yarn onto the spindle. Because it lacks a
flyer and continuous take-up, it is unsuitable for wet-spun line flax and is used primarily for
rapidly spinning dry heckling tow into coarse weft yarn.

Saxony Treadle Wheel (Fliigelspinnrad)

Introduced from the Low Countries and Saxony during the 17th century, the Saxony wheel
transformed domestic spinning across Brandenburg. A foot treadle connects to an iron crank
driving a 45 to 55 cm wooden flywheel. A continuous double-drive band (Zweiféadiger Antrieb)
loops around the flywheel, a grooved flyer whorl, and a separate bobbin whorl.

Because the bobbin whorl has a smaller diameter than the flyer whorl, it rotates at a higher
angular velocity:

Aw = Whobbin — Whiyer

This difference in rotational velocity continuously winds the spun yarn onto the bobbin as the
flyer inserts twist. This integrated drafting, twisting, and winding increases spinner productivity to
120-180 meters per hour. Dressed line flax is mounted on a standing distaff (Rocken), arranged
in thin, overlapping chevron layers secured with a linen ribbon (Flachsband), allowing individual
fiber groups to be drawn down into the moistened drafting zone without tangling.

Grist Metric Count English Lea Linear Density = Culinary and
Designation (Nm=km/kg) (NelL) (Tex) Table
Applications
Coarse Tow Nm 1C o 15to0 21 Lea 100 to 71 Tex Utility grain
Yarn sacks;
14 smokehouse

binding twine®



Medium Tow / Nm 1€, 24 to 36 Lea 62 to 42 Tex Open-weave
Line Weft © cheesecloth

24 (Quarktuch);
jelly bags

Fine Line Weft Nm 2¢€ o 39to 51 Lea 38 to 29 Tex Dense

consommeé
34 cloths

(Passiertuch);

napkin weft'®

High-Count Nm 3€ ) 54 to 75 Lea 28 to 20 Tex High-tension
Line Warp ° warp for dining
50 damask

tablecloths'®

Yarn Conditioning and Warp Sizing (Schlichten)

Newly spun yarn must be finished before it can withstand the abrasive friction of loom heddles
and reeds:

1.

3.

Reeling (Haspeln): The yarn is wound off the wheel bobbins onto a revolving wooden
clock-reel (Zdhlhaspel) with a circumference of 2 Prussian ells (Ellen, approx. 1.33
meters). The reel clicks a ratchet every 120 revolutions, grouping the yarn into skeins
(Gebinde) that allow accurate measurement of linear length and grist count.

(0]
Scouring: The skeins are soaked in hot, soft water (60 C ) containing 2% wood ash
extract for two hours to release spinning tensions and wash out surface dirt, then air-dried
under light tension weights.
Warp Sizing (Schlichten): Pure line flax yarn has very low elasticity (1.5% to 2.0%
elongation at break). To prevent the repeated friction of the reed from causing abrasion
breaks, warp chains are pulled through an organic sizing bath (Schlichte). The sizing is
prepared by simmering crushed linseed or oat groats in soft water for two hours until a
thin, slick mucilage forms. The wet warp chains are drawn through the size, brushed with
horsehair brushes to lay down stray fibrils, and dried under tension. The size forms a
smooth, water-soluble protective film that protects the yarn during weaving and washes
out easily during finishing.

Structural Weaving: Household Loom Engineering and
Table Linen Architecture

Dining linens require a balanced, dimensionally stable fabric that lies flat across a timber table,
withstands decades of boiling washes, and absorbs moisture instantly without shedding lint into
food or wine.

Construction of a Four-Shaft Counterbalance Loom



(Tritthandwebstuhl)

A durable loom can be constructed from local timber using joinery hand tools:

Frame: Seasoned Scots pine (Pinus sylvestris) or oak, joined with pegged
mortise-and-tenon joints to provide absolute rigidity against the lateral forces of the

swinging batten. The corner posts should measure at least 10 X 10 cm in

cross-section.

Beams (Kett- und Warenbaum): Turned pine logs 15 to 20 cm in diameter, mounted on
iron gudgeons or oak axles, fitted with wooden ratchet wheels (Zahnkrdnze) and
spring-loaded oak pawls (Sperrklinken) to hold warp tension.

Harness Rigging (Schéfte): Four horizontal hardwood laths suspending string heddles
knotted from high-twist, sized linen line yarn, each featuring a 12 mm eye knotted at the
center. The shafts are connected overhead via cords passing over turning pulleys or
rocking levers (Pferde). The linkage is counterbalanced: depressing a foot treadle pulls
designated shafts down while the opposing shafts rise, creating a clean shed (Fach).
Batten and Reed (Lade und Webblatt): The swinging batten is suspended from the
upper castle of the loom, ensuring a perpendicular strike against the fell of the cloth. The
reed (Kamm) is assembled from split cane strips or dried elderberry slats set between
split-hazel ribs, spaced to provide a sett of 18 dents per centimeter across a weaving
width of 180 cm.

Fabric Architecture, Draft, and Sett Calculations

Fine dining linens are traditionally woven in a 4-shaft broken twill (Spitzgratképer) or a pointed
goose-eye twill (Gdnseauge). These weave structures create light-reflecting floats that
highlight the natural sheen of the line flax, producing a refined table damask.

The threading sequence for a 4-shaft pointed twill follows a straight entry across shafts 1, 2, 3,
4, then reverses through 3, 2, 1. The tie-up connects treadle 1 to shafts 1 and 2; treadle 2 to
shafts 2 and 3; treadle 3 to shafts 3 and 4; and treadle 4 to shafts 4 and 1. Depressing the
treadles in a matching 1, 2, 3, 4, 3, 2, 1 sequence produces balanced, diamond-shaped
geometric patterns whose alternating float directions refract light across the cloth.

Warp dimensions and yarn requirements are calculated based on finished table items:

Target Output: One banquet tablecloth (1'60 m x 2.80 m

formal dinner napkins (0'50 m X 0.50 m finished).

Shrinkage and Take-Up: Linen contracts 10% to 15% in length and 8% to 12% in width
during initial scouring, bleaching, and cold mangling. Loom take-up (Einwebung) accounts
for an additional 6% to 8% length loss, and loom waste (Aufbdumereste) requires 70 cm.
Warp Dimensions: Total warp length on the beam = 11.5 meters; warp width in the reed
= 1.82 meters.

Density (Sett): Warp sett is 18 ends per centimeter (total warp ends =

182 cm x 18 = 3,276 ends

Yarn Requirements:

finished) plus twelve

). Weft sett is 18 picks per centimeter.



3,276 ends x 11.5 m = 37,674 meters Nm 32

o Warp: (31.25 Tex),
warp mass equals 1.177 kg .

o Weft:
1.82 m/pick x 18 picks/cm x 1,000 cm of woven cloth = 32, 760 meters
. At Nm 28 (35.7 Tex), weft mass equals 1.170 kg .

2.35 kg 2.58 kg

o Total Yarn Budget:
of line flax yarn.

Operational Weaving Protocols
The 3,276 warp ends are wound onto the rear beam under steady tension, held taut by friction
brakes. The ends are drawn through the string heddles following the draft, then sleyed through
the dents of the reed with a bone hook (Einziehhaken). Weft yarn is wound onto slender birch
quills and placed in an applewood or boxwood boat shuttle.
The weaver presses the treadles to open the shed, throws the shuttle across the raceboard,
catches it, and brings the batten forward in a firm, double beat. Linen yarn loses flexibility and
breaks easily if relative humidity drops below 65%. In Brandenburg, hand-weaving was
historically conducted in ground-floor rooms with earthen floors (Webstuben), where moisture
rising from the soil maintained high humidity. Weavers also placed damp linen cloths over the
warp beam overnight.

Chemical Bleaching: Photochemistry, Alkaline
Bowking, and Acid Souring

Loom-state (Webfrisch) linen is stiff and a dull gray-tan hue. This color comes from
non-cellulosic impurities: residual lignins (2% to 4%), pectins (2% to 3%), hemicelluloses,
natural waxes and fats (1% to 1.5%), and plant pigments (flavonoids and carotenoids) bound to
the cellulose core. To turn this raw cloth into pure white damask, it undergoes a continuous
cycle of alkaline scouring, photo-chemical bleaching, and acid souring.

Aqueous Bowking (Béduchen)

Bowking saponifies and extracts the water-insoluble plant waxes, hemicelluloses, and residual
pectins:
e Alkaline Solution: Hardwood ash from beech and oak is leached with soft rainwater

KQCO:; )20

of line yarn, plus a 10% safety margin, totaling

through a wooden hopper to extract potassium carbonate ( . The solution is

CG‘,(OH)Q )

causticized by adding 3% slaked lime ( , converting the dissolved carbonate

into caustic potassium hydroxide (K ) via double displacemen



Ca(OH),(aq) + K;CO3(aq) = 2KOH(aq) + CaCOs(s) |

Thermodynamic data confirms that this causticization reaction is spontaneous at ambient

temperatures, with a standard Gibbs free energy of AG},, = ~16.8kJ/mol 21
The resulting lye is diluted with rainwater to an active alkali concentration of 1.5% to 2.0%
(specific gravity 1.015 to 1.020)%.

e Apparatus and Execution: The woven cloth is folded into a large wooden vat
(Bauchfass) fitted with a perforated false bottom. The lye is heated in an adjacent copper
kettle to 85°C-90°C and poured over the fabric. The hot liquor drains through the
cloth, passes the false bottom, is drawn from a bottom bung, reheated, and pumped back
over the textiles for 8 to 12 hours.

KOH

e Chemical Action: The hot hydrolyzes fatty acid esters within the plant waxes,
producing soluble potassium carboxylates and long-chain alcohols while dissolving
remaining pectins. The fabric loses 12% to 15% of its dry weight. It is then removed,
rinsed in clear rainwater, and gently wrung out.

Solar Grassing (Rasenbleiche)

Scoured linen remains tan because of conjugated phenolic chromophores within residual lignin
fragments. These aromatic complexes resist alkali and must be broken down by oxidation.

The wet, scoured fabric is spread flat across a clean, short grass meadow (Bleichrasen), pinned
down at the edges with wooden pegs. The grass provides a moist, cool microclimate beneath
the cloth, preventing localized thermal drying. Using broad wooden scoops or watering cans,
workers spray the cloth with rainwater every two hours during daylight to keep it wet under the
sun.

Solar ultraviolet radiation (UV-A and UV-B, wavelengths 290-400 nm) strikes the
water-saturated cellulose. In the presence of atmospheric oxygen and trace plant
photosensitizers, this triggers the photolysis of water, generating reactive oxygen species

-OH . Hy,0, 10,

including hydroxyl radicals ( ), hydrogen peroxide ( ), and singlet oxygen (
These transient oxidants attack the conjugated double bonds of the lignin chromophores,
breaking the aromatic rings into colorless, water-soluble carboxylic acids that wash out in the
moisture. The cloth remains on the meadow for 7 to 14 days and is turned daily.
Acid Souring (Sauern)
Repeated bowking and solar exposure leave the linen saturated with alkaline residues and
insoluble mineral salts—particularly calcium carbonate and iron oxides absorbed from
dust—which stiffen the cloth and cause yellowing when dried.

e Acid Bath: The souring tub is filled with fermented buttermilk or fermented grain

steep-water (Sauerteigwasser) containing 1.5% to 2.5% lactic acid (

).



CH;CH(OH)COOH

) produced by lactic acid bacteria’.

e Protocol: The grassed cloth is submerged in the acid bath at 25°C-30°C for 24 to 48
hours.

e Neutralization and Chelation: Lactic acid neutralizes the residual potassium hydroxide,

forming soluble potassium lactate. The bidentate a-hydroxy acid

a2+ F63+
chelates bound calcium ( ) and ferric ( ) ions, converting insoluble mineral

precipitates into soluble complexes that rinse away in water.
e Bleaching Cycle: Achieving a pure white (Hochweil3) requires repeating the Bowking

simultaneously

Grassing - Souring sequence 4 to 8 times over a period of 6 to 8 weeks. After the
final rinse, the damp cloth is run through a cold stone box mangle (Mangel). The heavy
reciprocating stone box flattens the round threads, creating the smooth, lustrous surface
of table damask.

Laundering and Maintenance Chemistry: Hard Water,
Wood Ash, and Tallow Soap

Table linens require periodic boiling washes (Kochwésche) to lift oils, wine tannins, and food
soils without wearing down the fibers. Berlin-Brandenburg well and river water is hard,

averaging 14 to 17 °dH (250 bpm CaC()g equivalent) with calcium ion concentrations
around 110 mg/L". Under these conditions, untempered soap precipitates as insoluble calcium
carboxylates ("soap scum"), which leave gray residues and stiffen fine textiles?".

Water Softening via Wood Ash Pre-treatment

Before soap is added to the wash vat, the hard water must be softened. Clear, settled hardwood

ash extract (KQCO3 ) is added to the water at a concentration of 2% by volume®. The
carbonate ions react with dissolved calcium and magnesium?:

Ca’" (aq) + K;COs(aq) — CaCOs(s) | +2K™ (aq)

The water turns cloudy as insoluble calcium carbonate forms, settling to the bottom over 6
hours. The clear, softened water is then drawn off for laundering, preventing calcium scum from
depositing on the linen?".

Stoichiometry and Synthesis of Potassium Tallowate

The cleaning surfactant is produced by saponifying rendered beef tallow with wood ash lye (

KOH )20-

Beef tallow provides a fatty acid profile suited for high-temperature laundering:
e Palmitic Acid (C16:0): 25.0% to 28.0%; provides structural body and detergent action®".



e Stearic Acid (C18:0): 19.0% to 21.2%; creates dense, stable lather matrices?".
e Oleic Acid (C18:1): 34.0% to 48.9%; lowers the overall Krafft temperature of the blend?’.

< 4.5%

e Polyunsaturated Acids (C18:2, C18:3): : kept minimal to prevent rancidity®’.

KOH

Beef tallow has an average saponification value of 200 mg per gram of fat*'. For fine
table linens, the soap must be formulated with a superfatting level of 0% to 2%?'. Personal
soaps often leave 5% to 8% unsaponified fat to moisturize skin, but unreacted fats on table
linens undergo free-radical auto-oxidation, turning yellow, releasing stale odors, and making the
cloth water-repellent?'.

To saponify 1,000 grams of rendered beef tallow?':

Mass KOH Required = 1,000 g Tallow x 0.200 g KOH/g = 200.0 grams KOH

2.0M KOH ,112.2 g/L )21:

Using titrated wood ash lye at a concentration of (
Volume Lye Required = —028  _ 1 789 Lit
olume Lye Required = ———«+——— = 1. iters
yered 112.2 ¢/L
The tallow is melted in an iron kettle to 60°C , and the caustic lye is warmed to 50°C and

poured in under steady agitation with an ash paddle®'. Saponification is a second-order

exothermic reaction with an activation energy E, of 60.3 to 64.0 k.]/mol 2.
d[Soap]

i k[Triglyceride|[OH]

The emulsion reaches the "trace" phase after 30 to 45 minutes of vigorous shearing?'. The
kettle is kept at 80°C-90°C for three hours until the mixture turns into a translucent, golden
paste. Because potassium ions have a larger atomic radius than sodium ions, the carboxylate
salts form a soft, viscous paste (Schmierseife) rather than a hard bar®®. This soft soap retains its
natural glycerin, which helps it dissolve rapidly in the wash tub?.

Laundry Kinetics and Krafft Temperatures

Potassium tallowate contains saturated fatty acid soaps (potassium palmitate and stearate) that

~ © o
have high Krafft temperatures (TK ~ 45°C and 55°C , respectively)®'. Below these
temperatures, the surfactant molecules remain insoluble and cannot form the micelles required



to lift and trap oils®'.
Table linen must therefore be laundered using a hot boil (Kochwésche):

1. Cold Soaking (Einweichen): Soiled linens are soaked overnight in cold, ash-softened
water. This dissolves water-soluble soils and loosens proteinaceous stains (egg, milk,
blood). Putting unsoaked protein stains directly into hot water denatures the proteins

80°C

(such as ovalbumin at ), binding them permanently to the cellulose fibers*.

o] o

2. The Boiling Wash (Kochen): The wash water is brought to 85°C-95°C ,and
potassium tallowate paste is stirred in (approx. 50 grams per 10 liters). At this
temperature, well above the Krafft points of all constituent fatty acids, the soap forms
micelles that break up food fats and float away particulates?’. The linen is stirred with
smooth wooden paddles for one hour.

3. Rinsing and Souring: The linen is lifted into cold rainwater to wash out the alkaline soap
liquor. The final rinse water is dosed with 1% fermented sour whey or vinegar. This mild
acid bath neutralizes trace alkali, dissolves any lingering mineral deposits, and sets the
fabric at a neutral pH (5.5 to 6.0), keeping the linen supple and soft®’.

Culinary Bast Textiles: Functional Interfaces in the
Fine-Dining Kitchen

A fine dining kitchen relies on unbleached, lint-free bast textiles to manage filtration, moisture
transfer, and bacterial curds. Synthetic fibers melt under high heat, while cotton breaks into
short lint fragments, softens in boiling liquids, and degrades in acidic conditions. Pure linen
woven from flax line or tow provides high wet strength, natural resistance to bacteria, zero lint
shedding, and precise liquid permeability.

Culinary Textile
Implement

Quarktuch (Curd /
Cheesecloth)

Passiertuch
(Consommé Filter)

Weave
Architecture &
Fiber Selection

Balanced open
plain weave; coarse
tow flax

High-count plain
weave; fine line flax

Sett (Ends x Picks
per cm)

10 x
(Porous grid)

22 x

(Dense filter)

Primary Physical
& Chemical
Mechanism

Gravity whey
syneresis; clean
separation from
lactic curds without
sticking®?

Micro-filtration down

to 1 pm. traps
denatured proteins
and fat droplets®



Gartuch (Bakers' Heavy herringbone 24 x Capillary moisture

Sourdough Couch) twill; unbleached

. wicking; forms

line flax (350 g/mz) smooth skin on
dough; enables
blistered crust'

Geleebeutel (Jelly Conical plain 14 % Hydrostatic
& Fruit Filter Bag) weave; medium flax clarification of fruit
(Tapered cone) . .
tow juices; retains

pectin pulp without
shear

Cheesecloth for Curds and Quark (Quarktiicher)

Regional Brandenburg dining relies on fresh lactic curds, most notably Spreewélder Quark
served with cold-pressed linseed oil and jacket potatoes?.

Fabric Architecture: Woven in an open, balanced plain weave from boiled, unbleached

flax tow yarn (N'm, 13 ), sett at 10 ends X 10 picks per centimeter.

Syneresis Mechanics: When clabbered raw milk reaches its isoelectric point (pH 4.6),
the casein micelle network collapses into paracasein curds, expelling aqueous whey?.
The open-mesh linen cloth functions as an interfacial sieve. Because the linen surface is
smooth and hydrophilic, the curd does not adhere to the fibers. The whey runs through the
open pores under gravity, while the paracasein aggregates compact into an even curd
mass?2.

Hygiene Protocol: Cotton cheesecloths harbor milk fats and lactic cultures within their
hollow lumens, causing rapid bacterial contamination. Flax fibers, possessing a tightly

closed lumen and high resistance to boiling lye, can be washed in 95°C
reused for years without harboring sour odors or structural pathogens?".

water and

Clarification and Straining Cloths (Passiertiicher)
In classical gastronomy, broths, stocks, and consommeés require clarification to eliminate
microscopic suspended particulates and lipid microemulsions?.

X

Depth Filtration Dynamics: A high-count linen Passiertuch woven at 22 ends 20

Nm 34

picks per centimeter from wet-spun line flax ( ) acts as a depth filter®®. Folded
into four layers, it forms a tortuous porous matrix capable of intercepting particulates down

o 1.0 pm 2

Consommé Execution: When clarifying broth with a cold-meat-and-egg-white raft

o
(clearmeat), the stock is brought to a gentle simmer (85 C )?®. The egg whites



Td == 802200

(predominantly ovalbumin, thermal denaturation , and lysozyme,

Ty =T7746°C ) unfold and cross-link through intermolecular disulfide bonds, forming
a buoyant protein network that sweeps suspended particles to the surface®. The liquid is
siphoned out and filtered through a pre-moistened Passiertuch lining a conical metal
chinois?®. The pre-wetting hydrates the cellulose walls, swelling the yarns and narrowing
the pores to intercept fine protein aggregates without trapping the uncoagulated
high-molecular-weight gelatin, yielding a crystal-clear consommé that gels firmly when
chilled®.

Sourdough Couches and Bakers' Linen (Gartiicher | Backleinen)
The baking of sourdough rye and wheat breads (Mischbrot) on masonry hearths in Brandenburg
requires dough maturation on structural fabrics'.

Fabric Architecture: Heavy, dense, unbleached herringbone twill or plain weave (

320 to 380 g/m2 ) woven from unboiled, coarse line flax.

Interfacial Hygroscopic Balance: Traditional sourdough doughs (formulated with
German flours Type 550, 1050, or rye 1150) run at high hydration (65% to 75%)'. When
shaped loaves (Laibe) are placed between folds of the linen couch for final fermentation,
the crystalline flax cellulose absorbs moisture from the dough's outer layer through
capillary wicking without hydrating its own fiber core’.

Crust Formation: This localized desiccation creates a smooth, thin "skin" around the
dough piece. When tipped onto the peel and scored, the loaf retains its vertical shape
without spreading laterally’. When loaded onto the superheated Schamotte hearth (

250°C ), this dry surface flashes into a crisp crust adorned with fine micro-blisters, which
cannot form if the dough is proofed against impermeable, non-wicking surfaces’. The
linen couch is naturally resistant to mold, requiring only post-bake brushing and sun
drying.

Industrial Hemp (Cannabis sativa) as an Alternative
Bast Fiber

While flax produces the fineness and tensile properties required for luxury damask and fine
culinary filtration, industrial hemp (Cannabis sativa L.) offers a complementary, heavy-duty bast
fiber that thrives on the marginal sands of Brandenburg.

Agronomic & Fiber Flax (Linum Industrial Hemp
Morphological Parameter usitatissimum) (Cannabis sativa)
Rooting Morphology Shallow taproot system Deep taproot system

(depth: 40 to 70 cm) (depth: 1.5 to 2.5 meters)®



Dry Straw Yield

Total Bast Fiber Yield

Lignin Content in Bast

Cellulose Concentration

Elementary Fiber
Dimensions

Crop Rotation
Compatibility

4.0 to 5.5 t/ha on Arenosol
soils

0.8to 1.2 t/ha

2.0% to 4.5% (Low
lignification)

70% to 75%

Length: 20-50 mm;
Diameter: 10—-25 MM

Strict 6- to 7-year rotation
cycle®

Agronomic and Structural Comparison
Hemp is well-suited to the sandy Arenosols of Brandenburg due to its deep taproot architecture
(reaching 2 meters), which penetrates compacted subsoil layers to draw moisture and trace
nutrients that shallow-rooted flax cannot access®. Hemp requires minimal field preparation,
establishes rapidly to suppress weeds through dense shading, and leaves the soil open and
friable for subsequent winter grains®.
However, the biochemical architecture of the hemp bast bundle presents distinct processing

challenges:

7.0 to 12.0 t/ha on Arenosol
soils

1.5to 2.8 t/ha®

6.0% to 12.0% (High
lignification)?®

65% to 70%%°

Length: 10-30 mm;
Diameter: 15-40 MM

Self-tolerant; excellent
weed-suppressing break
crop®

e Lignification: Hemp bast contains twice the lignin content of flax (up to 12%), interlinking
the secondary cell walls and middle lamellae into stiff ribbons?°.
e Fiber Fineness: Individual elementary fibers are coarser, shorter, and less elastic than

flax.

e Processing Requirements: Hemp requires longer retting cycles (often 5 to 7 weeks of
dew retting) and heavy, weighted mechanical brakes to shatter its thick, dense woody

core (Hanfschében).

e Culinary and Household Application: Hemp cannot match the fine drape, skin-soft
hand, and light reflectance of dressed line flax damask. Its primary role in a self-sufficient
community is utilitarian: heavy grain sacks, flour storage bags, work aprons, durable
ropework, harness webbing, and heavy-duty cheese presses that would wear out delicate

flax yarns.

Legal Status of Industrial Hemp in Germany

Modern communities cultivating bast fibers must navigate the German statutory framework:
e Statutory Evolution (2024—-2026): Under the Konsumcannabisgesetz (KCanG), which



entered into force on April 1, 2024, cannabis was removed from the
Betaubungsmittelgesetz (BtMG)?°.

e Industrial Hemp Exemption (§ 1 No. 8 KCanG): Industrial hemp (Nutzhanf) is explicitly
exempt from the criminal restrictions governing recreational cannabis, provided that its

A%-THC

total delta-9-tetrahydrocannabinol ( ) content does not exceed 0.3% (aligned

with European Union Common Agricultural Policy standards, raised from the historic 0.2%

limit on January 1, 2023)%.

e Agricultural Monopolies and Notification to the BLE: The right to cultivate industrial
hemp is restricted under German law to recognized commercial agricultural or forestry
enterprises (Landwirtschaftliche Betriebe)?®. Commercial farmers must cultivate only
certified seed varieties listed in the EU Common Catalogue of Varieties of Agricultural
Plant Species (e.g., Fedora 17, Uso 31, Santhica 27) and submit formal notification of
sowing to the Federal Agency for Agriculture and Food (Bundesanstalt fiir Landwirtschaft
und Erndhrung - BLE)?. Harvesting cannot commence until the BLE conducts random
analytical testing of the fields and officially releases the crop (Erntefreigabe)?.

e Private/Individual Cultivation Restrictions: Private individuals cultivating hemp outside
of registered agricultural businesses cannot legally claim the Nutzhanf exemption. While
private adult citizens are permitted under the KCanG to grow up to three consumer
cannabis plants for personal recreational use, the large-scale cultivation of industrial hemp
for domestic fiber production remains restricted under commercial agricultural mandates?.
In an emergency context involving a complete breakdown of legal infrastructure, these
varieties remain viable for non-narcotic fiber extraction.

Regional Linen Heritage: Upper Lusatia and the Mark
Brandenburg

Textile self-sufficiency cannot be sustained through individual labor alone; it historically required
communal organization, specialized guild systems, and seasonal labor allocation. The
Berlin-Brandenburg region and adjacent Upper Lusatia (Oberlausitz) hold a deep heritage of
textile manufacture that shaped regional society from the 17th to the 19th centuries.

The Damask Monopoly of GroRschdnau in Upper Lusatia

In 1666, the town council of Zittau dispatched two local linen weavers, the brothers Friedrich
and Christoph Lange, on an industrial espionage mission to the Netherlands®. At that time,
Haarlem and Courtrai held an absolute European monopoly on the production of true linen
damask table linen (Leinendamast). The Lange brothers mastered the complex mechanics of
the draw-loom (Zugwebstuhl) and returned to their native village of GroRschénau in Upper
Lusatia®.

Under the protection of Elector Johann Georg Il of Saxony, Grol3schénau was granted an
exclusive ducal privilege to produce figure-patterned linen damask, protected under state
oversight®*. To safeguard the trade secret, weavers were exempted from military service and
provided with subsidized loans, but were strictly forbidden from taking foreign apprentices or



leaving the district without municipal consent.

Grofdschonau developed into a renowned center for damask weaving in central Europe,
delivering grand banquet cloths to royal courts across the continent®®. The draw-loom required
two operators: the master weaver seated at the bench operating the foot treadles for the ground
harness, and an assistant—often a young girl or boy (Zampelmédchen | Ziehjunge)—perched
on a high bench atop the loom frame, physically pulling cords (Sdume / Litzen) to elevate
individual warp groups for each pick, creating intricate patterns of heraldic emblems, Biblical

narratives, and botanical borders®.

The Bohemian Weaver Settlement of Nowawes (Potsdam-Babelsberg)
In the Mark Brandenburg, Frederick Il ("the Great") sought to end Prussian dependence on
luxury Saxon, Silesian, and Dutch textile imports by founding state-sponsored colonies® . In the
spring of 1751, on the barren sands adjacent to the old village of Neuendorf, Frederick Il
commanded the establishment of an exclusive weaver and spinner settlement: the colony of
Nowawes (from the Czech Nové Ves, "New Village," known today as Potsdam-Babelsberg)*’.
Under the supervision of Colonel Wolf Friedrich von Retzow, over 150 dual-family houses were
constructed around the central triangular Weberplatz and the Friedrichskirche?. Protestant
religious refugees (Exulanten) from Bohemia and Moravia were settled here, granted freedom of
taxation, military exemption, and religious liberty®.

Because the barren sand soils of the Teltow plateau yielded almost no garden produce, the
colonists relied entirely on piece-rate weaving for merchant publishers (Verleger)?. Finished
woven bolts were collected at the guild house (Innungshaus, Weberplatz 23) and hauled in
covered wagons directly to the royal storehouses of Berlin®.



Sorbian/Wendish Traditions: The Psaza (Spinnstube)
In the Lower Lusatian Spreewald, the Slavic Sorbian/Wendish communities maintained a
cooperative winter labor institution known as the P$aza (German: Spinte or Spinnstube)®*.

e The Seasonal Session: Between the autumn parish fair (Kirmes) in November and the
pre-Lenten carnival (Zapust) in February, unmarried women gathered nightly in alternating
village homes to spin their families' dressed flax**.

e Thermal and Lighting Economics: Operating individual spinning wheels across dozens
of scattered peasant huts wasted precious tallow candles and beech firewood. The Psaza
consolidated 15 to 30 spinners into a single, tightly insulated room heated by a central
masonry stove, illuminated by a single hanging oil lamp or resin splints (Kienspéne).

e Communal Regulation: The assembly was governed by a strict hierarchy under an
elected mistress (Spinnmeisterin). Strict production quotas were enforced: each spinner
was expected to fill a minimum of two bobbins of high-count yarn per evening before
social conversation, folk polyphony, and courtship games were permitted.

e Prussian Regulatory Suppression (Spinnstubenordnungen): The political threat of
unmonitored gatherings, coupled with fire risks posed by open resin splints among dry flax
fibers, led the Prussian Crown to issue severe administrative ordinances
(Spinnstubenordnungen) throughout the 18th century, mandating regular police curfews,
banning alcohol, and imposing inspections by local parish constables.

Quantitative Metrology, Mass Balances, and Division
of Labor

The material and labor investments required to dress a formal table with hand-crafted linen can
be quantitatively mapped from field yields through finished goods.

Quantitative Mass Balance: 1.0 Hectare of Fiber Flax

The transformation of raw flax straw into finished, bleached linen involves significant mass loss
at each processing stage as non-cellulosic components, woody tissues, and short fibers are
progressively removed.

Processing Input Material Output Byproducts & Technical

Stage & Mass (Dry Product & Losses Utilization of
Basis) Mass Byproducts

Field Pulling 140 kg 4,500 kg Raw N/A (Roots Sandy soil
Certified seed pulled flax remain intact) adhering to
sown straw taproots is

tapped off back



Rippling &
Deseeding

Water Retting

Breaking &
Scutching

Sequential
Heckling

Wet Spinning
& Reeling

Loom
Weaving

Chemical
Bleaching

4,500 kg Raw
pulled straw

3,500 kg Clean
deseeded
stems

2,870 kg
Retted dry
straw

575 kg
Scutched fiber

220 kg
Dressed line
flax

202 kg Line
yarn (

Nm30)

180 kg
Loom-state

3,500 kg
Deseeded
stems

2,870 kg
Retted dry
straw

575 kg Total
scutched fiber

220 kg
Dressed line
flax

202 kg
High-count line
yarn

180 kg Woven
loom-state
cloth

150 kg
Finished white

1,000 kg Seed
capsules
(Bollenschalen

)

630 kg Soluble
extractives
(18% loss)

1,720 kg
Woody shives
(Schében); 575
kg Dust

125 kg
Heckling tow;
230 kg
Scutching tow

18 kg Fly
waste and
sorting lint

22 kg Loom
waste (thrum
ends, sizing
rinse)

30 kg
Saponified

to plot

550 kg Linseed
(for food oil
and seed
stock); 450 kg
Chaff

Dissolved
sugars/pectins
in effluent;
used for field
irrigation

Shives used
for kiln fuel,
garden muich,
and lime
plaster

355 kg
Combined tow;
spun for
kitchen
cheesecloth
and aprons

Recovered and
carded into
coarse utility
tow blends

Sizing starch
washed away;
thrums saved
for sewing
threads

Organic matter
fully degraded



cloth linen waxes, lignins, during bowking

pectins and souring

Comprehensive Labor Budget: One Tablecloth and Twelve Napkins
The production of a single formal dining set—consisting of one banquet tablecloth measuring

1.60m x 2.80m 0.50 m x 0.50 m
7.48 m? Nm 30

finished, covering a total finished surface area of and requiring 2.58 kg of
line yarn (approx. 77,400 linear meters)}—demands an extensive expenditure of manual human
labor.

finished and twelve dinner napkins measuring

Operational Phase Specific Human Labor Proportion of Total
Mechanical / Expended Labor
Chemical
Interventions
1. Agronomic Field | Spading, seedbed 18.5 hours 2.8%
Operations harrowing,
broadcast sowing,
hand-weeding
2. Harvesting Hand-pulling at 14.0 hours 2.1%
(Flachsraufen) yellow ripeness,
bundle tying, field
stooking
3. Deseeding Iron-comb rippling, 10.5 hours 1.6%
(Riffeln) capsule collection,
flailing, winnowing
4. Retting Basin packing, 16.0 hours 2.4%
Management weighting,
monitoring
fermentation,
washing
5. Decortication Kiln drying, hand 38.0 hours 5.8%

braking, scutching
board cleaning



6. Progressive
Heckling

7. Wet Wheel
Spinning

8. Reeling,
Scouring, & Sizing

9. Loom Dressing
(Baumen)

10. Treadle
Hand-Weaving

11. Chemical
Bleaching

12. Finishing &
Tailoring

TOTAL DIRECT
HUMAN LABOR

Combing across
coarse, medium,
and fine pin arrays

Distaff spinning of
77,400 m of

Nm 30

yarn
(200 m/hour
average)

Clock-reel skeining,
mild ash scouring,
linseed sizing bath

Warp chain
calculation,
beaming, heddle
drawing, reed
sleying

Operating 4-shaft
counterbalance
loom (18 picks/cm;
1,000 cm)

6 cycles of alkaline
bowking, solar
grassing, buttermilk
souring

Cutting, thread
drawing,
hemstitching, heavy
cold mangling

Cumulative
operational time
from seedbed to
dining board

24.0 hours

387.0 hours

22.0 hours

28.0 hours

58.0 hours

26.0 hours

12.0 hours

654.0 Hours

3.7%

59.2%

3.4%

4.3%

8.9%

4.0%

1.8%

100.0%



Manual spinning constitutes the primary operational bottleneck, accounting for nearly 60% of
the total labor investment. In a self-sufficient village economy, agricultural and weaving

operations are highly seasonal, whereas spinning serves as a continuous indoor activity
conducted throughout the winter months.

Village Division of Labor: Scaling to a Community of 300

To provide textiles for an agrarian community of 300 individuals (approximately 70 households)
without access to industrial supply chains, production must expand from household
self-sufficiency into coordinated communal labor groups:

1. Arable Land Requirements: A self-sufficient individual requires an average of 2.5 kg of
processed bast fiber annually for clothing, bedding, utility bagging, and food preparation.
The community requires roughly 750 to 800 kg of dressed line flax and hemp fiber per
year. At a conservative yield of 220 kg of dressed line flax per hectare on sandy
Arenosols, the community must cultivate 3.5 to 4.0 hectares of bast fiber crops
annually. Incorporating Albrecht Daniel Thaer's seven-year crop rotation system, a
dedicated block of 25 to 28 hectares of arable land must be committed to the
fiber-rotation cycle®.

2. Labor Division and Seasonal Scheduling:

o The Agronomic Cohort (4 to 6 workers): Oversees soil cultivation, green manure
incorporation, seedbed preparation, broadcast sowing, and harvest pulling during spring
and mid-summer.

o The Retting and Decortication Crew (12 to 16 workers): Operates during late summer and
early autumn. This crew manages the water-retting basins, bundle handling, desiccation
kilns, breaking brakes, and scutching boards.

o The Winter Spinning Cohort (75 to 90 spinners): Operates throughout the winter within
communal Spinnstuben (P$aza)**. Working 15 hours per week across the 20 weeks of
late autumn and winter, this group produces the 1.2 million meters of warp and weft yarns
required for the village's annual textile needs.

o The Weaving Guild (6 to 8 full-time weavers): Operates 4 to 6 counterbalance looms
year-round, turning out 15 to 20 meters of finished plain-weave and twill fabrics per week.

o The Bleaching and Finishing Specialists (3 to 4 workers): Run the hardwood ash lye
extractors, boiling vats, buttermilk souring baths, and sunny meadow bleaching grounds
during the long daylight hours of May and June.

Process Failure Modes, Quality Control, and
Occupational Safety

Because linen production involves biological maceration, manual mechanics, and reactive alkali
chemistry, operators must monitor each stage for defects and implement corrective measures.

Operational Primary Root Diagnostic Corrective &



Failure Mode

Fiber Rot
(Uberréste)

Iron Staining
(Eisenflecken)

Warp Fraying &
Shedding

Caustic Tendering
(LaugenfraR)

Calcium Scum
Buildup

Flax Sickness
(Leinmiidigkeit)

Etiology

Excessive retting
duration; cellulolytic
clostridia attack
secondary cell
walls'’

Bog iron or ferrous
tool contact;
dissolved iron
reacts with bast
tannins

Low relative

humidity (< );
sizing failure; rough
reed dents

Lye concentration

> ;unrinsed
alkali dries on cloth
during solar
grassing

Laundering in hard
well water without

prior ash softening?®'

Monocropping flax;
buildup of Fusarium
and cyanogenic

Indicators &
Thresholds

Fibers feel
slippery/slimy; dry
fibers lack elasticity
and tear under light
finger pull

Fiber bundles show
gray, blue-black, or
purple streaks that

resist washing

Warp threads shred
into small fuzz-balls
behind the reed;
shed fails to open
cleanly

Fabric develops
slick feel; cellulose
degrades to
oxycellulose; tears
along fold lines

Textiles develop stiff
hand, greasy waxy
coating, and yellow
color under hot
mangling?’

Stunted, chlorotic
seedlings; patchy
dieback across

Remedial
Protocols

Terminate retting
immediately; rinse
with cold water;
downgrade batch to
coarse tow or paper
stock

Soak in 5% warm
oxalic acid or 10%
sour buttermilk to
chelate and lift iron
ions?

Mist warp underside
with soft water;
brush on warm
boiled linseed
mucilage; re-tie
broken ends

Quench
immediately in
fermented sour
whey; rinse in soft
water; salvage
undamaged areas
for small cloths

Wash in warm 2%
lactic acid sour
whey; ensure all
wash water is
pre-treated with ash
extract?’

Enforce strict 7-year
field rotation; plant
soil-building green



glucosides® field; low plant manures like lupine
population and serradella®

Detailed Failure Mode Diagnostics

1. Over-Retting (Uberréste)
Over-retting occurs when flax straw remains in water-retting basins after the pectic middle
lamellae are consumed. Pectinolytic Clostridium felsineum bacteria give way to cellulolytic

species that secrete cellulases (endo-’B -1,4-glucanase and cellobiohydrolase)®. These
enzymes hydrolyze the )8'(1 — 4)-g1yc081dlc

microfibrils in the secondary cell wall.

The defect is identified when wet bast fibers lose their firm, stringy resistance and feel mushy or
slimy. When dry, over-retted fiber breaks apart under minimal tensile stress, and microscopic
examination shows transverse cracks across the elementary filaments. Cellulosic degradation
cannot be reversed. The retting bath must be drained immediately and the straw flushed with
clean cold water. The weakened fiber cannot be used for loom warps and must be downgraded
to short-staple tow for utility cordage.

2. Warp Shedding and Loom Abrasion

During periods of dry weather when indoor relative humidity falls below 65%, unsized or poorly
sized flax warp yarns lose their moisture and become brittle. As the loom's reed beats forward
and the heddle eyes rub against adjacent warp ends during shed changes, surface fibrils tear
loose.

These fibrils bunch together behind the reed into small fiber balls (Flusenbildung), which lock
neighboring warp threads together and cause warp breakage (Kettfaddenbriiche). This issue is
detected by the buildup of linen dust beneath the shafts and friction when depressing the
treadles.

To resolve this, the weaver mists the underside of the warp beam with rainwater. Warm sizing
paste made from boiled linseed or oat starch is brushed over the tensioned warp behind the
heddles with a horsehair brush and allowed to dry before continuing. Broken ends are repaired
using flat weavers' knots, weighted with small lead sinkers behind the harnesses until the
mended joint wraps onto the cloth beam.

3. Caustic Tendering During Finishing (LaugenfraR)

If wood ash lye exceeds an active alkali concentration of 3% during bowking, or if linen dries out
unevenly during solar grassing with residual alkali left in its fibers, atmospheric oxygen
catalyzes the conversion of cellulose into oxycellulose. Oxycellulose chains suffer reduced
degrees of polymerization, compromising the fabric's tensile strength.

The defect is detected when the fabric feels slick in the rinse bath, turns yellow under heat, and
tears easily along warp or weft lines under light manual tension. Damaged fabric must be
plunged into an acid bath of fermented whey, buttermilk, or 5% vinegar to neutralize residual
alkali, followed by thorough water rinsing. Degraded sections cannot be restored; damaged
areas must be trimmed away, and intact pieces repurposed for kitchen tasks like jelly straining

bonds of the crystalline cellulose



bags or cheesecloths.

Occupational Safety Protocols
Textile extraction and chemical bleaching involve several significant physical, biological, and
chemical hazards:

1. Byssinosis and Respiratory Bio-Aerosols: Breaking, scutching, and fine heckling
release high volumes of fine airborne dust containing cellulose fragments, fungal spores,
soil silica from Arenosol sands, and bacterial endotoxins from Gram-negative retting
bacteria. Chronic inhalation of this dust causes byssinosis ("brown lung" or
Flachsarbeiter-Asthma), marked by chest tightness, chronic coughing, and permanent
loss of pulmonary capacity. All mechanical breaking and heckling must be conducted
outdoors or in open-sided sheds with active cross-ventilation. Workers must wear damp,
two-layer fine linen masks over the nose and mouth, and work surfaces must be swept
down with moist pine shavings to keep dust from rising.

2. Toxic Gas Hazards in Retting Pits: Retting pits accumulate pockets of hazardous

H,S

gases, principally hydrogen sulfide ( ), methane (CH4 ), and carbon dioxide (

CO; )'*. Pits should be constructed in open, breezy areas. Workers must never step into
an emptied retting basin without first testing the air. If an open candle flame held at the

bottom of the basin goes out (indicating CO; buildup or oxygen deficiency) or causes a
blue flare (indicating flammable methane), the pit must be aired out before personnel
enter.

3. Chemical Burns from Caustic Alkalis: Concentrated wood ash lye and slaked quicklime

CaO

( ) have a pH between 12.0 and 13.5%°. Contact with the eyes causes corneal burns
and permanent blindness, while prolonged skin contact breaks down epidermal fats and
produces deep, painful chemical ulcers®®. Workers managing hot bowking vats must wear
heavy cowhide aprons and oil-treated leather gauntlets. A bucket of mild acid (sour
buttermilk, whey, or vinegar) must be kept beside the vat to neutralize accidental alkaline
splashes on the skin. If lye gets into the eyes, they must be flushed immediately with
clean rainwater for 15 minutes.

4. Fire Risks in Desiccation Kilns: Dried flax straw is flammable, and its auto-ignition
temperature is lowered by dry shive dust settling on the drying hurdles. Drying kilns
(Flachsdarren) must be built of brick or stone and located at least 50 meters downwind of
timber-framed dwellings and barns. Straw placed on drying hurdles must never come into
contact with open flame; heating must rely exclusively on radiant heat from masonry flues
or stored thermal mass. Buckets of water and moist sand must be kept beside the kiln
during operation.

Synthesis: The Dressed Table

When managed systematically, the combination of sandy Arenosols, local pine and hardwood
timbers, livestock tallow, and wood ash chemistry produces a complete, sustainable material
system. A formal table set with white linen damask, illuminated by tallow candles, and



accompanied by bread proofed on flax couches, clear consommé strained through fine linen,
and fresh quark drained in linen tow bags, represents the transformation of raw biomass into
refined culinary material culture. The durability of line flax ensures that this investment of labor
yields durable heirlooms, connecting the household to centuries of regional textile
craftsmanship.
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