Strategic Agronomic and Genetic
Methodologies for the Decentralized
Preservation of Cereal Seed in the

Berlin-Brandenburg Region

The Geo-Climatic and Pedological Imperatives of the
Brandenburg Landscape

The architectural design of a sustainable, year-over-year cereal seed saving program must be
inextricably linked to the localized climatic boundaries and pedological realities of the target
geography. The Berlin and wider Brandenburg region presents a highly specific and moderately
challenging agronomic environment that strictly dictates the operational parameters for
genetic stabilization, crop rotation, and seed preservation. Situated within USDA Hardiness
Zone 7b, the region experiences average annual extreme minimum temperatures ranging
between -15°C and -12.2°C". The operational growing season is delineated by absolute frost
dates, with the last spring air frost typically occurring around May 8 and the first autumn air
frost arriving near September 22, yielding a reliable frost-free window of approximately 136 to
137 days'. The accumulation of thermal energy, quantified as Growing Degree Days utilizing a
base temperature threshold of 10°C, is generally sufficient for temperate agriculture, though
extreme summer heat waves are increasingly prevalent, placing severe stress on developing
cereal crops’.

However, the absolute defining limitation of the Brandenburg agricultural landscape is its
pedology. The region is overwhelmingly dominated by Pleistocene-derived glacial sands and
sandy loams, classified as Arenosols, which frequently exhibit critically low agricultural yield
indices rated between 25 and 40 Bodenpunkte'. These coarse-textured soils are characterized
by an abundance of macropores, ensuring excellent aeration and ease of mechanical
cultivation under all moisture regimes. Simultaneously, this structural reality results in an
exceptionally low Available Water Capacity, rendering these soils highly susceptible to acute
drought stress during the critical summer grain-filing months'. Furthermore, these sands
suffer from severe vulnerability to the downward leaching of water-soluble macronutrients,
particularly nitrate and potassium, during winter precipitation events'.

To produce high-vigour cereal seed in this fragile environment, the cereal cultivation phase
must be embedded within a rigorously structured multi-year crop rotation. Based on the
Association of German Agricultural Analytic and Research Institutes (VDLUFA) Humus Balance
framework, winter cereals such as rye and wheat are classified as moderate humus depleters,
consuming approximately -280 kg Humus-C/ha per season'. Without synthetic fertilization, this
depletion must be counteracted by incorporating the cereal straw back into the soil and
preceding the cereal phase with aggressive nitrogen-fixing leguminous crops. Utilizing modern,



anthracnose-resistant cultivars of Blue Lupin (Lupinus angustifolius), which are uniquely
adapted to the acidic, nutrient-poor Arenosols, allows for the biological fixation of massive
quantities of atmospheric nitrogen, often up to 150 to 180 kg N/ha'. The deep taproots of the
lupin effectively fracture deep compaction layers, pulling leached moisture and solubilized
phosphorus back into the photic zone'. Sowing winter rye or winter wheat following this
leguminous phase guarantees that the developing cereal embryos have access to the
necessary macronutrients required to build dense, protein-rich endosperms, which are the
fundamental biochemical requirement for year-over-year seed viability.

Reproductive Biology and the Architecture of Genetic
Stabilization

The foundational principle of maintaining year-over-year viability in saved cereal seed is the
meticulous management of genetic diversity. In highly volatile environments like the sandy
plains of Brandenburg, reliance on highly inbred, commercial elite cereal varieties frequently
leads to catastrophic yield failures when synthetic inputs or irrigation are unavailable. Standard
commercial cultivars are bred for absolute uniformity, thereby lacking the genetic plasticity
required to adapt to shifting climatic extremes?. Establishing a decentralized seed-saving
infrastructure necessitates a paradigm shift away from genetic uniformity and toward
managed genetic heterogeneity. The mechanisms required for this stabilization depend entirely
on the reproductive biology of the specific cereal crop, distinguishing fundamentally between
self-pollinating species and obligate cross-pollinators.

Isolation Dynamics and Minimum Viable Populations

Cereals such as common wheat (Triticum aestivum), barley (Hordeum vulgare), and oats
(Avena sativa) are predominantly self-pollinating species, exhibiting a high degree of
cleistogamy. Their floral architecture generally ensures that fertilization occurs internally before
the floret fully opens, drastically minimizing the risk of outcrossing with neighboring pollen
sources. Consequently, maintaining the genetic purity of a specific variety or population of
self-pollinating cereals requires relatively minimal isolation distances. A physical separation of 1
to 2 meters, or a definitive physical barrier such as a barren strip, fenceline, or roadway, is
typically sufficient to prevent both ambient pollen contamination and mechanical mixing during
harvesting operations®. For foundation-class seed production, this distance is sometimes
expanded to 65 to 75 feet to eliminate any marginal risk of hybridization, particularly when
managing pest-tolerant varietal blends or avoiding hybridization with wild relatives like jointed
goatgrass®.

In stark contrast, rye (Secale cereale) operates under an entirely different reproductive
paradigm. Rye is an obligate cross-pollinating species relying entirely on anemophily, or wind
pollination. The reproductive biology of rye features highly dehiscent anthers that release
immense volumes of ultra-lightweight pollen into the atmospheric boundary layer,
necessitating strict spatial isolation protocols to prevent unwanted hybridization between
different cultivars or wild populations®. To maintain the genetic integrity of a rye population,
rigorous isolation distances must be enforced. Depending on the certification class and the
specific regional regulations, seed production fields for rye must be isolated by a minimum of



250 to 300 meters from any other rye pollen source, and in certain stringent foundational seed
scenarios, up to 660 feet (approximately 200 meters) or greater”.

Furthermore, the mathematical population size utilized for seed saving dictates the long-term
viability and agronomic strength of the genetic line. If the effective population size of an
outcrossing species like rye is reduced too drastically, the population will inevitably suffer from
severe inbreeding depression®. Inbreeding depression manifests as a rapid, transgenerational
decline in plant vigor, severely reduced grain yields, stunted straw length, and a heightened
susceptibility to environmental stress due to the homozygous expression of deleterious
recessive alleles®. To prevent this genetic collapse, seed must be saved from a minimum of 100
to 200 randomly selected, morphologically sound rye plants per generation®. While
self-pollinators do not suffer from inbreeding depression in the same acute manner,
maintaining a wide genetic base across thousands of plants remains critical for ensuring that
the population does not succumb to genetic drift or lose its localized adaptations.

Cereal Species Primary Pollination = Certified Seed Minimum
Mechanism Minimum Isolation Population Size for
Seed Saving

Wheat (Triticum Self-pollinating 1to 2 meters® 50+ plants
aestivum) (Cleistogamous)

Barley (Hordeum Self-pollinating 1 to 2 meters® 50+ plants

vulgare) (Cleistogamous)

Oats (Avena sativa) Self-pollinating 1to 2 meters® 50+ plants

(Cleistogamous)

Rye (Secale Cross-pollinating 250 to 300 meters’ = 100 to 200 plants®
cereale) (Anemophilous)

Evolutionary Plant Breeding and Composite Cross Populations
Traditional pure-line breeding, which demands absolute genetic uniformity, is increasingly
maladapted to the erratic precipitation and extreme temperature fluctuations of the
Brandenburg region. To establish true regional resilience, agronomists are increasingly
adopting Evolutionary Plant Breeding methodologies, specifically deploying Composite Cross
Populations'®. A Composite Cross Population is engineered by cross-breeding multiple diverse
parent lines, often encompassing both modern high-yielding varieties and robust heritage
landraces, and subsequently bulking the hybrid progeny to create a highly heterogeneous,
continuously evolving population.

When these massive, diverse populations are grown out year after year in a specific
environment like the sandy loams of Berlin, natural and agronomic selection pressures act



directly upon the standing genetic variation. Over successive generations, alleles that confer a
distinct survival and reproductive advantage—such as enhanced root depth for drought
tolerance, efficient nutrient scavenging capability in low-input organic systems, or inherent
resistance to endemic fungal pathogens—progressively increase in frequency'". Field trials
conducted over multiple years in Germany have unequivocally demonstrated that while
heterogeneous winter wheat populations may not always exceed the absolute peak yields of
elite commercial pure lines (such as 'Aristaro’ or '‘Capo’) under perfect, highly fertilized
conditions, they vastly outperform those same elite lines in yield stability under fluctuating,
adverse, or organic conditions®.

This superior buffering capacity is a direct physiological result of intra-crop diversity. Within a
Composite Cross Population, a climatic stress vector (such as a sudden late frost or acute
summer drought) will inevitably suppress certain genotypes, but the presence of alternative,
stress-tolerant genotypes within the same field compensates for the loss, ensuring a reliable
baseline harvest?. Furthermore, evolutionary populations exhibit vastly superior resistance to
foliar and soil-borne epidemics. Because the plants are not genetically identical, the canopy
acts as a highly complex physical and biochemical barrier that drastically slows pathogen
transmission rates, preventing the catastrophic, exponential disease spread common to
monocultures®. For the decentralized seed saver, maintaining a Composite Cross Population
requires a shift in philosophy: rather than enforcing strict morphological uniformity through
aggressive rogueing, the seed saver harvests the bulked population, allowing the specific
pedological and climatic reality of Brandenburg to continuously mold the crop's genetic
architecture into a perfectly adapted, living landrace?.

Preservation of Regional Heritage Landraces

While evolutionary breeding provides forward-looking resilience, the preservation of historical
genetic resources remains equally vital. The Berlin-Brandenburg region possesses a rich legacy
of heritage landraces historically adapted to its challenging soils. Organizations such as VERN
e.V. (Verein zur Erhaltung und Rekultivierung von Nutzpflanzen) have been instrumental in
retrieving and stabilizing these varieties'. Cultivars such as the "Norddeutscher
Champagnerroggen" (a widely distributed early 20th-century winter rye) and "Petkuser
Kurzstroh" or "Petkuser Winterroggen" (classic robust rye varieties historically cultivated in the
region) possess invaluable genetic traits optimized for poor sandy soils'®. Similarly, historical
landraces like "Mecklenburger Marienroggen" and the robust "Predborske” offer exceptional
winter hardiness and standability (lodging resistance)'™.

To maintain the specific characteristics of these heritage pure lines, deliberate human
intervention via the ear-to-row selection method is required. Originally conceptualized in 1908
by Hopkins, this methodology remains the premier technique for stabilizing self-pollinating
cereals and carefully managing cross-pollinators'®. The agronomist identifies morphologically
superior, true-to-type plants within the field prior to harvest, selecting for robust tiller
development, optimal ear architecture, absence of disease, and appropriate maturation
timing'®. The selected ears are harvested and threshed individually. In the subsequent season,
the seed from each individual ear is sown into its own dedicated row". Throughout the growing



season, these individual rows are monitored meticulously. Any row that exhibits undesirable
traits, high disease susceptibility, or off-type morphological deviations is entirely discarded".
The remaining, phenotypically uniform and superior rows are bulk harvested to serve as the
foundation seed for the next multiplication cycle, actively purging deleterious mutations and
preserving varietal purity against the slow creep of genetic drift"’.

Harvest Physiology, Starch Biochemistry, and Baking
Quality

The precise timing of the cereal harvest dictates not merely the immediate physical yield, but
the complex biochemical viability of the seed for both subsequent agronomic generations and
eventual culinary utilization. Harvesting cereal seed is a highly sensitive thermodynamic and
biochemical operation governed by specific moisture thresholds, internal enzymatic activities,
and localized climatic conditions.

Harvest Timing and Moisture Thresholds

The optimal harvest window opens when the cereal crop reaches physiological maturity,
clinically referred to as full wax ripeness. Agronomic indicators include the distinct yellowing
and increased brittleness of the straw, the desiccation of the flag leaves, and the hardening of
the endosperm, which should no longer exude milky liquid when subjected to physical
compression'®. However, the paramount quantitative metric determining harvest readiness is
the internal grain moisture content. Harvesting typically commences when grain moisture falls
to between 14% and 18%'®. Under advanced mechanized systems, cereals such as wheat, oats,
and barley can be threshed at moisture contents as high as 20%, provided they are
immediately subjected to controlled artificial drying to prevent spontaneous heating and fungal
proliferation in the silo’°. Prolonged delays in harvesting, particularly during wet autumnal
spells, drastically increase the risk of field losses due to shattering (grain dropping prematurely
from the ear), an issue acutely problematic in rye and specific malting barley cultivars'®. More
critically, delayed harvesting in damp conditions initiates catastrophic biochemical degradation
within the endosperm.

Pre-Harvest Sprouting, Dormancy, and Alpha-Amylase Induction

When mature, unharvested cereal grains are subjected to persistent rainfall, heavy dew, and
high ambient humidity, they are severely at risk of undergoing Pre-Harvest Sprouting (PHS)?".
Pre-Harvest Sprouting is the precocious, in-ear germination of the grain prior to harvest?'.
Physiologically, seed dormancy in cereals is regulated by an intricate, antagonistic hormonal
balance between abscisic acid (ABA), which promotes and maintains embryonic dormancy, and
gibberellic acid (GA), which actively stimulates germination®®. Cool, excessively wet conditions
rapidly degrade ABA concentrations and upregulate GA synthesis within the embryo®.

This spike in gibberellic acid triggers the aleurone layer—the outermost cellular layer of the
endosperm—to synthesize and secrete massive quantities of hydrolytic enzymes,
predominantly alpha-amylase, directly into the starchy endosperm?. Alpha-amylase
aggressively cleaves the complex starch polymers (amylose and amylopectin) into simple,
soluble sugars to fuel the nascent seedling's growth?'. Even microscopic, visually undetectable



levels of sprouting can induce a thousand-fold exponential increase in alpha-amylase activity,
functionally destroying the grain's utility as both structural baking flour and viable, vigorous
seed stock®®. Concurrently, a related genetic defect known as Late Maturity Alpha-amylase
(LMA) can induce identical enzymatic spikes triggered by severe temperature fluctuations (cold
or heat shocks) during the late grain-filling stages, entirely independent of moisture-induced
sprouting®'.

The Hagberg Falling Number and Zeleny Sedimentation Value

The global industry standard for quantifying this devastating enzymatic degradation is the
Hagberg Falling Number (HFN) test®*. To execute the analysis, a highly precise sample of milled
grain is mixed with water in a standardized glass viscometer tube and immersed in a boiling
water bath for exactly 60 seconds?'. As the heat penetrates, the starch begins to gelatinize.
Following this heating phase, a calibrated steel plunger is released into the slurry. The time,
recorded in seconds, that it takes for the plunger to drop to the bottom of the tube constitutes
the falling number?'. If the grain is biochemically sound, the gelatinized starch forms a highly
viscous, dense gel, causing the plunger to fall slowly, yielding a high falling number (typically
above 250 to 300 seconds)?'. Conversely, if alpha-amylase is present in high concentrations
due to PHS or LMA, the enzyme rapidly hydrolyzes and liquefies the starch gel during the
heating phase. The plunger drops swiftly through the watery suspension, resulting in a low
falling number (frequently between 60 to 150 seconds)?.

For the baker, low falling numbers result in dough that is impossibly sticky, yielding bread with
collapsed volumes, dense crumb structures, and dark, burnt crusts due to excessive
caramelization of the liberated sugars®*. For the seed saver, a low falling number indicates that
the critical endosperm reserves have been prematurely mobilized and exhausted. Such seed
will exhibit drastically reduced seedling vigour, poor emergence rates in cold soils, and
exceptionally high susceptibility to soil-borne damping-off pathogens upon sowing.
Furthermore, overall bread-making quality is intrinsically linked to the Zeleny Sedimentation
Value (ZSV), which predicts the swelling capacity of glutenin and gliadin proteins in a lactic acid
solution®. High ZSV indicates a strong, elastic gluten network capable of trapping carbon
dioxide during fermentation, yielding high-volume loaves®. Extensive multi-environment field
trials analyzing European winter wheats demonstrate that both ZSV and HFN are highly
heritable, genetically controlled traits, heavily influenced by major loci such as Glu-D1 and
Pinb-D1%. Crucially, heterogeneous Composite Cross Populations frequently match or exceed
the ZSV and protein content parameters of elite pure lines under organic conditions, providing
highly stable baking quality even in environmentally volatile years, effectively buffering the
farmer against complete quality downgrades?.

Physical Seed Purification and Density Separation
Dynamics

Once harvested and artificially dried to a safe moisture baseline, the raw, field-run grain

contains unacceptable levels of chaff, weed seeds, broken kernels, and potentially lethal
pathogenic sclerotia. The physical purification of this seed is achieved through sequential



mechanical processes that exploit the dimensional, aerodynamic, and specific gravity
differentials between the viable cereal seed and the entrained impuirities.

Aerodynamic Profiling via Air-Screen Cleaners

The primary stage of seed purification utilizes the air-screen cleaner. This apparatus passes the
raw seed through a cascading series of oscillating perforated screens while subjecting the
falling material curtain to highly controlled vertical and horizontal air currents®'. The top
screens, known as scalping screens, are sized to allow the cereal grain to fall through while
retaining and discarding massive debris such as unthreshed ears, large weed seeds, and straw
fragments. The subsequent bottom screens, or grading screens, feature perforations slightly
smaller than the desired cereal grain, allowing dust, sand, and tiny weed seeds to fall through
while retaining the clean cereal®. Simultaneously, powerful aspiration fans remove lightweight
aerodynamic impurities, such as loose glumes, chaff, and entirely empty kernels®.

Fluidized Beds and Gravity Separation

Following dimensional sizing, the seed is processed over a specific gravity separator,
commonly known as a gravity table®'. The gravity table operates on advanced fluid dynamics. It
consists of a tilted, oscillating porous deck through which pressurized air is forced
continuously®'. As the seed mass flows onto the deck, the fluidizing air lifts the material,
creating a stratified bed. The lighter, less dense particles—such as insect-damaged seeds,
shriveled kernels lacking full endosperm development, or lightweight weed seeds—are pushed
to the top of the fluidized layer and flow downward toward the lower discharge edge®.
Conversely, the heavier, fully mature, dense seeds remain in direct contact with the oscillating
deck and are mechanically "walked" uphill by the vibration to the high discharge edge. This
strict density separation is paramount for seed production, as seed weight and density
correlate directly with total endosperm volume, subsequent germination vigour, and ultimate
crop yield®'.

Pathogen Eradication: The Thermodynamics of Ergot Flotation

Rye, and to a lesser extent wheat and barley, is highly susceptible to floral infection by the
biotrophic ascomycete fungus Claviceps purpurea, the causal agent of ergot®®. The pathogen
infects the open florets during anthesis, systematically consuming the ovary and replacing the
developing grain with a hard, dark-purple melanized resting structure known as a sclerotium
(commonly referred to as an ergot body)**. These sclerotia synthesize massive quantities of
toxic ergot alkaloids that induce severe, often fatal vasoconstriction and neurological
degradation (ergotism) if consumed by humans or livestock®. Because ergot sclerotia are
morphologically and dimensionally similar to the cereal grains they replace, standard air-screen
cleaners frequently fail to remove them completely®’.

However, the physical purification of ergot relies on a distinct thermodynamic difference in
specific gravity. Sound cereal grains typically exhibit a specific gravity greater than 1.15, while
ergot sclerotia are significantly less dense®. Historically, and currently within organic
seed-saving networks, this differential is exploited via liquid brine flotation. By immersing the
contaminated seed lot into a dense aqueous brine solution—such as a 20% saline solution
comprising 40 Ibs of sodium chloride dissolved in 25 gallons of water—the dense, viable cereal



seeds sink immediately to the bottom, while the lighter, porous ergot sclerotia float to the
surface where they are mechanically skimmed and destroyed®. Following the separation, the
viable seed must be immediately and aggressively washed with fresh, clean water to remove all
residual salt. Failure to wash the seed will induce severe osmotic stress during storage,
effectively destroying the embryo's ability to imbibe water and germinate®. The washed seed
must then be rapidly dried back to storage equilibrium.

Phytosanitary Defense and Organic Seed Treatments

Beyond physical contaminants, seed-saving operations must continuously defend against
systemic seed-borne fungal pathogens. In decentralized and organic agricultural systems
devoid of synthetic fungicidal seed dressings (such as triazoles or fludioxonil), phytosanitary
defense relies upon advanced thermal and biochemical treatments to eradicate latent
inoculum.

The Biochemistry of Common Bunt (Tilletia caries) Suppression
Common bunt, caused by the basidiomycete fungus Tilletia caries, is one of the most
devastating seed-borne diseases of winter wheat*. Teliospores of the fungus adhere
aggressively to the exterior of the seed coat, particularly within the deep crease of the grain.
Upon planting, the spores germinate in perfect synchrony with the seed, penetrating and
infecting the emerging coleoptile before it breaks the soil surface’. The fungus then grows
systemically within the apical meristem of the plant, remaining completely asymptomatic until
flowering, at which point it replaces the developing grain with a mass of foul-smelling, volatile
trimethylamine-laced resting spores, known as bunt balls*°. A minimal, sub-clinical infection in
one generation can multiply exponentially during harvest, destroying entire crop yields in
subsequent years and contaminating farm machinery”'.

To control common bunt, organic seed savers utilize highly effective biochemical seed
treatments that disrupt spore germination.

1. Mustard Flour Biochemistry (Tillecur): The application of finely milled yellow mustard
powder (Sinapis alba), commercially formulated as Tillecur, provides exceptional control.
When applied as a dry powder or an aqueous suspension at a rate of approximately 10
grams per kilogram of seed (or up to 60 ml/kg), the naturally occurring glucosinolates
within the mustard undergo rapid enzymatic hydrolysis catalyzed by the enzyme
myrosinase to produce highly fungitoxic isothiocyanates*®. Multi-year field trials
demonstrate that mustard flour treatments can reduce Tilletia caries infection by 96% to
100%, matching the absolute efficacy of chemical fungicides without impairing the
germination vigour of the wheat embryo®.

2. Acetic Acid Acidification: Treatment with a 5% acetic acid solution applied at precisely
20 ml per kg of seed effectively alters the micro-pH of the seed surface®. This abrupt
acidification radically disrupts teliospore germination pathways, providing up to 96%
control of bunt in winter wheat*. Applying higher concentrations risks allowing the acid
to penetrate the seed coat and permanently damage the embryo, reducing overall
seedling emergence®.



The Thermodynamics of Loose Smut (Ustilago nuda) Eradication

While bunt spores reside on the exterior of the seed coat, the pathogen causing loose smut in
barley and wheat, Ustilago nuda, is vastly more insidious. The fungus infects the open flower
during the previous growing season, bypasses the seed coat, and establishes a dormant, living
mycelium deep within the scutellum of the seed embryo”. Because the pathogen is internally
seated, external biochemical surface treatments like mustard flour or acetic acid are entirely
ineffective.

The only viable non-chemical eradication method is hot water treatment, an immensely
delicate thermodynamic process that exploits the narrow differential in absolute thermal
tolerance between the plant embryo and the fungal mycelium*. The seed is subjected to a
highly precise hydrothermal regime. For wheat and barley, the seed is typically pre-soaked in
ambient water to initiate mycelial hydration, removing the fungus from its dormant state and
rendering it vulnerable to heat*. The seed is then immersed in highly regulated hot water baths
held strictly between 51°C and 55°C for exactly 10 to 20 minutes**. Alternatively, a longer warm
water soak at 45°C for two continuous hours can be utilized™®.

The margin for error is virtually nonexistent. If the temperature is too low or the duration too
short, the deep-seated fungal mycelium survives the treatment and will proliferate upon
planting; if the temperature spikes by even one or two degrees, or the duration is extended, the
essential proteins within the plant embryo irreversibly denature, resulting in a catastrophic loss
of seed viability*®. Following the thermal shock, the seed must be immediately plunged into
cold water to arrest the heating process, and then aggressively dried.

Seed-Borne Anatomical Locus Primary Organic Standard
Pathogen of Infection Treatment Treatment
Methodology Parameters
Common Bunt External (Adhered Mustard Flour 10 g/kg or 60 ml/kg
(Tilletia caries) to Seed surface) Suspension seed®®
(Tillecur)
Common Bunt External (Adhered Acetic Acid 20 ml of 5%
(Tilletia caries) to Seed surface) Application solution per kg
seed™®
Loose Smut Internal (Dormant Hot Water 51°C - 55°C for 10 -
(Ustilago nuda) within Embryo) Immersion 20 minutes**
Loose Smut Internal (Dormant Warm Water 45°C for 2 hours®

(Ustilago nuda) within Embryo) Immersion



Quality Evaluation and the Thermodynamics of
Storage

Prior to committing saved seed to long-term storage or the subsequent season's planting, its
physiological viability must be empirically quantified. Subjective visual inspection is wholly
insufficient. The International Seed Testing Association (ISTA) dictates strict, standardized
protocols to ensure global uniformity and absolute accuracy in seed evaluation®.

ISTA Germination and Viability Testing

A standard germination test requires a mathematically random composite sample drawn from
across the entirety of the bulk seed lot*°. Following strict ISTA rules, exactly 400 pure seeds are
placed on standardized, pathogen-free substrates—usually specifically formulated moistened
filter paper or pure quartz sand—and incubated under strictly controlled temperature and
humidity regimes®. For temperate cereals, incubation generally occurs at a constant 20°C,
often supplemented with specific light regimens to break residual physiological dormancy®.
After a prescribed period (typically 7 to 10 days for final counts in cereals), the emerging
seedlings are evaluated and categorized by highly trained analysts®. Crucially, true germination
tests do not merely count seeds that have sprouted; they distinguish explicitly between normal
and abnormal seedlings.

e Normal Seedlings: Must possess fully developed, intact essential structures, including a
vigorous primary root system, an unblemished coleoptile, and healthy emergent true
leaves capable of sustained photosynthetic activity*’. Only normal seedlings contribute
to the final official germination percentage.

e Abnormal Seedlings: Exhibit severe physiological or structural defects, such as retarded
or missing primary roots, deeply necrotic cotyledons, fractured hypocotyls, or watery,
glassy tissue indicating severe frost or heat damage. These seedlings are fundamentally
incapable of producing a viable adult plant under competitive field conditions and are
discarded from the total count®.

e Dead or Hard Seeds: Seeds that fail to imbibe water (hard seed) or have succumbed to
microbial decay (dead seed) are recorded separately’.

For rapid viability assessments, particularly when analyzing deeply dormant seed or diagnosing
post-harvest thermal damage, the Topographical Tetrazolium (TZ) test is deployed®. Seeds are
imbibed in water, bisected longitudinally straight through the embryo, and submerged in a
2,3,5-triphenyl tetrazolium chloride solution in absolute darkness. Living, actively respiring
embryonic tissues enzymatically reduce the colorless tetrazolium solution into a vivid, highly
insoluble red formazan dye via dehydrogenase enzyme activity*’. The highly specific
topographical staining pattern allows the analyst to immediately map dead necrotic zones,
mechanical fractures, or lethal heat damage within the embryo's specific cellular structures
without waiting for a 10-day biological grow-out®. Furthermore, conductivity testing can be
utilized to measure the leakage of cellular electrolytes into a water bath; highly degraded cell
membranes leak profusely, correlating directly with low seed vigour and high suscepitibility to
soil-borne fungi®. A seed lot is generally deemed unacceptable for agricultural planting if the



normal germination rate falls below 78% to 80%.

Equilibrium Relative Humidity and Allowable Storage Time

The preservation of high genetic fidelity and physiological vigour between harvest and the
subsequent planting season requires mastering the rigid thermodynamics of seed storage.
Cereal seeds are fundamentally hygroscopic organisms; they continuously exchange water
vapor with the surrounding ambient air until they reach absolute dynamic equilibrium, known as
the Equilibrium Relative Humidity (ERH)>°.

The rate of physiological seed deterioration is governed entirely by two intersecting physical
variables: seed moisture content and ambient storage temperature. If the internal seed
moisture content exceeds 13%, the seed's basal respiration rate escalates dramatically®’. This
excessive respiration rapidly depletes localized carbohydrate reserves and, catastrophically,
acts as an exothermic reaction, generating metabolic heat and additional water, triggering a
runaway thermodynamic cascade within the silo or grain bin. Furthermore, at an ERH of 65% or
higher, opportunistic xerophilic storage fungi (predominantly Aspergillus and Penicillium
species) and aggressive grain mites proliferate rapidly, leading to severe mycotoxin
accumulation and total biological destruction of the seed germ®.

To achieve absolute multi-year stability, the moisture content must be mechanically reduced
below the 12% to 13% threshold utilizing massive unheated air drying or strictly controlled
hot-air drying regimens?°. When drying living seed grain, the hot-air temperature must never
exceed 43°C to 48°C (110°F to 118°F), as temperatures exceeding this threshold will
permanently denature the delicate enzymatic proteins within the embryo, immediately killing
the seed and rendering it inert*®.

The interplay between temperature and moisture establishes the Allowable Storage Time
(AST)—the cumulative duration a seed lot can be held before significant physiological
deterioration affects emergence®. For example, wheat stored at 15% moisture during a hot
Brandenburg summer at 25°C (77°F) establishes an ERH of 71% and will degrade into unviability
in a matter of months®. However, if that identical grain is cooled to 5°C (41°F) using aeration
fans pushing the frigid winter air through the bin, its ERH drops to 62%, arresting fungal
development and radically extending its allowable storage time virtually into perpetuity®.

Grain Moisture Content Internal Storage Approximate Allowable
Temperature Storage Time
14% 21°C (70°F) 200 days®
14% 15°C (60°F) > 300 days (Biologically
Stable)’

15% 21°C (70°F) 125 days®”



15% 15°C (60°F) 240 days™
17% 21°C (70°F) 20 days (High Risk)*
17% 10°C (50°F) 130 days®

Decentralized Processing: Stone Milling vs. Roller
Milling

For the decentralized seed saver and organic farmer, processing the harvest into high-value
flour is often the economic engine that sustains the agricultural operation. Processing
heterogeneous evolutionary wheat populations and heritage landraces requires a choice
between traditional stone milling and modern industrial roller milling, a decision that radically
alters the nutritional profile and physical characteristics of the final flour.

Modern Roller Milling

Introduced in the late 19th century, modern roller mills employ a sequence of corrugated and
smooth steel cylinders operating at high differential speeds to systematically break the wheat
kernel and scrape the starchy endosperm away from the bran and germ®°. This highly
controlled, incremental shearing process allows for the production of incredibly pure, white
flour with exceptionally low ash content®°. Ash content—the mineral residue remaining after
total combustion—is the primary metric for measuring bran contamination in white flour; lower
ash indicates a purer separation of the endosperm?®. Roller mills operate with extreme
thermodynamic efficiency, generating minimal friction and maintaining flour temperatures
around 32°C, protecting the structural integrity of the gluten proteins and vastly extending shelf
life by completely excluding the lipid-rich, rancidity-prone wheat germ from the final product®°.
Furthermore, roller mills consistently achieve high extraction rates of 75% to 78% straight-run
flour, making them economically superior for mass production®®.

Traditional Stone Milling

In stark contrast, stone milling involves passing the grain between two massive, rotating stones,
subjecting the entire kernel to aggressive, continuous compression and shear®'. Stone mills do
not systematically separate the anatomical fractions of the grain; instead, they pulverize the
bran, germ, and endosperm into a singular, cohesive mass®®. Even when the resulting flour is
subsequently sifted to remove large bran flakes, it retains significantly higher proportions of the
germ oil and micronized bran, yielding a flour with a much higher ash content, darker color, and
pronounced earthy flavor profile highly prized by artisan bakers®'.

Scientifically, stone-milled whole wheat flour exhibits superior macronutrient retention
compared to roller-milled equivalents, boasting higher percentages of total dietary fiber,
essential lipids, and bioavailable micronutrients such as iron, zinc, and manganese®.
Specifically, protein content in stone-milled flour frequently tests significantly higher (e.g.,
11.4% vs. 7.3%) compared to highly refined roller flour®’. However, the intense friction of the



stones generates massive thermal energy, often raising the flour temperature to 85°C°. This
acute heat can inflict severe damage upon the starch granules, altering the water absorption
kinetics and rheological properties of the dough, often leading to denser, less elastic crumb
structures®’. Furthermore, because the lipid-heavy germ is pulverized directly into the flour
matrix, stone-ground flours possess a highly truncated shelf life and are exceptionally prone to
oxidative rancidity unless stored under strict refrigeration®. For local farmers cultivating
heritage Composite Cross Populations, stone milling represents a direct connection to terroir
and artisan markets, sacrificing the absolute shelf stability and volume consistency of roller
milling for superior sensory complexity and nutritional density®%.

Navigating the Legal and Regulatory Framework in
Germany

Executing a robust, decentralized seed-saving program involving heterogeneous populations in
Germany requires navigating an intensely complex and highly restrictive statutory landscape.
The agricultural commercialization, distribution, and exchange of seed are governed
unequivocally by the German Seed Act (Saatgutverkehrsgesetz), which rigorously transposes
broader European Union directives directly into national law®®.

The Strictures of the Saatgutverkehrsgesetz

The fundamental, non-negotiable pillar of the Saatgutverkehrsgesetz is that only seed
belonging to a registered, officially approved variety can be legally marketed, sold, or
exchanged®. To gain entry into the national or European catalogue, a new cereal variety must
pass years of grueling, expensive field testing to prove it satisfies the DUS criteria: it must be
Distinct from all other varieties, Uniform across all plants in a given generation, and Stable
across multiple successive generations'’. Additionally, agricultural crops like cereals must
demonstrate a superior Value for Cultivation and Use (VCU), meaning they must demonstrably
out-yield or out-perform currently registered varieties in standard, highly fertilized testing
environments".

This entire legal architecture was explicitly designed in the mid-20th century to support highly
uniform, inbred commercial lines produced by major agribusinesses. By definition, it effectively
outlaws the commercial sale and broad exchange of highly heterogeneous landraces or
Evolutionary Plant Breeding populations (CCPs), which inherently fail the rigid "Uniformity" and
"Stability" requirements because their evolutionary advantage lies entirely in their genetic
variability and constant adaptation®. Consequently, the traditional exchange of diverse, locally
adapted farm-saved seeds was pushed to the extreme legal margins, precipitating a massive
wave of genetic erosion across the European continent®’.

Directives and Derogations for Conservation Varieties

To partially mitigate this genetic bottleneck and prevent the total extinction of heritage
genetics, the European Commission introduced Directive 2008/62/EC, which provides specific,
albeit highly constrained, legal derogations for the acceptance and marketing of "conservation
varieties"®®. This directive allows historical agricultural landraces that are naturally adapted to
local conditions and genuinely threatened by genetic erosion to be legally marketed even if



they fail to meet the stringent DUS criteria required of modern commercial varieties®.
However, these derogations are encumbered by severe, heavily monitored restrictions
expressly designed to protect the dominant commercial seed market. Seed of conservation
varieties can only be legally multiplied and marketed within their strictly defined "region of
origin"®’. Furthermore, punishing quantitative limits are imposed. In Austria and Germany, the
total absolute quantity of seed authorized for marketing for a specific conservation variety
cannot exceed 0.3% to 0.5% of the total national seed requirement for that specific species
per year, or alternatively, the amount necessary to sow exactly 100 hectares, whichever metric
is higher®’. Cumulatively, the total seed volume of all combined conservation varieties of a given
species is strictly capped and may not exceed 10% of the national requirement’". While this
legal framework begrudgingly permits the survival of heritage varieties in niche markets, it
serves as an absolute barrier to their widespread, systemic agricultural adoption.

The Open Source Seed Initiative

To completely bypass the legal monopolization, patenting, and severe privatization of genetic
resources orchestrated through standard Plant Breeders' Rights and restrictive catalogue laws,
progressive agricultural organizations in Germany, most notably Save Our Seeds and
OpenSourceSeeds (operated as the Berlin office of the Foundation on Future Farming), have
pioneered radical open-source seed licensing models’.

When a breeder or seed-saver registers a new, heterogeneous population or heritage variety
under an Open Source license, it establishes a legally binding contract that guarantees the
seed—and crucially, any future developments, mutations, or crosses derived from it—can never
be patented, privatized, or restricted by Plant Variety Protection laws”>. The license operates
virally and is legally binding on all subsequent recipients; anyone is completely free to multiply,
save, breed, and sell the seed, provided they pass those identical open-source freedoms and
the physical license text to the next recipient’*. This innovative legal framework provides a vital,
legally impenetrable sanctuary for the breeding and unrestricted distribution of highly
heterogeneous, climate-resilient CCPs that are structurally and philosophically incompatible
with the Saatgutverkehrsgesetz, thereby ensuring the absolute long-term sovereignty and
biological viability of decentralized cereal production in the region®.
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