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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  and 1. 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 days1. The accumulation of thermal energy, quantified as Growing Degree Days utilizing 

a base temperature threshold of , is generally sufficient for temperate agriculture, 
though extreme summer heat waves and severe atmospheric moisture deficits are increasingly 
prevalent, placing acute stress on developing cereal crops during the critical grain-filling 
stages1. 
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 Bodenpunkte1. 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 severe 
drought stress. Furthermore, these sands suffer from a severe vulnerability to the downward 
leaching of water-soluble macronutrients, particularly nitrate and potassium, during winter 
precipitation events1. 
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. Winter cereals such 
as rye and wheat are classified as moderate humus depleters, consuming approximately 

 per season1. Without synthetic fertilization, this depletion must be 



counteracted by 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 1. The deep 
taproots of the lupin effectively fracture deep compaction layers, pulling leached moisture and 
solubilized phosphorus back into the photic zone1. 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 high initial vigour and year-over-year seed viability1. 
Emerging agronomic research conducted by the Leibniz Centre for Agricultural Landscape 
Research (ZALF) in Müncheberg indicates that the application of amorphous silicate fertilizers 
on these specific Brandenburg marginal soils can drastically enhance water retention6. 
Amorphous silicates function similarly to microscopic sponges, drawing in water molecules that 
form a gel envelope around the silicate core. Incorporating a mere 1% increase in silicate 
concentration within the upper 20 centimeters of the soil profile can elevate plant-available 
water by approximately 40%6. In controlled field trials, this intervention has been shown to 
increase total wheat biomass and push yields up by 80% over untreated control plots, providing 
a critical buffer against late-spring droughts that otherwise cause severe shriveling of the seed 
endosperm6. 

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 unavailable1. Standard 
commercial cultivars are bred for absolute uniformity, thereby lacking the genetic plasticity 
required to adapt to shifting climatic extremes1. 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. 
Cereals such as common wheat (Triticum aestivum), barley (Hordeum vulgare), and oats 
(Avena sativa) are predominantly self-pollinating species, exhibiting a high degree of 
cleistogamy1. 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 operations1. 



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 
pollination1. 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 populations1. To maintain the genetic integrity of a rye population, 
seed production fields 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 200 meters or 
greater1. Furthermore, if the effective mathematical population size of an outcrossing species 
like rye is reduced too drastically, the population will inevitably suffer from severe inbreeding 
depression, manifesting as a rapid, transgenerational decline in plant vigor, severely reduced 
grain yields, stunted straw length, and a heightened susceptibility to environmental stress1. To 
prevent this genetic collapse, seed must be saved from a minimum of 100 to 200 randomly 
selected, morphologically sound rye plants per generation1. 
To establish true regional resilience, agronomists are increasingly adopting Evolutionary Plant 
Breeding methodologies, specifically deploying Composite Cross Populations (CCPs)1. A 
Composite Cross Population is engineered by cross-breeding multiple diverse parent lines and 
subsequently bulking the hybrid progeny to create a highly heterogeneous, continuously 
evolving population1. Over successive generations, natural and agronomic selection pressures 
act directly upon the standing genetic variation, allowing alleles that confer a distinct survival 
advantage—such as enhanced root depth for drought tolerance or inherent resistance to 
endemic fungal pathogens—to progressively increase in frequency1. For the decentralized 
seed saver, maintaining a Composite Cross Population requires harvesting 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 landrace1. 
Simultaneously, the preservation of historical genetic resources remains vital. The 
Berlin-Brandenburg region possesses a rich legacy of heritage landraces historically adapted to 
its challenging soils, championed by organizations such as VERN e.V. (Verein zur Erhaltung und 
Rekultivierung von Nutzpflanzen)1. Cultivars such as the "Norddeutscher Champagnerroggen" 
represent invaluable genetic traits optimized for poor sandy soils1. This robust winter rye, bred 
before 1900, grows up to two meters tall, possesses an extensive, deep root system conferring 
exceptional drought tolerance, and completely out-competes weed pressure while requiring 
zero synthetic nitrogen fertilization14. VERN e.V. maintains a vast repository encompassing over 
650 cereal provenances, actively reintegrating these resilient heritage lines into the regional 
agricultural matrix17. 

The Statutory and Legal Framework of Seed Retention 
Executing a robust, decentralized seed-saving program 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 
Saatgutverkehrsgesetz (German Seed Act), which rigorously transposes broader European 
Union directives directly into national law1. 



The fundamental pillar of the Saatgutverkehrsgesetz dictates that only seed belonging to a 
registered, officially approved variety can be legally marketed, sold, or exchanged1. To gain 
entry into the national catalogue, a new cereal variety must satisfy the DUS criteria: it must be 
Distinct from all other varieties, Uniform across all plants, and Stable across multiple 
generations1. Additionally, agricultural crops must demonstrate a superior Value for Cultivation 
and Use (VCU), meaning they must demonstrably out-yield currently registered varieties in 
standard, highly fertilized testing environments1. This legal architecture effectively outlaws the 
commercial sale 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 variability1. 
To partially mitigate genetic erosion, the European Commission introduced Directive 
2008/62/EC, which provides legal derogations for the marketing of "conservation varieties" like 
the Norddeutscher Champagnerroggen1. However, these derogations impose punishing 
quantitative limits. 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 the amount necessary to sow exactly 100 hectares1. 
Furthermore, standard modern varieties are subject to Plant Breeders' Rights. A widespread 
practice in Germany is "Nachbau" (farm-saved seed), which currently accounts for 
approximately 50% of the cereal seed utilized nationwide20. While the law permits farmers to 
multiply protected seed on their own holdings, they are legally bound to pay a 
"Nachbaugebühr" (farm-saved seed fee) to the original breeder, establishing a continuous 
financial liability20. To completely bypass this monopolization, progressive organizations in 
Germany have pioneered open-source seed licensing models through initiatives like 
OpenSourceSeeds1. Registering a heterogeneous population under an Open Source license 
establishes a legally binding, viral contract guaranteeing that the seed—and any future 
developments or crosses derived from it—can never be patented, privatized, or restricted, 
ensuring the absolute long-term sovereignty of decentralized cereal production1. 

The Foundational Mathematics of Seeding Rates 
Quantifying the exact volume of seed that must be withheld from consumption each harvest 
requires a rigorous application of population biology, taking into account the biometric 
properties of the specific cereal variety and the expected mortality rates during field 
establishment. 
Establishing the Base Seeding Rate 
The optimal seeding rate is not a static volumetric measure but a highly dynamic calculation 
dependent on the specific cereal species, the physical mass of the seed, and the anticipated 
sowing date. The fundamental variables governing this calculation are: 

1.​ Target Plant Density ( ): The desired number of successfully established, 
photosynthetically active adult plants per square meter. 

2.​ Thousand Kernel Weight ( ): The absolute mass, in grams, of 1,000 pure, 



anatomically complete seeds. This value fluctuates annually based on the severity of 
terminal drought stress during grain filling8. 

3.​ Laboratory Germination Rate ( ): The percentage of seeds capable of producing 
normal seedlings under strictly controlled, optimal physiological conditions1. 

4.​ Expected Field Emergence ( ): A fractional coefficient representing the anticipated 
survival rate of germinated seeds under the hostile, competitive conditions of the open 
field4. 

The standard agrophysical formula utilized by the Bavarian State Research Center for 
Agriculture (LfL) and commercial agronomists to determine the base seeding requirement (

) in kilograms per hectare is defined as4: 

 

Alternatively, when  is integrated directly into an inflated target seed density ( , 
measured in viable seeds per square meter), the equation simplifies to4: 

 
The baseline biological parameters for the primary cereal species cultivated in the Brandenburg 

region demonstrate significant inherent variability. The  serves as the principal 
mathematical driver of mass variability. 

Cereal Species Standard TKW 
Range (g) 

Typical Target 
Density (SD​) 
(seeds/m²) 

Standard Sowing 
Window 

Winter Wheat 
(Triticum aestivum) 

40.0 - 55.0 280 - 350 Mid-Sept to 
Mid-Oct 

Winter Rye (Secale 
cereale) 

30.0 - 40.0 180 - 240 Early to Mid-Sept 

Heritage Rye 
(Champagnerrogge

26.0 - 28.0 100 - 150 Sept to October 



n) 

Winter Barley 
(Hordeum vulgare) 

40.0 - 55.0 250 - 320 Early to Mid-Sept 

Spring Oats (Avena 
sativa) 

30.0 - 45.0 300 - 350 March to Early April 

Table 1: Baseline biometric parameters for cereal seed rate calculations in standard temperate 
pedology8. 
Compensatory Density Dynamics for Pedology and Late Sowing 
The required seed volume is acutely sensitive to the target soil quality and temporal shifts in the 
sowing window. The Bodenpunkte (BP) rating system directly dictates the baseline seeding 
density. Highly fertile soils (BP > 60) allow for lower seeding densities because individual plants 
can tiller aggressively to fill the canopy4. Conversely, on the weak, sandy soils of Brandenburg 
(BP < 40), the base seeding rate must be increased to compensate for reduced individual plant 
vigor and elevated mortality due to drought stress4. 
Furthermore, autumn drought frequently delays seedbed preparation, forcing agronomists into 
late-sowing scenarios. Cereals sown late in the season accumulate significantly fewer Growing 
Degree Days prior to winter dormancy, fundamentally restricting the plant's ability to undergo 
primary and secondary tillering1. To compensate for this lack of physiological branching, the 
initial plant density must be artificially inflated. Empirical data models indicate that for winter 
wheat sown after the optimal window (post-October 20), the base seeding rate must be 
increased by exactly 10% for every subsequent week of delay26. For extreme late sowings 
extending into December, the target seed density must be forced to an absolute minimum of 
400 to 500 seeds/m² (approximately 220 to 250 kg/ha) to guarantee canopy closure in the 
spring26. This compensatory mechanism drastically alters the volumetric requirement for 
farm-saved seed, demanding that the withholding calculation incorporates a structural 
temporal risk buffer. 

Quality Verification and the Prediction of Field 
Emergence 
Prior to calculating the final withholding volume, the actual physiological viability of the seed 
must be empirically quantified. Standard laboratory germination tests execute a biological 

grow-out over 7 to 10 days at a constant , rigorously distinguishing between healthy, 
normal seedlings and abnormal seedlings exhibiting structural defects1. The Topographical 
Tetrazolium (TZ) test offers a rapid biochemical alternative, utilizing dehydrogenase enzyme 
activity to stain living embryonic tissue red, allowing analysts to immediately map lethal heat 



damage or mechanical fractures without a multi-day incubation period1. 

However, laboratory germination does not accurately reflect true field emergence ( ), 
particularly for farm-saved seed encountering cold, wet soils. To accurately predict seed vigor 
under stress, German agronomists rely heavily on the Hiltner Brick Grit Test33. Developed 
originally in Germany by Hiltner in 1917 to test for seed-borne Fusarium infections, the 
procedure involves sowing seeds beneath a 3-centimeter layer of porous brick gravel33. This 
heavy layer imposes extreme physical and hypoxic stress on the emerging coleoptile. Seedlings 
that successfully penetrate the brick grit are deemed to possess exceptional vigor, 
demonstrating the structural integrity required to survive actual field conditions33. Under 
German seed legislation, a premium seed lot is expected to demonstrate a minimum Hiltner 
vigor rating of 85%33. Consequently, when modeling farm-saved seed requirements, 

substituting the standard laboratory germination rate ( ) with the results of a Hiltner Brick 

Grit test provides a vastly more accurate coefficient for expected field emergence ( ). 
Harvest Physiology and Pre-Harvest Sprouting Degradation 
The precise timing of the cereal harvest dictates the complex biochemical viability of the seed. 
Harvesting typically commences when grain moisture falls to between 14% and 18%1. However, 
when mature, unharvested cereal grains are subjected to persistent rainfall and high ambient 
humidity, they are severely at risk of undergoing Pre-Harvest Sprouting (PHS)1. 
Pre-Harvest Sprouting is the precocious, in-ear germination of the grain prior to harvest1. Cool, 
excessively wet conditions rapidly degrade abscisic acid (ABA) concentrations—which maintain 
embryonic dormancy—and upregulate gibberellic acid (GA) synthesis1. This hormonal spike 
triggers the aleurone layer to synthesize and secrete massive quantities of hydrolytic enzymes, 
predominantly alpha-amylase, directly into the starchy endosperm, cleaving complex starch 
polymers into simple sugars1. Even microscopic, visually undetectable levels of sprouting can 
induce a thousand-fold exponential increase in alpha-amylase activity, destroying the critical 
endosperm reserves1. Such seed will exhibit drastically reduced seedling vigour and 
exceptionally high susceptibility to soil-borne pathogens upon sowing1. 
The global industry standard for quantifying this enzymatic degradation is the Hagberg Falling 
Number (HFN) test1. A highly precise sample of milled grain is mixed with water in a heated 
glass viscometer tube, and a calibrated steel plunger is released into the gelatinized starch 
slurry1. High-vigour, biochemically sound grain yields a high falling number (above 250 
seconds), while sprouted grain with elevated alpha-amylase rapidly liquefies the gel, resulting in 
low falling numbers (60 to 150 seconds)1. Seed lots exhibiting compromised Hagberg Falling 
Numbers require drastic upward adjustments in the final withholding volume to compensate 
for massive expected failures in field emergence. 

Physical Purification and Mass Attrition 
Once harvested, 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 



into a plantable state requires sequential mechanical processes that exploit dimensional, 
aerodynamic, and specific gravity differentials, inevitably resulting in a significant volumetric 
reduction of the total harvest yield1. 
Aerodynamic Profiling and Dimensional Sieving 
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 air currents1. Top scalping screens discard 
unthreshed ears and straw fragments, while bottom grading screens feature perforations 
strictly calibrated to remove undersized or shriveled kernels lacking sufficient endosperm 
volume1. For regional processing, standard sieving parameters mandate specific mesh 
dimensions: 2.0 mm for winter rye, and 2.2 mm or 2.5 mm for winter barley42. Concurrently, 
aspiration fans remove lightweight aerodynamic impurities such as loose glumes and dust1. The 
mass loss incurred during standard air-screen purification depends on harvest conditions but 
typically claims between 3.0% and 5.0% of the raw field weight43. 
Specific Gravity Separation and Ergot Eradication 
Following dimensional sizing, premium seed is processed over a specific gravity separator, or 
gravity table1. Utilizing advanced fluid dynamics, pressurized air fluidizes the seed mass over an 
oscillating, tilted porous deck1. Lighter, less dense particles—such as insect-damaged seeds or 
poorly filled kernels—stratify to the top and are discharged as waste, while heavy, fully mature 
seeds are mechanically driven to the clean discharge edge1. This strict density separation is 
paramount, as seed weight correlates directly with germination vigour, but it frequently results 
in an additional 2.0% to 3.0% mass rejection1. 
The most severe physical processing loss in rye and triticale populations is dictated by the 
mandatory removal of ergot (Claviceps purpurea). The pathogen systematically consumes the 
developing cereal ovary, replacing it with a hard, dark-purple melanized resting structure 
known as a sclerotium1. These sclerotia synthesize massive quantities of toxic ergot alkaloids 
(such as ergotamine and ergocristine) that induce fatal vasoconstriction and neurological 
degradation if consumed1. The European Union enforces incredibly strict regulations, 
culminating in the implementation of Commission Regulation (EU) 2023/915, which dictates 
stringent maximum limits for both physical ergot sclerotia (e.g., 1000 mg/kg for feed, and 
continually lowering thresholds for human consumption) and chemically quantifiable ergot 

alkaloids (e.g., 500  for rye products, lowering to 250  by 2028)47. 
Because ergot sclerotia mimic the dimensional profile of viable grain, standard air-screen 
cleaners frequently fail to achieve complete eradication1. Consequently, seed savers employ 
liquid brine flotation to exploit a distinct thermodynamic differential in specific gravity. Sound 
cereal grains exhibit a specific gravity greater than 1.15, whereas ergot sclerotia are significantly 
less dense1. By immersing the contaminated seed lot into a 20% saline solution (aqueous brine), 
the dense, viable seeds sink immediately, while the porous sclerotia float to the surface where 
they are skimmed off1. 
While highly effective, the turbulent hydrodynamics of the brine bath inevitably trap a margin of 



viable seed within the discarded skim layer. Furthermore, the seed must be immediately and 
aggressively washed with fresh water to remove residual osmotic salts and rapidly dried to 
prevent premature germination1. The cumulative mechanical attrition, sieving rejection, and 

ergot purification generally necessitate a total processing loss factor ( ) ranging from 
6.0% under optimal harvest conditions to as high as 12.0% to 15.0% in years characterized by 
severe weed pressure or acute fungal epidemics. 

Thermodynamic Storage Losses and Viability 
Degradation 
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 ambient air until reaching dynamic equilibrium, known as the Equilibrium Relative 
Humidity (ERH)1. The rate of physiological deterioration and physical mass loss within the silo is 
governed entirely by two intersecting variables: internal seed moisture content and ambient 
storage temperature1. 
Respiration Kinetics and Dry Matter Loss (DML) 
A seed is a living, actively respiring organism. During basal metabolic respiration, the embryo 
enzymatically hydrolyzes complex endosperm starches, consuming oxygen to yield carbon 
dioxide, water, and exothermic heat52. This biochemical combustion results in a direct, 
quantifiable reduction in the absolute physical mass of the stored seed volume, clinically 
referred to as Dry Matter Loss (DML)52. 
The kinetics of this loss escalate exponentially in relation to moisture. If the internal seed 
moisture content exceeds the critical threshold of 13.0% to 14.0%, the basal respiration rate 
surges52. According to the foundational biochemical equations established by Steele and White, 
the complete oxidation of 1 gram of carbohydrate dry matter requires 1.07 g of oxygen, 

releasing 1.47 g of , 0.6 g of water, and 15.4 kJ of thermal energy52. Therefore, a 1.0% loss 

in grain dry matter corresponds directly to the evolution of 14.7 g of  per kilogram of 
seed52. 

The empirical formulation predicting this physical volumetric attrition ( ) over time ( ) 

at specific temperatures ( ) and moisture contents ( ) is mathematically modelled as52: 

 
Under optimal, highly controlled storage parameters—where moisture is artificially reduced 
below 12.0% utilizing unheated air drying, and temperatures are cooled via aeration fans to 



 to —the DML remains negligible, rarely exceeding 0.1% to 0.3% over a standard 
ten-month inter-seasonal storage period1. However, under the increasingly volatile climatic 
conditions of Brandenburg, characterized by humid harvest windows, farm-saved seed 
frequently enters the silo at 15.0% to 17.0% moisture. If not immediately subjected to 
mechanical drying regimens, the runaway exothermic respiration cascade can consume 1.0% 
to 2.5% of the total dry mass within mere weeks51. 
This moisture level simultaneously facilitates the exponential proliferation of opportunistic 
xerophilic storage fungi (predominantly Aspergillus and Penicillium species) and aggressive 
grain mites, which further digest the seed endosperm and generate localized "hot spots" of 

metabolic heat1. To dry the grain effectively, hot-air temperatures must never exceed  to 

, as temperatures beyond this threshold will permanently denature the delicate 
enzymatic proteins within the embryo, killing the seed1. Therefore, an inevitable minimum 

storage mass attrition variable ( ) of 1.0% to 2.0% must be structurally incorporated into 
the withholding calculus to account for basal respiration and physical drying weight loss. 
The Ellis and Roberts Viability Equation 
Beyond physical mass reduction, storage thermodynamics act directly upon the cellular 
architecture of the embryo, inducing cumulative physiological damage through lipid 
peroxidation, oxidative degradation of mitochondrial membranes, and reactive oxygen species 
(ROS) accumulation38. This biochemical degradation translates directly into a decline in seed 
viability—meaning a critical percentage of the retained seed mass will become biologically inert 
by the time sowing commences. 
The exact rate of this viability decay is elegantly quantified by the improved seed viability 
equation developed by Ellis and Roberts. This mathematical model transforms standard 
sigmoidal survival curves into linear probabilistic distributions utilizing a negative cumulative 

normal function59. The percentage of viability remaining ( , expressed in probits) after a 

defined storage period ( , in days) is defined by the core equation61: 

 

Where  represents the initial probit viability of the specific seed lot immediately 

post-harvest (a measure of innate, pre-storage seed vigour), and  constitutes the standard 

deviation of the frequency distribution of seed deaths in time61. Crucially,  defines the exact 
environmental degradation rate and is calculated via species-specific logarithmic constants 
interacting with the storage microclimate61: 



 

Here,  represents the seed moisture content (percentage fresh weight basis),  denotes the 

storage temperature in degrees Celsius, while , , , and  are universal 
species-specific constants derived from exhaustive empirical testing across diverse 

germplasm collections61. The constants  ( ) and  ( ) are largely 

accepted as universal temperature coefficients for all orthodox seeds, while  and  
vary slightly based on the biochemical composition of wheat, rye, and barley61. Agronomists 
also employ heuristic models like the 'James rule' (the sum of temperature in Fahrenheit and % 
relative humidity should not exceed 100) and 'Herrington’s rule' (seed longevity decreases by 
one-half for every 1% increase in moisture or 6°C increase in temperature) for rapid field 
assessments66. 

Under standard decentralized storage conditions in Brandenburg (e.g.,  moisture and 

fluctuating barn temperatures averaging ), the application of the Ellis and Roberts 
model demonstrates that initial harvest viabilities of 95% routinely degrade to between 88% 
and 90% over a 250-day storage horizon1. If the calculated normal germination rate falls below 
the critical physiological threshold of 78% to 80%, the entire seed lot risks catastrophic failure 
upon exposure to the competitive stresses of field emergence1. Consequently, the 

mathematical calculation for seed withholding must utilize the projected viability ( ) at the 
time of future sowing, derived directly from the Ellis and Roberts probabilistic decay curve, 
necessitating an additional withholding buffer of approximately 3% to 6% simply to counteract 
dormant cellular death. 

Phytosanitary Defense Mechanisms and Latent 
Mortality 
In advanced organic and decentralized agricultural models, synthetic fungicidal seed dressings 
(e.g., fludioxonil or triazoles) are prohibited. Instead, the eradication of seed-borne systemic 
pathogens requires severe biological and thermodynamic interventions that inherently subject 
the seed to extreme physiological stress, leading to further reductions in viable mass1. 
The basidiomycete fungus Tilletia caries, the causal agent of Common Bunt, adheres 
aggressively to the exterior seed coat, particularly within the deep crease of the wheat grain1. 
To disrupt teliospore germination, organic seed savers treat the seed mass with an aqueous 
suspension of finely milled yellow mustard powder (Sinapis alba), commercialized as Tillecur, or 
a precisely calibrated 5% acetic acid solution1. The enzymatic hydrolysis of mustard 
glucosinolates produces highly fungitoxic isothiocyanates, providing absolute pathogenic 



suppression comparable to synthetic fungicides1. However, aggressive acidification can 
permanently damage the cellular membrane of the embryo if concentrations spike marginally, 
reducing overall seedling emergence1. 
More critically, the eradication of Loose Smut (Ustilago nuda), which bypasses the seed coat 
and establishes a dormant, living mycelium deep within the embryonic scutellum, relies 
exclusively on hot water immersion1. This process involves pre-soaking the grain to hydrate the 
mycelium, followed by total immersion in strictly regulated water baths held exclusively 

between  and  for exactly 10 to 20 minutes1. The thermodynamic margin for 
error is functionally nonexistent. Minor thermal spikes irreversibly denature embryonic proteins, 
while prolonged exposure drowns the respiring seed1. Standard organic operational models 
calculate an inherent 2.0% to 4.0% loss in total batch viability due strictly to thermal shock 
attrition during hot water protocols, which must be mathematically integrated into the final 
seed retention calculations1. 

The Synthesized Mathematical Quantification Model 
By integrating the baseline agronomic planting formula with the physical purification 
constraints, thermodynamic storage DML, the Ellis and Roberts viability decay models, and the 
compensatory buffers for late sowing and phytosanitary stress, a unified master equation for 
seed retention can be formalized. 

The Exact Volumetric Withholding Requirement ( ), calculated in kilograms per hectare 
(kg/ha) required to plant the subsequent season, is defined as: 

 
Where: 

●​  = Target adult plant density (plants/m²) 

●​  = Thousand Kernel Weight (grams) 

●​  = Expected fractional viability at the time of sowing (derived from the Ellis and 
Roberts equation; e.g., 0.88 for 88%) 

●​  = Expected fractional field emergence success (e.g., 0.85, correlated to Hiltner Brick 
Grit tests) 

●​  = Fractional physical loss from aerodynamic, sieving, and gravity/brine 
purification (e.g., 0.08 for 8%) 

●​  = Fractional thermodynamic dry matter loss from storage respiration (e.g., 0.015 
for 1.5%) 



●​  = Compensatory buffer fraction for late sowing, thermal pathogen treatments, or 
climatic volatility (e.g., 0.15 for a 15% safety buffer). 

Scenario Quantifications for the Berlin-Brandenburg Region 
Applying this master equation to the specific geo-climatic and pedological realities of 
Brandenburg yields highly precise retention targets. The following tables quantify the absolute 
minimum volumes that must be withheld from the silo per hectare to guarantee a secure 
planting stock. 
Scenario A: Optimal Baseline Conditions 
Assumptions: Favorable harvest, prompt aeration drying to 12.5% moisture, excellent 
pre-cleaning, sowing within the optimal climatic window on moderate soils (BP > 40), no 
thermal pathogen treatment required. 

●​  = 0.92 (92% post-storage viability) 

●​  = 0.90 (90% field emergence) 

●​  = 0.05 (5% mass loss via standard air-screen cleaner) 

●​  = 0.005 (0.5% dry matter loss via respiration) 

●​  = 0.05 (5% baseline operational buffer) 

Cereal Type Assumed PD​ 
(plants/m²) 

Assumed 
TKW (g) 

Base Sowing 
Rate (Sbase​) 
(kg/ha) 

Total Withheld 
Volume (VW​) 
(kg/ha) 

Winter Wheat 
(Elite Line) 

320 48.0 185.5 206.2 

Winter Rye 
(Heterogeneou
s) 

200 36.0 87.0 96.7 

Heritage Rye 
(Champagnerr
oggen) 

250 28.0 84.5 94.0 

Winter Barley 280 45.0 152.2 169.2 

Spring Oats 320 35.0 135.3 150.4 



Table 2: Optimal retention quantifications representing the absolute mathematical minimum 
required under perfect conditions1. 
Scenario B: High-Volatility and Biological Stress Conditions 
Assumptions: Late harvest with minor pre-harvest sprouting (reduced Hagberg Falling 
Number), storage ERH > 65% leading to accelerated Ellis/Roberts viability decay, necessity of 
20% brine flotation for ergot removal, hot water phytosanitary treatment for loose smut, and a 
2-week delay in autumn sowing requiring density compensation on poor sandy soils (BP < 40). 

●​  = 0.84 (84% post-storage viability) 

●​  = 0.75 (75% field emergence due to poor Hiltner vigor ratings and alpha-amylase 
exhaustion) 

●​  = 0.12 (12% mass rejection from ergot brine flotation and gravity tables) 

●​  = 0.02 (2.0% mass loss due to elevated storage respiration) 

●​  = 0.20 (20% structural safety buffer for late sowing and thermal shock attrition) 

Cereal Type Assumed PD​ 
(plants/m²) 

Assumed 
TKW (g) 

Base Sowing 
Rate (Sbase​) 
(kg/ha) 

Total Withheld 
Volume (VW​) 
(kg/ha) 

Winter Wheat 
(Evolutionary 
CCP) 

380 45.0 271.4 378.1 

Winter Rye 
(Heterogeneou
s) 

240 34.0 129.5 180.4 

Heritage Rye 
(Champagnerr
oggen) 

300 26.0 123.8 172.5 

Winter Barley 320 42.0 213.3 297.2 

Spring Oats 380 32.0 193.0 268.9 

Table 3: High-volatility retention quantifications reflecting the realistic agronomic pressures 



frequently encountered in the Brandenburg Arenosol plains1. 
The stark volumetric divergence between Scenario A and Scenario B illustrates the 
mathematical reality of seed sovereignty. A decentralized farming operation in Brandenburg 
cultivating an evolutionary winter wheat population under stress conditions must withhold 

nearly  from the commercial supply chain—almost double the theoretical 
minimum—to absolutely guarantee sufficient, highly vigorous planting stock for the subsequent 
rotation. 

Conclusion 
Guaranteeing sufficient planting stock in the pedologically fragile, climate-volatile landscape of 
Berlin-Brandenburg transcends the mere preservation of bulk grain. It requires a sophisticated 
integration of population biology, thermodynamic physics, and aggressive physical 
engineering. The theoretical baseline seeding requirement—driven by Thousand Kernel Weight, 
target density, and laboratory germination metrics—represents only a fraction of the necessary 
volumetric retention. 
To achieve absolute multi-year stability, the withheld seed volume must be systematically 
inflated to counteract the 5.0% to 15.0% physical mass lost to precision aerodynamic sieving 
and ergot brine-flotation protocols. Furthermore, calculations must integrate a thermodynamic 
buffer encompassing the 1.0% to 2.5% dry matter loss induced by exothermic metabolic 
respiration within the silo, alongside the inevitable 5.0% to 15.0% decline in biological viability 
accurately modeled by the Ellis and Roberts probit decay equations. When aggregated with 
compensatory buffers designed to counteract late-sowing density penalties, poor Hiltner 
emergence ratings, and the physical attrition of phytosanitary hot-water treatments, the exact 
required withholding volume frequently expands by 40% to 80% over the raw agronomic 
baseline. For the Brandenburg agronomist, mastering this complex matrix of physical mass loss 
and biological degradation is the ultimate prerequisite for establishing true transgenerational 
seed autonomy. 
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