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Introduction

Every harvest begins with a seed, and every good seed begins with a carefully managed
production system. Seed production is the applied science of multiplying genetically pure,
physiologically vigorous, and physically sound seed under controlled agronomic and
regulatory conditions, so that the genetic gains achieved by plant breeders actually reach the
farmer's field. Unlike grain production, where the only goal is yield, seed production has a
second, equally important goal: preserving the identity and quality of the variety from one
generation to the next. A crop grown for seed is therefore managed differently from the same
crop grown for consumption, from the choice of field to the moment the seed is bagged and
labelled.
The Seed Chain: From Breeder to Farmer

Modern seed systems are organized as a chain of generations, each multiplying the
previous one while safeguarding genetic purity. The chain typically begins with breeder seed,
produced by the plant breeder under direct personal supervision and representing the purest
form of the variety. This is multiplied into foundation seed, produced under close technical
supervision by seed certification agencies, which in turn is multiplied into certified seed, the
class ultimately sold to farmers. At every step, genetic purity is expected to decline only
marginally, and strict field inspection, isolation distances, and roguing (removal of off-type
plants) are used to keep contamination to a minimum. This tiered system, first formalized
through national seed certification programs in the mid-20th century, remains the backbone
of quality seed supply across the world (Copeland and McDonald, 2001).
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Seed Class Produced By Genetic  Purity | Typical Use
Standard
Breeder Seed | Plant breeder / research | Highest  (source | Multiplied into
institute material) foundation seed
Foundation Certified seed-producing | Very high, closely | Multiplied  into
Seed agencies monitored certified seed
Certified Seed | Registered seed growers High, meets | Sold to farmers for

certification crop production

standards
Truthfully Private/registered growers | Declared by | Commercial sale
Labelled Seed | (where certification is not | producer,  spot-
mandatory) checked

Why the Field Matters as Much as the Seed

Seed quality is determined long before harvest. Isolation distance—Kkeeping a seed
field far enough from other varieties or related species—is critical to prevent unwanted cross-
pollination, especially in cross-pollinated crops like maize or sunflower, where pollen can
travel considerable distances. Roguing is carried out at multiple growth stages to remove
diseased, off-type, or contaminant plants before they can shed pollen or seed. Soil fertility,
irrigation scheduling, and pest management are also tuned specifically for seed crops: the
objective is not maximum biomass but maximum seed vigor and genetic trueness. Timing of
harvest is equally decisive. Seeds harvested before physiological maturity have lower vigor
and storability, while delayed harvest exposes the crop to field weathering, shattering, and
pathogen infection, all of which quietly erode seed quality even when the seed looks
physically intact (Agrawal, 1980).
Post-Harvest Handling: Where Quality Can Be Won or Lost

After harvest, seed passes through drying, cleaning, grading, and treatment before
storage. Moisture content is the single most important post-harvest variable: seed dried and
stored above safe moisture thresholds (commonly above 12-13% for many cereals)
deteriorates rapidly due to accelerated respiration, fungal growth, and insect activity.
Mechanical damage during threshing and handling can create invisible cracks in the seed coat,

which later manifest as poor germination or seedling abnormalities. Seed treatment with
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fungicides or biological agents at this stage protects against soil and seed-borne pathogens
during the vulnerable germination phase in the field. Seed deterioration, once initiated, is
largely irreversible—it can be slowed by good storage conditions but not undone—which is
why post-harvest handling deserves as much scientific attention as the growing phase itself
(McDonald, 1999).
Certification and Quality Testing

Seed certification agencies verify genetic purity through field inspections during the
crop's growth and through laboratory testing afterward. Standard tests include germination
percentage, physical purity (freedom from inert matter, weed seed, and other crop seed),
moisture content, and vigor testing, which estimates how seed will perform under suboptimal
field conditions rather than the ideal conditions of a germination test. International protocols,
such as those maintained by the International Seed Testing Association, harmonize these
methods so that seed quality can be verified and trusted across borders, giving farmers and
seed companies a common technical language for quality assurance (ISTA, 2023).
Conclusion

Seed production sits at the intersection of genetics, agronomy, and quality control. It
is what allows the invisible work of plant breeding to become a tangible input in a farmer's
hands, generation after generation, without losing the traits that make a variety valuable in the
first place. As global agriculture faces pressure from climate variability and the need for higher
productivity, the science of producing reliable, high-quality seed remains as important as the
science of developing new varieties themselves.
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