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Abiotic stresses are among the most important factors limiting the
production of high-quality seeds under climate change conditions. They
reduce final seed quality during seed formation, maturation, and storage.
The consequences of these stresses include reductions in seed weight,
germination capacity, seedling vigor, germination uniformity, membrane
stability, and seed longevity. The main underlying mechanisms involve
disruptions in water and hormonal balance, increased production of
reactive oxygen species and oxidative stress, impaired transport of
photosynthetic assimilates and grain filling, and alterations in the
carbohydrate, protein, and lipid reserves of seeds. This review examines
the relationships among the type, intensity, and timing of abiotic stresses;
the physiological and biochemical responses of mother plants and seeds;
seed quality indicators; and seed certification standards. Evidence
indicates that the effects of stress on seed quality depend on the
developmental stage at which stress occurs, genotype, stress intensity and
duration, and management conditions. Therefore, interpreting seed
responses based on a single indicator or developmental stage is
insufficient. Recent strategies, including genetic improvement and
genome editing, priming and biopriming, biological seed coating with
plant growth-promoting microorganisms, nanopriming, precision water
and soil management, and the application of biostimulants, are evaluated.
These strategies have considerable potential to mitigate stress-induced
damage and maintain the physiological quality of seeds; however, their
effectiveness depends on the plant species, genotype, stress type,
environmental conditions, and scale of implementation. Overall, seed
production under climate change must move beyond an exclusive focus
on quantitative yield toward an integrated approach that simultaneously
ensures quality stability, compliance with certification standards, and
adaptation to changing climatic conditions.
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Introduction

High-quality seed is a fundamental input for
sustainable agriculture and food security
because it combines physiological, genetic,
physical, and sanitary attributes, including
germination capacity, seed and seedling vigor,
germination rate and uniformity, purity,
health, and storability. However, climate
change and the increasing frequency of
drought, heat waves, salinity, heavy rainfall,
waterlogging, and temperature fluctuations
threaten seed production. These stresses can
disrupt reproductive development,
pollination, fertilization, embryo formation,
seed filling, maturation, drying, and storage.
By impairing water and assimilate transport,

photosynthesis, source—sink balance,
hormonal regulation, antioxidant defenses,
membrane stability, and reserve

accumulation, they may reduce seed weight,
germination, vigor, and longevity. Seed
certification assesses varietal identity, purity,
physiological quality, and health against
standards, yet conventional laboratory tests
may not fully predict performance under
stressful  field conditions.  Therefore,
understanding how stress type, intensity,
duration, and timing interact with crop
genotype and management is essential. This
review examines these relationships and
evaluates genetic, biological,
nanotechnological, and management-based
strategies for maintaining seed quality and
strengthening climate-resilient seed
production.

Methodology

This study employed a systematic—analytical
review approach. Relevant literature was
retrieved from Web of Science, Scopus,
PubMed, ScienceDirect, and Google Scholar
using keywords related to abiotic stresses,
climate change, seed quality, germination,
seed vigor, certification, priming, and
biostimulants. Research articles, review
papers, institutional reports, and international
standards were selected based on relevance,
methodological rigor, and contribution to
understanding stress effects and mitigation
strategies.

Results and Discussion
The findings indicate that drought, heat,
salinity, waterlogging, and temperature

fluctuations impair seed quality from
reproductive development and seed formation
to maturation, drying, and storage. Their
effects vary with crop species, genotype,
stress intensity and duration, developmental
timing, maternal-plant condition, and
management practices. Stress disrupts water
and ion balance, photosynthesis, assimilate
transport, hormonal regulation, antioxidant
defenses, and reserve  accumulation.
Consequently, seed weight, germination
capacity and speed, seedling vigor, emergence
uniformity, membrane stability, and longevity
may decline. Seed certification assesses
varietal identity, purity, physiological quality,
and health; however, laboratory tests may not
adequately predict performance under
stressful field conditions. Complementary
indicators, including vigor, germination
speed, emergence uniformity, and stress
performance, provide a broader assessment.
Mitigation  strategies include tolerant-
genotype selection, breeding, molecular
markers,  genome  editing,  priming,
biopriming, biological seed coatings,
nanopriming, biostimulants, and precision
water and soil management. Their
effectiveness depends on crop, genotype,
stress type, environment, and application
scale, while evidence remains limited to
laboratory, greenhouse, or small-scale field
studies. The review identifies the need to
evaluate durability, field performance, cost,
safety, and regulatory compatibility, and to
integrate seed production, quality assessment,
and certification in practice.

Conclusion

This Abiotic stresses challenge high-quality
seed production under climate change,
affecting the entire production cycle from
reproductive development and seed formation
to maturation, drying, and storage. Their
impacts arise through disturbances in water
and ion balance, photosynthesis, assimilate
transport, hormonal regulation, oxidative
balance, and reserve metabolism.
Consequently, seed weight, germination
capacity, seedling vigor, germination
uniformity, membrane stability, and longevity
may decline. The extent of damage depends
on crop species, genotype, developmental
stage, stress intensity and duration, maternal-
plant condition, and management practices.
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Therefore, no single stress indicator or
response can adequately represent seed
quality  across  different crops and
environments. The review highlights that
conventional seed-certification procedures,
although used to assess varietal identity,
purity, physiological quality, and health, may
not fully predict seed performance under
stressful field conditions. Complementary
indicators, including vigor, germination
speed, emergence uniformity, and stress
performance, can  strengthen  quality
assessment, provided that they are
standardized and  validated. = Genetic
improvement, tolerant-genotype selection,
genome editing, seed priming and biopriming,
biological coatings, nanopriming,
biostimulants, and precision water and soil
management offer promising mitigation
strategies. Nevertheless, their effectiveness
remains context-dependent, and available
evidence is still limited to laboratory,
greenhouse, or small-scale field studies. Their
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