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Climate change is one of the major global challenges that exerts profound and wide-ranging
impacts on seed production as a critical biological process in both agricultural and natural
ecosystems. This review paper provides a comprehensive assessment of these impacts and
presents adaptation strategies. The findings reveal that in agricultural ecosystems, climate
change affects all stages of seed production, from planting and vegetative growth to
harvesting, storage, and transportation. Changes in temperature, precipitation patterns, and
increased frequency of extreme weather events lead to reductions in both the quantity and
quality of seeds. In natural ecosystems, climate change alters biodiversity, species
distribution, seed dormancy, and the performance of natural seed banks, causing significant
shifts in the composition and distribution of native species. To address these challenges,
various adaptation strategies are proposed. In agricultural ecosystems, key measures include
relocating seed production sites, developing and selecting climate-resilient varieties,
improving the management of cultivation, seed processing, and storage, leveraging
advanced technologies, and enhancing farmer education and empowerment. In natural
ecosystems, strategies such as conserving and managing natural seed banks, facilitating seed
dispersal, and assisted migration of species are recommended. The study highlights the
critical need for the development and implementation of comprehensive and coordinated
strategies to mitigate the impacts of climate change and ensure seed production security in
both agricultural and natural ecosystems. Integrated approaches, grounded in scientific
knowledge and adaptive management, are essential for maintaining seed quality and
sustaining seed production under variable climatic conditions.
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Seed Production and Climate Change

EXTENDED ABSTRACT

Introduction

Climate change has become a defining global challenge
of the 21st century, primarily driven by anthropogenic
greenhouse gas emissions. Its consequences, rising
global temperatures, altered precipitation patterns, and
increased frequency of extreme weather events such as
floods, droughts, and heatwaves are widely documented.
According to the Intergovernmental Panel on Climate
Change (IPCC), global warming could reach 5.7°C under
SSP5-8.5 scenario or be contained below 2°C under
SSP2-1.6 scenario. These changes are significantly
disrupting ecological systems, particularly plant-based
biological processes.

Seed production, a vital component of ecological
resilience, agricultural sustainability, and food security,
is especially vulnerable to climate change. High-quality
seeds, defined by strong germination capacity, genetic
purity, and resilience to biotic and abiotic stresses, are
essential for successful plant establishment and vyield.
Climate change affects seed production across both
agricultural and natural ecosystems, influencing all
stages from planting and pollination to harvest, and
processing. This review article aims to provide a
comprehensive overview of how climate change affects
seed production and to outline adaptation strategies in
both agroecosystems and natural ecosystems.

Materials and Methods

As a narrative review, this article synthesizes findings
from recent peer-reviewed literature to examine the
multifaceted impacts of climate change on seed
production. The reviewed studies span various
agroclimatic zones and cover both managed agricultural
systems and unmanaged natural habitats. Key themes
include changes in phenology, physiological seed traits,
pollinator interactions, and ecological resilience.

Results and Discussion

Climate change has disrupted almost every stage of seed
production in agricultural ecosystems, from planting to
post-harvest processes. At the early planting stage,
temperature and soil moisture are essential for successful
germination. While moderate warming may accelerate
sprouting, heat stress and water scarcity often lead to
uneven emergence and reduced seedling vigor. As crops
enter the vegetative phase, prolonged heat and drought
impair photosynthesis, water and nutrient uptake, and
root development, all of which reduce a plant’s ability to
support high-quality seed formation.

The reproductive stage is particularly sensitive to
climatic fluctuations. Elevated temperatures can delay
flowering and lower pollen viability, thereby reducing
pollination success. In many regions, mismatches
between crop flowering periods and the activity patterns
of pollinators, caused by phenological shift, further
reduce seed set and quality. Fertilization and seed filling
processes are also highly susceptible to heat and drought.
When temperatures exceed critical thresholds, pollen
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production and longevity decrease, fertilization becomes
impaired, and the duration of seed filling shortens,
leading to underdeveloped seeds with poor nutritional
content.

Harvesting and post-harvest stages face additional risks.
Rising temperatures may hasten seed maturity, pushing
farmers to harvest before seeds reach their full
physiological potential. This can reduce seed viability
and storability. Moreover, erratic rainfall contributes to
pre-harvest sprouting (PHS), which compromises seed
germination and shelf life. Seed processing, including
drying and cleaning, is increasingly difficult under
fluctuating environmental conditions, while transport
systems are vulnerable to temperature and humidity
swings that degrade seed quality and threaten supply
chains.

In natural ecosystems, climate change interferes with
critical reproductive processes like germination,
flowering, and dispersal. Temperature and precipitation
variability can disrupt seasonal timing, leading to
mismatches between plant phenology and pollinator
availability. These mismatches reduce reproductive
success and seed output. Additionally, shifting climate
zones are forcing plant species to migrate toward more
suitable habitats. Yet, these range shifts are slow, often
hindered by physical barriers such as land development,
and may result in reduced seed viability or local
extinction, particularly for narrowly adapted species.
Seed dispersal pathways are also disrupted. Wind-
dispersed seeds suffer from altered air flow patterns,
while aquatic seed dispersal is constrained by shifting
hydrological regimes. Animal-mediated dispersal is
jeopardized as birds and mammals change their
movement patterns or decline in population due to
climate stress. This fragmentation of dispersal networks
can isolate plant populations and reduce gene flow.
Furthermore, many species rely on specific
environmental cues, like prolonged cold periods, to break
seed dormancy. Warmer winters may inhibit these cues,
reducing germination rates for cold-adapted species.
Natural seed banks, which play a crucial role in
conserving biodiversity, are being depleted by recurrent
extreme weather events, leading to long-term reductions
in seed viability in situ.

Addressing these multifaceted challenges requires
ecosystem-specific adaptation strategies. In agricultural
systems, relocating seed production to climatically stable
areas can reduce exposure to temperature extremes and
erratic rainfall. Breeding and selecting climate-resilient
crop varieties, through advanced methods such as
genome editing and evolutionary breeding, offer long-
term solutions to build stress tolerance. Adjusting
planting dates and using transplanting techniques for
vulnerable crops can help synchronize growth with
favorable environmental windows. Improving irrigation
and nutrient management systems can buffer plants
against water and heat stress, while innovations in post-
harvest handling such as advanced drying, storage, and
seed treatment can enhance seed quality and longevity
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even under adverse conditions.

The integration of digital agriculture, including precision
farming and data-driven forecasting tools, also holds
promise for improving seed production resilience.
Alongside technological solutions, farmer training,
extension services, and supportive government policies
are essential for successful implementation. Policy
frameworks must prioritize investment in seed research,
infrastructure, and climate-smart agriculture practices.
In natural ecosystems, adaptation strategies focus on
preserving and enhancing the regenerative capacity of
plant communities. This includes diversifying and
managing native seed sources, promoting ecological
restoration using species with traits suited to future
climate scenarios, and protecting both natural and
artificial seed banks. Facilitating natural seed dispersal
by maintaining habitat connectivity can aid species
migration, while assisted migration may be necessary for
slow-moving or highly vulnerable species. Adaptive
ecosystem management, supported by continuous
monitoring of climate impacts, will be essential to
maintain biodiversity and ecosystem function under
changing climatic conditions.

Iranian Journal of Seed Science and Technology

Conclusion

Climate change poses a significant threat to seed
production and global food security by disrupting
ecological balance in both managed and unmanaged
systems. While it brings serious risks such as reduced
seed quality, lower yields, and biodiversity loss, it also
offers a chance to transform seed management practices
using scientific innovation and systemic reforms.
Resilience-building strategies tailored to each ecosystem
can help buffer against these impacts. For agriculture,
this means integrating climate-smart technologies,
improved crop varieties, and policy support. For natural
systems, it involves safeguarding genetic diversity,
restoring ecosystems, and enabling species to adapt or
relocate.

Ultimately, collaboration among scientists, policymakers,
farmers, and local communities is crucial. Education and
public awareness will also play key roles in building
climate-resilient seed systems capable of sustaining future
generations in an increasingly unstable climate.
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Figure 4- Effects of elevated temperature and drought stress on nectar volume per flower (a), sugar concentration in
nectar (b), total sugar content per flower (c), and pollen viability (d) in Borago officinalis (Descamps et al., 2018)
Treatments followed by different letters are significantly different at p < 0.05. 21 = 21°C; 24 = 24°C; 27 = 27°C; WW,
well-watered; WS, water-stressed
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