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Invitation 
On behalf of the Organising Committee of the International Society for Seed Science (ISSS) and the Royal 
Botanic Gardens, Kew we cordially invite you to the 13th Triennial ISSS Conference which will be held 
online on 9-13 August 2021.   

Seeds underpin global agriculture, local sustainable use, plant conservation and the natural regeneration 
of landscapes. Therefore, understanding the mechanisms that control seed quality are important to 
their effective and efficient use in addressing a wide range of societal challenges.  They are also 
excellent models on which to explore biosynthesis and signalling pathways, and the adaptive processes 
in the natural environment relating to evolution and ecological success.  

The theme of the 13th Triennial Conference is ‘Seed innovation systems for the 21st century’ and the 
program will cover all aspects of seed science, from the fundamental science underlying seed 
development, germination, and lifespan through to applied research and the development of cutting-
edge technologies that will transform conservation and seed production. Through a series of invited and 
contributed lectures, poster sessions and thematic discussions, this world congress aims to review the 
current state of the art in seed science and develop a roadmap for priority research in the future.  

The International Society for Seed Science (ISSS) is a professional society dedicated to fostering and 
promoting research, education, and communication in the scientific understanding of seeds. The 
triennial conferences are the main, general meeting of the ISSS and attract a global audience of seed 
scientists from academia and industry.   

We look forward to an exciting meeting which will showcase the latest developments in seed science.   

 

Local Organising Committee 

Hugh W. Pritchard 

Louise Colville 

Charlotte Seal 

Daniel Ballesteros 

 

 

 

 

 

 

 

 

International Scientific Committee 

Irfan Afzal 

Roberto Benech-Arnold 

Laura Bowden 

Julia Buitink 

Barbara Dantas 

Fiona Hay 

Henk Hilhorst 

Gerhard Leubner 

Efisio Mattana 

Manuela Nagel  

Héctor Pérez  
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Conference Themes 
 

1. Seed memory – how environment influences traits during development 

Seed development is highly sensitive to the maternal environment with subsequent impacts on 
seed quality traits (longevity, germination, quality/vigour) and internal chemistry. But which 
molecular and biochemical signalling networks control seed responses, are they quantifiable, do 
they provide prediction of adjustments to climate change and how long are they imprinted on 
subsequent seed performance? 

2. Seed life span – the science of maximising survival 

Lowering moisture and temperature is the basis for extending seed lifespan. Except some 
species produce seeds that are drying sensitive; and for seed that tolerate desiccation, 
conventional seed storage (dry at -20°C) for the long term is a possibility but not a probability. 
Changing the physical environment, such as lowering temperature (cryobiotechnology), is one 
intervention to enhance seed lifespan, but can genes for longevity be understood and 
manipulated, can survival be chemically extended, and can the physical environment be 
optimised for each species? Moreover, can a mechanistic understanding of seed desiccation 
intolerance take us closer to making a recalcitrant seed orthodox for storage? 

3. Seed innovation systems for the 21st century – the future of seed science (local to global) 

The natural traits of the wild relatives of the world’s main crops make them potential sources of 
genes and adaptive traits for agriculture. Beyond this narrow focus, other species offer exciting 
possibilities for new medicines, fibre plants, and other uses. But which species are being and 
should be evaluated for such traits and who owns the intellectual property? For those already 
identified for potential exploitation, do key policy frameworks help or hinder access to the seed 
genetic resources around the world; and in any case can the seed supply chain meet the 
projected long-term sustainable use? For species already in the supply chain rapid developments 
in ‘omics’ technologies through to large scale, automated production facilities for phenotyping 
are changing the outlook for seed science research. But looking forward, which innovations are 
needed soonest, will have the greatest impact on the seed trade and help seed scientists 
address the greatest society challenges? 

4. Seed form and function – the morphology of success 

“Their problems of form are in the first instance mathematical….and their problems of growth 
are essentially physical problems” (D’Arcy Wentworth Thompson, 1917), so which mathematical 
and physical rules govern the form and function of seeds across the Plant Kingdom and what 
insights are revealed about the evolution of seed traits, including dormancy, that might 
contribute to species success? 

5. Seed germination and stress – environmental thresholds and species resilience 

Seeds commit to germinate over a species-specific or seed lot-specific set of environmental 
conditions, delimited by thresholds. But when they fail to germinate beyond these thresholds 
are they dormant, under stress or held in suspended animation; and do such responses tell us 
something about species resilience and niche competitiveness? 
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Workshops - Debates 
 
Delegates were asked to suggest topics for discussion that might be of interest to the wider seed science 
(fundamental and applied) community. The topics below have been crafted from the various suggestions 
received and the aim of the workshops is to have an open debate about these areas.  

Each workshop will last 45 minutes and be divided into three 15-minute slots. For the first two slots, 
questions have been posed to stimulate the discussion (see below). The final 15-minute slot is designed 
to allow delegates to propose the research they think is urgently needed to deliver ‘seed innovation 
systems for the 21st century.’  

There will be two leads for each workshop and delegates can either raise their hand to speak and / or add 
comments / questions using the ‘chat’ function of Zoom.  The sessions will be recorded, and a summary 
written up with a view to developing the findings as ‘position’ papers / reports.  

We hope that you enjoy this way of interacting. 

 

Monday 9th August 2021, 17.15-18:00 h (UK time)        
Extending Seed Lifespan:  

• What can changing conditions achieve? (oxygen, temperature, drying conditions and extent, 
initial seed quality, etc.)  

• Is the situation hopeless for certain species? (genetic and chemical constraints.) 
• Top three topics for a future research agenda. 

Tuesday 10th August 2021, 17.15-18:00 h (UK time)  
Neglected and Underutilised Species Seed Biology:  

• What are the current seed biology constraints to developing NUS? 
• How can the transfer of knowledge from the seed lab to the field be maximised (to support NUS 

production)?  
• Top three topics for a future research agenda. 

Wednesday 11th August 2021, 17.15-18:00 h (UK time)  
Global Seed Information Facility:  

• Which seed traits do end-users need measuring?  (meeting the needs of forestry, horticulture, 
agriculture, conservation, restoration / habitat management.) 

• How do we build a global consortium and secure sustained funding?  

• Top three topics for a future research agenda. 

Thursday 12th August 2021, 17.15-18:00 h (UK time) 
Innovations for the Seed Industry:  

• Is training all that is needed for the native seed supply industry?  

• How instructive is seed phenotyping?  (artificial intelligence, machine learning, etc.) 

• Top three topics for a future research agenda 

  



 
 

5 
 

Programme 
 

Monday 9th August Pg 

12:30 Conference Opening   

Keynote Presentations for Theme 3 and Theme 4  

13:00 Ruthie Angelovici The metabolic and genetic mechanisms controlling seed amino 
acid composition and how they may relate to stress response 

14 

13:25 Daniel Ballesteros Dry and frozen architecture: from tissues and cells to the sub-
molecular 

15 

Theme 1 - Seed memory: how environment influences traits during development  

14:15 Mariana A. S. Artur Fine drying: The regulation of desiccation tolerance and LEA 
proteins in seeds   

19 

14:30 Fátima Pollo-
Rodríguez 

Maternal environment regulates Arabidopsis seed germination by 
the interplay of DOG1 and ANAC089 transcription factors  

20 

14:45 Jaiana Malabarba How DNA (de)methylation can act on the heat stress response in 
seeds? 

21 

15:15 Julia Buitink Regulation of the plasticity of longevity upon drought 
in Medicago truncatula involves the cryptochrome-
interacting bHLH49 transcription factor  

22 

15:30 Thorben Krüger Targeted protein-protein interaction studies revealed a genuine 
molecular network downstream of the DOG1-PP2C module during 
dormancy acquisition 

23 

15:45 Olivier Leprince Identification of ABSCISIC ACID 4 (ABI4) as a novel central regulator 
of seed longevity in relation 
with degreening and proplastid formation during maturation  

24 

Theme 2 – Seed life span: the science of maximising survival  

14:15 Thomas Roach Cytoplasmic physical state governs the influence of oxygen on seed 
ageing 

31 

14:30 Alexa Sanchez Mejia Variations of germination and antioxidant enzymes in rye seedlings 
after storage under 24 conditions for 40 years  

32 

14:45 Filippo Guzzon Phenotypic and molecular assessment of the efficacy of maize 
germplasm bank seed storage practices across 60 years of 
conservation 

33 

15:15 O.F. Owoborode Effect of seed drying temperature and stage of seed maturation on 
the subsequent seed longevity of some soya bean genebank 
accessions   

34 

15:30 Nelson B. Machado-
Neto 

Seed longevity and cryobiotechnology in the three species of the 
genus Cattleya  

35 

15:45 Valerie C. Pence Exceptional Plants:  Defining the Diversity of Barriers to 
Conventional Seed Storage to Improve Conservation Strategies 

36 

Opening Plenary Lecture   

16:30 Hiro Nonogaki Seed traits and phylogenomics - prospects for the 21st century 13 
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Workshop: Extending Seed Lifespan (ESL)  

17:15-
18:00 

Co-leads: Fiona Hay and Daniel Ballesteros 

• What can changing conditions achieve? (oxygen, temperature, drying conditions and extent, 
initial seed quality, etc.)  

• Is the situation hopeless for certain species? (genetic and chemical constraints.) 

• Top three topics for a future research agenda. 

 

Tuesday 10th August Pg 

11:00 
–12:00 

Poster Session 1 Theme 1 78 

Theme 3 100 

Keynote Presentations for Theme 3 and Theme 4  

13:00 Chris Ojiewo Seed systems supporting legume crop improvement 16 

13:25 Tina Steinbrecher Functional morphology of seeds: a biomechanics view 17 

Theme 3 – Seed innovation systems for the 21st century: the future of seed science (local to global)  

14:15 Jose M. Barrero A natural bullet for bruchid control in cowpea 43 

14:30 Makrina Diakaki The role of seed microbiomes in seedling disease suppression 44 

14:45 Olubusayo O. Oluwole Effect of high-temperature drying and some nutritional contents 
on seed longevity of African Yam Bean  

45 

15:15 Maryam Razzaq Effects of osmopriming in controlling deterioration and longevity 
of Chenopodium Quinoa L. seeds during storage  

46 

15:30 J. Aravind The potential of delayed fluorescence as a rapid, non-destructive 
and non-invasive proxy for seed viability and vigour tests  

47 

15:45 Pedro Bello Relationships of Brassica seed physical characteristics with 
germination performance and plant blindness   

48 

Theme 4 – Seed form and function: the morphology of success    

14:15 Hugh Pritchard Seed micromorphology and dormancy in Dendrobium orchids  55 

14:30 Ryan Tangney How seed traits influence seed fates in fire-prone ecosystems 56 

14:45 V. Satya Srii Study on the seed coat phytochemical diversity of black and 
white soybean (Glycine max (L.) Merr) with differential 
storability 

57 

15:15 Heather Wickson Assessing Seed Diversity in Pastinaca sativa 58 

15:30 Hannetz Roschzttardtz Iron distribution and total iron content in archaeological maize 
seeds from prehispanic times recovered from Atacama Desert 

59 

The Alfred Mayer Plenary Lecture  

16:30 Gerhard Leubner The germination of diaspores: origin, diversity and destiny of the 
seed habit 

11 

Workshop: Neglected and Underutilised Species Seed Biology (NUSSBio)  

17:15-
18:00 

Co-leads: Efisio Mattana and Filippo Guzzon 
• What are the current seed biology constraints to developing NUS? 
• How can the transfer of knowledge from the seed lab to the field be maximised (to support 

NUS production)?  
• Top three topics for a future research agenda. 
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Wednesday 11th August Pg 

11:00-
12:00 

Poster Session 2 Theme 5 110 

Keynote Presentations for Theme 5 and Theme 1  

13:00 Queila Garcia Germination and dormancy in tropical species: a overview from campo 
rupestre 

18 

13:25 Gabriela Auge Ghosts of the Past: Parental environmental history regulates seed traits 14 

Theme 5 – Seed germination and stress: environmental thresholds and species resilience  

14:15 Faryal Ali A quantitative analysis of dormancy loss attributes in Leptochloa 
chinensis with population based threshold models 

66 

14:30 Charlotte Seal Coping with environmental change: germination resilience to 
temperature and salinity 

67 

14:45 Xing-You Gu Involvement of gibberellin signaling pathway in regulation of seed 
dormancy and germination in rice 

68 

15:15 Dustin Wolkis Increased salinity impairs seed germination in Hawaiian coastal plant 
species 

69 

15:30 Valdir Gomes Neto Superoxide dismutase modulation in response to heat stress during 
germination, early seedling stage and specific tissue in Ricinus 
communis L.  

70 

15:45 Sandra Maluleke Stimulation of seed germination using GA3 and B. subtilis on maize and 
okra exposed to AMD water at different temperatures  

71 

Theme 1 - Seed memory: how environment influences traits during development  

14:15 Renake N. Teixeira Regulation of chlorophyll degradation during Arabidopsis seed 
maturation  

25 

14:30 Andrea Veselá Maternal effects strengthen interactions of temperature and 
precipitation, determining seed germination of dominant alpine grass 
species 

26 

14:45 Manuela Nagel Barley seed longevity and the impact of the maternal environment on 
seed biochemistry 

27 

15:15 Fiona J. White Seed longevity changes under natural warming: a case study in the 
arctic-alpine species Silene suecica (Lodd.) Greuter and Burdet 
(Caryophyllaceae) 

28 

15:30 Elena Castillo-
Lorenzo 

Thermal kinetics of seed germination vigour in sunflower seeds of 
varying quality   

29 

15:45 Steven Penfield Effect of seed maturation temperature on seedling establishment: 
lessons from Brassica oleracea  

30 

The Michael Black Founders Lecture  

16:30 Guillaume Née A watch DOG to prevent shut down of ABA responses during early seed 
imbibition 

12 

Workshop: Global Seed Information Facility (GSIF)  

17:15 Co-leads: Steve Penfield and Hugh Pritchard 

• Which seed traits do end-users need measuring?  (meeting the needs of forestry, horticulture, 
agriculture, conservation, restoration / habitat management.) 

• How do we build a global consortium and secure sustained funding? 

• Top three topics for a future research agenda. 
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Thursday 12th August Pg 
11:00-
12:00 

Poster Session 3 Theme 2 84 

Keynote Presentations for Theme 2 and Theme 3  

13:00 Eduardo Bueso The legacy of the mother, key for seed survival 15 

13:25 Ji Zhou  SeedGerm 2.0: from crops to wild species 16 

Theme 2 – Seed life span: the science of maximising survival  

14:15 Julia Zinsmeister Distinct regulation of seed longevity and tocopherols accumulation in 
the plastidial methylerythritol 4-phosphate (MEP) pathway by 
cytonuclear interactions in Arabidopsis 

37 

14:30 David Riewe Age-dependent loss of seed germinability is associated with lipid 
oxidation and hydrolysis  

38 

14:45 S. Song Degradation patterns of seed stored mRNAs and proteins during seed 
ageing  

39 

15:15 Wanda M. 
Waterworth 

Safeguarding genome integrity in germination and seed longevity  40 

15:30 Beata P. Plitta-
Michalak 

The threat of oxidative damage to DNA of plant tissue subjected to 
desiccation  

41 

15:45 Hongying Chen Plant vitrification solution protect embryogenic cell during 
cryopreservation by lipid remodeling 

42 

Theme 3 – Seed innovation systems for the 21st century: the future of seed science (local to global)  

14:15 Shelagh McCartan Tree seed phenotyping – a next-generation superpower! 49 

14:30 Marie-Hélène 
Wagner 

Seed germination phenotyping may help crop breeding faced to climate 
change  

50 

14:45 Jae-Sung Lee Genetic markers associated with pre-harvest sprouting resistance (seed 
dormancy) in temperate japonica rice  

51 

15:15 Shin Taketa Barley albino lemma 1 mutations reduce spike photosynthesis and seed 
weight  

52 

15:30 Steven P.C. Groot Thoughts for a new seed quality strategy, incorporating seed vigour and 
the microbiome 

53 

15:45 Thibault Barrit Role of nitrogen in the plant-fungal pathogen interaction during 
seedling establishment 

54 

The J. Derek Bewley Career Lecture   

16:30 Richard Ellis Seeds-plants-crops-biodiversity-environment-people: illustrating 
understanding and ideas 

10 

Workshop: Innovations for the Seed Industry (ISI)  

17:15 Co-leads: Melissa Spearing and Frank Lanfermeijer 

• Is training all that is needed for the native seed supply industry?  

• How instructive is seed phenotyping?  (artificial intelligence, machine learning, etc.) 

• Top three topics for a future research agenda 
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Friday 13th August Pg 
Keynote Presentations for Theme 4 and Theme 5  

8:30 Filip Vandelook The ecological significance and evolutionary history of seed traits 17 

8:55 Lydia Guja Seed ecology of Australian native seeds - germination thresholds 
and stress tolerance 

18 

Theme 4 – Seed form and function: the morphology of success    

9:45 Angelino Carta The seed morphological spectrum of flowering plants: diversity and 
evolution of the seed morphospace  

60 

10:00 Agnieszka Rewicz Seed micromorphology of invasive Impatiens capensis Meerb. from 
different habitats 

61 

10:15 Matthew Walker Molecular mechanisms and hormonal regulation underpinning 
morpho-logical dormancy: a case study using Apium graveolens 
(Apiaceae)  

62 

10:45 Wei Liang Effect of the diaspore attributes on the launch and burial of seeds 
during the secondary wind dispersal process  

63 

11:00 Hongyuan Ma Seed germination of different ecotypes demonstrated varying 
adaptive characteristics to salinity stresses in Leymus chinensis 
(Poaceae)  

64 

11:15 Cristina Blandino Comparative regeneration by seed in old and recent European 
temperate forest understories  

65 

Theme 5 – Seed germination and stress: environmental thresholds and species resilience  

9:45 Dechang Cao A novel smoke-derived seed germination cue for the post-fire 
annual Nicotiana attenuata 

72 

10:00 Sergey Rosbakh Snowmelt timing shapes seed germination patterns in alpine plants 
of the North Caucasus 

73 

10:15 Takuya Aoyanagi Arabidopsis thaliana INDETERMINATE DOMAIN 4 is a novel seed 
germination regulator in light dependent manner 

74 

10:45 Chenlong Li The H3K27me3 demethylase RELATIVE OF EARLY FLOWERING 6 
suppresses seed dormancy via inducing ABA catabolism    

75 

11:00 Irfan Afzal Quantifying the germination response of Parthenium 
hysterophorus at various temperatures and water potentials by 
using population based threshold model  

76 

11:15 Hua Xue Functional characterization of a metallothionein CkMT4 in re-
establishing desiccation tolerance in germinating Caragana 
korshinskii seeds 

77 

 The J. Derek Bewley Career Lecture  

11:45 Françoise Corbineau Oxygen, a key signaling factor in the control of seed germination 
and dormancy 

10 

12:15 Conference closing   

 

13:30 Annual General Meeting of the International Society for Seed Science 

  



 
 

10 
 

Plenary Speakers 
 

The J. Derek Bewley Career Lectures  

Prof Richard H. Ellis, University of Reading, UK 

Seeds-plants-crops-biodiversity-environment-people: illustrating 
understanding and ideas 

This lecture series from “late-career seed scientists” on their area of 
expertise and career, focuses on supporting early-career seed scientists - 
with lessons learned and implications for the future. Ambition, ability, 
inspiration, foresight, hard work, and opportunity are key to success, but 
mentoring is also important. Much progress has been made in genetic 
resources conservation by ex situ long-term seed storage, an important area 
of application for my science, with illustration important in communicating 
ideas, understanding and doubt. A summary illustration of the effects of 
seed production environment on subsequent longevity may stimulate 
further research in this area, now more important with climate change. 

Email: r.h.ellis@reading.ac.uk  

 

Prof Françoise Corbineau, Sorbonne-Université, France 

Oxygen, a key signaling factor in the control of seed germination and 
dormancy 

Oxygen is a major factor of seed germination since it allows resumption of 
respiration and subsequent metabolism reactivation during seed imbibition, 
thus leading to the production of reducing power and ATP. Most studies 

carried out in the 70’s  - 80’s indicate that oxygen requirement depends on the species and is modulated 
by the environmental factors. They have also demonstrated that the covering structures mainly inhibit 
germination by limiting oxygen supply to the embryo during imbibition through enzymatic oxidation of 
phenolic compounds by polyphenol oxidases. Recent applications of oxygen-sensitive micro sensors 
have allowed to better characterizing the oxygen diffusion. Here we will also highlight the major data 
obtained over the last 20 years indicating the key role of oxygen in the molecular networks regulating 
seed germination and dormancy, in particular the hormone-signaling pathway. 

Email: francoise.corbineau@sorbonne-universite.fr  

 

 

 

mailto:r.h.ellis@reading.ac.uk
mailto:francoise.corbineau@sorbonne-universite.fr
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The Alfred Mayer Plenary Lecture 

Prof Gerhard Leubner, Royal Holloway University of London, UK 

The germination of diaspores: origin, diversity and destiny of the seed 
habit 

The evolution of the seed habit as reproductive trait was a decisive 
innovation in the history of land plants. The rapid rise and early 
diversification of angiosperms in the Cretaceous era was one of the greatest 
terrestrial radiations of recent geological times. The structural diversity of 
fossil and modern seeds and fruits with differences in embryo, integument 

(develops into the seed coat), endosperm (product of double fertilization), and fruit coat are evidence 
for this trait flexibility. Complex biophysical and biochemical (hormonal, molecular) interactions 
between these different compartments were identified as an integral principle throughout development 
and germination. Adaptation of germination and seedling establishment to abiotic and biotic stresses 
were found to be decisive for plant fitness and survival. Various roles and mechanisms associated with 
distinct seed and fruit coat biophysical properties, as well as with the endosperm as mediator of 
communication between the embryo and its changing environment were revealed. Seed research in the 
post-genomic era has come to age by unravelling many of the underpinning molecular mechanisms by 
integrating results and captured big data from multiple technologies. The diversity in seed responses to 
the environment that controls germination constitute adaptations that have taken place on a theme 
rather than via fundamentally different paths. The sustainable intensification of agriculture, resilient 
food chains, breeding better crops, environment-friendly crop and weed management technologies, 
terrestrial habitat restauration and producing fresh food in space depend on our knowledge about 
seeds. With their impressive phenotypic plasticity and diversity in quality traits plants have also actively 
shaped their and our environment. Exploiting this biodiversity holds the key for addressing global 
challenges including climate change, food security and planetary heath. Our survival and climatic future 
depend on better seeds. 

Email: gerhard.leubner@rhul.ac.uk  

  

mailto:gerhard.leubner@rhul.ac.uk
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The Michael Black Founders Lecture 

Dr Guillaume Née, University of Münster, Germany 

A watch DOG to prevent shut down of ABA responses during early seed 
imbibition 

Germination time is a major determinant of plant fitness. Both the Abscisic 
acid (ABA) molecule and the protein Delay of Germination 1 (DOG1) are 
absolutely required to induce seed dormancy. While the ABA molecular 
pathway is well described, DOG1 encodes a protein lacking annotated 
domains with still enigmatic biochemical functions. The ABA and DOG1 
molecular pathways function mostly independently. However, they operate 
coherently to shape seed dormancy, implying the presence of a crosstalk 
between these two molecular frames. We reported that DOG1 physically 

interacts with the type 2 C Protein Phosphatase (PP2C) ABA-HYPERSENSITIVE GERMINATION 1 (AHG1) 
and 3 (AHG3) in seeds and requires their activities to control seed dormancy. AHG1 is a non-canonical 
clade A PP2C whose catalytic activity is irresponsive to ABA inhibition, but its functions are controlled by 
DOG1. Our results demonstrated the existence of a unique module operating aside of the canonical ABA 
pathway in seeds that we termed the DOG1-PP2C module. This new molecular trail described in 
Arabidopsis has been confirmed by an independent study and found its echoes in monocotyledon seeds. 
However, the exact molecular mechanisms by which the DOG1-PP2C module controls dormancy are still 
unknown. Using phosphoproteomics we identified candidates as putative downstream targets of this 
module. Genetic and molecular studies showed that the activities of Abscisic acid insensitive five binding 
proteins are directly controlled by the DOG1-PP2C module thought physical interaction and relevant for 
its function in seed dormancy. The integration of our latest experimental results into the ABA signalling 
pathways further defines the contour of an unexplored molecular frame unique to seeds, in which 
DOG1’s function is to ensure the proper operation of ABA responses during early inhibition of dormant 
seeds.  

Email: neeg@uni-muenster.de  

  

mailto:neeg@uni-muenster.de
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Opening Lecture 

Prof Hiro Nonogaki, Oregon State University  

Seed traits and phylogenomics – prospects for the 21st century 

Seed science is becoming more exciting with new discoveries emerging from 
well-designed experiments in epigenetics, RNA biology, and advanced 
ecology. While more progresses are anticipated from the frontier of 
experimental biology, another essential area of study may be the integration 
of genomics and phylogeny, or ‘phylogenomics’. This area of study has great 
potential to deepen our understanding of seeds and generate far-reaching 

prospects for future seed research in the 21st century. Seed traits depend on the function of many gene 
families, which have diversified and subfunctionalized over the course of evolution. The origins of many 
seed genes date back to non-seed plants. Therefore, it is essential to look back the history of 
diversification of seed-related genes over the entire course of plant evolution, including lycophytes, 
bryophytes, and possibly algae also. In this talk, a case study of the DELAY OF GERMINATION1 (DOG1) 
family genes will be introduced. The utility of genome synteny and the identification of genomic 
footprints (pseudogenes) of seed genes in early diverging angiosperms will also be demonstrated. The 
discussion will be extended through possible roots of the molecular mechanisms of the seed programs 
in early diverging land plants more than 500 million years ago. While evolutionary studies focus on the 
past events, they generate significant biological questions and forward-looking ideas for future research. 
The concept of ‘Back-to-the-Future’ experiments to test the function of ancient seed genes in 
Arabidopsis or the function of modern genes in ancient flowering plants, which could possibly 
reconstitute key evolutionary events in seed plants, will also be discussed.      

Email: hiro.nonogaki@oregonstate.edu   

mailto:hiro.nonogaki@oregonstate.edu
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Keynote speakers 

 
Theme 1: Seed memory – how environment influences traits during 

development 

Prof Ruthie Angelovici, University of Missouri 

The metabolic and genetic mechanisms controlling seed amino acid 
composition and how they may relate to stress response 

Most crop seeds are deficient in essential amino acids (EAA). Attempts 
aimed at improving EAA composition through elimination of highly 
abundant, but EAA poor seed storage proteins have mostly failed to alter 
bound amino acid (PBAA) composition, despite major proteome 
reprogramming. A similar response was observed when we subjected 
Arabidopsis seeds to a severe drought treatment, which suggests that seed 
PBAAs have a mechanism which confer phenotypic robustness. To 
understand the molecular mechanisms underlying this phenotype, we 
conducted a multi-omics analysis that integrates GWAS, transcriptomics, and 

proteomics in Arabidopsis and maize systems. The surprising findings and their potential implications 
will be discussed. 

Email: angelovicir@missouri.edu  

 

Dr Gabriela Auge, University of Buenos Aires  

Ghosts of the past: parental environmental history regulates seed traits 

Plants respond not only to environmental changes experienced during their 
life cycles, but also to those of previous generations. This transgenerational 
plasticity influences early developmental traits and the expression of 
adaptive responses to fluctuating climates. Thus, understanding how 
parental environments affect progeny seed responses, and identifying the 
underlying molecular mechanisms, is key to inform potential trajectories of 
plants in natural and agricultural ecosystems, especially under the projected 
climate change. 

Email: gauge@fbmc.fcen.uba.ar     

mailto:angelovicir@missouri.edu
mailto:gauge@fbmc.fcen.uba.ar
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Theme 2: Seed life span – the science of maximising survival 

Dr Daniel Ballesteros, Royal Botanic Gardens, Kew 

Dry and frozen architecture: from tissues and cells to the sub-molecular 

Seed lifespan is affected by genetic and environmental factors. Both the 
inherited genotype and the maternal environment during seed development 
constrain the variation of phenotypes for seed desiccation tolerance and the 
potential dry architecture of the cell. As these phenotypes influence both 
seed storability and longevity, the design of appropriate preservation 
methods needs to reflect phenotype boundaries. For example, desiccation 
sensitive seeds (recalcitrant) die when dried below certain water threshold 
(usually 0.20 g H2O/g DW), deteriorate within a few months when stored 
hydrated, and die at sub-zero temperatures as ice forms. To preserve these 
seeds for the long-term, the cells / tissues must be transformed into non-

crystalline solids that lack the long-range order that is characteristic of ice crystals. And, the creation of 
these amorphous solids or glasses must not impede cell / tissue viability. The use of extremely fast 
cooling rates to ultra-low temperatures (<-180°C) and, often, the application of protective chemicals, 
facilitate such vitrification and long-term preservation at cryogenic temperatures. On the other hand, 
desiccation tolerant seeds that naturally form glasses during maturation (in situ) or imposed (ex situ) 
drying may have shorter lifespans than anticipated. Some conformations of their cell’s dry architecture 
seem to lead to fast deterioration that is relatively independent of the storage temperature, e.g., some 
chlorophyllous seeds. Also, some oilseeds when stored at the high sub-zero temperatures typical of seed 
banks (-20°C) can have reduce longevity due to lipid crystallization. Overall, the indications are that 
there is much to be learned from understanding the fine-scale resolution of dry and frozen architecture. 
Here we will show how cryo-microscopy, micro-computer tomography, thermal and mechanical 
analysis, and neutron scattering have been combined with traditional seed biology (physiology and 
biochemistry) to reveal some of the mechanisms of seed survival and deterioration. 

Email: d.ballesteros@kew.org  

 

Dr Eduardo Bueso, Universitat Politècnica de València‐Consejo Superior de 

Investigaciones Científicas 

The legacy of the mother, key for seed survival 

Seed longevity research has focused on identifying repair mechanisms for 

oxidative damage produced over time. There is also some knowledge 

regarding cellular protection mechanisms and ROS detoxification by passive 

non-enzymatic systems. However, in the last few years, there has been a 

renaissance in the investigation of a major, but largely forgotten actor, the 

seed coat. Our group is interested in the study of the molecular mechanisms 

responsible for the establishment of apoplastic barriers in this structure of 

maternal origin. 

Email: edubueso@gmail.com  
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Theme 3: Seed innovation systems for the 21st century – the future of seed 

science (local to global) 

Dr Chris Ojiewo, International Crops Research Institute for the Semi-Arid 
Tropics 

Seed systems supporting legume crop improvement 

Although significant adoption of improved varieties of legume crops has 

been reported across Africa, the overall use of quality seed remains low. 

Fortunately, there is evidence that more that 60% of farmers who do 

purchase ‘seed’ from the grain market and an emerging interest by the 

private sector that could take advantage of this potential market. Efforts are 

being made to establish a robust system that (i) increases the quantity and quality of performance data 

substantiating varietal superiority; (ii) boosts the availability of EGS seed by strengthening the technical 

and business acumen of the public EGS systems through technical, management and business capacity 

building; (iii) establishes a clear path and handover process from the variety development through 

product placement and seed systems; and (iv) enables private sector multipliers to seize opportunities 

to capitalize on the commercialization of these crops. Between 2007 and 2019, about 397,050t of 

certified and quality declared seed of 304 legume varieties was produced and planted on about 4.4 

million hectares (ha) by more than 22 million smallholder farmers, producing about 4.9 million t of grain 

worth US$2.6 billion. 

Email: c.ojiewo@cgiar.org  

 

Prof Ji Zhou, Cambridge Crop Research, NIAB Innovation Lab, NIAB 

SeedGerm 2.0: from crops to wild species  

Successful early establishment is key for agricultural and horticultural crops 
in the context of global climate, achieving maximum potential yield and 
linking to crop profitability. Building on our previous work, SeedGerm, which 
was jointly developed between Syngenta Seeds and Norwich Research Park, 
the Zhou laboratory (NIAB), LabTest (NIAB), the Pritchard lab (Kew) and the 
Guan lab (Zhejiang University) have been working together to develop the 
SeedGerm 2.0 platform to address challenges in throughput, scalability and 

analytic capability for seed quality diagnostics, and large-scale seed germination tests, including of wild 
species seed under stress conditions. In the talk, we will introduce our current development of the 
SeedGerm 2.0 platform, hyperspectral seed imaging, as well as new algorithms developed for analysing 
very complicated seed germination experiments. We will also report preliminary results for some key 
plant species such as wheat, rice, Brassica and cotton, as well as how we integrate AI-based algorithms 
to continuously develop the open-source SeedGerm software for deep analysis of dynamic seed 
phenotypes to enable genetic mapping.  

Email: ji.zhou@niab.com   
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Theme 4: Seed form and function – the morphology of success 

Dr Tina Steinbrecher, Royal Holloway, University of London 

Functional morphology of seeds: a biomechanics view 

All living organisms and processes obey the laws of physics. The old adage 
"form follows function" describes the principle of functional morphology. 
Studying the relationship between structure and function and linking the 
functional design of morphological features allows us to shed light on 
mechanical concepts and explain the complex interrelationships among form, 
function, environment, and evolutionary history. Diversification and 
speciation have been a focus of research since Charles Darwin’s tree of life 
(1837) and understanding the underlying mechanisms in genetics as well as 
the functional morphology remains a trending topic. Plant biomechanics has 
risen to a seminal and multidisciplinary field of science. Mechanical 

properties of plants are defined by the properties of cell walls, whole cells, tissues and organs. A plant’s 
early life cycle depends on biomechanics at multiple stages. Starting with the fertilization and the 
mechanics of pollen tube formation, through fascinatingly diverse seed/fruit dispersal right up to seed 
germination and seedling establishment. Seed germination depends on water uptake and decisive and 
specific changes in tissue and cell properties. From a mechanical point of view, the germination process 
can be seen as an interplay between two opposing forces; the growth potential of the embryo and the 
restraining force of the seed covering layers. Biologists and Physicists have studied mathematical and 
physical rules across the Plant Kingdom to decipher the principles that determine the plants’ structure 
and function. A species’ success gives us insights into traits and organisational principles that stood the 
test of time throughout evolution. 
 
Email: tina.steinbrecher@rhul.ac.uk   
 
 

Dr Filip Vandelook, Meise Botanic Garden 

The ecological significance and evolutionary history of seed traits 

Many of the major contributions on seed trait ecology and evolution focused 

on seed mass and requirements for seed germination and dormancy break. 

These are undeniable important seed traits, but they only tell us a small part 

of the seed story. During my talk I will address three aspects that are crucial 

to obtain a more comprehensive understanding of the contemporary seed 

diversity (i) the potential adaptive nature of less studied seed traits, (ii) the 

relations between seed traits and (iii) their evolutionary history. 

Email: filip.vandelook@plantentuinmeise.be  
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Theme 5: Seed germination and stress – environmental thresholds and species 

resilience 

Dr Queila Garcia, Universidade Federal de Minas Gerais 

Germination and dormancy in tropical species: a overview from campo 
rupestre 

In tropical areas, where temperature does not show major season variations, 

some seeds need a particular set of environmental conditions, making local 

climate influences mandatory. This presentation approaches the 

particularities and crucial roles that environmental signaling plays in 

germination, longevity, and dormancy of seeds from campo rupestre 

vegetation, a mountain tropical landscape in Brazil, which is one of the most 

biologically diverse ecosystems in the world. It also addresses how the 

interaction between soil humidity and temperature influences on seed 

hormonal balance and can modulate the acquisition and overcoming of 

secondary dormancy, interfering on dormancy cycles. 

Email: queila@icb.ufmg.br  

 

Dr Lydia Guja, Centre for Australian National Biodiversity Research 

Seed ecology of Australian native seeds - germination thresholds and stress 
tolerance 

In the context of conservation and global change it is critical to understand 

thresholds for germination, the capacity of seeds to tolerate or avoid stress, 

and how these characteristics may impact species' persistence or adaptation 

in the future. Utilising examples from the diverse Australian flora and the 

numerous ecoregions it spans, I will discuss our evolving ecological and 

physiological understanding of germination niches and stress tolerance. I will 

highlight recent advances and conclude by considering key remaining 

questions and proposing future research directions. 

Email: lydia.guja@awe.gov.au  
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Contributed talks 

 
Theme 1: Seed memory – how environment influences traits during 

development 

 

Fine drying: The regulation of desiccation tolerance and LEA proteins in seeds  

Mariana A. S. Artur, Wilco Ligterink, Henk Hilhorst, Leónie Bentsink 

Laboratory of Plant Physiology, Wageningen University, Droevendaalsesteeg 1, 6708PB Wageningen, 
The Netherlands 

mariana.silvaartur@wur.nl 

Desiccation tolerance (DT) allows some organisms, such as orthodox seeds and resurrection plants, to 
survive losing water from their cells and remain alive in the dry state for long time. Late Embryogenesis 
Abundant (LEA) proteins have been commonly associated with cell protection in these desiccation 
tolerant organisms. By combining whole genome sequencing and time course transcriptome analysis of 
the resurrection plant Xerophyta viscosa we found that LEAs are conserved within clusters of 
desiccation-associated genes and are highly expressed in response to drying. We found that LEA gene 
families display clade-specific conservation, diversification and possible functional repurposing during 
plant evolution. By expressing a few X. viscosa LEAs in Escherichia coli we found that their protective 
ability against osmotic and oxidative stress is associated with their intrinsically disorder sequence and 
ability to undergo disorder-to-order transitions. However, knockouts of single LEAs in Arabidopsis 
thaliana lead to mild seed DT and longevity phenotypes, suggesting regulatory and functional 
redundancy. Despite the undeniable importance of LEAs for desiccation protection, little is still known 
about how their production and function are regulated in seeds. Most LEA genes are expressed during 
seed maturation, but the proteins accumulate only when the seeds start to dry. My current research 
focuses on elucidating how drying coordinates DT acquisition and production of LEAs in seeds. In our 
approach we will use developing and dry seeds of A. thaliana to identify how gene expression, mRNA 
translation and protein accumulation are temporally coordinated. We will then test the role of drying on 
regulating LEAs production in seeds and vegetative tissues. Finally, we will study what are the molecular 
mechanisms involved in selective LEAs mRNA translation in response to drying. Our preliminary results 
point toward the presence of translation-related sequence features involved in LEAs translation 
regulation, indicating a novel level of DT regulation in seeds. 

  

mailto:mariana.silvaartur@wur.nl


 
 

20 
 

Maternal environment regulates Arabidopsis seed germination by the interplay of DOG1 and 
ANAC089 transcription factors 

Fátima Pollo-Rodríguez, Inmaculada Sánchez-Vicente, Óscar Lorenzo. 

 Dpto. de Botánica y Fisiología Vegetal. Instituto Hispano-Luso de Investigaciones Agrarias (CIALE). 
Facultad de Biología, Universidad de Salamanca. C/Río Duero 12, 37185 Salamanca, Spain 

fatimapollo@usal.es; oslo@usal.es 

The interplay between environmental cues (i.e. temperature) and internal signals is essential for plant 
growth and development. The interaction between the gasotransmitter nitric oxide (NO) and the 
phytohormone abscisic acid (ABA) is known to regulate seed dormancy and germination (Albertos et al., 
2015), both processes being highly influenced by temperature, particularly, the maternal growing 
temperature (Murphey et al., 2015, Née et al., 2017). In this context, DELAY OF GERMINATION 1 (DOG1) 
has been previously identified as a master regulator of dormancy (Bentsink et al., 2006) and described to 
be more accumulated at lower temperatures, similarly to one of its activators bZIP67 (Bryant et al., 
2019). Moreover, ANAC089 is a membrane-tethered transcription factor (TF) able to increase NO levels 
and to promote seed germination by repressing ABA synthesis and signaling during this process 
(Albertos et al., 2021; Li et al, 2010). 

With all this background, we have studied the crosstalk between DOG1 and ANAC089 regarding the 
regulation of seed dormancy and germination under different maternal environments (15°C, 21°C and 
25°C). Our results show that DOG1 and ANAC089 TF display an accumulation pattern associated with 
changes in temperature. DOG1 protein is highly accumulated at lower maternal growth temperatures, 
resulting in seed dormancy, while decreases as the temperature of maternal growth rises. This happens 
as well with ANAC089 protein levels. Furthermore, we have observed the relevance of ABA in the 
regulation of these previous patterns, although the accumulation of ANAC089 is independent of ABA. All 
together, we demonstrate that ANAC089 may regulate the expression of DOG1 in the absence of ABA 
and dependently on temperature. Further studies are being carried through to understand the role of 
NO in this interplay. 

Acknowledgments: We would like to thank the Spanish network BIO2015-68957-REDT and RED2018-102397-T for the 
stimulating discussions. This work was financed by grants EcoSeed Impacts of Environmental Conditions on Seed Quality 
"EcoSeed-311840" ERC.KBBE.2012.1.1-01, BIO2017-85758-R from the Ministry of Science, Innovation and Universities (Spain), 
SA313P18 and SA137P20 from Regional Government of Castile and Leon and “Escalera de Excelencia” CLU-2018-04 co-funded 
by the P.O. FEDER of Castile and Leon 2014–2020 Spain (to O.L.). “Fundación Solórzano” FS/16 2019 (to I.S.-V.). 

Albertos et al., 2015. S-nitrosylation triggers ABI5 degradation to promote seed germination and seedling growth. Nature 
Communications, 6, 1-10. 
Albertos et al., 2021. Redox feed-back regulation of ANAC089 signaling alters seed germination and stress response. Cell 
Reports. In press. 
Bentsink et al., 2006. Cloning of DOG1, a quantitative trait locus controlling seed dormancy in Arabidopsis. Proceedings of the 
National Academy of Sciences of the United States of America, 103, 17042–17047. 
Bryant et al., 2019. Basic LEUCINE ZIPPER TRANSCRIPCION FACTOR67 transactivates DELAY OF GERMINATION 1 to establish 
primary seed dormancy in Arabidopsis. Plant Cell, 31, 1276-1288. 
Li et al., 2010. A membrane-tethered transcription factor ANAC089 negatively regulates floral initiation in Arabidopsis thaliana. 
Science China Life Sciences, 53, 1299–1306. 
Murphey et al., 2015. DOG1-imposed dormancy mediates germination responses to temperature cues. Environmental and 
Experimental Botany, 112, 33–43. 
Née, et al., 2017. The release of dormancy, a wake-up call for seeds to germinate. Current Opinion in Plant Biology, 35, 8-14. 
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How DNA (de)methylation can act on the heat stress response in seeds? 

Jaiana Malabarba1, David Windels1, Wenjia Xu2,3 and Jerome Verdier1 

1University of Angers, Institut Agro, INRAE, IRHS, SFR QUASAV, F‐49000 Angers, France 

2Shanghai Center for Plant Stress Biology and CAS Center for Excellence in Molecular Plant Sciences, 
Chinese Academy of Sciences, Shanghai 200032, China 

3Department of Plant Biology, Swedish University of Agricultural Sciences and Linnean Center for Plant 
Biology, 75007 Uppsala, Sweden 

jaiana.malabarba@inrae.fr 

Seed development needs the coordination of multiple molecular mechanisms to promote correct tissue 
development, seed filling, and the acquisition of germination capacity, desiccation tolerance, longevity, 
and dormancy. Heat stress can negatively impact these processes and upon the increase of global mean 
temperatures, global food security is threatened. Here, we explored the impact of heat stress on seed 
physiology, morphology, gene expression, and methylation on three stages of seed development. 
Notably, Arabidopsis Col‐0 plants under heat stress presented a decrease in germination capacity as well 
as a decrease in longevity. We observed that upon mild stress, gene expression and DNA methylation 
were moderately affected. Nevertheless, upon severe heat stress during seed development, gene 
expression was intensively modified, promoting heat stress response mechanisms including the 
activation of the ABA pathway. By analyzing candidate epigenetic markers using the mutants’ 
physiological assays, we observed that the lack of DNA demethylation by the ROS1 gene impaired seed 
germination by affecting germination‐related gene expression. On the other hand, we also observed 
that upon severe stress, a large proportion of differentially methylated regions (DMRs) were located in 
the promoters and gene sequences of germination‐ related genes. To conclude, our results indicate that 
DNA (de)methylation could be a key regulatory process to ensure proper seed germination of seeds 
produced under heat stress.  
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Regulation of the plasticity of longevity upon drought in Medicago truncatula involves the 
cryptochrome-interacting bHLH49 transcription factor 

Julia Buitink1, Joseph Ly Vu1, Martine Neveu1, Thi-Thu Dang1, Benoit Ly Vu1, Christine Le Signor2, Laeticia 
Ly Vu1, Nathalie Chantret3, Joelle Ronfort3, Jean-Marie Prosperi3, Olivier Leprince1 

1Institut Agro, Univ Angers, INRAE, IRHS, SFR 4207 QuaSaV, 49000 Angers 

2Agroécologie, AgroSup Dijon, INRAE, Université Bourgogne Franche-Comté, 21000 Dijon, France 

3Genetic Improvement and Adaptation of Mediterranean and Tropical Plants (AGAP), INRAE, CIRAD, 
Institut Agro, 34060 Montpellier, France 

julia.buitink@inrae.fr  

Phenotypic plasticity, defined as the ability to adjust phenotypes predictably in response to specific 
environmental stimuli is a key to cope with environmental challenge and spark evolutionary innovation. 
Life span of seeds is influenced by environment, suggesting that this trait also exhibits plasticity. To 
identify such regulators, we determined longevity of seed population that were harvested from 180 
accessions of the HAPMAP population of M. truncatula that were grown under well-watered and mild 
drought stress conditions, and performed GWAS. For well-watered plants, longevity, measured as P50 
(i.e. the time for 50% of the seed population to lose its viability during storage at 60% RH and 35°C), 
ranged between 45 to 400 days. Restricted watering from flowering onwards revealed that a majority 
(60%) of genotypes produced seeds with increased longevity, ranging from 26 to 657 days. Analysis of 
reaction norms used to assess plasticity showed a wide variation in response to drought, with a few 
accessions reducing P50 over 2-fold, and 34 accessions increasing P50 by 150%. This response was 
negatively correlated with precipitation and latitude and positively correlated with radiation. A further 
negative correlation with flowering time suggests that dry summer or arid climate exerted a selection on 
the plasticity of longevity, possibly through the adaptation of flowering time. Using a plasticity index, 26 
significantly correlated loci were retrieved by GWAS analyses. Post-GWAS analysis identified a subset of 
11 co-expressed genes that showed increased transcript levels in roots and shoots upon progressive 
stress and increased strongly at the end of seed maturation, concomitant with the increase of longevity. 
One gene was a bHLH transcription factor with homology to bHLH49, a CRYPTOCHROME-INTERACTING 
BASIC-HELIX-LOOP-HELIX protein. The role of bHLH49 as a plasticity gene of longevity was further 
investigated using Tnt1-insertion mutants, and a possible link with flowering will be presented. 
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Targeted protein-protein interaction studies revealed a genuine molecular network downstream of 
the DOG1-PP2C module during dormancy acquisition 

Krüger, T., Brandt, D., Bell, C., Finkemeier, I. and Née, G. 

Institute of Plant Biology and Biotechnology, University of Münster, Münster, Germany 

thorben.krueger@uni-muenster.de   

Abscisic acid (ABA) and the protein DELAY OF GERMINATION 1 (DOG1) are the two essential 
components for the induction and maintenance of seed dormancy whose signalling pathways operate 
mainly independently. It has been previously shown that in seeds DOG1 requires the type 2C Protein 
Phosphatases (PP2Cs) ABA Hypersensitive 1 (AHG1) and 3 (AHG3) of the ABA signalling pathway to 
regulate dormancy. Hence, DOG1 and ABA pathways cross talk at the level of specific clade A Protein 
Phosphatases 2C (PP2Cs) to cooperatively shape seeds dormancy. We termed this cross talk point the 
DOG1-PP2C module for which no direct target has been identified to date. Phosphoproteomic studies 
comparing WT and dog1 mutant seeds suggested Abscisic Acid Insensitive Five Binding Proteins as 
putative downstream targets of the DOG1-PP2C module. Targeted protein-protein interaction studies 
using Yeast-Two-Hybrid, Co-Immunoprecipitation and Bimolecular Fluorescence Complementation now 
indicate that our candidate proteins directly and genuinely interact with the ABA-immune PP2C AHG1. 
These results suggest that the function of the DOG1-PP2C module is to control specific targets aside of 
the ABA core signalling to prevent germination of dormant seeds. 
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Identification of ABSCISIC ACID 4 (ABI4) as a novel central regulator of seed longevity in relation with 
degreening and proplastid formation during maturation 

Julia Zinsmeister1,2, David Lalanne1, Benoît Ly Vu2, Johan Defaye1, Benoît Schoefs3, Dang Thi Thu1, Julia 
Buitink1, Olivier Leprince2 

1Institute of Biophysics and Biochemistry, Polish Academy of Sciences, Warsaw, Poland 

2Institut Agro, Univ Angers, INRAE, IRHS, SFR 4207 QuaSaV, 49000 Angers, France 

3Metabolism, Molecular Engineering of Microalgae and Applications, Biologie des Organismes Stress 
Santé Environnement, IUML – FR 3473 CNRS, Le Mans University, 72000 Le Mans, France 

Olivier.leprince@agrocampus-ouest.fr  

While photosynthesis is important for seed development, chlorophyll retention in dry mature seeds 
leads to poor seed vigor and decreased longevity. The cause effect relationship between degreening and 
acquisition of longevity during maturation remains unclear but depends on the ABA signaling pathway. 
Using trancriptomes during seed development of Medicago truncatula grown under five environmental 
conditions, we applied RulNet, a query driven approach using association rules to infer seed-specific 
genes whose transcript levels are associated with the modulation of longevity by environment and 
identified MtABI4. Functional analysis showed that Mtabi4 mutant seeds contained more chlorophyll 
than wild-type seeds and exhibited a 5-fold reduced longevity when stored in the dark, a reduced 
dormancy and defects in hypocotyl elongation. During maturation, Mtabi4 seeds exhibited symptoms of 
deregulated retrograde signaling, defects in plastidial gene regulation and impaired proplast formation. 
When Mtabi4 seeds developed in darkness on the mother plant, longevity was restored. This, together 
with the fact that shelf life of stay green (Mtsgr) seeds was not affected suggest that light exerts a toxic 
effect on Mtabi4 seeds that is not associated with chlorophyll degradation. We will show that MtABI4 
acts as a repressor to coordinate the down-regulation of plastidial activity by transcriptional regulation 
of chlorophyll homeostasis and photosynthesis associated genes. This probably could avoid damage 
during the conversion from chloroplast to proplast that would otherwise compromise seed vigor.  We 
will also show that such a role is played in conjunction with MtABI5, another regulator of degreening 
and seed longevity.  
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Regulation of chlorophyll degradation during Arabidopsis seed maturation 

Renake N. Teixeira1, Kilian Duijts1, Leo Willems1, Astrid L. Radermacher2, Bas J W Dekkers1, Henk W.M. 
Hilhorst1 

1 Wageningen University, Wageningen, The Netherlands  

2Department of Molecular and Cell Biology, University of Cape Town, Private Bag X3, Rondebosch 7701, 
South Africa 

renake.nogueirateixeira@wur.nl 

The quality of a seed is largely determined during seed maturation. Chlorophyll degradation also occurs 
during seed maturation and is essential to obtain high quality seeds. However, chlorophyll degradation 
is highly sensitive to environmental stresses. The current global climate change leading to extreme 
temperatures and drought will have drastic consequences for the production of high quality seeds. This 
particularly affects the production of oilseeds, such as soybean and canola. The lack of chlorophyll 
degradation, caused by heat and drought results in lower oil and seed quality, this is commonly referred 
to as the “green seed problem”. Despite its considerable importance for seed quality and food security, 
the regulatory mechanisms underlying chlorophyll degradation in seeds are poorly understood. This is a 
major limiting factor that impairs the transfer of knowledge from research to applied solutions to the 
“green seed problem”. Using a time course of genome wide gene expression in maturing Arabidopsis 
seeds we were able to identify four candidate transcription factors (TFs), a member of the ERF/AP2 TF 
family, Abscisic Acid Insensitive 3 (ABI3), ABI4 and ABI5 as putative key regulators of chlorophyll 
degradation in maturing seeds of Arabidopsis thaliana. This finding leads to the hypothesis that these 
four TFs are part of several interconnected pathways that promote chlorophyll breakdown via direct 
regulation of chlorophyll degradation genes. The ERF/AP2 TF is possibly a novel regulator of chlorophyll 
catabolic genes (CCGs), working antagonistically to ABI4. ABI5 and its homologs regulate a later 
response or secondary pathways of chlorophyll degradation in seeds. ABI3 not only controls chlorophyll 
degradation by directly promoting expression of CCGs, but also by regulating the expression of the 
ERF/AP2 TF and ABI5.  
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Maternal effects strengthen interactions of temperature and precipitation, determining seed 
germination of dominant alpine grass species  

Andrea Veselá1,2, Věroslava Hadincová2, Vigdis Vandvik3, and Zuzana Münzbergová1,2 

1 Institute of Botany, Czech Academy of Sciences, Průhonice, Czech Republic  

2 Department of Botany, Faculty of Science, Charles University, Prague, Czech Republic  

3 Department of Biological Sciences, University of Bergen, Norway 

andrea.paulu@seznam.cz 

Despite the existence of many studies on the responses of plant species to climate change, there is a 
knowledge gap on how specific climatic factors and their interactions regulate seed germination in 
alpine species. This understanding is complicated by the interplay between responses of seeds to the 
environment experienced during germination, the environment experienced by the maternal plant 
during seed development and genetic adaptations of the maternal plant to its environment of origin. 

The study species (Anthoxanthum alpinum, A. odoratum) originated from a unique natural climate grid 
with factorial combinations of three levels of temperature and four levels of precipitation. Seed 
germination was tested in conditions simulating the extreme ends of the current field conditions and a 
climate change scenario. We compared the performance of field-collected seeds with that of garden-
collected seeds. All maternal plants originated from the climate grid. 

Results show that a change to warmer and wetter conditions resulted in the highest germination of A. 
alpinum, while A. odoratum germinated the most in colder temperature and with home moisture. A 
change to warmer and drier conditions resulted in low germination of A. alpinum with low number of 
dormant seeds. The maternal environment did have an impact on plant performance of the study 
species. Field-collected seeds of A. alpinum tolerated warmer conditions better than those from the 
experimental garden. 

The results demonstrate how knowledge of responses to climate change can increase our ability to 
understand and predict the fate of alpine species. Studies that aim to understand the germination 
requirements of seeds under future climates should use experimental designs allowing the separation of 
genetic differentiation, plasticity and maternal effects and their interactions, since all these mechanisms 
play an important role in driving species’ germination patterns. 
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Barley seed longevity and the impact of the maternal environment on seed biochemistry  

Manuela Nagel1, Erwann Arc2, Loïc Rajjou3, Inmaculada Sánchez-Vicente4, Oscar Lorenzo4, Andreas 
Börner1 and Ilse Kranner2 

1Genebank Department, Leibniz Institute of Plant Genetics and Crop Plant Research (IPK Gatersleben), 
Seeland, Germany 

2Department of Botany and Center of Molecular Biosciences (CMBI), University of Innsbruck, Innsbruck, 
Austria 

3Institut Jean-Pierre Bourgin, INRAE, AgroParisTech, Université Paris-Saclay, F-78000, Versailles, France 

4Instituto Hispano Luso de Investigaciones Agrarias (CIALE), Universidad de Salamanca, Salamanca, Spain 

Nagel@ipk-gatersleben.de  

Seed longevity can be affected by adverse environmental conditions during seed development, altering 
seed metabolism and seed quality. In the current study, we used barley (Hordeum vulgare L.) to study 
how the genetic background in conjunction with stressful environmental conditions affects seed 
development, quality and longevity. 150 barley accessions grown in 1974, 1975 and 1976 were 
harvested and stored at 0 °C. Dependent on the growth environment of the mother plants, the half-
viability period (P50) of their seeds varied between 50 and 115 years. From the genebank multiplication 
1974, plants of two spring barleys, the short-lived HOR 2110 and the long-lived HOR 4710, were 
multiplied and subjected to drought (23/15 °C, 15 % field capacity) and elevated temperatures (28/25 
°C). In both genotypes, thousand seed weight (TSW) was strongly reduced by drought, and seeds 
produced under drought imbibed faster. However, elevated temperatures significantly affected only the 
genotype HOR 4710. Drought had pronounced effects on the metabolite composition of dry and 
imbibing seeds, assessed using a GC-MS-based metabolite profiling approach, and induced a higher 
abundancy of the transcription factor ABI5. ANAC089 was only present in HOR 2110. Overall, changes in 
seed metabolites and key seed hormonal and stress regulators are presented and discussed with a view 
to better understand how the maternal environment affects the quality and storability of seeds, which is 
an important aspect for plant breeding, seed production and seedbanks.  
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Seed longevity changes under natural warming: a case study in the arctic-alpine species Silene suecica 
(Lodd.) Greuter and Burdet (Caryophyllaceae) 

Fiona J. White1, Fiona Hay3, Francesco Porro1 Andrea Pagano2, Andrea Mondoni1 

1University of Pavia, Department of Earth and Environmental Science, Via S. Epifanio 14, 27100 – Pavia, 
Italy  

2University of Pavia, Department of Biology and Biotechnology “Lazzaro Spallanzani”, Via Ferrata 1, 
27100 Pavia, Italy 

3Aarhus University, Department of Agroecology - Crop Health, Forsøgsvej 1, 4200 Slagelse, Denmark 

fionajane.white01@universitadipavia.it  

Seed longevity is a fundamental trait for ex situ plant conservation and varies between species, 
populations and generations. Seeds of alpine plants are considered short-lived in storage, though their 
longevity has been shown to significantly increase under a warmer parental environment. Consequently, 
with climate warming, seeds of alpine species may be longer lived and therefore more suited to 
genebank storage. To investigate this possibility, we assessed the seed longevity of 11 accessions of the 
arctic-alpine species Silene suecica, collected and stored under genebank conditions for different time 
periods over the last 20 years. All the seeds were collected from the same location and this site has 

experienced a significant mean annual warming trend of approximately 0.05C per year since 2000 (i.e. 

+ 1C over 20 years), despite large inter-annual temperature variation. Seeds were subjected to 
laboratory-controlled accelerated ageing and regularly sampled for germination. Initial viability (Ki), 

probit deterioration rate (-1) and time taken for viability to fall to 50 % (p50) were estimated using 
probit analysis. 

Across accessions, p50 varied from 8.67 – 15.55 days. There was no relationship found between time in 
storage and longevity but seeds from plants that experienced warmer and drier growing conditions were 

significantly longer lived. These seeds showed higher Ki while -1 was similar across accessions. The 
results suggest that seeds of alpine species might be longer-lived than expected in genebanks and that 
seasonal variation of climate induces a plastic response in seed longevity of S. suecica. This may play a 
key role for survival and persistence of alpine species facing climate change and also have important 
implications for ex situ conservation. Molecular analysis of reactive oxygen species and mRNA seed 
provisioning are in progress to infer possible adaptive transgenerational adjustment linked to climate 
warming.   
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Thermal kinetics of seed germination vigour in sunflower seeds of varying quality  
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Seed vigour is a complex trait that is defined by several characteristics such as germination speed and 
uniformity, and seedling development and establishment under non-optimal conditions. However, the 
quantification of seed vigour to germination thresholds has been overlooked. In this study, we harvested 
seed batches of varying quality from sunflower plants grown under normal and reduced irrigation and 
subjected the seeds to artificial ageing under nine combinations of temperature and moisture content 
(MC). We characterised the base temperature (Tb) for germination of both seed populations and the 
subsequent thermal and hydro time parameters. Due to a higher Ki (initial viability), the seeds produced 
under reduced irrigation apparently had a longer lifespan than those of normal irrigation and the 
calculated viability constants therefore differed between seeds lots. However, common linear 
correlations for both seed lots between logs and log MC and probit viability and germination parameters 
(thermal time, hydro time and Tb) indicate a continuity in responses. Thus, seed thermal and hydro time 
changed predictably as viability decreased. We discuss the potential for quantifying seed quality by 
combining total seed germination with thermal and hydro time thresholds and parameters as they seem 
to indicate that seed vigour is a continuum.  
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Effect of seed maturation temperature on seedling establishment: lessons from Brassica oleracea 
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He we report the results of detailed developmental timeseries data to try to understand the mechanism 
by which temperature during seed maturation affects post-germinative seedling growth rates. We 
define the time window during seed maturation when seedling performance is most sensitive to 
temperature variation, and show that this time is critical for determining the ABA content of mature 
seeds. We additionally reveal that the gene expression state of mature seeds is affected by the 
difference between the temperature coefficients (Q10s) of mRNA decay and quiescence induction. This 
means that mRNAs from genes that are no longer being actively transcribed as seeds approach 
quiescence, such as DELAY OF GERMINATION 1, are frozen earlier in the decay process at low 
temperatures, leading to higher levels in mature seeds entering quiescence at lower temperatures. Thus 
the stored RNA population in seeds is strongly influenced by the prevailing temperature immediately 
prior to quiescence, rather than by the effects of temperature on gene transcription. 
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Theme 2: Seed life span – the science of maximising survival 

 

Cytoplasmic physical state governs the influence of oxygen on seed ageing 

Thomas Roach1, Davide Gerna1, Daniel Ballesteros2, Wolfgang Stöggl1, Erwann Arc1, Charlotte E. Seal2, 
Chae Sun Na3, Ilse Kranner1 

1Department of Botany and Center for Molecular Biosciences Innsbruck (CMBI), University of Innsbruck, 
Sternwartestraße 15, Austria 

2 Department of Comparative Plant and Fungal Biology, Royal Botanic Gardens, Kew, Wakehurst Place, 
Ardingly, United Kingdom 

3 Seed Conservation Research Division, Department of Seed Vault, Baekdudaegan National Arboretum, 
2160-53 Munsu-ro, Chunyang-myeon, Bonghwa-gun, Gyeongsangbuk-do, Republic of Korea 

thomas.roach@uibk.ac.at  

During desiccation, the cytoplasm of orthodox seeds solidifies to a glassy state with highly restricted 
diffusion and molecular mobility. Both temperature and moisture availability determine seed cellular 
physical state and ageing rates, while oxygen (O2) is often presumed to promote deteriorative reactions 
of seed ageing. However, whether seed physical state affects O2-mediated biochemical reactions during 
ageing remains unknown. Data presented here on various crop species shows that seeds are highly 
sensitive to O2 when the cytoplasm is in a glassy state, but are much less O2-sensitive when aged with 
fluid cytoplasm. Lipid domains of seeds aged with fluid cytoplasm showed very limited changes, 
regardless of O2 tension. In contrast, hypoxia prevented depletion of unsaturated fatty acids and 
tocopherols, and accumulation of lipid peroxidation products (e.g. aldehydes), in glassy-state seeds. The 
results have implications for conservation and research. First, caution should be exercised when using 
rapid ageing at high temperatures and humidity to interpret how seeds biochemically respond to long-
term storage in seedbanks under low temperature, humidity and ambient O2. Second, efforts towards 
germplasm conservation are being severely compromised if O2 is not excluded from the storage 
environment. Third, there is potential need for the consideration of O2 in seed viability equations.  
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Variations of germination and antioxidant enzymes in rye seedlings after storage under 24 conditions 
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The ability of seeds to survive extended periods of time is strongly dependent on the storage conditions. 
To understand the effects of a combination of storage atmosphere, temperature and seed moisture 
content, a long-term storage experiment on rye was established in 1977. Seeds of rye cv. ‘Dankwoskie 
Zlote’ were harvested in Warsaw, Poland, and stored at the Gatersleben genebank and the seed bank of 
the Botanical Garden of Warsaw. The samples were stored under four atmospheres (air, CO2, N2, and 
vacuum), two moisture contents (MC) (3.7 and 5.5 %), and three temperature conditions (-15, 0, and, 10 
°C). Additional germination tests were reported after 1, 5, 15, 17 and 26 years. To investigate the effects 
of long-term storage on physiological and biochemical properties of the rye seeds and seedlings stored 
for 40 years, the current study examines differences in germination, in the concentration of hydrogen 
peroxide and antioxidant enzymes. So far, highest germination (~ 70 %) was maintained for rye seeds 
stored under 3.7 % MC, -15 °C and all storage atmospheres. Interestingly, lowest germination and 
lowest enzyme activities were achieved for seeds and seedlings, respectively, which were stored under 
5.5 and 3.7 % MC, at 10 °C and vacuum storage. Based on the tested condition, we will conclude on the 
best long-term storage conditions and speculate about challenges of low-oxygen storage for rye seeds.  
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Phenotypic and molecular assessment of the efficacy of maize germplasm bank seed storage practices 
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The long-term conservation of seeds of plant genetic resources is fundamental to the safeguarding and 
use of agrobiodiversity. Despite this importance, there is scarce knowledge available on seed longevity 
under germplasm bank conditions for many species. Through germination experiments and the analysis 
of historical monitoring data, we studied the decline in viability of 1000 maize (Zea mays subsp. mays) 
seed accessions conserved at the CIMMYT germplasm bank for an average of 48 years, under two cold 
storage conditions: –3 °C in an active chamber (intended for seed distribution) and –15 °C in a base 
chamber (for long-term conservation). Seed lots stored in the active chamber had significantly lower and 
more variable seed germination (mean of 81.4 %), compared with those maintained in the base 
chamber (mean of 92.1 %). Significant differences were observed in seed germination and longevity 
estimates (e.g. p85 and p50) among accessions. Of passport data variables studied, grain type showed the 
strongest correlation with longevity, with flint varieties being longer lived than floury and dent types. 
The faster loss of seed viability observed in the active chamber suggests that the current seed 
conservation approach, using two chambers with different temperature regimes, may be 
counterproductive to the efficiency and effectiveness of overall conservation. Use of the lower 
temperature conditions for both active and base portions of the collection would lower the frequency of 
regeneration. The significant differences detected in seed longevity among accessions indicates that 
different viability monitoring and regeneration intervals should be applied to groups of accessions 
showing different longevity profiles. Further investigation involving a GWAS (genome-wide association 
study) analysis of longevity parameters are ongoing to better understand the molecular basis of seed 
longevity in this set of accessions. The results of these analyses and recommendations highlighted from 
the study will be presented.  
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Effect of seed drying temperature and stage of seed maturation on the subsequent seed longevity of 
some soya bean genebank accessions  
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Optimizing seed longevity is essential for effective seed conservation. Seed survival is prolonged at 
lower moisture contents, and so post-harvest drying is a critical step when preparing seeds for long-
term genebank storage. Previous research has shown a benefit of drying soya bean seeds at 40℃, 35% 
RH initially compared with drying using the FAO recommended genebank drying procedure (in a drying 
room (DR) at 5-20℃) throughout. This study examined if warmer temperature drying benefits soya bean 
seed longevity, whether any benefit is influenced by fumigation before or after initial seed drying prior 
to DR drying and if harvesting at different times (during late seed maturation or at harvest maturity) 
affected the response. 

Seeds of five soya bean genotypes were harvested at approximately 10-13% moisture content (i.e. 
before seed harvest maturity) and 6-8% moisture content (harvest maturity). They were initially dried at 
either 30 or 40°C with 15% RH for 4 days before drying to equilibrium in the DR (17°C/15% RH), or in the 
DR throughout. In all drying treatment comparisons, variation existed in the estimate of p50, the time for 
viability to fall to 50% during experimental storage, relative to the control regime (DR p50). 

Significantly greater longevity (p50) was obtained following fumigation after initial drying, regardless of 
the initial drying temperature, for four out of the five genotypes compared with fumigation before seed 
drying procedures.  

An improvement in seed longevity was observed in response to high temperature drying generally 
across all seed lots and seedlots harvested at a higher moisture content during seed maturation; and 
some genotypes subjected to warm-temperature drying meant for this study. Genebank standards for 
drying soya bean seed should be reconsidered. 
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Orchid seeds are reputed to be relatively short-lived, although comparative studies across a wide range 
of storage temperatures and moisture contents are few. To explore how a wide range of temperature 
and moisture contents affects seed longevity in the orchid genus Cattleya. Seeds of three Brazilian 
orchid species in the genus Cattleya (C. amethystoglossa, C. kautskyana and C. tigrina) were subjected 
to controlled deterioration (CD) and seeds at three moisture levels were stored for up to 270 days at 
temperatures as low as -196 °C. Seed ageing curves were constructed and seed quality assessed as 
germination level and speed index in vitro, and by tetrazolium staining. Seed morphometry, lipid content 
and composition were also determined. Seeds were found to be lipid rich (54-70% DW) and short-lived 
under CD, with P50s varying less than two-fold (42 and 69h) at 41 °C. At cold (5 °C) to ultracold (-196 °C) 
temperatures longevity was greatest after pre-drying seeds to 15% RH, with germination varying by 6% 
after 270 d storage at these temperature limits. However, storage at -20 °C resulted in a 5-46% 
reduction in germination, indicating a dry-seed sensitivity to conventional seed bank temperature. Ultra-
dry (silica gel) and high humidity (82% RH) storage, in combination with various temperatures, 
compromised viability in one or more species. Overall, longevity in C. kautskyana > C. tigrina > C. 
amethystoglossa, which also reflected the pattern of embryo volume. The prospect that the generally 
shorter lifespans in orchid seeds may relate to stochastic processes the negative impact of which reach 
criticality sooner in smaller embryos requires further testing. Further evidence is provided that orchid 
seeds tend to have short lifespans and that cryoconservation conditions an option to extend seed 
longevity. 
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Plant species that are unable to be conserved and recovered using conventional seed banking practice 
have been designated as exceptional plants.  While discussions on the limitations of seed banking have 
generally focused on seeds with desiccation sensitivity, a definition of exceptionality has recently been 
put forward, describing four factors that contribute to this classification, relating to the four stages 
necessary for successful seed banking:  collecting, processing, storage, and recovery.  Barriers to these 
steps include species with: 1) extremely limited seed availability or viability, 2) a high level of seed 
desiccation intolerance, 3) relatively short seed longevity at -20oC, and 4) deep seed dormancy.  In order 
to focus attention on and facilitate research and conservation on these species, a Working List of 
Exceptional Plants has been created, based on this definition. It currently includes 775 species 
documented as exceptional, out of over 23,000 evaluated.   This is only a small fraction (<2%) of the 
species predicted to be exceptional worldwide and highlights the immense gap in knowledge about 
which species are exceptional.  There is an urgent need for research in seed biology to help fill this gap 
and identify additional species that are desiccation sensitive, that age quickly in storage, or are deeply 
dormant, and to understand the physiological bases of these characteristics.  Efforts are particularly 
needed in families showing high levels of exceptionality in our analysis, such as Dipterocarpaceae, 
Arecaceae, Rutaceae, and Fabaceae, particularly tropical trees within these families.  Exceptional species 
will require approaches beyond conventional seed banking, particularly the cryopreservation of seeds, 
seed tissues, and vegetative tissues. The definition of exceptional plants is a first step in targeting 
species for these alternative approaches and meeting the challenge of their long-term conservation 
(Research supported in part by the Institute of Museum and Library Services, the Garfield Weston 
Foundation, and Defra.) 
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Seed quality is of predominant interest. It is tightly regulated during seed development and mainly relies 
on the accumulation of metabolites, including isoprenoids like tocopherols. Isoprenoids derive from the 
C5 prenyl diphosphates isopentenyl diphosphate (IPP) and dimethylallyl diphosphate (DMAPP), that are 
synthesized either by the cytosolic mevalonate (MVA) or the plastidial methylerythritol 4-phosphate 
(MEP) pathways. Isoprenoid metabolism is partly under the control of retrograde signaling. Recently, a 
relationship between seed quality and coadaptation of nuclear and cytoplasmic (i.e. plastidial and 
mitochondrial) genomes has been discovered using Arabidopsis cytolines, a plant material that 
combines nuclear and cytoplasmic genomes from different accessions and, hence, disrupts co-
adaptation between natural variants of these genomes. To decipher how plastid-nuclear interactions 
impact isoprenoid metabolism in relation with seed quality, we focused on a specific combination of Sha 
and Ct-1 backgrounds, for which seeds of the cytoplasm nuclear combination [Sha]Ct-1 displayed higher 
longevity compared to its parental line. Firstly, we analyzed whether IPP/DMAPP fluxes during seedling 
development was altered in those lines. Interestingly, the [Sha]Ct-1 combination, with improved seed 
longevity, displayed a strong reduction of IPP/DMAPP flux compared to its parental line. HPLC analysis 
revealed that this flux reduction was going along with a reduction of total tocopherols accumulation in 
seeds. Thus, we wondered how seed longevity and total tocopherols accumulation were regulated 
through MEP pathway. By analyzing both NILs and overexpressors of genes coding for key enzymes of 
the MEP pathway, we identified a novel cytonuclear interaction that regulates the accumulation of total 
tocopherols in seeds, independently from seed longevity. The relation between seed longevity and total 
tocopherols accumulations in seeds will be discussed. In perspectives, identifying how isoprenoid 
metabolism is regulated and its impact on seed quality will be of interest to produce seeds of increased 
quality, thus dealing with food security and nutrition challenges.  
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REDT and BIO2017-84041-P from the Spanish Ministry of Science, Innovation, and Universities (MICINN) and grant 2017SGR-710 
from Generalitat de Catalunya to MRC. We also thank the financial support of the MINECO Severo Ochoa Programme for 
Centres of Excellence in R&D 2016-2019 (SEV‐2015‐0533) and the Generalitat de Catalunya CERCA Programme to CRAG. JZ was 
supported by a CRAG International Postdoc fellowship.  
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Occurrence of reactive oxygen species prior seed viability loss has led to models how oxidation of 
cellular components may terminate life. We subjected 436 seed stocks, two wheat and one barley seed 
collection, dry aged from five to 40 years to germination assays and central metabolite profiling. 
Glycerol was negatively correlated to germination in all sets and further lipid degradation products like 
glycerolphosphates and galactose were high ranking in single sets. Quantitative analysis of hundreds of 
non-oxidized and oxidized major lipids of the wheat set with greatest variation in germination revealed 
that the levels of fully acylated non-oxidized storage and structural lipids belonging to triacylglycerols, 
phospho- and galactolipids are decreasing, while most of their oxidized variants and hydrolysis products 
such as mono-/diacylglycerols, lysophospholipids and fatty acids accumulate with progressing 
reductions in viability. The proportional formation of oxidized and non-oxidized fatty acids provides 
evidence for an enzymatic hydrolysis of specifically oxidized lipids in dry seeds. The results link reactive 
oxygen species with lipid oxidation, structural damage and death in long-term aged seeds. 

 

Wiebach J, Nagel M, Börner A, Altmann T, Riewe D (2020) Age-dependent loss of seed viability is associated with increased lipid 
oxidation and hydrolysis. Plant, Cell & Environment 43 (2):303-314. doi:10.1111/pce.13651 

Riewe D, Wiebach J, Altmann T (2017) Structure Annotation and Quantification of Wheat Seed Oxidized Lipids by High-
Resolution LC-MS/MS. Plant Physiol 175 (2):600-618. doi:10.1104/pp.17.00470 
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Seeds are usually stored in well controlled storehouses with restrained relative low temperature and 
humidity to conserve seed quality for a long period. Nevertheless, seeds will gradually lose vigor and 
eventually die. Oxygen has been identified as a main factor influencing seed viability during long term 
storage, however it plays a dual role during the seed lifespan. On the one hand, its product Reactive 
Oxygen Species (ROS) are beneficial for seed dormancy alleviation during after ripening. On the other 
hand, ROS progressively cause damage in the seed by altering the fluidity of cell membrane, influencing 
the transport of ions, enzyme deactivation, protein carbonylation and DNA and RNA damage, which all 
together ultimately result in seed death. Among these, the integrity of genetic materials largely impacts 
seed viability. RNA is vulnerable to ROS as it has single strand structure and an RNA repair mechanism is 
lacking at dry seed state. Oxidation of messenger (m) RNA results in the inhibition of translation or the 
production of abnormal proteins. Protein oxidation causes protein carbonylation, which irreversibly 
alters protein function and leads to detrimental protein cross-links. To uncover the oxidation pattern of 
seed stored RNAs and proteins along with seed ageing in a limited time span, an artificial ageing system 
elevated partial pressure of oxygen (EPPO), which mimics and accelerates seed ageing, has been 
applied. The integrity of total stored RNAs, the dynamic expression patterns of seed stored mRNAs and 
the oxidation profiles of seed storage proteins were explored. We have identified severe mRNA 
degradation during seed ageing and show that this degradation correlates with the germination capacity 
of seeds. Moreover, we have a strong indication that the degradation of monosome associated 
transcripts is delayed.  
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Safeguarding genome integrity in germination and seed longevity 
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Successful germination is important for crop yields and plant survival in natural ecosystems. 
Deterioration in seeds is associated with the accumulation of cellular damage to biological 
macromolecules and striking levels of DNA damage are associated with seed ageing. Genome integrity is 
crucial for cellular survival and the faithful transmission of genetic information between generations, so 
repair of this damage in early germination is essential to minimise growth inhibition and mutation of 
genetic information. Here we show that maintenance of seed germination vigour and viability requires 
several distinct DNA repair pathways specific for particular forms of DNA damage. Furthermore, we 
demonstrate that overexpression of factors essential for repair of highly cytotoxic chromosomal breaks 
confers enhanced seed longevity and elevated tolerance of germination to environmental stresses. 
Previously we identified important roles for the cellular DNA damage response (DDR) in linking genome 
integrity in ageing seeds with seed vigour and viability. Our current research is revealing how DNA 
damage signalling networks integrate repair, cell cycle activation and programmed cell death (PCD) in 
seeds. Here we reveal how the SOG1 transcription factor, a major regulator of the plant response to 
DNA damage, functions in maintenance of seed vigour and viability. In part SOG1 functions through 
selective elimination of stem cells with compromised genomes in the embryonic root meristem of 
ageing seeds by PCD, providing a highly effective mechanism to safeguard the genetic integrity of the 
crucial progenitor cells and growth potential of the future seedling. Collectively, our findings provide 
new insight into germination and seed longevity, critical for plant survival in the natural environment 
and crop production. Understanding the mechanistic basis of seed vigour and viability will underpin the 
directed improvement of crop varieties with enhanced longevity and support preservation of genetic 
resources in seedbanks.  
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Unlike orthodox seeds, mature seeds of some species do not survive desiccation and are often referred 
to as recalcitrant. For such seeds, cryopreservation of explants (embryonic axes) is usually used as they 
are not storable for a longer period of time by any other methods. However, the lack of desiccation 
tolerance renders embryonic axes differentially intolerant to the pre-storage procedures including i.e. 
partial dehydration. There is still a need to expand the knowledge regarding the maintenance of DNA 
stability and repair in desiccated tissues, as these processes seems to be associated with the survival and 
death of plant material.  In this regard, the role of oxidative stress is of particular interest as the reactive 
oxygen species are central components of injury imposed by desiccation in plant tissues. The aim of the 
research was to assess the impact of desiccation on the genetic integrity of embryonic axes excised from 
Acer pseudoplatanus L. (recalcitrant) seeds. The effect of the desiccation was evaluated by the 
determination of the presence of DNA damages as 8-oxoguanine and single-and double-strand breaks 
that can derive from oxidative burst. For this purpose, the single cell gel electrophoresis (the Comet 
assay) and automated electrophoresis were used. Both types of damages contribute to genome 
rearrangements and instability and are thus undesirable when conserving genetic resources. Therefore, 
the ability of desiccated tissues to repair these damages was also investigated.  
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Plant vitrification solution protect embryogenic cell during cryopreservation by lipid remodeling  
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Plant species conservation through cryopreservation using plant vitrification solutions (PVS) is based in 
empiricism and the mechanisms that confer cell integrity are not well understood. Using ESI-MS/MS 
analysis and quantification, we generated 12 comparative lipidomics datasets for membranes of 
embryogenic cells (ECs) of Magnolia officinalis during cryogenic treatments. Each step of the complex 
PVS-based cryoprotocol had a profoundly different impact on membrane lipid composition. Loading 
treatment (osmoprotection) remodeled the cell membrane by lipid turnover, between increased PA and 
PG and decreased PC and PE. The PA increase likely serves as an intermediate for adjustments in lipid 
metabolism to desiccation stress. Following PVS treatment, lipid levels increased, including PC and PE, 
and this effectively counteracted the potential for massive loss of lipid species when cryopreservation 
was implemented in the absence of cryoprotection. The present detailed cryobiotechnology findings 
suggest that the remodelling of membrane lipids and attenuation of lipid degradation are critical for the 
successful use of PVS. As lipid metabolism and composition varies with species, these new insights 
provide a framework for technology development for the preservation of other species at increasing risk 
of extinction.  
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A natural bullet for bruchid control in cowpea 
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Cowpea (Vigna unguiculata) is a vital staple crop in West Africa consumed daily by more than 200 
million people and providing an important source of income. Nigeria, the largest producer, still needs to 
import around 500,000 tonnes per year to meet domestic demand because insects can reduce yields by 
90%. The major post-harvest or storage pest is the bruchid coleopteran, Callosobruchus maculatus, 
known as the cowpea weevil. It is conservatively estimated that over 30,000 tonnes are lost to bruchids 
annually during storage. Today the more common method to control this pest is the use of chemical 
insecticides, but they are a serious health risk during application, and when used to treat storage pests 
can be the main cause of pesticide residues in cowpea grains on the market. A genetic solution for the 
problem is feasible using biotechnology, and their deployment in the field to control this pest would 
allow Nigeria and neighbouring countries to become more self-sufficient. Seed-incorporated protection 
using gene technology to express the α-amylase inhibitor (αAI) gene from common bean (Phaseolus 
vulgaris) has been described for several legumes and could be an ideal solution for cowpea in Africa. In 
preliminary studies, we have produced cowpeas carrying the αAI gene from beans which were shown to 
be fully resistant to Callosobruchus spp. The cowpea product is still at the proof-of-concept stage and 
needs to be produced at scale, and to undergo a full molecular characterization, rigorous biosafety 
studies, and efficacy tests in the granary. It is expected that the recent commercial release in Nigeria of 
Bt cowpea (providing full protection against the lepidopteran Maruca vitrata) should pave the way for 
future GM solutions such as the one proposed against bruchids.  
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The role of seed microbiomes in seedling disease suppression 
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The recent ban of multiple phytosanitary products registered for use on seeds in the European Union 
has led to the commercial seed sanitation practices requiring a paradigm shift. To keep up with the 
global supply chain, this change is urgent and requires innovative and more sustainable plant protection 
approaches. One of these, involves taking advantage of the seed microbiome, a dynamic source of 
functional traits that can play a role in disease suppression during seed germination as well as in later 
stages of crop growth. However, it is negatively affected by conventional seed production and seed 
treatment applications. Although research on plant microbiomes is expanding at a high pace, there are 
still important knowledge gaps to be explored with regards to seeds. Through a large-scale screening of 
seed microbiomes from seed lots belonging to a diverse set of crops, we aim at identifying seed 
microbiomes with disease suppression potential. Consequently -omics techniques will be implemented 
for deciphering the microbial characteristics of seeds with an innate ability to prevent or moderate 
disease development and understanding which taxa and/or microbial functions are observed in such 
seeds. In the process of exploring these topics, and while there is no standard molecular method 
published for them yet, relevant protocols will be developed and optimised for seed microbiome 
analysis. Acquired knowledge will also be used to explore the effect of environmental conditions on the 
functional potential of the seed microbiome. Ultimately, achieving the proof of concept that seed 
microbiomes can be advantageous against biotic stressors will lead to securing seed health and 
consequently food production in a sustainable way. 
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Effect of high-temperature drying and some nutritional contents on seed longevity of African Yam 
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Seed conservation plays a major role in global food and nutrition security and it is crucial for the benefit 
of present and future generations. High-temperature drying has been proved to enhance post-harvest 
seed longevity in rice and soybean. Effect of high-temperature drying and the correlation between some 
nutritional content of African yam bean (AYB) accessions and subsequent seed longevity were 
determined. 

Seeds of eleven accessions of AYB were multiplied on the field and harvested in January 2020. The 
harvested seeds with 10-14% harvest moisture content were fumigated and oven-dried at 45°C for 2, 4, 
6, and 8 days respectively, and then subjected to further drying at 17°C/15% Relative Humidity for 14 
days. The dried seeds were further subjected to accelerated aging at 45°C for 80 days. The p50 was 
correlated with the seed oil, protein and starch content.  

Nine accessions of AYB showed enhanced longevity when dried at 45°C with the most improvement 
occurring after oven-drying for 4 days while two accessions (TSs-9 and TSs-115) showed enhanced 
longevity when dried at 17°C. 

The seed oil and starch content were negatively correlated with the highest and lowest p50s across each 
accession while seed protein content was positively correlated with the highest and lowest p50s across 
accessions but not significant. However, a positive significant correlation was observed between the p50 
of the seeds dried at 45°C for 4 days and the protein content.  

High-temperature drying at 45°C enhanced seed longevity of most AYB accessions when compared to 
drying at 17°C and had a positive correlation with the protein content of AYB. This study shows that 
high-temperature drying can also be applied to AYB for enhanced seed longevity and further research 
needs to be done to validate this result. 
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Seed deterioration is an irreversible process that involves the loss of seed quality in the form of vigor 
and viability, causing poor germination of seed and weak seedling establishment. Thus, it elaborates 
reduced longevity of seeds. The present study reveals the longevity of osmoprimed seeds of quinoa 
during artificial aging environment. Quinoa seeds after harvest were osmoprimed with PEG-8000 at -1.2 
MPa while non-primed seeds were used as a control. After priming, both the seed samples were 
exposed to controlled deterioration and low relative humidity aging conditions. In the controlled 
deterioration treatment, seeds were subjected to the temperature of 50 ºC at 75% relative humidity 
(RH) for period of 6, 12, 18, 24, 48 and 72 hours. Seeds were also exposed to 33% RH and 37ºC for 
1,2,3,4, and 5 months respectively. Germination index and abnormal seedling ratios were used to 
deduct the experiment further. The exposure to controlled deterioration, depicted an increase in 
germination throughout each sub-treatment (6, 12, 18, 24, 48 and 72 storage hours) for the primed 
seeds. On the other hand, controlled or non-primed seeds showed a minute decline in germination as 
well as vigor index. The seeds exposed to the low RH aging conditions also depicted a decline in quality 
of the non-primed seeds comparatively. However, abnormal seedling ratios were increased with the 
passage of time ( after 3 to 6 months storage) especially in stored primed seeds. Germination and 
seedling analyses reveal that the priming sustained the longevity of seeds for a shorter duration (2 
months under low RH aging) but seed quality tends to reduce after an extended duration (4 and 5 
months under low RH aging) of storage. 
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The key quality indicators that determine planting and storage potential of seeds are viability and 
vigour. Viability estimates the ability of seeds to germinate under favourable conditions, while vigour 
quantifies the performance of the seeds under germination and seedling emergence, especially under 
field conditions. These are traditionally measured by germination and vigour tests under standardised 
conditions specified by seed testing associations such as ISTA and AOSA. Being reliant on germination 
counts, these tests are resource intensive, need specialised staff, are unsuitable for automation, time 
consuming and destructive leading to loss of valuable seed material. Hence, there is a pressing need for 
reliable rapid, non-destructive, non-invasive and high-throughput proxy tests for seed quality. 

One such promising technique is delayed fluorescence, where photo-induced biophotonic emissions are 
measured by time-resolved techniques. This was explored to assess seed viability and vigour in selected 
Brassica species. Seed material of selected genotypes conserved under cold-storage and ambient 
conditions for more than 10 years were chosen. They were excited with a pulsed laser source and the 
excitation fluorescence was measured with a sensitive photomultiplier tube using two different 
equipment. Total fluorescence decay counts were recorded using a lifetime fluorometer and the 
corresponding decays were fitted to multi-exponential models to get the fluorescence lifetime values. 
Wavelength resolved fluorescence decay counts were measured using a prototype equipment in a 
similar method to get the fluorescence spectra. Seed viability and vigour were estimated by recording 
cumulative seed germination at 24-hour intervals for seven days under standard conditions and fitting 
the data to four-parameter hill function. Fluorescence lifetime values showed differences between 
ambient and cold-stored seeds with contrasting viability and vigour, but the association was 
inconsistent. However, with the application of machine learning techniques, the fluorescence spectra 
was able to differentiate between the contrasting seed lots with high accuracy. 
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Relationships of Brassica seed physical characteristics with germination performance and plant 
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When Brassica oleracea seeds are exposed to cold, wet conditions during imbibition and germination, 
the seedlings can exhibit failure of the apical meristem, a condition known as “blindness.” To assess 
whether seed physical and physiological characteristics are associated with susceptibility to blindness, 
we measured chlorophyll fluorescence, multispectral reflectance and respiration rates of individual 
seeds from six kohlrabi seed lots before and after an induction treatment. Analysis of physical and 
respiratory parameters identified some measurements that were highly correlated with the occurrence 
of blindness. Chlorophyll fluorescence and reflectance of wavelengths related to chlorophyll were 
strongly associated with blindness and viability loss, indicating that less mature seeds were more 
susceptible to the induction conditions. Individual seed respiration rates following the induction 
treatment also were correlated with seed quality. Our results indicate that both spectral and respiration 
data can be used to screen seed lots for susceptibility to blindness.   
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Tree seed phenotyping – a next-generation superpower! 
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Tree seeds vary in size and shape, which influences seed processing efficiency and impacts on seed lot 
quality. In some species, seed lots contain high proportions of empty seeds, which drives up the costs of 
seedling production in container nurseries. Seed phenotyping links image-based metrics to specific 
traits, which can be used for single-seed processing. The broad aim of this study was to develop 
software that could automatically separate Nordmann fir (Abies nordmanniana) seeds into three 
categories (filled, empty and insect-infested) from digital x-ray images. The image analysis was 
conducted in R using standard functions and libraries for image loading and processing, automatic seed 
identification, gradient boosting machine learning techniques, and data presentation. Three R functions 
were developed and then models were tested using hard validation. Results showed that all filled and 
empty seeds were identified correctly. In addition, all insect-infested seeds were detected although 
there were two false positives. Further research is required to expand the seed library but our results 
show the potential of seed phenotyping as a tool for not only upgrading poor quality seed lots, which 
would improve the cost-efficiency of tree nurseries, but also for detecting insects, which would reduce 
biosecurity risks in imported seed lots. 
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Seed germination phenotyping may help crop breeding faced to climate change 
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In order to anticipate a better dissemination of genetic progress aimed at adapting varieties to changing 
climatic conditions, breeders now consider, early on in their breeding program, the ability of seeds to 
become well established at the time of sowing. Phenotyping of seed germination and seedling growth, 
which has long been used by analytical laboratories, has found a new application in the screening of 
available breeding resources. The aim is to respond to earlier sowing dates for spring crops by avoiding 
water stress at flowering (sunflower) or by extending the vegetative cycle to increase yield (beet); but 
also, to adapt varieties to sub-optimal summer sowing conditions: water stress (rapeseed) or high 
temperatures (grasses). 

The link between genotyping and phenotyping dynamic traits related to germination and growth is 
illustrated through four examples of collaborative projects using PHENOTIC's automated tools under 
abiotic stress conditions. 

In sunflower, cold screening of genetic resources makes it possible to consider extending the production 
areas of this crop. The germination and growth data of extreme genotypes among 200 genotypes 
showed that the two stages did not respond in the same way to low temperature. In beet, 3000 
genotypes resulting from crosses between elite material and 15 reference plants representing most 
genetic diversity have been analysed for their germination at 5°C, showing a wide range of behaviours 
(Ducournau et al., 2020).  

The germination of two grass species was studied for ryegrass and fescue used in turf mixtures. In both 
species, tolerant varieties to heat begun distinct from sensitive above 34°C.  

Finally, in winter rape, germination phenotyping of a collection of 215 old and modern varieties 
produced in two conditions showed that genetic progress for erucic acid-free oil and glucosinolate-free 
oilcake (00 varieties) had resulted in slower germination and therefore sometimes difficult field 
establishment (Hatzig et al., 2018). 
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Temperate japonica rice is the high quality domestic varieties widely grown in Republic of Korea, Japan 
and California State. As compared with other sub-species such as aus and indica rice, temperate 
japonica rice has relatively low dormancy behaviors. Recent climate change has caused unexpected rain 
and typhoon during seed maturity period, which resulted in pre-harvest sprouting (PHS) damages on 
temperate japonica rice production. 

To identify promising donors and their genetic markers conferring seed dormancy, we screened a 
diverse rice panel of 277 accessions held at the International Rice Research Institute (IRRI) and 
conducted a genome-wide association analysis using the 4.8 million single nucleotide polymorphisms 
(SNP) marker set. 

In addition to the known seed dormancy-loci Sdr4 located on chromosome 7, we identified two major 
loci on chromosomes 1 and 4 strongly enhanced PHS resistance. Based on the GO ontology with 
network genes, a priori candidate genes regulate ABA, GA and auxin mediated signaling pathways. Using 
selected genetic markers, we initiated marker-assisted selection (MAS) breeding for enhancing PHS 
resistance in elite temperate japonica varieties. To minimize the linkage drag causing donor-driven 
unexpected traits such as tall height and low grain quality, we have designed a precise marker 
introgression (less than 200 kb size) for further recombinant selection. 
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Barley albino lemma 1 mutations reduce spike photosynthesis and seed weight 
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Barley (Hordeum vulgare L.) albino lemma 1 (alm1) mutants exhibit conspicuous albinism in spikes, 
where they lack chlorophyll pigments in the hulls except for marginal areas connecting to the awns, 
whereas leaf blades are normal green. We performed genetic analyses and positional cloning to identify 
that the alm1 mutation represents a gene locus encoding one of two GOLDEN2-LIKE transcription 
factors in barley (HvGLK2). GLK2 is a plant specific transcription factor and regulates chloroplast 
development. Photosynthesis was measured using the second leaf of the three leaf stage seedlings of 
wild type (cv. Misato Golden) and its alm1.g mutant. Leaf photosynthesis ability was similar between 
them. The alm1.g mutation caused a 34% reduction in spike photosynthesis at the heading stage, which 
likely accounts for the 15.8% reduction in the grain weight also observed in these plants. Further, 
expression analyses of HvGLK2 and its homologue HvGLK1 indicate distinct, non-redundant roles for 
HvGLK2, thus rendering it a useful genetic tool to further unravel the GLK transcriptional network in 
barley. HvGLK2 could be an important target for yield improvement in barley breeding. The findings 
obtained in barley might be extended to other cereals, such as wheat and rice, which has seeds covered 
with hulls (lemmas and paleas). 
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Official seed tests determine seed quality, using standardised lab conditions with an early and final 
count of germinated seeds and counting the frequency of normal seedlings, while seed health is 
considered as the absence of seed borne pathogens. In the field however, the seed or seedling will 
encounter biotic and abiotic stresses, therefore emergence in the field is often less than germination in 
the lab. In the field seed vigour is important. To favour the development of more resilient cropping 
systems, we suggest to place more emphasis on seed vigour , because early emergence in the field has a 
strong effect on crop establishment and frequently also on costs for corrective measures and total 
yield,. The ISTA handbook lists vigour tests, including the so-called controlled deterioration (CD) test, but 
only for a very limited number of crops. 

In the frame of the European LIVESEED project1,2 we develop a new organic seed health strategy, which 
will also has advantages for other sustainable farming systems. The basic idea is that both seed vigour 
and the seed microbiome should be taken into account as elements that can aid the seed and seedling 
tolerance towards biotic and abiotic stresses. We showed that a CD treatment, inducing slight reduction 
in carrot seed vigour, increased the sensitivity to the damping-off causing pathogen Alternaria radicina. 

Seeds are not sterile organisms, they contain a large amount of micro-organisms, collectively called the 
seed microbiome, that enable transfer of the microbiota from the mother plant to the next generation. 
Recent research has shown that the seed microbiome contains also organisms that can aid the seedling 
in its tolerance, sometimes even resistance, towards pathogens and abiotic stress. An overview of this 
will be presented, including how this can aid in a strategy towards more resilient cropping systems. 

1 www.liveseed.eu   

2  
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Seed germination and seedling growth are early phases of plant development highly susceptible to 
environmental factors such as soil nitrogen availability or presence of seed-borne pathogens. The 
development of a more resilient agriculture creates a real interest in studying the role of nitrogen 
fertilization on plant-fungal pathogen interactions during seedling establishment. Indeed, nitrogen plays 
a central role in these interactions, not only as an essential nutrient for the development of plants and 
fungi, but also as a constituent of many plant defense molecules. Nitrogen can, depending on the 
pathosystem and the forms it takes (ammonium, nitrate, amino acids), favor either the plant or the 
fungus. In addition, the role of nitrogen in these interactions has never been studied during seed 
germination and seedling development. In this context, this work aims at studying the role of nitrogen in 
the interaction between Arabidopsis thaliana and Alternaria brassicicola, a seed transmitted 
necrotrophic fungus. For this, a new in vitro pathosystem was developed, allowing the study of seed 
germination, and the accurate determination of seedling growth characteristics (both on shoot and root 
parts) and symptoms, using different concentrations and forms of nitrogen (ammonium or nitrate) on a 
panel of genotypes presenting contrasting susceptibility to the fungus. While the presence of fungus 
didn’t affect seed germination, the nitrogen medium had an effect, with seeds germinating faster on 
ammonium than on nitrate. The seedling development was strongly and negatively affected by the 
presence of the fungus. However, the seedlings grown in nitrate condition were more resistant to the 
fungus than those cultivated in ammonium condition, which differs from what is observed with adult 
plants. 
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Dendrobium species are adapted to disperse and germinate in various habitats. Whilst seed dispersal in 
orchids is known to be highly dependent on seed size and air space, little is known, generally, about 
seed micromorphology in Dendrobium and how this trait varies between species. In other plant families, 
small embryos may be used as an indicator of the presence of morphophysiological dormancy. However, 
the presence of seed dormancy in orchids is difficult to assess as germination is usually stimulated in 
vitro.  We investigated the mature seed characters of nine Dendrobium species and assessed relations 
with seed germination. Seeds were found to be c. 0.2 - 0.6 mm long and 0.05 -0.09 mm wide, containing 
embryos c. 120-240 µm long and 50 – 80 µm wide. The estimated seed air space around the embryo was 
13 to 36% of the seed volume. Seed germination ex vitro on plain agar medium, in the absence of 
dormancy-breaking chemicals, progressed to the spherical protocorm stage at a broadly similar level to 
that observed in vitro on ½Murashige and Skoog medium. We also assessed the seed sensitivity of a 
single species, D. cruentum, to: i) a range of temperatures; ii) light vs dark; and iii) level of nitrate. 
Overall, we conclude that Dendrobium seeds with small air spaces and relatively large embryos can be 
non-dormant and this adaptation may allow the initiation of germination in moist, natural 
microenvironments. 
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How seed traits influence seed fates in fire-prone ecosystems  
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Many plant species in fire-prone ecosystems maintain persistence through fire via soil seedbanks. 
Nevertheless, seeds stored within the soil are also at risk of mortality from elevated soil temperatures 
during fire. Seeds may be protected from fire-temperature impacts by burial, however if buried too 
deeply, they may germinate but fail to emerge. Thus, successful post-fire seed regeneration is 
contingent upon a trade-off between burial depth and survival through fire.  

We examined how seed traits influence seedling emergence behaviour and seed survival using a range 
seeds from woodland species of South Western Australia.  

Our approach synthesised data from experimental fires, controlled glasshouse experiments, and seed 
and plant traits relevant to regeneration following fire. We show that seeds of Banksia woodland species 
fall into three groups with varying sensitivity to fire severity: (1) seeds which can only survive fires in 
areas that experience low soil temperatures due to shallow emergence depths and low lethal 
temperature thresholds;(2) seeds which may survive fires producing higher soil temperatures, but only if 
buried deeply enough to avoid lethal exposure, and; (3) seeds which are able to survive fire and emerge 
irrespective of fuel load and burial depth.  Inter-specific variation in these functional traits of seed lethal 
temperature thresholds and emergence depth may drive variation in plant recruitment patterns within a 
single fire event, or changes in plant populations under changing fire regimes.  
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This study aimed at studying the phytochemical diversity in seed coats of white  (JS 335) and black 
(Bhatt) soybean (Glycine max (L.) Merr) with different storage potential. The storage potential was 
studied by subjecting the genotypes to storage for 10 months and analysing their seed quality 
parameters. The results showed that Bhatt had hard seeds and hence upon storage, there was an 
increase in germination due to breaking of dormancy while JS 335 reduced in its germination percent 
due to deterioration. Also, Bhatt had higher viability and membrane strength compared to JS 335 after 
storage. The phytochemical analysis of seed coats through Gas Chromatography-Mass Spectrometry 
identified a total of 164 compounds among which only 14 compounds were found common while the 
remaining 79 and 71 compounds were unique in JS 331 and Bhatt respectively. The predominance of 
phytochemicals belonging to alkane, ester, carboxylic acid and alcohol in both genotypes were reported 
while cyclic thiocarbamate (1.07%), monoterpene alcohol (1.07%), nitric ester (1.07%), phenoxazine 
(1.07%) and sulphoxide (1.07%) compounds were unique in JS 335 and aldehyde (2.35%), amide (1.17%), 
azole (1.17%) and sugar moiety (1.17%) were unique in Bhatt. The presence of compounds in seed coat 
providing impermeability, with antioxidant and antimicrobial activities may be contributing to 
differential storability. Thus the study has set a platform for isolation and understanding each identified 
compound for its function in seed storability and would help in its manipulation for seed storability by 
either breeding approaches or artificial seed enhancement techniques.  
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Apiaceae species have a successional flowering pattern, leading to bulk seed harvest containing seed at 
various stages of maturity and therefore of different quality. For commercial seed production, high-
quality, high germination seed must be separated from the harvested bulk, typically done by differences 
in size, weight and chlorophyll content. The high seed heterogeneity leads to a lot of seed being wasted 
before a saleable batch is obtained. 

Currently, breeding programmes for parsnip (Pastinaca sativa) focus mainly on the improvement of 
agronomic traits, such as yield and resistance to pests and diseases. For seed companies to reduce the 
loss of seed in the field and waste during processing due to inadequate seed quality, breeding 
programmes will need to be enhanced to include selection for relevant traits associated with seed 
variability. As it stands, the line-associated phenotypes within parsnip seed are not well detailed or 
understood. 

This research aims to assess seed diversity between and within current breeding lines using spectral 
imaging to evaluate traits such as seed size, shape, and colour across 55 parsnip lines and investigate 
potential links of these traits to seed quality characteristics (e.g. germination, vigour). This new dataset 
indicates there is significant diversity in seed form between and within breeding lines, though which 
specific genetic and environmental factors most influence this diversity are yet to be identified. 
Considering the aim of reducing heterogeneity, this dataset has also revealed which lines show the most 
uniformity within a seed lot. When linked with measures of seed quality, this will form the basis of 
ongoing research to inform where improved phenotypes may be sought for inclusion in future selective 
breeding efforts. 
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Iron is an essential micronutrient for life. Plants accumulate iron in different manner depending of the 
cell type and the stage of plant development. Using Arabidopsis thaliana as model, and different 
methodological approaches, it has been described that iron accumulates in chloroplasts and nuclei in 
leaves, in contrast, the vacuoles are the main organelle accumulating iron in dry embryos. Previous 
studies on iron distribution in seeds bellowing to different plant orders showed that the iron distribution 
in Arabidopsis embryos is an apomorphic character, which means that this iron distribution pattern is an 
exception in the dicots phylogeny. In this presentation we will show a histological and quantitative study 
of iron in archaeological maize seeds from prehispanic times recovered from Tarapacá, Atacama Desert. 
Our results shown that iron distribution changes at the subcellular level in embryos from ancient versus 
new varieties of maize, and a progressive decrease in iron content from the oldest maize to modern 
specimens was observed. We interpret the results as an effect of prehispanic agriculture over the 
micronutrient composition of maize.  
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Among the main reasons for the evolutionary success of flowering plants is the vast diversity of their 
seed morphology. Seeds play a key role in many critical stages of plant life history, including 
multiplication, dispersal, persistence, germination and seedling establishment and their timing (seed 
dormancy). Thus, seeds are subject to strong natural selection pressure at numerous levels. However, 
most studies on the evolution of seed diversity have focused on univariate measures, such as seed size. 

Here, we propose the development of a seed morphospace to study the evolution of morphological 
diversity of seeds in flowering plants. We envisage the integration of seed morphological traits referring 
to homologous discrete or quantitative features. As such our understanding of their evolutionary and 
functional significance of the considered traits will be enhanced. In addition, as fruit and seed 
development are modulated from the evo-devo perspective as an integral process, we also consider 
fruit type and extra-seed covering tissues as part of this morphospace. 

We use multivariate ordination to construct the seed morphospace and to quantify seed disparity (the 
range of occupied morphospace). The average position and overlap in morphospace among several 
angiosperm families suggest that seed morphological novelty evolved independently in multiple 
angiosperm lineages. Nevertheless, main clades appear clustered in different parts of the space, 
indicating different functional and phylogenetic trajectories among lineages. 

We envisage the application of the seed morphospace to explore coordination and trade‐offs between 
seed and vegetative traits, linking them with major seed functions and to understand whether extant 
seed diversity reflects ecological and evolutionary differences between biomes and lineages. To achieve 
this goal, new high-quality seed data with a comprehensive geographic and phylogenetic coverage 
across flowering plants are needed. This study aims to provide an integrative, global insight on seed 
morphology, bringing seed science to the frontiers of macroevolutionary studies. 
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Impatiens capensis is an annual plant native to eastern North America that is currently spreading across 
Europe. In Poland, due to this plant's rapid spread in the secondary range and high competitiveness in 
relation to native species, it is considered a locally invasive species. 

The microstructure of seeds is an important tool for solving various taxonomic problems and also 
provides data useful for determining the impact of various environmental factors on the phenotypic 
variability of species. This issue is particularly important regarding invasive species which occupy a wide 
range of habitats in the invaded range. There are few reports on seed size and thus far no descriptions 
of the seed ultrastructure of I. capensis in the analyzed literature. We present new data on the seed 
morphology of I. capensis growing in different habitats and conditions in the secondary range of the 
species. The studied populations differed significantly in each of the investigated traits (seed length, 
width, circumference, area, roundness, and mass). Our findings showed that anthropogenic 
disturbances in habitats and some soil parameters (presence of carbonates, potassium, loose sand, and 
moisture) were statistically significant with various seed sizes and morphology in the studied 
populations of I. capensis. For the first time, we also provide a detailed SEM study of the ultrastructure 
of the seed coat of I. capensis. There are two types of epidermal cells on the seeds: a) between the ribs 
(elongated with straight anticlinal walls, slightly concave outer periclinal walls, and micropapillate 
secondary sculpture on the edges with anticyclic walls), and b) on the ribs (isodiametric cells with 
straight anticlinal walls and concave outer periclinal walls). Unlike the variability of size and weight of 
seeds, the coat ornamentation has turned out to be a steady feature within the studied secondary range 
of I. capensis. 
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The evolution of the major seed dormancy traits and classes depended on the interaction between form 
and function of seed compartments, between a morphological and a physiological dormancy 
component. Seeds with underdeveloped (small) embryos embedded in abundant endosperm tissue, and 
thus morphological (MD) or morphophysiological (MPD) dormancy, are considered as the ancient class 
of seed dormancy. We reveal that the underpinning molecular mechanisms of morphological dormancy 
release constitute a unique germination programme which includes hormonally regulated endosperm 
dissolution and requires growth of the underdeveloped embryo within the seed to reach the critical size 
required for radicle protrusion. The MD/MPD trait is retained in the Apiaceae family which provides 
excellent model systems to study the underpinning mechanisms. We investigated Apium graveolens 
(celery) MD by combined innovative synchrotron radiation X-ray tomographic microscopy (SXRTM) 
imaging and embryo growth assays, hormone and transcriptome analysis, and the compartment-specific 
expression of cell-wall related genes which define growth and internal changes in tissue shape and size 
properties. The integrated experimental results demonstrated that embryo growth occurred inside 
imbibed celery fruits in association with endosperm degradation, and that a critical embryo size was 
required for radicle emergence. The regulation of these processes depends on gene expression leading 
to gibberellin and indole-3-acetic acid (IAA) production by the embryo and on crosstalk between the 
different fruit compartments (embryo, endosperm, testa/pericarp). Abscisic acid (ABA) degradation 
associated with distinct spatiotemporal patterns in ABA sensitivity control embryo growth, endosperm 
breakdown and radicle emergence. Together with the morphological differences, this complex 
interaction between gibberellins, IAA and ABA metabolism and changes in the tissue-specific 
sensitivities to these hormones is distinct from non-MD seeds. We conclude that the embryo growth to 
reach the critical size and the associated endosperm breakdown inside MD fruits constitute a unique 
germination programme. 
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Seed dispersal is a crucial mechanism in plant migration and metapopulation dynamics since it 
determines the colonization process of rare and invasive species. Secondary dispersal of diaspores on 
the ground might move seeds farther from the parent plant than primary dispersal so that to determine 
the final deposition position of wind-dispersed diaspores to a greater extent. However, few systematic 
and empirical studies on seed secondary wind dispersal were conducted. Exploring how diaspore 
attributes, wind condition and underlying surface configuration interact to determine the process of 
seed secondary dispersal is still a major challenge. 

In this study, lift-off velocity of 36 diaspores with different attributes (appendage type, mass, projected 
area, shape index, wing loading, and terminal velocity) were evaluated in the field on upwind and 
downwind slopes, and their seed burial probability during secondary dispersal were measured under 8 
wind speeds and 3 sand surface configurations by using a wind tunnel. 

We found that diaspore attributes largely explained the variation in lift-off velocity, and wing loading, 
not terminal velocity, was the best parameter for predicting lift-off velocity of diaspores during 
secondary wind dispersal. The relative importance of diaspore attributes in determining lift-off velocity 
was modified by slope directions and type of diaspore appendage. Wind speed rather than diaspore 
attributes and sand surface configuration was the most important factor affecting seed burial. Effects of 
slope direction and surface barrier on seed burial were regulated by wind speed. Effects of diaspore 
traits on seed burial were only significant at high wind speeds, and seed burial was more likely to be 
formed for small or flat elongated diaspores than for large or spherical ones. 

These findings allow us to predict seed dispersal behaviors using readily available diaspore functional 
attributes, and they may provide basis for vegetation restoration and biodiversity conservation. 

 

 

 

  

mailto:liangwei@iae.ac.cn


 
 

64 
 

Seed germination of different ecotypes demonstrated varying adaptive characteristics to salinity 
stresses in Leymus chinensis (Poaceae) 

Mengyao Ma1,2, Hongyuan Ma1, Wenwen QI1, Shaoyang Li1,3, Dandan Zhao1,4 

1Northeast institute of Geography and Agroecology, Chinese Academy of science, Changchun 130102, 
China 

2College of Life Sciences, Jilin Normal University, Siping 136000, China 

3University of Chinese academy of Science, Beijing 100049, China 

4Binzhou University, Shandong Key Laboratory of Eco‐Environmental Science for Yellow River Delta, 
Binzhou 256603, China 

mahongyuan@iga.ac.cn  

Soil salinity is a worldwide abiotic stress for different continental ecosystems. To adaptive different 
stressful environment, distinct ecotypes within a species has been developed by habitat-mediated 
natural selections. Leymus chinensis, a perennial rhizomatous grass, is widely distributed in eastern 
Eurasian steppe which mainly has two ecotypes i.e., the yellow green (YG) and gray green (GG) with 
different adaptive strategies under salinity stresses. However, few studies focused on the seed 
germination of two ecotypes in response to salinity. This study investigated seed germination and 
seedling growth of two ecotypes in response to NaCl stresses (0 (control), 20, 50, 100, 200 mM NaCl). 
Meanwhile, ungerminated seeds were moved to normal conditions and the recovery seed germination 
and thereafter seedlings growth was also tested. Results showed that seed germination of GG ecotype 
has significantly higher germination and shorter mean germination time (MGT) than that of YG at any 
NaCl concentrations. With the increase of salinity, radicle lengths of the two ecotypes decreased but GG 
showed longer and more radicles numbers even at 200 mM NaCl where no radicle protruded from seed 
coat for YG. In addition, Similarly, shoot length of GG were also significantly longer than YG at any NaCl 
conditions. Once the salinity was removed, recovery seed germination increased with the original NaCl 
concentrations, but the total germination showed no significant differences among NaCl concentrations. 
However, the total seed germination of GG was about 80% while that of the YG was about 20%. 
Moreover, seedlings from recovery germinated seeds showed similar seedling growth lengths for both 
GG and YG ecotypes. And the thousand-grain-weight of GG is significantly higher than of YG. It could be 
concluded that the GG ecotype of L. chinensis was more salt tolerant than YG and could be adaptive to 
more serious environment demonstrated great ecological values in saline grassland restoration. 
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The poor colonization capacity of herbaceous forest species compromises their responses to land use 
changes. As a result, European recent forests on former agricultural land present an impoverished 
herbaceous understory. Plant functional traits can be used to compare the functional diversity of old vs 
recent forests, informing successful restoration actions. However, little attention has been paid to 
reproductive traits and seed germination ecology of the herbaceous understory.  

This study took place in two locations at the centre (England) and southern limit (Spain) of the European 
Atlantic biogeographical region. In each location, a pair of ‘old’ and ‘recent’ temperate deciduous oak 
forests were sampled. For each of the four forests, understory species abundances were surveyed 
bimonthly during one year. Plant reproductive traits were recorded and seeds were collected in situ for 
all understory herbaceous species sampled. Within a week from collection, seeds were included in a 
laboratory experiment that, during one year, reproduced the monthly temperatures of the collection 
sites. 

 ‘Old’ and ‘recent’ forest understories presented significant differences in their reproductive traits. ‘Old’ 
forest communities had shorter plants that flowered earlier and were more dependent on vegetative 
reproduction. They produced less and bigger seeds, with faster terminal velocity. Four germination 
patterns were observed: immediate, delayed, biphasic and sporadic germination. Seeds with delayed 
germination were prevalent in ‘old’ forest species, and these could also show a further delay in 
cotyledon emergence. Seed germination in older forests occurred, on average, at lower temperatures 
and was less dependent on light than in ‘recent’ forests, indicating a growing specialization for shaded 
habitat in species typically from the later stages of a forest succession. 

In conclusion, ‘old’ and ‘recent’ forest communities vary consistently for several reproductive traits, with 
old community traits reflecting a poor dispersal capacity and a specialized germination niche in shaded 
habitats under a deciduous canopy.  
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Leptochloa chinensis has become an extensive weed that can grow well under both dry and flooded 
environments. It is most commonly found in rice crop contributing to approximately 40% losses of crop. 
Controlling this weed using ecologically sustainable approaches is still a worldwide challenge. 
Population-based mathematical models are helpful in predicting seed germination from weed seed 
banks which might be used as an effective weed management tool. These predications are based on the 
relationships between seed dormancy induction and release due to seasonal variations in temperature. 
In the current study, the dormancy release of L. chinensis seeds was quantified using a hydrothermal 
germination model. Primarily, the seeds of L. chinensis were stored at three constant temperatures (2, 5 
and 10˚C) in the lab as well as under natural field conditions for various durations. At storage, seeds 
were exposed to germination at different water potentials and temperatures to calculate hydrothermal 
parameters. Based on results, seeds stratified at 2˚C for five months exhibited the lowest dormancy 
level, L. chinensis showed better response by assessing more germination (%) and less germination time 
at temperature range of 25 to 30˚C. Likewise, germination response was high with water potential (0 to -
0.3MPa) at 30˚C. Developed model equations were formerly used to predict fluctuations in germination 
behaviour during dormancy release at altered temperatures, presenting a good agreement between 
simulated and observed values. To be concluded that these models can function as a valuable tool to 
improve weed management choices by predicting long-term modifications in weed flora as a result of 
climate change. 
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Seed germination is highly regulated by the environment, but consequently, is also sensitive to 
environmental change. With global average temperatures predicted to increase and salinity expected to 
become more widespread due to hotter, drier climates and sea-level rise, just how resilient is 
germination to environmental change?   

One empirical approach is to quantify the germination of a given species using population-based 
models, to identify germination thresholds and environment-time (e.g. degree-days) constants, that also 
indicate the sensitivity of germination to environmental change. A case study is given where a thermal 
time model is applied to 55 cactus species over a broad-range of thermal environments covering 70° 
latitude and 3700 m altitude, revealing that 25 % of species may be at risk from a reduction in 
germination performance in the future. For salinity, a halothermal time model has been developed to 
quantify germination in response to a combination of temperature (thermal time) and salt (halotime) for 
the halophyte Suaeda maritima. The analysis reveals a strong negative interaction between temperature 
and salinity, with the lowest salt tolerance occurring at the highest temperatures. However, resilient 
species have the capacity to resist and recover from environmental perturbation. Therefore, integrating 
knowledge of germination function with mechanisms of stress tolerance may be necessary to fully 
understand how resilient germination is to environmental change.  
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Seed dormancy (SD) and germination are related but distinct physiological processes. A previous 
research identified a gibberellin (GA) synthase enzyme gene (OsGA20ox2) underlying the qSD1-2 locus in 
rice (Oryza sativa). This research aimed to address if the GA signal genes Slr1, Gid1, and Gid2 are also 
involved in the development of SD in rice. A series of genetic experiments were conducted to evaluate 
effects of the induced mutants slr1-1, gid1-3, and gid2-1 on SD and germination in seed and plant 
populations that segregate for one of the three loci. These mutants are loss-of-function and thus were 
inherited through the heterozygotes. Genotypic variations in SD and germination velocity were observed 
in all the populations. SD at maturation was stronger for the Srl1Slr1 or the Gid1gid1-3 and Gid2gid2-1 
plants than for the Srl1slr1-1 or the Gid1Gid1 and Gid2Gid2 plant genotypes; it took about 4 weeks of 
after-ripening to release the dormancy and eliminate the genotypic differences in germinability. 
Germination velocity was fastest for the srl1-1slr1-1 or the Gid1Gid1 and Gid2Gid2 homozygotes, 
moderate for the heterozygotes, and slowest for the Srl1Slr1 or the gid1-3gid1-3 and gid2-1gid2-1 
homozygotes; gene additive effects explained majority of the genotypic variations in the seed 
populations with the dormancy released. Slr1, Gid1 and Gid2 were all transcribed in the embryos of late 
developing and imbibed germinating seeds in dissimilar temporal patterns. Phylogenic analysis revealed 
non-random distributions of point mutations in each of the three loci, including nonsynonymous 
variants in functional domains. This research provided genetic evidence that the GA signaling pathway is 
involved in the regulation of both primary dormancy and germination. Further research is needed to 
address how the GA signaling genes are modified to regulate the natural variation in SD and if the 
nonsynonymous variants retained in crop germplasm provide a fine-tuning regulation of GA-responsive 
trait(s).  
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Many coastal plant species have adaptations that enable them to exist in higher saline conditions. 
However, rising sea levels, increased frequency and intensity of storm surges, and increased drought 
due to climate change are anticipated to increase the level of salinity to which coastal plants are 
exposed. Although some species may be able to tolerate these changes, salinity tolerance is highly 
variable across species and ontogenetic stage. 

Coastal ecosystems are critical for the welfare Hawaiʻi’s residents, providing sustenance, stabilizing 
shorelines, and promoting economic and cultural well-being. Understanding how increased salinity will 
affect Hawaiian coastal plants is important to effectively manage and conserve these critical 
ecosystems. 

To improve our understanding of coastal plant species tolerance to projected increases in salinity 
exposure at the early ontogenetic stage of seed germination, we tested the effect of salinity (0, 10, 20, 
and 35 ppt total salinity of unfiltered/untreated seawater), then tested for resilience by rinsing seeds 
and sowing with freshwater. We included 17 native and 3 non-native species in our study.  

We found interspecific variation in response to increasing salinity. In most species, increasing salinity 
decreased germination and extended mean germination time. Some germination (although impaired) 
occurred up to 20 ppt salinity in nine species and up to 35 ppt salinity in four species, including US 
federally Endangered Sesbania tomentosa. Only the invasive Tridax procumbens germinated exclusively 
at 0 ppt salinity. Some species, including Critically Endangered Brighamia insignis, were resilient 
(germination occurred after seeds were rinsed and sown with freshwater) following exposure to 20 and 
35 ppt salinity.  

Our results identify the most tolerant and vulnerable species to salinity increases, enabling conservation 
practitioners to make well-informed management decisions for restoration projects in Hawaiian coastal 
ecosystems. 
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High temperatures may affect crop production in many countries across the globe. Many abiotic stresses 
such as heat can increase the production of reactive oxygen species (ROS), which then lead to 
subsequent oxidative stress. The antioxidant Superoxide dismutase (SOD) enzyme is the first to act in 
the line against oxidative stresses, by catalyzing the reaction of superoxide radical (O2

-.) into hydrogen 
peroxide (H2O2). Ricinus communis is an important oilseed crop species cultivated in Brazil mainly by 
small family farmers in its Northeast semiarid region, where abiotic stress conditions are common. 
Therefore, our objective in the present study was to understand how RcSOD genes are regulated tissue-
specifically by heat stress during seed imbibition and germination and early seedlings stage. The 
expression of RcSOD genes was evaluated at different time points of imbibition and germination (dry 
seeds, early imbibition, radicle protrusion, and young seedlings with 2 cm root), and of growing 
seedlings in roots (20, 25 and 35°C, cotyledons (3, 6 and 9 days) and in different dimensions of leaves 
(L1, L2, and L3). The results showed that RcSOD genes demonstrated a different pattern of regulation 
under heat stress in specific tissues during germination. RcCuZnSOD1 and RcFeSOD8 genes were 
upregulated during early imbibition under heat stress (35°C) while the other RcSOD genes were 
regulated during radicle protrusion (germination per se) and young seedlings. In seedling roots, the 
RcCuZnSOD group and RcFeSOD8 showed upregulation. In general,  RcCuZnSOD showed an increase in 
the expression levels according to time point in development of cotyledons. In leaves, the RcCuZnSOD 
group and RcFeSOD8 were downregulated according to the size of leaves while the genes RcMnSOD5, 
RcMnSOD6, RcFeSOD7 demonstrated an increase of expression or no change. Our results contribute to 
understanding the SOD family in R. commmunis and their possible use as molecular markers in R. 
communis breeding.  
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Acid mine drainage (AMD) water contains heavy metals which lower nutrient availability to crops and 
causes disruption of seed germination and emergence. As a result, AMD affects crop production 
negatively because it upset the microecology of the seed, the root zone and eventually the entire plant 
which grows in an AMD environment. Herein, the study aims at determining the effects of gibberellic 
acid (GA) and Bacillus subtilis (strain BD 234) on germination of maize and okra exposed to different acid 
mine water concentrations and temperature regimes. Effect on GA and B. subtilis on the germination of 
maize and okra was done in petri plates. Surface sterilized seed was placed in between two filter papers 
after soaking the seeds in hormone doses and AMD treatments. The coleoptile measurements were 
done 5-12 days after the treatments. Analysis of variance was performed using Duncan's Multiple Range 
Test at p<0.05 to determine and evaluate the effects of GA3 and B. subtilis on germination indices. The 
results showed that both GA3 and B. subtilis enhanced seed germination on maize and okra under acid 
mine water, improving germination rate, germination percentage and seedling growth as the level of 
AMD increases. Germination percentage was induced to >90% post soaking in GA at 25°C in both crops 
treated with different concentrations of AMD. Similar results were also observed in seeds soaked in B. 
subtilis. However, GA3 and B. subtilis treatments were more drastic on germination indices at 35°C, and 
no significant difference between the doses of the germination stimulants on seeds was observed. The 
germination stimulants alleviated the acid mine water effect compared to control by improving the 
prolonged vigour response of the seeds. Therefore, the results suggest that treated maize and okra 
seeds could be a practical approach to overcome the inhibitory effects of acid mine water. 
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Fire acts as a ubiquitous disturbance in terrestrial ecosystems across the globe. “Sleeping” seeds of 
some fire-chasing plants in soil seed banks are awaken up by smoke in accompany with wildfires. Since 
the discovery of smoke-derived seed germination, enormous attention has been drawn to explore the 
active chemicals responsible for the phenomenon. Recently, karrikins have been discovered in smoke 
that can promote seed germination of some plants, including both fire-chasers and non-smoke-
responsive species. Although it has been regarded that karrikins are the primary smoke-derived 
germination cues in some reports, some smoke-responsive seeds are found not to respond to karrikins. 
Thus, ecologically relevant active compounds in smoke remain to be investigated for many fire chasers.  

We developed an unbiased mass-spectrometry-assisted bioassay-driven fractionation method to 
identify smoke-derived germination cues and found syringaldehyde as an active compound for seed 
germination of the fire chaser, Nicotinana attenuata. Our method is superior to traditional methods in 
that it requires only one cycle of bioassay-driven fractionation and avoids round-by-round purification 
and bioassays, thus providing fast identification of the active compounds responsible for the 
germination activity of smoke. In the natural habitats of N. attenuata in Utah and Arizona, US, we found 
that wild fires release syringaldehyde into the soil, which can be adsorbed by the seeds. Moreover, 
syringaldehyde can be retained by the burned soil, being different from the previously reported 
germination cues of karrikins which can be easily leached by water. Taken together, our results suggest 
that syringaldehyde is produced by wildfires and reflects boundaries of post-fire seedling emergence of 
N. attenuata in the natural habitats. 
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In high-elevation environments, regeneration from seeds is critical for plant population dynamics. 
Despite an increasing interest in the study of alpine plant reproduction, there is still a knowledge gap 
about how microenvironmental conditions control the germination ecology of alpine plants. We studied 
the effects of temperature and water potential on seed germination of 20 North Caucasian alpine 
species representing four communities located along a steep snowmelt gradient from dry alpine lichen 
heaths (growing season 5 months) to snow beds (growing season 2-2.5 months). Seeds were germinated 
in a fully-factorial experiment with 5 temperatures (10/2, 14/6, 18/10, 22/14, 26/18 ºC) and 5 water 
potentials (0, -0.2, -0.4, -0.6, -0.8 MPa) representing the full range of germination niches available in the 
study system. 

The experiment revealed clear habitat-specific patterns in seed germination reflecting the soil 
temperature and water availability in the focal communities. Seeds of plants from dry alpine heaths 
germinated under a broad range of temperatures and water potentials implying that seed germination 
in the field occurs shortly after snowmelt before soil dries out. On the opposite side of the snowmelt 
gradient, in snow beds, plants tend to produce seeds with very specific germination requirements for 
high temperatures and wet soils, a combination of conditions typical for the end of snowmelt. Species 
from Festuca varia grasslands and Geranium-Hedysarum meadows showed an intermediate pattern 
reflecting their central position along the snowmelt gradient. 

The results of the present study are discussed in the context of species distributional patterns in the 
alpine vegetation zone and their potential shifts due to climate change. 
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Seed germination is one of the most important steps for a plant to survive in a various environment and 
leave offspring. To determine the transition from dormancy state to germination, seeds perceive 
environment signals such as light, temperature, water potential and nutrient sources. These signals 
regulate the metabolism and signal transduction of some phytohormone, such as gibberellin (GA) and 
abscisic acid (ABA).GA and ABA are the primary phytohormones that antagonistically regulate seed 
germination and dormancy. Previous reports elucidated that some transcription factors control GA/ABA 
balance and signal transduction to regulate seed germination. However, the molecular mechanism of 
seed germination is not completely clarified. 

Here we report that Arabidopsis thaliana INDETERMINATE DOMAIN 4 (AtIDD4) transcription factor 
belonging to the plant specific IDD transcription factor family is novel seed germination regulator that 
change the transcriptional activity in a light dependent manner. Germination assay of T-DNA insertion 
line of AtIDD4 (idd4) and AtIDD4-RNAi transgenic plant seeds showed that, AtIDD4 functions to promote 
germination under white light conditions, while under dark condition (after far-red light treatment), it 
functions to repress germination. We also investigated the transcriptional activity of AtIDD4 on the 
promoters of some seed germination related genes, such as GA and ABA biosynthesis, catabolism, and 
signal transduction. Our results showed that AtIDD4 regulates not only GA/ABA metabolism related 
genes, but also SOMUS (SOM) which is critical factor of light dependent seed germination and 
thermoinhibition. Furthermore, we analyzed the relationship between AtIDD4 and light signal 
transduction, such as Phytochrome Interacting Factor 1 (PIF1) and phytochrome B (phyB). 
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Seed dormancy is an adaptive trait that is crucial to plant survival. Abscisic acid (ABA) is the primary 
phytohormone that induces seed dormancy. However, little is known about how the level of ABA in 
seeds is determined. Here we report that the Arabidopsis thaliana H3K27me3 demethylase RELATIVE OF 
EARYLY FLOWERING (REF6) suppresses seed dormancy by inducing ABA catabolism in seeds. Seeds of 
the ref6 loss-of-function mutants displayed enhanced dormancy that was associated with increased 
endogenous ABA content. We further show that the transcripts of two genes key to ABA catabolism, 
CYP707A1 and CYP707A3, but not genes involved in ABA biosynthesis, were significantly reduced in ref6 
mutants during seed development and germination. In developing siliques, REF6 bound directly to 
CYP707A1 and CYP707A3, and was responsible for reducing their H3K27me3 levels. Genetic analysis 
demonstrated that the enhanced seed dormancy and ABA concentration in ref6 depended mainly on the 
reduced expression of CYP707A1 and CYP707A3. Conversely, overexpression of CYP707A1 could offset 
the enhanced seed dormancy of ref6. Taken together, our results revealed an epigenetic mechanism 
that regulates ABA level in seeds to promote seed germination. 
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Predicting the germination behavior of parthenium weed against changing climate is helpful for studying 
the growth and development history of parthenium in different ecological context. Sustainable weed 
control strategies based on population based threshold model are profitable tools for crop planting 
date, herbicide application and tillage operation time. To predict the emergence of parthenium by using 
thermal time, hydrotime and hydrothermal time analysis, seeds were exposed to varying constant 
temperatures (5, 10, 15, 20, 25, 30, 35 and 40 °C) and water potentials (-0.25, -0.5, -0.75 and -1.0 MPa) 
under controlled environment. Parthenium seed showed better response in terms of higher germination 
and less germination time at 20 and 25 °C. Use of germination modeling approach proposed the base 
temperature (7.2 °C), optimum temperature (20 °C) and ceiling temperature (42.8 °C) for this weed. 
Moreover, germination behavior was also studied at different water potentials (-0.25, -0.5, -0.75 and -
1.0 MPa) under different temperature regimes (10, 20 and 30 °C). Hydrothermal time model predicted 
more germination (82.80 and 54.80 %) response of parthenium at water potentials (from 0 to -0.25 
MPa) respectively under temperature of 20 °C and also recorded base water potential (Ψb(50) of -0.54 
MPa for its germination. To be concluded that use of hydrothermal time modeling approach is helpful 
for predicting the emergence response of parthenium in changing climate and ultimately supportive in 
time scheduling of parthenium weed management in cropping system.  
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Desiccation tolerance (DT) is gradually lost during seed germination, while it can be re-established by 
pre-treatment with polyethylene glycol (PEG) and/or abscisic acid (ABA). Increasing knowledge is 
available on several stress-related proteins in DT re-establishment in herb seeds, but limited information 
exists on novel proteins in wood seeds. This study aimed to investigate the role of metallothionein 
CkMT4, a protein species with the highest fold increase in abundance in Caragana korshinskii seeds on 
PEG treatment. The fluctuation in mRNA levels of CkMT4 during seed development was consistent with 
the changes in DT, and the expression of CkMT4 could be upregulated by ABA. Besides metal-binding 
capacity, CkMT4 might supply Cu2+/Zn2+ to superoxide dismutase (SOD) under high redox potential 
provided by PEG treatment for excess reactive oxygen species (ROS) scavenging. The overexpression of 
CkMT4 in yeast results in enhanced oxidation resistance. Experimentally, this study demonstrated the 
overexpression of CkMT4 in Arabidopsis seeds benefited the re-establishment of DT and enhanced the 
activity of SOD. On the whole, these findings suggested that CkMT4 facilitated the re-establishment of 
DT in C. korshinskii seeds mainly through diminishing excess ROS, which put the mechanism underlying 
the re-establishment of DT in xerophytic wood seeds into a new perspective. 
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Plants are able to sense environmental changes happening throughout their life cycles and those 
experienced by previous generations, developing strategies to adapt to those changes and increasing 
progeny’s survival. Thus, developmental transitions are under strong selective pressure as they need to 
be finely timed to environmental conditions that are optimal for survival. Understanding these 
responses and their underlying mechanisms is key to assess life cycle adjustment to climate change in 
dynamical plant communities. In Arabidopsis thaliana, transgenerational regulation of phenotypic 
plasticity involves an epigenetic component: transgenerational responses to temperature changes have 
been associated with the function of small RNA synthesis genes and with DNA methylation frequency 
changes inherited by the progeny, suggesting a role for the RNA-directed DNA methylation pathway 
(RdDM). Vernalization (a period of cold that signals winter) also shows transgenerational effects that 
have the potential to influence ecological and evolutionary processes. To understand the process by 
which non-stressing seasonal environmental changes experienced by previous generations influences 
the progeny, we characterized responses to maternal vernalization by exploring the environmental 
influence on key progeny traits (seeds traits, dormancy, germination and seedling development), and 
correlated those responses with the RdDM pathway by using pathway mutants.  

Total reproductive biomass production, seed size and seedling development were affected by 
environmental cues experienced by mother plants, and some RdDM mutants mediated this effect. 
Furthermore, progeny germination and dormancy were affected by the maternal environment as well 
and RdDM mutants influenced transgenerational plasticity. 

Our results show that environmental cues experienced by plants even early in their life cycles have a 
strong influence on early traits of subsequent generations. These effects are at least in part mediated by 
an epigenetic mechanism (RdDM), showing a complex interaction between environments experienced 
by different generations and epigenetic memory.  
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Functional traits determine species geography related to climate gradients, which play an important role 
in shaping plant species diversity. We focused on geography of seed traits of Japanese woody plants on 
East Asian islands across subtropical evergreen, temperate deciduous to hemiboreal coniferous 
vegetations. Specifically, we clarified that the geographical pattens of seed mass, seed dispersal mode 
and seed dormancy, and revealed trait-specific species abundance patterns along latitudinal climate 
gradients. 

The geographical patterns of seed mass differed among species groups characterised by seed dispersal 
modes. For anemochorous, zoochorous or hydrochorous species, seed mass decreased with increasing 
latitude, while for barochorous species, seed mass increased with latitude. Moreover, the geographical 
pattern of seed traits was strongly correlated with climate. Small-sized seed species with physiological 
and morpho-physiological dormancy were abundant at higher latitudes with increasing climate 
harshness involving minimum temperature and unfavorable period for plant growth. On the other hand, 
large-sized seed species with non-dormancy was abundant in both climatically warm and harsh areas. 

Species/taxon-specific physiologically dormancy and non-dormancy were diversified with different 
adaptive ecological/evolutionary strategies that were associated with geography of seed mass and 
dispersal mode. The predominance of species with physiological dormancy and small seeds in harsh 
climate areas suggested that seed dormancy functions as a risk-spreading strategy to avoid unfavorable 
germination timing. In contrast, the predominance of non-dormant barochorous and anemochorous 
species in harsh climate and zoochorous and hydrochorous species in warm climate suggested a stress 
tolerance strategy related to large seeds that enables survival and establishment after germination.  
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Plant phenotyping reveals relationships between measured plant parameters and environmental 
conditions, thus enabling the study of plant genotype-environment interactions. In our approach we aim 
to better understand how drought stress during the vegetative phase affects growth and physiological 
plant responses and thus feeds back on seed traits at harvest.  

In a greenhouse experiment, nine wheat cultivars selected from the ‘10+ Wheat Genomes Project’ were 
scanned twice a week for approximately 5 months using the 3D phenotyping system 'Plant Eye'. After 
harvest, biometric seed traits, such as mass and volume of individual seeds, were phenotyped using the 
‘phenoSeeder’.  

Drought stress resulted in a mean plant biomass reduction by 31%, but also induced genotype-specific 
responses. The CDC Landmark, CDC Stanley, Norin and Weebil cultivars were generally most sensitive to 
drought stress, while cv Arina, Cadenza, Chinese Spring, Jagger and Mace showed higher tolerance. Seed 
characteristics showed high variability among cultivars and plant individuals. Mean values of seed mass 
ranged from 43 mg (Chinese Spring) to 70 mg (Weebil). Generally, intra-genotype distributions of seed 
volume and mass were rather wide, with at least a factor two between the values for the smallest and 
biggest seeds. The drought treatment reduced seed mass and volume only in the cv Chinese Spring and 
Weebil. Moreover, we did not find any effect of drought stress on seed density. Thus, the drought stress 
effect on seed traits was different from the response seen in plant biomass and yield. Overall, the 
applied phenotyping tools allowed for a non-invasive quantification of plant and seed responses on 
genotype, individual plant and single seed level. We believe that the combination of the different 
phenotyping approaches, seed classification and seed selection will help to more efficiently identify the 
genetic basis of complex traits such as drought resistance. 
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Common bean (Phaseolus vulgaris L.) is one of the most consumed grain legumes worldwide. We have 
characterized some molecular mechanism underlying seed development (SD) in this species, spanning 
from late embryogenesis to desiccation. However, the knowledge on molecular mechanisms implicated 
in the transition from embryogenesis to seed filling remains unclear. In this study, morphological, 
histochemical and transcriptomic approaches were combined targeting the early SD stages where 
embryogenesis ends and filling begins. At 6 days after anthesis (DAA), histological data revealed that 
embryogenesis is still ongoing with no clear differentiation of the cotyledons. From 6 to 10 DAA, an 
upregulation of genes related to DNA repair, cell division and amino acid and proteins synthesis was 
observed, suggesting active cell proliferation and the begin of storage compounds accumulation. At 10 
DAA, cotyledons are already differentiated, and storage compounds start to accumulate. On the 
transition from 10 to 14 DAA, a significant increase of seed biomass, number and area of parenchymal 
cells, and starch and protein accumulation occurred. An upregulation of genes implicated in protein and 
carbohydrate accumulation was also found at this transition. A switch from cell division to expansion is 
observed between 14 to 18 DAA. At this transition, the fast increase in seed fresh weight compared to 
dry weight, together with a decrease in number of cells per cotyledon section, suggests an influx of 
water that may drive cell expansion favouring storage compounds accumulation. From 14 to 18 DAA, no 
relevant changes on transcriptome were noticed. These findings provide insights on the biological 
mechanism underlying the transition from embryogenesis to seed filling, which can be modulated to 
cope with climate changes and have potential applications for improving seed quality.   
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In view of the increasing global demand for maize in the face of climate change, there is an urgent need 
to guard against the shortages that may be caused by climate-related stresses by identifying genotypes 
that possess the potential of producing high vigor seeds under diverse field water conditions. Seeds of 
sixteen maize genotypes were produced under irrigated and moisture-stressed environments. Moisture-
stress was imposed at 5 WAP (weeks after planting) while the control plot received irrigation until crop 
maturity. The viability and vigor of the harvested seeds were assessed by standard germination, 
accelerated aging and electrical conductivity tests.  Variations in mean seed vigor traits between 
irrigated and moisture-stressed plants were 35%, 40% and 215% for standard germination, accelerated 
aging and electrical conductivity tests respectively, with the vigor of the seeds from irrigated plants 
consistently better than that of the moisture-stressed plants. However, accelerated ageing test was the 
best predictor in ranking seed vigor of maize genotypes under irrigated (r = 0.74***, p<0.0001) and 
moisture-stressed (r = 0.92***, p<0.0001) conditions. Genotypes 3 (9071/CML373), 5 
(9071/1368xHIx4269-1x1368-4-1-B-B-B-B), 7 (1368/Obatanpa-33-5-1-B-B), 8 
(1368/[TZMI50Xku141x501]-1-4-3-1-B-B) and 13 (1368/ACR-86-8-1-2-1-1-1-B-1) were high in ranking 
under the two moisture conditions and can be recommended for release and seed multiplication. 
However, the production of high vigor seeds should not be left entirely to the vagaries of weather in the 
tropical climate, which is usually characterized by erratic and unpredictable rainfall. Also, high yielding 
genotypes did not necessarily produce seeds with high seed vigor, which implies that seed yield should 
not be used as the criterion for varietal release as it is often done in varietal breeding.  
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All plants have at least 2 WHIRLY (WHY) proteins, which have multiple functions in growth and defence, 
including the regulation of photosynthesis and stress tolerance. The studies reported here were 
designed to explore the roles of WHY1 and WHY3 in seed viability and germination using Arabidopsis 
why1, why3 and why1,3 mutant lines. Germination was similar in all lines. However, when seeds are 
exposed to ageing significant differences in both vigour and viability were observed in the single and 
double mutants compared to the wild-type. The most significant effect of the ageing treatment was 
seen in the Atwhy1why3 double mutants, following which almost no seeds germinated. The single 
mutants both showed an intermediate inhibition of germination compared to wild-type seeds. This 
finding suggests a degree of redundancy between the functions of the WHY1 and WHY3 in seed viability 
and germination in Arabidopsis. Recently, new RNA-seq analysis provided further evidence for the 
regulatory role of WHIRLY in aged seeds. Additionally, in later development the Atwhy1 plants had a 
significantly smaller rosette diameter than the other lines early in vegetative development. In contrast, 
the Atwhy3 plants had a significantly larger diameter at the beginning of development. The double 
Atwhy1why3 mutant plants had significantly smaller rosettes, smaller average leaf area and fewer 
leaves that the wild-type, together with a significant delay in flowering and change in silique number. 
Taken together, these data demonstrate the importance of WHY1 and WHY3 in Arabidopsis growth and 
development from germination to the production of new siliques. 
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High seed quality is essential for seedling establishment and resilient cropping systems. Seed quality is 
reduced by aging. Aging can be delayed by storage under dry, cool and low oxygen conditions. Although 
seed deterioration is linked to oxidation, the role of oxygen during storage has been undervalued 
relative to that of temperature and humidity. We modelled the quantitative effect of oxygen on the 
viability (survival) of primed celery seeds (Apium graveolens), which were hermetically stored in glass 
jars at 33% RH, at temperatures between 5 to 30 °C, and oxygen levels varying between 1% and 99% 
oxygen. The 1% and 99% oxygen were achieved by flushing the jars with respectively nitrogen gas or 
oxygen. The other oxygen levels were obtained by flushing with mixtures of air and oxygen. Oxygen 
levels were monitored during the storage till three years. Survival was determined by germination tests. 
In agreement with the reputed relative short shelf life of primed celery seeds, ageing in air and at higher 
oxygen levels was rather rapid. However, with exception of the 30 °C storage, it took more than three 
years before germination declined below 50% upon storage after nitrogen flushing. At all four 
temperatures tested, modelling the P50 (50% survival of the seeds) showed a log-log linear relationship 
between the oxygen concentration and the storage duration. The model showed that halving the oxygen 
level during storage increased shelf life with a factor of 1.6, and this effect was independent of the 
storage temperature. This implies that reducing the oxygen level from 21% (air) to 1% extends shelf life 
almost eight times. This result makes storage under anoxia, vacuum or with nitrogen flushing an 
economically valuable method for maintaining seed quality during storage at seed companies or dealers 
and with gene banks it extend the period needed for regeneration. 
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Life span of a seed is the most crucial challenge in preserving the biodiversity of the crop. 
Decline in seed longevity is often related to oxidation of cellular molecules, which is a 
remarkable marker of seed ageing and deterioration. Among many factors, availability of 
oxygen and moisture play the most crucial part in seed deterioration. This study aims to 
evaluate the effect of moisture content and oxygen availability on seed longevity of rice, as well 
as to identify the physiological and biochemical changes in rice that are linked to seed 
deterioration. Half of the rice seeds procured with initial germination of 85% were treated with 
5% solution of sodium hypochlorite and the remaining half was washed with distilled water as a 
control. Both control and disinfected seed lots were maintained at three seed moisture levels 
(10, 12 and 14%) using desiccant beads. Glass vials with silicon lids were used to store the seeds 
after each treatment to prevent any entry of oxygen and moisture in the seeds during storage 
of six months. Each lot was divided in two parts, one with the oxygen available in it and the 
other flushed with nitrogen gas to keep the modified storage system. Seed quality in terms of 
germination and antioxidant defense mechanism was monitored in every three months interval 
for six months storage. The results showed that seeds with low moisture content i.e., 10% had 
maintained viability and showed less deterioration at cellular levels when compared to seeds 
with higher moisture contents (14%). It is also concluded that the availability of oxygen at the 
time of storage for low moisture contents (10%) did not affect the quality of the seed as 
compared to the seeds stored with high moisture content (14%).       
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Deterioration due to the accumulation of damage by oxidation reactions, results in loss of vigour and 
germination. Oxygen, besides moisture and temperature, stimulates seed ageing. Previously, we have 
shown that ageing in dry rice seeds (40% eRH) can be accelerated by storing it under high oxygen levels 
(EPPO storage, 20MPa air = 4.2MPa oxygen) resulting in large variation among 20 diverse rice accessions 
for seed longevity. Seeds of seven different seed lots were stored under four different storage 
conditions to know how dry-EPPO storage (40% RH and 35°C) compared with ageing under CD storage 
(75% RH and 35°C), farmers’ seed storage (FSS, 60% RH and 28°C) and commercial seed storage (CSS, 
40% RH and 28°C). Correlation analysis based on P50 values indicated that EPPO storage have highest 
significant (P=0.05) correlation with all the storage condition in the order FSS (r=0.89)>CSS (r=0.85)>CD 
(r=0.85). We applied untargeted metabolomics approach (both lipid and volatile compounds profile) to 
investigate changes in rice seeds cv. IR-64 stored under EPPO and long-term storage conditions. Our 
results showed that EPPO seed samples have a high relative abundance of specific lipid compounds 
(putatively identified as oxidized lipids) and volatile compounds. Further, we show that these oxidized 
lipid and volatile compounds found in EPPO stored seed samples have highest positive correlation with 
storage duration and have highest negative correlation with proportion of germinating seeds. This 
analysis also revealed a decreasing levels of non-oxidized storage lipids like triacylglycerols and 
accumulation of volatile compounds like hexanal which provide sufficient evidence of non-enzymatic 
lipid oxidation resulting in germination loss. Multivariate analysis based on relative abundance of 
metabolites grouped samples aged under EPPO storage and CSS into one cluster, indicating resembling 
ageing mechanism. 
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High quality moringa seeds is fundamental requirement for next year crop production. Moringa is an oil 
seed crop and maintenance of viability and vigour for long periods of time is a problem because of poor 
storage conditions. A series of experiments was carried out to maintain seed quality of moringa through 
hermetic storage technology under ambient storage conditions. Moringa seeds were stored in vacuum 
sealed aluminium bags, anaaji bags and cloth bags for six months. Physical, physiological and 
biochemical attributes were studied according to standard procedures. Seed was stored at 6.11% seed 
moisture content and 98% germination. In hermetic bags seed moisture was maintained during storage. 
A 2.15% increase in moisture was recorded in cloth bags. Final germination was reduced by up to 43% in 
cloth bags, 68% in aluminum and 70% in anaaji bags. Other attributes related to germination (mean 
germination time and germination index) were also affected. The increase in moisture in cloth bags 
deteriorated biochemical attributes also. Malondialdehyde degradation and electrical conductivity are 
indicators of quality deterioration that result in vigour and viability loss. Biochemical degradation in 
cloth bags remained high during storage as compared to hermetic storage. As seed moisture indicate 
that seed is hygroscopic in nature and increase in relative humidity affect seeds moisture. 60% relative 
humidity is safe for oil seeds storage. According to moringa seeds moisture isotherm, 60% relative 
humidity means 6.22% seeds moisture. This is the reason, moringa seed storage in cloth bag is not safe 
in ambient environment. In conclusion cloth bag storage result in moringa seeds vigour and viability loss. 
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The seed longevity profiles of 8 pea (Pisum sativum L.) accessions, conserved at different conditions at 
the IPK Genebank, were analyzed. Fresh (F, harvested in 2019), cold-stored (A, harvested in 2001, stored 
in glass jars topped with silica gel at -18°C; ~8% seed moisture content) and ambient-stored (R, 
harvested in 2001, stored at 20°C and ~10 seed moisture content) seeds were subjected to germination 
tests that revealed high viability in F and A seeds, while ambient storage resulted in a significant viability 
decline for all the accessions, with the exception of the wrinkled accession G4. Subsequently, 4 
accessions were selected to dissect the physiological and molecular factors possibly involved in shaping 
their different longevity profiles. Ageing-induced stress was evaluated by estimating ROS accumulation, 
lipid peroxidation degree (malondialdehyde, MDA), total tocopherols content, proline and reducing 
sugars accumulation, and DNA damage. Thermogravimetric analysis and differential scanning 
calorimetry were used to assess the biomass profiles in terms of chemical-physical properties of the 
different accessions. Transmission electron microscopy analyses were performed on embryo axes to 
evaluate the carbohydrate content, the chromatin organization and the occurrence of γH2AX foci.  

Longevity correlated with oxidative stress and the relative antioxidant response, as well as with the 
reducing sugars content in the different conservation states. The wrinkled G4 accession showed a 
particularly high longevity. G4 was also characterized by low oxidative stress, and low tocopherols and 
reducing sugars consumption. Its peculiar biomass composition and nuclear ultrastructure promote 
genome stability, as confirmed by the lower DNA damage accumulation compared to the other 
accessions. This study underlines the importance of multidisciplinary approaches in seed longevity 
studies, in particular in order to shed light on within-species variations in longevity.  
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Early evaluation of the genetic fidelity of seed preservation helps to fine-tune program parameters and 
evaluate the applicability of regeneration programs in ex-situ preservation applications. Preservation 
treatments such as seed banking that extend the duration of orthodox seed longevity may lead to some 
genetic drifts. Thereby early evaluation of the fidelity and seed germination of P. timoriana preserved 
seeds in the seed bank of Bogor Botanic Gardens needs to be undertaken. This works described the use 
of ISSR markers for molecular analysis and germination tests in the glasshouse. The seeds were 
randomly picked from six different preservation period and divided accordingly into molecular and 
growth performance analysis. The ISSR band pattern generated by PCR amplification using 10 primers 
showed no evidence of any probability of genetic changes. The percentage of polymorphic bands in the 
35 amplicons was 29.52%, and the percentage of molecular variation in time preservation was higher 
than the percentage of molecular variation stored at different times. The seed germination tests were 
done by planting 50 seeds for each replicate under each different preserving time (four replicates in 
total). The sown seeds germinate when they reach 15 days after sowing and only observed from the last 
two preservation period, both stored in 2019. According to ISSR analysis, the genetic fidelity test showed 
a reliable genetic purity without any suspicious expected genetic changes. The lack of variation 
confirmed the genetic purity of long-term preservation of seed plants and supported the applicability of 
ex-situ preservation strategy.  
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Seed storage is the most efficient method of protection for many species because it enables the 
preservation and conservation of a huge amount of genetic diversity. Seeds storage have to be carried 
very carefully and during storage procedure the quality of the seeds must be assessed. For many 
decades, during the storage of seeds, the influence of the storage conditions on their physiology was 
assessed mainly through the ability to germinate and emergency seeds, then attention was also paid to 
the level of physical stress, such as e.g. oxidative stress, damage to cell membranes, and then the 
integrity of RNA and DNA. Lastly focused also on influence of storage conditions on epigenetic 
regulation including 5- methylcytosine levels in the DNA (m5C), as it plays an important role in the 
management of plant growth, development and response to stress factors.  

Our results showed that the level of 5- methylcytosine in the DNA (m5C), are related to the storage 
conditions and this response is seems to be well conserved as this response is independent to category 
of seeds (recalcitrant, intermediate or orthodox) or species relationship. When seeds are stored in 
optimal conditions such as MC around 8% at -20°C or -196°C for Populus nigra or MC around 10% at -3°C 
for Acer platanoides L. or MC around 10% and 3°C or -196°C for Pyrus communs L. m5C level in DNA 
remains unchanged and it is at similar level as it was in non-stored seeds. However when seeds did not 
withstand long term storage as Quercus robur acorns which are recalcitrant or are stored at suboptimal 
conditions such as Populus nigra seeds stored at MC 14.5% at 3°C which lead to decrease of viability we 
observed decrease in 5- methylcytosine in the DNA. What is important to underly this decrease in m5C 
level is observed at the same time or before the observed decline in viability.   
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Ex situ genebanks are given the task to store seeds and other plant materials to prevent the danger of 
extinction of plant genetic resources as a result of seed deterioration or any natural calamity. Today, 
genebanks are storing > 7.4 million accessions where ~ 45% are cereal species which need regular 
assessment about their germination capacity, and any drop in that determines their regeneration cycle. 
Thus, seed longevity is the maximum time period that seeds are able to germinate. Seed longevity, in 
principle, is a quantitative trait. Linkage and association mapping analyses are the two most frequent yet 
very different methods to dissect a quantitative trait genetically. We utilized both these approaches to 
dissect seed longevity in durum as well as hexaploid wheat. We will present the very first report of 
genetic analysis of grain longevity in durum wheat where quantitative trait loci (QTL) analysis identified 
three highly significant and one significant QTL for initial germination (on chromosomes 4B, 5A (2 QTL), 
and 6B), three significant QTL for germination after accelerated aging treatment (on chromosomes 5A 
and 7B (2 QTL)), and five significant QTL determining relative germination and distributed on 
chromosomes 3A, 3B, 5A, 6B, and 7B (Rehman Arif and Börner, 2019). We will also present a re-analysis 
of longevity traits in two association mapping hexaploid wheat panels reported previously in Rehman-
Arif et al. (2012) and (2017). Recently, the two panels were genotyped with 15K SNP chip resulting in the 
mapping of > 9,500 SNPs on each panel. Re-analysis of the older phenotypic data with the new 
molecular SNP data resulted in the detection of a total of 72 marker trait associations which could be 
confined to 24 QTLs based on marker proximity to each other. Among them, 13 QTLs are potentially 
novel (Rehman Arif and Börner, 2020).  

 

Rehman Arif MA, Börner A (2020) An SNP based GWAS analysis of seed longevity in wheat. In: Cereal Research Communications 
48:149-156 

Rehman Arif MA, Börner A (2019) Mapping of QTL associated with seed longevity using a RIL population in durum wheat 
(Triticum durum Desf.). Journal of Applied Genetics 60:33-36 

Rehman Arif MA, Lohwasser U, Nagel M, Börner A (2017) The genetic basis of grain longevity in bread wheat (Triticum aestivum 
L.). Journal of Biosciences 42:81-89 

Rehman Arif MA, Nagel M, Neumann K, Kobiljski B, Lohwasser U, Börner A (2012) Genetic studies of seed longevity in hexaploid 
wheat exploiting segregation and association mapping approaches. Euphytica 186:1-13 
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Small seeds of plants of harsh or seasonally dry environments, including cacti, tend to have a light 
requirement for germination and an ability to form a persistent seed bank. Although seed burial 
experiments have shown cactus seed survival over years there has been no detailed characterisation of 
how temperature and moisture affect the lifespan of cactus seed.  We equilibrated numerous accessions 
of seeds from eight species of five genera (Cereus, Coryphantha, Ferocactus, Pachycereus, Stenocereus) 
to c. 30 and c. 60% RH and aged them at 60°C. Seeds of four species (Cereus repandus, Ferocatus 
peninsulae, Pachycereus pectin-arboriginum, Stenocereus thurberi) were aged at six pre-storage RHs and 
60°C; additionally, Cereus repandus seeds were aged at four pre-storage RHs and 40°C. All seed ageing 
curves were subjected to probit analysis and the longevity characteristics determined using the 
universal temperature constants.  Whilst the benefits of decreasing humidity on seed longevity at 60°C 
were broadly similar to that observed with non-cactus species, the relative longevity of 12 accessions of 
cactus seeds at c. 60% and c. 30% RH was not related (Spearman’s Rank, P = 0.89). The estimated 
moisture constants (KE, CW) for seed life span for the four species were: 10.00, 7.51; 7.96, 4.29; 10.37, 
7.50; 10.66, 7.84, respectively. These constants allow us to predict the survival of cactus seed under a 
range of ecologically-meaningful conditions and explains their ability to persist in dryland conditions.   
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Despite the potential to grow quinoa under adverse environmental conditions, its seed quality 
deteriorates with inadequate storage conditions, particularly at high temperatures and relative 
humidity. There is a need to explore the physiological and biochemical changes associated with seed 
longevity under ambient storage conditions. In present study, controlled deterioration test was 
employed to study longevity of wide range of quinoa accessions by aging seeds rapidly at higher 
temperature and relative humidity (RH). About 370 lines were exposed to high (60% RH) and low (30% 
RH) in airtight plastic boxes maintained through saturated salts and then stored at 50 ºC. After 15 days 
of exposure, 250 lines stored at high RH failed to normal germination test (according to ISTA protocol), 
while remaining 120 showed 50% germination. After one month of storage, all quinoa lines showed 0% 
germination stored at 60% RH. On the other hand, lines stored at 30% RH resulted into 50-100% 
germination during first month which decreased gradually during 2nd and 3rd month of storage. After 3 
months storage, only 25 lines maintained their germination near to 90%. In conclusion, high RH with 
high temperature quickly declined quinoa seed viability while low RH even at high temperature 
extended the longevity of few quinoa accessions. Possible reason of quinoa seed aging might be due to 
the accumulation of Maillard reaction products formed by a reaction between amino acids and reducing 
sugars in low vigor quinoa accessions during storage at high RH and temperature.  
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Seedbanks, which safely preserve seeds of known species, are important for biodiversity conservation. 
To efficiently manage stored seeds, it is necessary to predict seed longevity and estimate their renewal 
cycle. Accordingly, this investigation aimed to determine the seed viability constants of Veronica 
longifolia and Veronica pusanensis, and thereby predict their storage period. Both seeds were collected 
from the Baekdudaegan National Arboretum in 2019. The seeds were allowed to reach equilibrium 
before use in 27 accelerated ageing experiments with different environmental parameters (relative 
humidity [RH] 11–80% at 5–55 °C). The germination percentage was estimated during the storage 
period, and analysis of the survival curves was performed to estimate values for sigma and the viability 
constants KE, CW, CH, and CQ, which are used in the viability equation of Eills and Roberts (1980). Each 
germination experiment was continued for 6 weeks, and the final germination percentage was 
determined using the tetrazolium chloride test. When universal constants (CH = 0.0329, CQ = 0.0000478) 
were used, estimates of KE = 6.00 and CW = 3.607 for V. longifolia, and KE = 6.00 and CW = 3.420 for V. 
pusanensis were derived. V. longifolia with a moisture content (MC) of 4.32% (dried at 15 ℃, RH 15%) 
could be stored for 21 years with a viability loss of 50%, whereas V. pusanensis with an MC of 4.32% 
could be stored for 29 years. 

Acknowledgement: This study was carried out with support from the R&D Program for Forest Science Technology (Project No. 
2021400B10-2125-CA02), provided by the Korea Forest Service. 
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Storage experiment was conducted to study the effect of polymer, fungicides and insecticide on seed 
quality parameters and storability in wheat. Experimental material consisted of carry over wheat seeds 
(variety HPW- 155) of rabi 2017 - 18. The observations were recorded bimonthly on parameters viz; 
germination (%), seedling length (cm), dry weight (g), vigour index - I, vigour - II, speed of germination, 
field emergence (%), 100 seed weight (g) for 12 months of storage. All parameters declined with the 
advancement in storage period .The results showed that seeds treated with polymer + vitavax 200 @ 2 
g/kg of seed, recorded higher germination percentage (95.00 %), seedling length (17.58 cm), seedling 
dry weight (0.0138 g), vigour index - I (1670) & vigour - II (1.311), speed of germination (19.98), 100 seed 
weight (5.54 g) and field emergence (87.33 %)  which was at par with vitavax 200 @ 2 g/kg of seed, over 
untreated control (T1). So it can be concluded that for maintain seed quality and enhancing storability, 
seed of wheat can either be treated with polymer @ 3 ml/kg of seed + vitavax 200 @ 2 g/kg of seed or 
vitavax 200 @ 2 g/kg of seed. 
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The storage of seeds in seed banks is a primary strategy for plant conservation world-wide in the face of 
unprecedented biodiversity loss. For example, the Western Australian Seed Centre is responsible for 
>16,000 accessions of almost 4,000 wild species, including collections that represent the sole remaining 
wild populations of a species, or populations now extinct in the wild. 

As these seed collections continue to grow, their effective curation is an ever-increasing challenge. 
Identifying the storage behaviour and predicting the lifespan of seeds in storage for diverse wild species 
remains a key component of developing evidenced-based seed bank management practices.    

Our current research pursues the utility of techniques including respirometry and multispectral image 
analyses for non-destructively identifying viability decline, in concert with a focus on identifying and 
developing alternative seed storage procedures for problematic seeds within our collections. We are 
also exploring novel statistical methods for the analysis of seed storage data to characterise seed 
population response to time in storage and better predict viability decline. Our aim is to develop new 
high throughput technologies and data interrogation techniques to allow seed bank managers to more 
effectively triage and curate their seed collections to ensure irreplaceable collections are not lost and 
that viable seeds are available when required to support species and habitat restoration in the wild.   
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The effect of high (35 or 45°C) and low temperature drying (17°C) on the subsequent longevity of 
Bambara groundnut seeds was studied. The experiment was carried out at the genetic resources 
laboratory of the International Institute of Tropical Agriculture (IITA). The experiment was laid out in a 
completely randomized design with three replications. Freshly harvested seeds of 37 Bambara 
groundnut accessions obtained from the genebank of IITA were divided into five samples. One sample, 
which served as the control sample, was immediately dried at 17°C, 15%RH and the other four samples 
were dried at 35 or 45°C, 35% RH for up to eight days, before final drying at 17°C,15%RH. The moisture 
content of the seeds was increased to 10.9% after drying, packed in aluminium foil and placed at 45°C. 
Seeds samples were stored for 80 days and germination tests were carried out on samples at regular 
intervals until all seeds lost viability. Data were analyzed by probit analysis, fitting the Ellis and Roberts 
viability equation. 

The accessions responded differently to low and high drying temperature. For some accessions, there 
were no significant differences (P ˃ 0.05) in seed longevity depending on how the seeds were dried, 
while in others, longevity increased as the period of drying at 35 or 45°C increased from 0 to 8 days; for 
some accessions, there was a variable response. Overall, the results suggest that initial drying at a higher 
temperature was beneficial for improving processing time and for some accessions, drying at high 
temperature would be beneficial for seed longevity. The results of this study will therefore provide 
useful information on the improvement of seed genebank management protocols.  
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Up to date, there are 45,000 accessions of 450 crop species and crop wild relatives (CWRs) conserved in 
medium term (20 years) and in long term (50 years) with parameters of temperature and moisture 
responding 0oC to 5oC and 10-7 percent; -10oC to -15oC and 5 -3 percent, respectively. After every five 
years, accessions of various crop species are tested germination in sand, papers and calculated ratio of 
survival in statistic methods. Established since the year 1996, database of germination and survival of 
various cultivated crop species and CWRs in Vietnam National Plant Genebank is enough to provide 
scientific basis of tropical cultivated crops species. After 25 years. This is depicted common features and 
different features in a same crop species, among crops species or in a genus and among genera. This 
paper will present statistic results of germination and health of 25,000 accessions of crops including 30 
legume species, 15 cereal species, 45 vegetable species and other crops due to various time. 
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Magnolia sinica (Y. W. Law) Noot. is one of the most endangered Magnoliaceae species in China. Seed 
biology information concerning its long-term ex situ conservation and utilization is very insufficient. This 
study investigated its dormancy status, germination requirements and storage behavior. Freshly 
matured seeds germinated to c.a. 86.5% at 25/15°C but poorly at 30°C; GA3 and moist chilling promoted 
germination significantly at 20°C. Embryos grew at temperatures (alternating or constant) between 20°C 
and 25°C; but not at 5°C and 30°C. Our results indicate that M. sinicum seeds possibly have non-deep 
simple morphophysiological dormancy (MPD). Seeds survived desiccation to 9.27% and 4.85% moisture 
content (MC) as well as a further 6-months storage at -20°C and in liquid nitrogen, including recovery in 
vitro as excised embryos. The established protocol ensured that at least 58% seedlings could be 
obtained after both cold storage and cryopreservation.  These results indicate that both conventional 
seed banking and cryopreservation have potential as long-term ex situ conservation methods, although 
further optimized approaches are recommended for this critically endangered magnolia species. 
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African rosewood (Pterocarpus erinaceus) is an endangered tropical hardwood, faced with over-
exploitation despite several trade regulations and felling/export bans. The need to identify optimum 
seed germination and storage techniques to support mass propagation towards recovery and 
conservation is critical. This study evaluates the effects of four pre-sowing treatments (whole fruits, 
dewinged, nipped, and extracted seeds) on rosewood seed germination and seedling vigour. The 
influence of storage condition parameters (temperature, duration, and packaging) on seed germination 
and electrical conductivity was assessed during a 12-months storage period.  Seed samples were further 
equilibrated over series of lithium chloride salt solutions and silica gel, which generated a range of 
relative humidity from 3-92%, in sealed glass jars. Equilibrium moisture content (EMC) was determined 
gravimetrically to construct a moisture sorption curve for the species at 20OC. Results show that 
germination capacity and seedling vigour improved significantly (p< 0.001) in extracted seeds than other 
pre-sowing treatments. Seeds stored at -10 oC in hermetic recorded the lowest rate of deterioration 
(24% drop in germination in 12 months) Storability in rosewood seeds decline by 50% in ambient 
conditions regardless of packaging technology. The findings suggest that for successful mass seedling 
propagation towards the species' recovery, appropriate investment in simple seed extraction technology 
is a key requirement. The moisture sorption isotherm indicate that rosewood seeds exhibit orthodox 
storage physiology and thus, established handling and storage protocols for orthodox species is 
applicable for the species. 
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Seed quality is influenced by numerous factors in the field before, during and after harvest before 
storage. Delayed drying of seeds after harvest may subject the seeds to high and/or fluctuating 
temperature and relative humidity in the field, and potentially rainfall, which may reduce seed longevity. 
This research questioned whether current routine post-harvest practices at ICARDA are optimal for 
subsequent longevity, or can be improved. Seeds of cultivated and wild relatives of wheat were 
harvested from ears serially at maturity and divided into three treatments: (a) immediately from field to 
drying room (15°C; 15% RH), to minimize time in the field; (b) left in field until final harvest as a single 
sample in a cloth bag; (c) current ICARDA practice, cumulative harvests bulked within a common cloth 
bag in field until the final harvest. Subsequent seed longevity in hermetic storage (45°C, 60% eRH) was 
improved by delaying the collection of the seeds from field in both cultivated and wild relatives of wheat 
in comparison to immediate removal from field and drying. Hence current ICARDA seed harvest 
practices do not damage subsequent seed longevity.  
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Stevia rebaudiana is an industrial crop that produces high amounts of natural sweeteners (steviol 
glycosides - SG) in its leaves. However, its seeds (achenes) are known to have poor germinability limiting 
its large-scale cultivation. On the other hand, it is a short-day species with 12–13h critical photoperiod, 
below which induces precocious flowering. Therefore, we have conducted a morphophysiological 
investigation of viability in stevia seeds followed by the analysis of antioxidant enzymatic activity in 
seedlings under different photoperiods (12/12, 15/9, 16/8h light/dark). The morphophysiological 
analysis confirmed the poor quality of the stevia seed batch analyzed and that only dark seeds may be 
viable. The analysis of antioxidant enzymes indicated that seedlings at vegetative 16/8h photoperiod 
appeared to be under regular homeostatic development. The 15/9h condition seemed to represent a 
transition threshold in which catalase and peroxidase were induced. While the overall analysis of 
antioxidant enzymes showed a drastically altered profile in seedlings under the flowering 12/12h 
photoperiod, apparently due to exposure of reactive oxygen species (ROS)-inductive conditions probably 
resulting from precocious flowering. We may conclude that seed quality evaluation provided relevant 
information concerning peculiarities in using seeds for stevia cropping. While antioxidant enzymatic 
profile provided information in which seedlings grown in light conditions below the critical photoperiod 
appear to face drastic stress, possibly because of the induction of ROS in a stage which the plants 
(seedlings) are still underdeveloped and immature for proper flowering. Overall, our results provide 
useful information apparently related to circadian clock alterations depending on life cycle stage and 
photoperiod. Therefore, determining the need for a proper cultivation system exclusively for high-
quality seed production aiming at large-scale stevia crops for SG production. While future molecular 
studies shall provide insights into the photoperiodic regulation of the circadian clock, flowering, and 
redox homeostasis. 
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Baekdudaegan National Arboretum opened by the Korea Forest Service in 2018 and it has two very 
important facilities, Baekdudaegan Global Seed Vault (BGSV) and Seed Bank (SB) for conservation of wild 
plant seeds around the world. The BGSV is the first facility for backup wild plant seed collections, 
ensuring global genetic diversity. It holds backup copies of collections already stored in seed banks 
around the world that can be used to restore these collections in cases of emergencies or accidents, 
such as forest destruction, climate change, natural disasters, and global catastrophes. It is located at an 
altitude of 600 m and designed as a 46 m underground tunnel type structure. The walls are made of 60 
cm reinforced concrete and triple steel plates. The storage room (–20℃ and RH 40%) has a storage 
capacity of 2 million seed collects. In 2020, the BGSV holds about 100,000 accessions (239 family, 1,493 
genus, 4,751 species) originating from the world. BDNA is also operating SB for wild plant seeds research 
and utilization, which has completely the same storage condition with BGSV and holds about 2,100 
species, 11,000 accessions. Our research is focused on the wild plant seed storage and maintenance of 
seed viability, using the collected seeds by BDNA seed collections team. Finally, BGSV and SB will 
contribute to achieve the Global Strategy for Plant Conservation, one of the Cross-Cutting issues of the 
Convention of Biological Diversity.  

 

Acknowledgement: This study was conducted with the support from the R&D Program for Forest Science Technology (Project 
No. 2021399A00-2125-CA02) provided by Korea Forest Service. 
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Teff (Eragrostis tef) is a cereal grass and staple crop of Ethiopia and Eritrea, where it is mainly cultivated 
for human nutrition but also as fodder for livestock and building material. Teff has several advantages 
over other crops, it can adapt to a wide range of environments such as moisture stress, high rainfall, 
varying soil types, and different altitudes. It is also less prone to diseases and pests compared to maize, 
sorghum, wheat, and barley. Despite this, teff productivity is relatively low. The major factors that 
contribute to the low grain yield are lack of cultivars with high yields, lodging, weeds, waterlogging, low 
moisture and low-fertility conditions. The grains very small size also leads to losses while harvesting, 
threshing and cleaning. For this study, teff seeds will undergo priming treatments, which is a seed 
technology that enhances seed vigour and seedling performance. Using two genetically improved and 
two commercial teff varieties, two types of seed priming will be done. The priming techniques are 
hydropriming and a novel additive priming technology. Teff seeds are then subjected to seedling 
emergence and vigour assays in the lab and the field. The seed lots are pelleted, because the seed 
pellets allow row planting, compared to untreated seeds, which are too small for row planting and are 
scattered onto the fields during sowing. Teff seed priming and pelleting will enable precision-agriculture 
which will lead to an increase in productivity of teff crop farming and will achieve a secure and resilient 
teff food system and economic growth in Ethiopia by Sustainable Intensification (SI) agriculture beyond 
breeding, while addressing the United Nations Sustainable Development Goals 2 (Zero Hunger) and 8 
(Decent Work and Economic Growth). 
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Global climate change is currently affecting environmental conditions and changing the reproduction of 
plants from seeds. Disturbances in germination cause disturbances in the diversity of plant communities. 
Models developed for climate change scenarios show that some species will face a significant decrease 
in suitable habitat area. Adaptations have a genetic basis but the environment determines whether the 
adaptation mechanism will fulfil its task and the plant will produce healthy seeds and seedlings or 
whether the tolerance limits will be exceeded, resulting in disturbances in the reproductive process. The 
emergence of studies investigating the relationship between plant reproduction and global warming 
contributes to understanding plant adaptation mechanisms. Dormancy is an adaptive mechanism that 
affects the probability of survival of a species. The ability of seeds of many plant species to survive until 
dormancy recedes and meet the requirements for germination is an adaptive strategy that can act as a 
buffer against the negative effects of environmental heterogeneity. The influence of climate on seed 
dormancy status underlines the need to understand how changing environmental conditions will affect 
seed germination patterns. Knowledge of these processes is important for understanding plant 
evolution and adaptation to changes in the habitat. The network of genes controlling seed dormancy 
under the influence of environmental conditions is not fully characterized. Integrating research 
techniques from different disciplines of biology could aid understanding of the mechanisms of the 
processes controlling seed germination. This work focuses on presenting the adaptation mechanism of 
tree seed dormancy and germination to the various environments, with emphasis on their prospective 
roles in adaptation to the changing climate. 

 

This research was supported by a grant (Project No. 2019/33/B/NZ9/02660) funded by the National Science Centre, Poland, to 
Pawłowski T.A. 
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Endophytic bacteria are defined as bacteria that live most of their life inside the plant tissues without 
eliciting any pathogenic symptoms. Every, among over 300,000 plant species found worldwide, carries at 
least one endophyte (Smith et al. 2008). Endophytic bacteria may influence plant development as well 
as they may increase the rate of seed germination. In this study, we investigated an endophytic 
bacterium, which was isolated from Stevia rebaudiana surface-sterilized seeds. On the basis the whole 
genome sequencing we found that our strain belongs to Pantoea vagans. We labeled the stain as SRS89 
and deposited the obtained contigs in the GenBank database. We observed promoting potential of the 
isolated strain on host seed germination: after one-hour inoculation 67.5% of the seeds were 
germinated compared to 51% in the un-inoculated control. The (RP)-HPLC analyzes showed that the 
isolated strain is able to synthesize rebaudioside A. It was the only steviol glycoside we identified in 
these bacteria and its concentration reached 4.39 mg/g of dry weight (± 0.2). Our results indicate that S. 
rebaudiana seeds are the source of bacteria that may influence seed germination and may be used as an 
alternative source for rebaudioside A. 

References: Smith SA, Tank DC, Boulanger LA, Bascom-Slack CA, Eisenman K, et al. (2008) Bioactive endophytes warrant 
intensified exploration and conservation. PLOS ONE 3(8): e3052. https://doi.org/10.1371/journal.pone.0003052 
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In recent time, rice productivity in Nigeria fluctuates for many reasons. This is partly due to use of 
commercial seed lots with poor physiological quality. The aim of this study was to identify those 
problems that are associated with the physiological seed quality of commercial rice seed. Fifty samples 
of commercial rice seed lots were collected across the country. The physiological quality was assess 
using parameters such as moisture content, standard germination, bulk conductivity, accelerated 
ageing, seedling vigour analyses, and field seedling emergence. The assessments were conducted in two 
consecutive years. The results obtained showed that across the years mean values for seed moisture 
content was 9.23%, germination percentage was 83.51%, bulk conductivity was 11.36 µScm -1 g-1 and 
one thousand seed weight was 26.13 g. Mean values for  mesocotyl length, coleoptile, primary leaf, 
shoot, and root were 0.84, 0.94, 2.73, 7.91 and 10.25 cm respectively. Mean values for percentage field 
emergence and accelerated ageing germination were 74.54% and 57.89% respectively. Apart from 
hundred seed weight, there were significant correlations among the germination percentage, bulk 
conductivity, accelerated ageing germination percentage, field emergence and shoot length. The seed 
lots had no inherent problem of moisture content and germination percentage except vigour and 
storage potential problems which re-occurred from year to year. Plant Breeders should therefore select 
for high seed vigour in rice improvement programmes to ensure quality rice seed production and 
storage potential.  
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Producing seeds of high physiological quality is key for sustainable worldwide agriculture. Seed 
physiological quality includes dormancy, an intrinsic seed physiological stage that prevents its 
germination even under favorable conditions. To date, a majority of studies on seed dormancy have 
been performed at population scale. This has enabled the characterization of a major quantitative trait 
loci (QTL) regulating seed dormancy, DELAY OF GERMINATION 1. However, seeds produced within one 
plant or even one production unit display physiological differences, including in dormancy depth. In 
nature, this phenomenon is known as bet hedging, a strategy for plants to survive unpredictable 
environmental conditions by producing seeds of various physiological status. Despite its major role in 
nature, bet hedging is an undesirable trait in agriculture. Among others strategies to increase crops 
seeds uniformity is seed priming, a treatment that allows faster and uniform seed germination. 
However, this treatment is costly and primed seeds display lower shelf life. In this project, we aim to 
unravel novel regulators of seed dormancy at single seed level. We analyzed single seed dormancy of 
191 A. thaliana ecotypes. Usually, dormancy is analyzed at population level, using DSDS50 (days of seed 
dry storage required to reach 50% germination). Here, we analyzed single seed dormancy using 
parameters further presented. In addition, we analyzed other physiological parameters such as plant 
height, flowering time, total yield, number of seeds per silique and seed size. Preliminary data validate 
the choice of our ecotypes for GWAS analysis as they display broad differences. In addition, our 
preliminary results present the relation between DSDS50 of the ecotypes and the single seed dormancy 
level. While further analyses are ongoing, we are presenting perspectives of application for seed 
technology. Understanding the molecular mechanisms regulating single seed dormancy could further 
enable to breed novel varieties with reduced seed treatments needs.  

 

This project has received funding from SONATA BIS, granted to Dr Swiezewski, UMO-2018/30/E/NZ1/00354.  
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Crop yield is a direct function of the number of harvested grains, a derivative of plant stand. Meanwhile, 
most soybean farms in Ghana are sparsely populated, reducing the likelihood of obtaining good yields. 
This phenomenon was partly explained by results of a survey of farmer’s soybean seed quality in Ghana, 
which showed an average germination percentage of 45% in some districts and up to seven fungi 
species. In this study, we identified suitable locally available plant-based materials for use as seed 
dressers for enhanced germination and vigour of soybean seed. Seed samples were drawn from two 
seed lots aged 4 (New seed lot) and 16 (Old seed lot) months, and treated with dawadawa husk extract 
(DHE), ash from dawadawa husk (ADH), neem leaf extract (NLE), diluted (2x) neem leaf extract (DNLE), 
neem seed oil (NSO) and moringa leaf extract (MLE). The germination time was shortened by treating 
samples from both seed lots with the organic agents. Germination started at 3 DAP in the New seed lot 
with DNLE and ADH treated seeds recording 13% germination while it began 4 DAP in the Old seed lot. 
Again, in the New seed lot, treatment with NLE had the least number of seedlings at first count (that is 5 
DAP standard germination test). With respect to the Old seed lot, treating with ADH recorded the fastest 
growing seedlings with germinated seedlings showing at 4 days after planting. At first count, DNLE 
treated seeds resulted in the highest germination percentage of 14% compared to the control which was 
1%. Treating seed with these plant extracts generally improve germination and vigour with DNLE and 
ADH giving the best effects. However, these effects were more pronounced in older seeds emphasizing 
the importance of seed treatment before planting when seed lots are old and show low viability. 
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Pteropyrum scoparium (Sidaf in Arabic) is an important medicinal plant that belongs to the family 
Polygonaceae, endemic to the Hajar mountains of the United Arab Emirates (UAE) and Northern Oman, 
and their periphery. Understanding seed traits (e.g., germination, dormancy, quality, storage behaviour, 
and longevity) of endemic species is important for their conservation in ex-situ seed banks. In this study, 
we evaluated for the first time the germination behaviour and quality of P. scoparium seeds collected 
from UAE. The fruits (hereafter seed) were collected from three different populations during 2019-2020 
and experiments were conducted to determine the effects of thermoperiods, photoperiods, and wings’ 
presence on seed germination. Investigation of internal seed structure showed 20% filled seeds in 
population 1, 72% and 92%, in population 2 and population 3, respectively. Seeds of population 2 were 
heavier than population 3 and 1, respectively. Germination percentage and velocity were significantly 
affected by the population, presence of wings, thermoperiods, and photoperiods. The interaction of 
wing presence with the population as well as with temperature had significant effects on seed 
germination. Irrespective of the wings’ presence, seeds of all populations germinated higher under light 
at the lower temperature (15/25 °C). Wing removal significantly enhanced the final germination 
percentage for population 1 at all tested temperatures and light conditions. For population 2, wing 
removal decreased the germination at the higher temperature (25/35 °C) under dark conditions; 
however, the trend was opposite for population 3 under the same conditions. In general, wing removal 
enhanced germination velocity in all populations. The results show that winged-removed seeds have a 
higher germination percentage and rate. It is widely recommended that seed fill must be checked before 
seed sowing, as most of the time, the seed produced could be of inferior viability with few sound seeds. 
The results suggest that environmental conditions prevailing at seed maturation and collection timing 
might affect their germination response. High quality seed collection is necessary for seed banks to be 
used in conservation, research, restoration purposes, and other applications.  
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We examined relationships between life-history traits and patterns of seed germination in 15 native 
Australian plant species of fire-prone Cumberland Plain Woodland. We sought to understand how seed 
mass, seed dormancy, fire response, and life form underpin interspecific variation in germination onset, 
germination duration, and the total proportion of seed germination. Life form was shown to have the 
greatest impact on seed germination responses. Seed mass and dormancy also played an essential role 
in determining seed germination responses, whereas fire response had the least impact. In this 
presentation, I summarise the complex links between life-history traits and seed germination responses 
for these native Australian plant species.  
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Seed priming, used to enhance seed vigour, can be envisaged as a rehydration-dehydration cycle 
(namely controlled imbibition followed by dry-back) that in some cases results harmful to genome 
integrity, compromising seed viability. A careful balance between stimulation of germination and DNA 
damage accumulation versus active repair is one of the key determinants for the design of effective seed 
priming protocols. Overprimed seeds enter irreversible germination, lose desiccation tolerance and do 
not survive dehydration. Mechanisms underlying ROS (reactive oxygen species) scavenging and 
maintenance of genome integrity in the context of seed priming, and in relation to overpriming and dry-
back still need to be fully understood. In the present work, the rehydration-dehydration cycle applied to 
Medicago truncatula seeds, provides an informative experimental system used to gain novel insights 
into the molecular players and ultrastructural features occurring in primed and overprimed seeds 
challenged with oxidative stress and genotoxic injury induced by dehydration, with focus on the DNA 
damage response and ribogenesis. 
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Ricinus communis is a relevant oilseed species. Abiotic stresses as water restriction and saline stresses 
affect physiology by increasing the production of reactive oxygen species (ROS) which are toxic and may 
decrease seed and plant vigor. The elimination of ROS may occur naturally through antioxidant 
enzymatic mechanisms involving enzymes such as superoxide dismutase (SOD), catalase (CAT) and 
ascorbate peroxidase (APX). The present study aimed to evaluate the physiological and biochemical 
antioxidant profiles (SOD, CAT e APX) resulting from two R. communis cultivars (Nordestina and 
Paraguaçu) subjected to water restriction and saline stresses during germination. Water restriction 
(polyetilenoglycol - PEG) and saline (NaCl) stresses were both simulated at -0.23, -0.46, -0.69 e -0.93 
MPa plus imbibition in water (0.0 MPa – control). All assays were with 5 repetitions of 20 seeds at 30ºC 
in continuous darkness. SOD, CAT, and APX antioxidant activity was evaluated at 0, 24, 48 and 72h of 
imbibition at -0.23 MPa since germination was first drastically affected in PEG -0.23 MPa or higher, while 
in NaCl was at -0.69 MPa or higher. The cv. Nordestina presented better germinability under saline 
stress (-0.69 MPa) compared with cv. Paraguaçu. In general, SOD and CAT activities increased only at 
72h in control and saline stress, while SOD and CAT activities demonstrated small variations. APX activity 
showed a different pattern between both stresses in both genotypes. Imbibition under control and 
saline stress demonstrated an increase from 48h imbibition for both cultivars while it decreased in all-
time points under PEG in both cultivars. Our results show different responses to both stresses between 
both R.communis cultivars and how antioxidant enzymes (SOD, CAT, and APX) are involved in the 
response to salt and to water restriction stress during imbibition and germination.  
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Vietnam is located in homeland of cultivated rice species and wild rice species global. This country is also 
known as a cradle of wetland rice civilization in the world. Currently, Vietnam National Plant Genebank 
is conserving more than 10,000 accessions of local rice collection in Vietnam. Mostly importantly and 
significantly, there are flooding rice collection and upland rice collection in Vietnam Plant Genebank. 
Significant difference among them, geographical distribution, flooding rice varieties grow in riverbank, 
estuaries, lagoons where is affected by rise and fall of the tide. This is also meaningful that rice varieties 
could tolerate to salinity stress. And a question is whether this rice germplams could respiratory under 
flooding environment.   For collection of upland rice, they grow in high mountainous areas under 
rainfall. In drought condition, these rice varieties could suspend growth, even if deteriorated. As rained 
fall, rice seed re-grow and develop until harvested. These are valuable traits of rice that is needed to 
build capacity of adaptation to climate change and safeguard food and nutrition security in future as 
well landscapes of Mekong River delta and Northern Vietnam mountainous areas   Database of rice 
germplasm could be identified and developed in a 3-level system: 1. Geographical distribution and 
traditional cultivation behaviors; 2. Phenotypes and 3. Genotypes or in digital system of DOIs and DSI. 
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Chenopodium album is a summer annual weed, which is a highly competitive, widespread and cause of 
significant crop losses. One interesting characteristic of this species is they produce seeds with two 
different colours, black and brown. Black seeds are shown to have thicker seed coats and high 
dormancy, while brown seeds are more salt tolerant and less dormant. These differences permit 
germination under various environments and contribute to their success as a weed at least in part. 
However, differences in other traits, such as temperature preference for germination, sensitivity to 
chemicals, viability, ageing sensitivity, which is often associated with persistence in the soil seed bank, or 
physiological and molecular mechanisms underlying these variations still largely remain uncharacterised. 
To provide an effective strategy to control them, these studies are indispensable. Repropagation of 
seeds in the glasshouse yielded black seeds with a low proportion (1%) of brown seeds. Tetrazolium 
viability test and post-harvest germination assays have confirmed black seeds are more dormant 
showing germination only up to 20% at optimal temperature, whereas brown seeds around 60 %. A 
permissive temperature range for germination for brown seeds was wider (14-32°C) than dormant black 
seeds (18-32°C). However, after-ripened black seeds showed a wider window similar to the brown 
seeds, suggesting that the difference is largely associated with their dormancy levels rather than testa 
colour. Brown seeds displayed lower ageing tolerance highlighted by a greater reduction in gMAX with 
the accelerated ageing treatment than dormant black seeds. Physiological differences between the two 
seed types will be explored using hormone profiling and gene expression analyses to elucidate 
mechanisms behind dimorphic dormancy regulation. These results will provide a basis for establishing 
new tools for weed management. 
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Schinus terebinthifolius (Anacardiaceae) is a species that present medicinal and condiment properties, 
besides recovery of degraded áreas, demanding better understanding of its physiological and 
biochemical behavior during germination, especially under adverse environmental conditions. Thus, the 
objective of this work was to evaluate the germination and antioxidant enzyme activities in seeds and 
seedlings of S. terebinthifolius under diferent water restriction (PEG) conditions at 25ºC. Results show 
that S. terebinthifolius was highly susceptible to water restriction during imbibition and germination, and 
initial seedling establishment, with reductions in Gmax, T50, AUC, seedling length and dry mass starting at 
-0.1 and -0.2 Mpa. No germination occurred from -0.4 MPa or higher. At -0.2 Mpa, SOD, CAT and APX 
activities increased between from 24 to 168h imbibition. There was an increase in activity during the 
first 24h at -0.8 MPa, however, followed by significant reduction at 72 and 168h. Water restriction 
increased CAT activity in cotyledons while a reduction of SOD, CAT and APX activities occurred in 
seedling roots, suggesting that there was an imbalance between the production reactive oxygen species 
(ROS) and the antioxidant system both in seeds and seedlings, possibly leading to cell damage. Our 
results demonstrate the low tolerance of the species to water restriction or osmotic stresses, showing 
that it is a theme of relevance for future conservation and/or breeding program, as well as for 
establishment of protocols for S. terebinthifolius seeds and seedlings production. 
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Humans currently face an extraordinary period of plant biodiversity loss. One strategy to stem further 
losses involves the development of species-level recovery plans that guide conservation actions. Seeds 
represent an important component in the life history of plants and are crucial for conservation activities. 
Yet, most recovery plans contain meager seed biology information. We set out to examine seed 
functional traits and germination niche breadth of Linum arenicola seeds exposed to a range of thermal, 
photoperiodic, and salinity gradients to gain perspectives on the seed biology of this endangered species 
that may inform conservation decision making and assist recovery plan development. We found that 
fresh seeds possess non-deep physiological dormancy, which may be alleviated via a four-week dry 
after-ripening treatment. The germination response of non-dormant seeds was subsequently promoted 
by constant rather than alternating temperatures. The optimum germination temperature range was 
20–22 °C. Non-dormant seeds do not possess an absolute light requirement for germination but are 
sensitive to low levels of salinity (EC50 = 6.34 ppth NaCl). Calculated germination niche breadth values 
(Bn) in response to thermal and salinity gradients ranged from 0.352 to 0.480. These values were closer 
to baseline values than the upper Bn limit of 1.0. Alternatively, the Bn value for non-dormant seeds in 
response to a photoperiodic gradient was 0.993. The narrow thermal and salinity germination niche 
breadths reported here suggest a specialized reproductive strategy that may require careful 
consideration when planning ex and in situ conservation activities. 
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Before the plants resume vegetative development during the so-called seed-to-seedling transition, 
massive reprogramming of the transcriptome and attendant signaling pathways is required. Global 
metabolic rearrangements lead from one side to the initiation of radicle growth and from another to the 
loss of tolerance to desiccation acquired by seeds during maturation. Here we compared the embryonic 
axes isolated from 72h-germinating pea Pisum sativum L. seeds before and after desiccation tolerance 
loss. It was accompanied by a 1.5, 2, and 8-fold increase in the level of hydrogen peroxide, 
thiobarbiturate-reactive products of lipid peroxidation, and ascorbic acid, respectively, with no changes 
in glutathione. Metabolome analysis based on gas- and liquid- chromatography coupled with mass 
spectrometry identified a total of 292 primary metabolites such as amino acids, fatty and organic acids, 
aldonic and uronic acids, polyamines, mono-, di- and trisaccharides, sugar alcohols, mono- and 
disaccharophosphates, 2- and 3-phosphoglycerols, phosphoinositols, lysolipids, sterols, etc. Among 
them, the content of 50 metabolites was lower, and the range of 242 metabolites was higher after 
radicle protrusion with more than a 1.5-fold change at the confidence level of p (adjusted by FDR) ≤ 
0.05. More than 150 semi-polar metabolites with increase over 5-fold at p (adjusted by FDR) ≤ 0.001 
were also identified. Transcriptome analysis has shown 24184 genes with a reliable expression (FDR < 
0.05). Among them, 2516 genes had more than 2-fold change. The expression of genes responsive to 
water deprivation, heat, and oxidative stress decreased, but the expression of genes responsive to 
embryonic development, biotic stress, and secondary metabolism increased. Interestingly, among the 
LAFL network, only PsABI3 had a non-zero expression at the analyzed stages. Integration of the 
transcriptomic and metabolomic data allows a deep insight into the mechanisms behind the desiccation 
tolerance blockage during the seed-to-seedling transition.  

The work was supported by grant no. 20-16-00086 from the Russian Science Foundation using the equipment of Research Park 
of Saint Petersburg State University. 
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Copernicia alba (Morong ex Morong & Britton) is a palm tree native to tropical and subtropical climates, 
commonly named “carandá” or caranday palm, that often grows, forming monodominant populations in 
the Pantanal wetland in Brazil.  Currently, the germination behavior of the “carandá” seeds is still 
limited, as well as seed viability in ex-situ conservation under laboratory conditions. Hence, this study 
investigated the effect of water treatments and a one-year storage period (at 19°C under a relative 
humidity of 45%) on the seed germination of C. alba. For this purpose, we subjected fresh and stored 
seeds to immersion in water at room temperature (~25°C) for 24, 48, and 72 h; and hot water (~75°C) 
for five min and 10 min. Results showed that seeds of C. alba do not have primary dormancy, with fresh 
seeds germinating 84% in the control. Additionally, fresh seeds had a significant increase in germination 
percentage (reaching 100%) and faster germination times after immersion in water for 48 and 72 h. On 
the other hand, hot water treatment decreased germination for both fresh and stored seeds. One year 
of storage reduced the germination capacity by almost 50% compared to fresh seeds. We concluded 
that seeds of C. alba may be easily germinated under laboratory conditions for seedling production, and 
water immersion at room temperature can improve the germination of fresh seeds. However, long-term 
seed storage may jeopardize germination. Future studies should further investigate ex-situ conservation 
of seed of C. alba under extended periods considering seed moisture content and alternative storage 
conditions, to improve seed conservation techniques.  
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Extreme dry seed thermotolerance is an important trait in the context of plant adaptation to desert 
environments, yet the mechanisms underlying interspecific differences in seed extremophily remain 
little understood. Comparative transcriptome analyses of extremophile Cactaceae species suggested 
that higher dry seed thermotolerance is realised through enhanced recovery from heat stress during 
imbibition, which is a critical stage in the plant life cycle. In particular, we observed upregulation of 
positive (HSP101/CLPB1, MGE2, MBF1c, HSFB2A, RPN1a, RPT2a, DEGP14/PARK13, XPO1A, 
MAIGO2/MAG2, CAMTA1, ADH1) and downregulation of negative (RCF3, VOZ1, FAD7, ZAT12, RNP1) 
heat and drought tolerance regulators in the more heat tolerant Cactaceae species. 

In addition, several Aizoaceae species showed an increase in total germination following dry heat 
treatment. The physiological seed coat-imposed dormancy of Mesembryanthemum crystallinum and 
Ruschia imbricata seeds was found to be broken significantly by dry heat exposure. However, timing of 
post-flowering seed collection did not affect initial dormancy depth or dormancy-breaking rates by dry 
heat in R. imbricata. An observed elevation in H2O2 levels following dry heat treatment in M. 
crystallinum seeds, possibly enabled by enhanced oxygen uptake through increased seed permeability, 
indicates a potential mechanism by which physiological dormancy is released in these species. 

Finally, we present insights into the gene expression patterns involved in the response to suboptimal 
temperature during seed imbibition in an endangered tropical palm species (Pseudophoenix ekmanii). As 
seen previously for imbibition at supra-optimal temperature in temperate species, we observed up-
regulation of ABA biosynthesis genes, ABA-responsive genes, as well as other genes known to play roles 
in physiological dormancy and inhibition of germination. Therefore, there seem to be overlaps between 
inhibition of germination by supra- and sub-optimal temperatures in temperate and tropical species. 
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Eupatorium odoratum and Eupatorium Coelesticumare are both the most notorious invasive in South 
Yunnan, Southwest China, where they demonstrate a mosaic distribution, i.e., Eupatorium odoratum is 
tropical, growing at low latitude and/ or low altitude while Eupatorium Coelesticum is temperate, at high 
latitude and/ or high altitude. We hypothesized that seed high-temperature tolerance may contributes 
to their mosaic distribution, and we wonder how high temperature works on seeds, e.g., seed longevity 
in soil seed bank, seed germination or seed development, or all of them. In this study, three seed lots of 
Eupatorium odoratum collected from Menglun (low latitude and low altitude) in Xishuangbanna, 
Kongmingshan (low latitude and high altitude) in Xishuangbanna, and Puer (middle latitude and high 
altitude), and three seed lots of Eupatorium Coelesticum collected from Kongmingshan in 
Xishuangbanna, Puer, and Kunming (high latitude and high altitude), were used to study their tolerance 
to high temperature. Lab seed experiments were carried out to investigate seed germination at constant 
temperature regime of 10-40°C, and at daily alternative temperature with 1-15 h at 40°C, and changes in 
seed viability after incubated at 40°C for 1-14 days, and after heated for 30 min at temperature of 30-90 
°C. Our results revealed both inter- and intra-species variation in seed high-temperature tolerance of 
these two invasive species, i.e., Eupatorium odoratum seeds as a whole exhibited higher tolerance to 
high temperature, and those from low latitude and/ or low altitude had better performance than those 
from high latitude and/ or high altitude, conversely, Eupatorium Coelesticum seeds from high latitude 
and/ or high altitude performed better than those from low latitude and/ or low altitude. It was 
concluded that high temperature may affect Eupatorium odoratum and Eupatorium Coelesticum 
distribution through seed development, seed aging in soil seed bank and seed germination.  
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In small seeds, light often promotes germination and longer-term exposure to darkness reduces light 
sensitivity. In cacti inhabiting harsh environments a rapid response to light exposure is potentially 
advantageous for seedling establishment. We exposed dark imbibed seeds of the cactus Cereus 
repandus to doses of RED light and far-red (FR) light. The seeds exhibited positive photoblastism to 
white light and to RED light. Although the initial levels of germination varied between seed lots, the 
sensitivity to increasing RED dose did not. As little as 5 min per day for four days was sufficient to 
saturate the light requirement for germination. The effects of RED light were reversed by FR exposure as 
long at the interval between RED and FR did not extend to two days, by which time the seeds had 
‘committed’ to germinate. Dark incubation for one to two weeks prior to RED exposure reduced light 
sensitivity in two seed lots such that RED only promoted c. 20% germination. Phytochrome is assumed 
to mediate the reversibility of the RED:FR response. High sensitivity to light spectral quality suggest 
seeds of Cereus repandus are able to germinate quickly in high-quality microsites, but seed burial or 
shading may commit the seeds to form a soil seed bank. The photo characteristics of the germination 
trait in this species is typical of many small seeded species of the drylands.  

  

  

mailto:yxy@mail.kib.ac.cn


 
 

123 
 

Effects of daily mean temperature and temperature range on germination of Aster scaber and 
Dendranthema zawadskii 

Young Ho Jung, JunHyeok Kim, Chung Youl Park, Da Hyun Lee, Hyeon Min Kim, Kyeongmin Kim, Hee Ho 
Lee, Yu Kyung Lee, Chae Sun Na 

Division of Wild Plant Seeds Research, Baekdudaegan National Arboretum, Bonghwa-gun, 
Gyeongsangbuk-do, Republic of Korea  

jyh5250@kiam.or.kr 

This study was conducted to evaluate the effect of various temperature conditions on the germination 
of Aster scaber and Dendranthema zawadskii, seeds used for restoration in Korea. Temperature 
conditions were divided into day/night (12/12 h) using a thermal gradient plate. The experiment was 
performed by setting 28 temperature conditions in the range of 5 to 35 ℃. Seeds were placed in 1% agar 
medium and the number of germinations was counted for 30 d at each temperature condition. The 
relationship between the germination rate (GR) and the temperature condition was analysed by dividing 
it by the daily mean temperature (DMT) and daily temperature range (DTR). To analyse the continuous 
germination characteristics between temperature conditions and GR, multiple and nonlinear regression 
analyses were used to express the relationship between temperature conditions and relative GR in an 
equation. The average GR for A. scaber and D. zawadskii was 26.4 ± 11.7% and 88 ± 20.1%, respectively. 
The temperature condition with the highest GR for A. scaber was at 15/10 ℃ (day/night) and the lowest 
GR was constant at 35 ℃. The GR for D. zawadskii was 100% under 11 of 28 temperature conditions 
tested. For A. scaber, the temperature condition with the lowest GR was constant at 35 ℃. DMT and 
DTR results were significantly different for both species. The temperature condition that had a 
considerable effect on A. scaber germination when DMT was 15.5 ℃ and DTR was close to 7.6. The 
temperature condition that had a considerable effect on D. zawadskii germination when DMT was 
14.8 ℃ and DTR was close to 7.6 ℃. 
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Sdr4 gene of rice has been revealed as a positive regulator of seed dormancy from pre-harvest sprouting 
QTL analysis. In this study, we analyzed loss-of-function mutants of Sdr4-like (SFL) genes in Arabidopsis 
thaliana to understand physiological and molecular function of Sdr4/SFL in seed dormancy and 
germination. In contrast to rice Sdr4, SFL1(also known as ODR1) has been shown to have negative 
effects on Arabidopsis seed dormancy. We analyzed SFL1 and three paralogues of SFL1, SFL2, SFL3 and 
SFL4, and found redundant negative effects on dormancy of dry mature seeds. Interestingly, a part of 
the sfl1 seedlings showed growth arrest phenotype that was alleviated by after-ripening and cold 
stratification of the seeds. In accordance with the phenotype, enhanced and heterochronic expression 
of master regulators of seed maturation (LAFL: LEC1, ABI3, FUS3, LEC2) and dormancy (DOG1) were 
observed in the seeds and the growth arrested seedlings of sfl1, respectively. Surprisingly, pre-mature 
developing seeds of sfl1 were highly germinable as rice sdr4 grains, and the expression of maturation 
and dormancy regulator genes were suppressed in the developing seeds. These results suggest that SFLs 
have regulatory function on LAFL and DOG1 expression, and play a significant role in establishment of 
dormancy during seed maturation, stimulation of germination and seedling establishment during 
imbibition of dry mature seeds.  
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