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Editorial on the Research Topic

Molecular regulation of seed development and storage reservemetabolism
in crops
The life cycle of plants consists of distinct growth phases that are regulated by genetic

programs. One important stage is the transition from vegetative growth to reproduction,

which involves the regulation of several genes (Raihan et al., 2021). Another crucial phase is

seed development and maturation, which is essential for the reproductive success of plants

(Eskandari, 2012). During this phase, seeds accumulate storage reserves such as proteins,

triacylglycerols (TAGs), and starch, which impact seed quality and viability (Manan et al.,

2017). During seed maturation, desiccation and dormancy induction are also important

physiological phenomena. Understanding the genetic mechanisms behind seed

development and storage substances is important for agricultural production as it

influences crop yield and nutritional value.

The global challenge of feeding a growing population requires the cultivation of high-

yield crops. To achieve this, researchers are conducting extensive studies to better

understand plant development (Hilty et al., 2021), nutritional quality enhancement

(Gaikwad et al., 2020), and the potential for increased yield (Edgerton, 2009). The goal

is to develop crop varieties that not only have higher yields but also greater nutritional

value. To achieve this, further exploration of plant development, embryogenesis, and the

mobilization of storage substances in important crops such as wheat, soybean, maize, and

rice, is still required (Guo et al., 2022). Additionally, there are several unanswered questions

regarding the relationship between protein, oil, and carbohydrate biosynthesis in seeds

(Manan et al., 2023). Additionally, the coordination of transcription factors and their

downstream target genes and how they regulate various phytohormones such as abscisic

acid, gibberellin, cytokinin etc. during plant development and reproduction (Brocard-

Gifford et al., 2003; Manan and Zhao, 2021).

This Research Topic in Frontiers in Plant Science, Sections ‘Plant Metabolism and

Chemodiversity’ and ‘Crop and Product Physiology’ discusses the genetic basis of seed

growth, maturation, and dormancy. This Research Topic features 7 articles, including five

original research articles and two reviews contributed by experts in the field. These articles

mainly focus on seed biopriming, seed development, molecular regulation of seed storage

components, and impact of stress on plant yield.
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Over the past 10,000 years, the domestication and selective

breeding of seed plants have played a crucial role in sustaining the

human population. However, our understanding of the biological

mechanisms that regulate seed development, evolution, physiology,

and yield is still incomplete (Gupta et al., 2022). During seed

maturation, various changes occur in the seed tissues, resulting in

the production of storage compounds. Biosynthesis, accumulation of

storage reserves, plant development, plant growth and regulation of

physiological characteristics of plant such as height, leaf shape etc. are

all interlinked processes. Cardenas-Conejo et al. found enriched

pathways related to triterpenes, sesquiterpenes, and cuticular wax

biosynthesis in three B. orellana accessions, indicating a complex and

highly coordinated process of metabolite biosynthesis. Advancements

in sequencing technologies, as demonstrated by Tayade et al., have

revolutionized functional genomic research, providing insights into

the genetic and molecular basis of yield traits in economically

important crops. Furthermore, technological advancements and

advanced analytical instrumentation have greatly enhanced our

understanding of complex biological processes. Metabolites play a

crucial role in regulating physiological mechanisms and

understanding of biological phenomena. Integration of

metabolomics with sequencing data, as discussed by Oh et al., can

provide more substantial evidence how genetic variants respond to a

specific stress and its effect on the metabolic processes. The

application of metabolomics can be instrumental in ensuring the

safety and effectiveness of transgenic crops.

Abiotic stresses, such as drought, cold, and heat, directly affect

plant development and yield (Fahad et al., 2017). The involvement of

phytohormones, such as auxin (Wang and Irving, 2011), gibberellins

(Vishal and Kumar, 2018), cytokinins (Wu et al., 2021), and abscisic

acid (Emenecker and Strader, 2020), in regulating seed size and yield

is well-established. Phytohormones act as chemical messengers,

helping plants withstand both abiotic and biotic stresses by

regulating a complex system (Zhu, 2016). The biopriming

technique aids in selective absorption of soil nutrients and

maintains membrane stability and chlorophyll synthesis

(Chakraborti et al., 2022). Shaffique et al. demonstrated that

inoculating the SH-8 bacteria in the rhizosphere is a sustainable

strategy for improving drought tolerance through growth promotion,

phytohormone and antioxidant production. This strategy increases

plant biomass and germination while minimizing crop oxidative

stress. Excessive UV radiation can detrimentally impact plant

growth and metabolism. Studies have shown that even low levels of

UV-B exposure can trigger gene activity and affect agronomic and

physiological parameters in plants, including plant height,

photosynthetic rate, and nutrient synthesis (O’Hara et al., 2019;

Rodrıǵuez-Calzada et al., 2019). Additionally, it increases the

expression of structural genes for anthocyanin synthesis, leading to

higher nutrient content in tubers (Henry-Kirk et al., 2018). Wu et al.

found that appropriate UV-B radiation enhanced oxidative stress

tolerance and improved the yield and quality of potato tubers.

Nickel (Ni) is a micronutrient necessary for plant growth because it

is active site of urease enzyme; however, its high concentrations can be

toxic (Amjad et al., 2020). In plants two forms of urease are present one

in seeds (highly active) and other in vegetative tissues (less active) and

play important role in nitrogen cycling, synthesis of amino acids and
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other nitrogen compounds. (Fabiano et al., 2015). A study has shown

that elevated Ni levels in plants lead to oxidative damage, resulting in

increased hydrogen peroxide and malonaldehyde levels (Baccouch

et al., 2001). However, sweet potato plants have been observed to

tolerate moderate Ni treatment (up to 15 mg/L) by reducing oxidative

stress, as observed by Kumar et al., indicating that low Ni-

contaminated soil benefits sweet potato growth. Furthermore, sweet

potato can potentially be utilized as a phytoremediator in moderately

Ni-contaminated soil. Initial phases of plant growth highly depend on

soil properties such as moisture, porosity and nutrient supply. Plant

growth-promoting rhizobacteria (PGPR) helps to regulate nitrogen

fixation, production of growth hormones like indole acetic acid,

production of exopolysaccharides, and lower soil pH to provide a

sustainable agroecosystem under normal and stress conditions.

Similarly, biochar (BC) has the potential to enhance soil quality,

mitigation of organic and inorganic pollutants to alleviate salinity,

heavy metals and drought. In maize the addition of corn cob BC

increases the seed germination, seedling growth and improves the

antioxidant activity of plants (Ali et al., 2021). Gul et al., investigated the

effects of BC and PGPR, both individually and in combination, on the

growth, physiology, and biochemical traits of barley plants under

drought stress. The results demonstrated that the combine use of

PGPR and BC significantly alleviated the adverse effects of drought,

and led to improvement in shoot length, biomass, seed germination,

and physiological traits. The synergistic interaction between PGPR and

BC also increased the activity of antioxidant enzymes and enhanced

soil fertility. These findings suggest that the implementation of BC and

PGPR can enhance crop production in water-deficient areas.

In summary, this Research Topic explores the essential

information related to seed metabolism. It also presents

innovative approaches such as seed biopriming, BC and PGPR

treatment to improve stress tolerance, as well as low UV-B

treatment to boost crop yield.
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Rodrıǵuez-Calzada, T., Qian, M., Strid, Å., Neugart, S., Schreiner, M., Torres-Pacheco, I.,
et al. (2019). Effect of UV-B radiation on morphology, phenolic compound
production, gene expression, and subsequent drought stress responses in chili
pepper (Capsicum annuum L.). Plant Physiol. Biochem. 134, 94–102. doi: 10.1016/
j.plaphy.2018.06.025

Vishal, B., and Kumar, P. P. (2018). Regulation of seed germination and abiotic
stresses by gibberellins and abscisic acid. Front. Plant Sci. 9. doi: 10.3389/
fpls.2018.00838

Wang, Y. H., and Irving, H. R. (2011). Developing a model of plant hormone
interactions. Plant Signal Behav. 6, 494–500. doi: 10.4161/psb.6.4.14558

Wu, W., Du, K., Kang, X., and Wei, H. (2021). The diverse roles of cytokinins in
regulating leaf development. Hortic. Res. 8, 1–13. doi: 10.1038/s41438-021-00558-3

Zhu, J.-K. (2016). Abiotic stress signaling and responses in plants. Cell 167, 313–324.
doi: 10.1016/j.cell.2016.08.029
frontiersin.org

https://doi.org/10.3390/app112411666
https://doi.org/10.3390/plants9010005
https://doi.org/10.1081/PLN-100103805
https://doi.org/10.1104/pp.011916
https://doi.org/10.1016/j.stress.2021.100052
https://doi.org/10.1104/pp.108.130195
https://doi.org/10.3390/biom10020281
https://doi.org/10.3389/fpls.2015.00754
https://doi.org/10.3389/fpls.2017.01147
https://doi.org/10.3389/fnut.2020.533453
https://doi.org/10.3389/fpls.2022.887980
https://doi.org/10.1007/s10725-022-00827-8
https://doi.org/10.1111/pce.13125
https://doi.org/10.1111/nph.17610
https://doi.org/10.3389/fpls.2017.01604
https://doi.org/10.3390/agronomy13112810
https://doi.org/10.1071/FP19260
https://doi.org/10.1039/c9pp00151d
https://doi.org/10.3390/epigenomes5040024
https://doi.org/10.1016/j.plaphy.2018.06.025
https://doi.org/10.1016/j.plaphy.2018.06.025
https://doi.org/10.3389/fpls.2018.00838
https://doi.org/10.3389/fpls.2018.00838
https://doi.org/10.4161/psb.6.4.14558
https://doi.org/10.1038/s41438-021-00558-3
https://doi.org/10.1016/j.cell.2016.08.029
https://doi.org/10.3389/fpls.2023.1348252
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	Editorial: Molecular regulation of seed development and storage reserve metabolism in crops
	Author contributions
	Conflict of interest
	Publisher’s note
	References


