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Abstract 

An important part of plant growth is seed germination, which is a significant factor in plant 

production. Changes in physiology, biochemistry, and molecular structure are closely linked to 

seedling survival and growth, which in turn affects production and quality. These metabolic 

processes include reserve mobilization, phytohormonal control and the glyoxylate cycle and 

respiration process, all of which may lead to the most effective experimental improvements if 

they are studied under both stressful and non-stressful settings. To prepare reserve food for 

embryo absorption, seed imbibition activated numerous metabolic processes such the creation of 

hydrolytic enzymes. This resulted in the hydrolysis of reserve food into a simple accessible form. 

Seed germination and seedling establishment may be affected by abiotic challenges, such as a 

reduction in water availability, changes in the mobilization of stored reserves, hormonal balance 

disturbance, and protein structural alterations. 
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1. Introduction  

Biomechanics play an important role in a plant's life cycle at numerous points. This includes 

everything from conception through seed or fruit propagation, all the way through fertilization 

and the mechanics of pollen tube creation. In order for seed germination to occur, cells and 

tissues must undergo significant and precise modifications if the process is to be successful. Seed 

germination is defined as the emergence of the embryonic axis from the seed after it has 

absorbed water. It is possible to consider seed germination to be a factor of plant production 

since it is an important step in plant growth. Radicle protrusion is the end result of water 
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ingestion, food reserve mobilization, protein synthesis. Seeds have a food reserve that consists 

mostly of proteins, lipids, and carbs. Oilseeds contain a significant amount of protein and oil 

bodies, which serve as a source of energy, carbon, and nitrogen for young plants. Studies are 

needed to better understand how reserve food is mobilized during germination and post-

germination activities in order to get insights on the capacity of such seeds to be used as planting 

materials. The availability of water is critical to enzyme hydrolysis of protein, lipid, and 

carbohydrate, as well as the transport of metabolites. 

Seed and fruit germination is dependent on the balance between two opposing forces: the 

development potential of the embryonic axis radicle–hypocotyl growth zone and the constraint of 

the seed-covering layers endosperm, testa, and pericarp. There are a variety of seed tissues, each 

with its own unique cell wall composition and water absorption capacity, that make up 

composite materials. The biomechanics of embryo cell development during seed germination 

depend on irreversible cell wall loosening followed by water intake owing to lowering turgor, 

and this leads to embryo elongation and finally radicle emergence. In angiosperms, the 

endosperm weakens as a precondition for radicle development. 

Physics and chemistry govern all living beings and processes, as well as their interactions with 

each other. Understanding these fundamental principles will help us better understand the 

functions of biological elements and structures in the living world. ” One of the fastest-growing 

scientific fields is plant biomechanics. New discoveries in biological materials are being made 

thanks to new methodologies previously applied in material science. The mechanical 

characteristics of plants are strongly reliant on water content and are a result of interactions 

between cell wall, entire cell, tissue, and organ features.  

To prepare reserve food for embryo absorption, seed imbibition activated numerous metabolic 

processes such the creation of hydrolytic enzymes. This resulted in the hydrolysis of reserve food 

into a simple accessible form. Seed germination and seedling establishment may be affected by 

abiotic challenges, such as a reduction in water availability, changes in the mobilization of stored 

reserves, hormonal balance disturbance, and protein structural alterations. Genetic, molecular, 
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and invigoration therapies, together referred to as "priming treatments," have been used to 

improve seed quality in recent years. The buildup of H2O2 and the oxidative damage it causes, 

together with a corresponding drop in antioxidant systems, might be considered a stressor that 

can inhibit germination. As a primary goal of seed priming, it is intended to reduce the amount of 

external water potential that the seed is exposed to, or to shorten this period. 

To put it another way, a seed program is a set of actions and procedures taken to ensure that 

farmers have access to high-quality seeds and that these seeds are used by a large number of 

them. 

A seed program/industry needs to be organized, implemented, and developed in a way that 

ensures its long-term viability in light of the tremendous advancements in agricultural production 

in certain nations as well as those that are just beginning to take off. The formation of seed 

programs and most of the failures or near-errors may be ascribed to failures in either identifying 

or providing for the correct development of these requisites. 

Seed germination and its biophysical characteristics 

In the angiosperms and gymnosperms, seeds and in many cases seed-harbouring fruits have 

developed as the characteristic means of dissemination and proliferation. Different seed and 

embryo types have been identified, and their unique compartments and tissues play key roles in 

seed germination and seedling establishment, as has been shown. Most angiosperm species' 

mature seeds have a seed-covering layer or layers that protect the diploid embryo. The seed coat, 

which is made up of a live triploid endosperm and a dead diploid maternal testa, is essential for 

germination because it regulates the germination process. Pericarp layers further protect the seed 

when dry fruits are disseminated. 

Seeds' fracture toughness, impact damage, tensile strength, and other mechanical qualities have 

been extensively studied in food science. It has mostly been done with seeds or fruits of beans, 

olives, walnuts, sunflowers, cumin and wheat that have been used for testing. These 
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measurements mostly established the effect on mechanical characteristics of varying moisture 

levels. 

There are two stages to germination: first, a seed takes in water, and then the embryonic axis, 

generally the radicle, begins to grow out of the seed. Examining the factors that influence and 

control embryonic growth, particularly in seeds with embryos encased in endosperm and testa 

tissues that limit growth. Germination may be predicted using thermal time, hydrotime, and a 

combination of both. As a result of these population-based models, it has been found that the 

time of germination is tightly linked to physiologically defined temperature and water potential 

thresholds that vary across individual seeds in a population. 

These findings show that increasing moisture content decreases fracture toughness, which affects 

seed germination by altering characteristics of seed/fruit coatings, weakening of the endosperm, 

and decreasing embryo development potential.The earliest obvious symptom of germination in 

papaya is breaking of the seed coat, followed by rupture of the endosperm. In contrast to 

treatments that stimulate or restrict germination, removing the seed coat had no effect on the 

mechanics of seed dormancy. 

The seed's exterior environment is interfaced with the seed's outer seed coverings, which are 

essentially dead tissues. They play an important function in preventing the embryo from being 

damaged by the environment. The coat-imposed seed dormancy also has a mechanical role in 

regulating germination time. In many species, a layer of endosperm is sandwiched between the 

embryo and the dead outer tissues. Mechanical restraints are just one aspect of the endosperm or 

testa's coat-associated mechanisms. Other functions include controlling water uptake, preventing 

abscisic acid (ABA) from being leached from the endosperm and/or testa, and preventing gas 

exchanges that may cause oxygen deficiency in the embryo. 

Seeds with PY have water-impermeable exterior coatings that prevent water from being 

absorbed. There are numerous legume seed coverings that are impervious to water due to the 

presence of one or more palisade layers of lignified malphigian cells firmly packed together and 
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saturated with phenolic and suberin-like compounds that are water-repellent.PY is released by 

specific environmental stimuli, causing the water-gap to be permanently opened. The mechanical 

mechanism of water-gaps comprises a predetermined breaking point and serves as an 

environmental signal detector. Chilling and low-alternating temperatures are necessary for the 

opening of the lens in many legume seeds. 

When seeds of Ipomoea spp. germinate in hot, wet conditions, the water-gap opens mechanically 

due to pressure generated by trapped water vapour and heat, whereas when seeds germinate in 

hot, dry conditions, the dry heat shrinks the hilar pad. This explains why seeds germinate 

mechanically in hot, dry conditions. 

Determining Seed Moisture 

A seed's moisture content is the percentage of water it contains. Accurate moisture content 

measurements are essential for determining the optimal harvest time, storage conditions and seed 

lifespan. 

When it comes to seed quality and storage life, seed moisture content is the most important 

factor to consider. Mold development, thermal damage, aging, and an elevated insect image all 

contribute to a faster decline in viability when there is a high moisture content. Additionally, 

seed moisture content is intimately linked to a number of physiological aspects of seed quality. 

In terms of seed maturation, optimal harvesting time, mechanical damage, artificial seed drying 

economics, and seed lifetime and pathogen infestation, this is one example of a connection.Seed 

moisture content can have a significant impact on how long seeds can be stored. As a result, the 

moisture content of each accession must be determined in order to make an accurate prediction 

of its potential storage life. 

Seed germination and hydrolytic enzymes 

The seed's carbon skeleton and energy supply are both provided by the seed's intercellular 

bodies, which include stored carbohydrates, proteins, fats, and phosphate. Imbibition initiated a 
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number of metabolic steps, including activation or manufacture of hydrolytic enzymes, which 

resulted in the hydrolysis of stored starch and other storage resources into simple accessible form 

for embryo intake. Activation and hydration of mitochondrial enzymes involved in the Krebs 

cycle and electron transport chain may also be caused by increased oxygen consumption. 

Storage seed proteins are degraded by hydrolysis 

Germinating seeds use a lot of protein, and proteolytic enzymes play a major part in the process. 

When germinating beans initially germinate, their proteolytic activity increases, which is in part 

reliant on the embryonic axis. Many seeds have been shown to contain proteases and peptidases 

during germination, but proteinaceous plant protease and amylase inhibitors are disappearing. 

Endosperm antitryptic and antichymotryptic activities were significantly decreased in finger 

millet on germination due to hydrolysis of inhibitory proteins by proteolytic activity. The 

germination process progresses as a result of the release of amino acids from stored proteins, 

which aid in protein synthesis in the endosperm and embryo. Vetch seed imbibition results in an 

early drop in free amino acids, which is due to leakage from the axis, but these amino acids stay 

unchanged during the latter stages of germination. 

Abiotic stress affects seed germination metabolism 

Numerous systems have evolved in plants to detect environmental changes, respond, and adapt 

to those changes. If development is hampered, plants activate tolerance mechanisms at the 

molecular, tissue, anatomical, and morphological levels of organization. They also modify the 

membrane system and the cell wall architecture, change the cell cycle and cell division rate, and 

fine-tune their metabolic processes. Many genes are activated or repressed by abiotic stress, 

resulting in a precise control of large stress-gene networks at the molecular level. 

There are a number of abiotic factors that may impact seed germination, seedling growth and 

development, including salt, drought, heavy metals, pollution, heat and more. There is a 

correlation between a person's genetics and the level of their stress. Plants have devised unique 

tactics, such as a strict germination control, to ensure the survival of their species. Activation of 
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the kinase cascades and changes in intracellular Ca2+ were well-known early stress signals, as 

were changes in secondary signaling molecules such as inositol phosphate and ROS. 

There are numerous biochemicals and cellular processes initiated by seed ingestion that are 

related to germination, including the reactivation of metabolism, the restart of cellular respiration 

and the biogenesis of mitochondria, the translation and/or degradation of stored mRNAs, DNA 

repair, transcription and translation of new mRNAs, and the onset of reserve mobilization. When 

intracellular and extracellular production spikes early on, ROS (mainly H2O2) accumulate as a 

result of these events. 

Embryonic growth biomechanics 

In addition to the turgor pressure generated by water intake into the vacuole, the stiff cell wall of 

plant cells offers stability. Plant cells must expand in a regulated manner in order to grow. 

Cosgrove's evaluation provides an excellent explanation of the procedure. A non-linear 

viscoelastic substance capable of expanding plastically is likely to be found in the main cell 

walls of plants. The irreversible cell expansion is caused by reducing the turgor in the cell wall, 

which results in an increase in water intake. When the cell wall is loosened, the polymers in the 

cell wall slip apart, allowing water to enter the vacuole and expand the cell. Expansins, endo-

(1,4)—D-glucanases, and apoplastic reactive oxygen species have all been identified as potential 

players in the cell wall loosening process (aROS). The low water potential ('dry' condition) 

induces fast water absorption caused by the matrix potential when a quiescent seed is imbibed. 

There are three stages to this process: osmotic water intake, activation of metabolism, and cell 

expansion growth. Zones of embryonic development have been discovered. 

The embryo's development capacity must expand and surpass the constraint in order for 

germination to be complete. An increase in embryo cell wall extensibility, which allows for 

plastic rather than elastic wall expansion, and a decrease in the constraints of the embryo-

covering layers are the two ways this happens. Inhibition of ABA reduces the embryo's 

development capacity and cell expansion growth, as well as the endosperm's ability to resist 
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weakening. As with the weakening of micropylar endosperm cell walls during germination, 

similar biochemical pathways also support the endosperm rupture-inducing weakening of 

endosperms. Disruption of cell adhesion (cell separation) and localized PCD are further signs of 

endosperm deterioration. 

Seed germination reactivates the respiratory system 

Anaerobic respiration is primarily responsible for the early liberation of seed-stored food at the 

commencement of germination. Anaerobic respiration is made possible by enzymes like 

dehydrogenases that aren't activated in aerobic circumstances. As a cofactor, NAD+, NAD+ 

phosphate, or riboflavin can be used to facilitate the transfer of electrons from substrates to 

oxygen via the electron transport chain, which is facilitated by the dehydrogenase. Alcohol 

dehydrogenase, lactate dehydrogenase, and succinate dehydrogenase have been demonstrated to 

be involved in the anaerobic respiration of lipids and carbohydrates, respectively. Oxidation of 

succinate to fumarate by succinate dehyrogenase is strongly linked to the inner mitochondrial 

membrane. Reversible oxidation of lactate to pyruvate occurs in the presence of lactate 

dehydrogenase, which utilizes NAD+ as an enzyme cofactor. Anaerobic respiration has been 

seen in seeds in their resting and germination phases. Dehydrogenases were shown to be active 

for the first three days of cowpea seed germination. 

When seeds germinate, their respiration rate increases as glycolytic activity increases. The flow 

through glycolysis is also influenced by the activity of the OPPP route, which transfers the 

products of glycolysis to this pathway and returns them to glycolysis. Seeds use sugars and other 

molecules as a source of energy for respiration during germination. When endosperm starch is 

degraded, both - and -amylases are involved. 

It is an ideal time to research mitochondrial development during seed germination. 

Mitochondrial transcripts encoding proteins and protein quantity increased significantly during 

the first three hours after seed imbibition, accompanied by alterations in their activities, 

according to prior transcriptome investigations. Outer membrane channels TOM40 and 
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TIM17/22/23 families were shown to be differently expressed during the first 48 hours of seed 

imbibition compared to dry seed. 

Anaerobic settings have a large drop in mitochondrial import capacity compared to aerobic 

conditions. This suggests that the capacity of the import route (aerobic respiration) must be 

entirely dependent on oxygen (aerobic respiration). There was evidence that three members of 

the TIM17/22/23 family were up-regulated by 6–14 folds when exposed to the anaerobic 

environment as well as a decrease in proteins involving the import apparatus in mature 

mitochondria, which may indicate an accumulation of these import proteins in the dry seed that 

would serve as donors for the TCA cycle and the electron transport chain after 2 hours of 

imbibition. 
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