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Abstract: The manuscript presents the review of the impact of dormancy, seed storage, and pathogens on seed
quality of perennial grasses and forage legumes. The outcomes of earlier studies to enhance the germination of
seeds from these species are listed. Numerous studies around the world show that seed dormancy,
environmental conditions, storage time after seed harvest, and the presence of pathogens on seeds, affecting
the reduction of seed quality of these two groups of plants. This article discusses the possibility to partially or
fully controlling impact of different factors on seed quality. Tests and experience of the presence of pathogens
(especially Fusarium spp.) indicates a small percentage of infected seed of perennial grasses and legumes, which
would not justify the cost of fungicides during seed processing. By applying the optimal concentration of acid
in the seed, in combination with the time of exposure, it is possible to improve seed germination for more than
25% in forage grasses and legumes. Similar effects on the increase seed germination of both groups of plants
can be achieving by optimal temperature treatments. Mechanical damage to the seed coat on the seeds of these
crops can potentially increase germination, but new approaches are also being investigated.
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1. Introduction

Since the beginning of plant cultivation, seeds have been the cornerstone of agriculture and
human nourishment. The seed industry had a significant role in the tremendous advancements in
agriculture and, every year, there is a greater requirement for high-quality seeds [1]. Excellent quality,
starting with genetic purity, germination energy, and total germination [2], as well as that the seed is
in good health and is not contaminated by pests or illnesses that harm plants [3], are the main
requirements for effective seed production. Despite, there is a possibility that there will not be a high
percentage of germination of seeds sown in the field due to unfavorable conditions for germination
[4]. The causes of this occurrence might be brought on by outside factors [5], but in some species
seed dormancy is one of the main reasons for non-germinating seeds after sowing [6]. Also, immature
seeds may have less viability and germination is greatly influenced by the stage of seed development
throughout the storage period [7].

In general, seed dormancy is a biological trait that allows species to germinate when
environmental conditions are favorable [8]. Thanks to this trait many species survive in nature [9].
Although seed dormancy is one of the most studied traits, not all aspects of the complex mechanism
of seed dormancy are known [10]. The seed engages in a number of physiological activities even if it
is dormant prior to planting. This process is regulated by various aspects, and also, it seems to be a
lot of variety in plants within the same species, both in terms of dormancy and germination as well
as possible improvements in germination [11].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Six broad categories of seed dormancy, and dormancy types are discussed in relation to seed
species [12]. Dormancy is the result of a characteristic of seeds, called organic dormancy which can
be classified as either endogenous or exogenous in general. Although the majority of seed biologists
are unaware of the many types and combinations of dormancy and storage behavior in seeds of this
family, seeds of legumes are typically thought to exhibit physical dormancy and to be orthodox [13].
Physical seed dormancy (PY) is determined by the seed coat, which is made of polyphenols, tannins
and cutin present in the testa of seeds of different water permeability levels were determined. It has
been hypothesized that the plasma membrane of the sensitive embryo contains similar or shared
receptors for substances that break dormancy [14]. Physical dormancy, which prevents immediate
seed germination and is therefore thought to be an adaptive characteristic in species of Mediterranean
and tropical habitats where the rainy season is the best time for germination. Physical seed dormancy
is determined by the seed coat, which is made of polyphenols, tannins and cutin present in the testa
of seeds of different water permeability levels were determined [15]. But recent research, utilizing the
dataset for Fabaceae (the largest family containing PY) obtained from the Global Biodiversity
Information Facility (GBIF), has shown evidence to refute this assertion dormancy [16].

The typical components of a legume seed are an embryo, sometimes nutritive tissue
(endosperm), and a protective seed coat (testa). Inner and exterior integuments combine to form the
seed coat of legumes. While the exterior integument is in charge of creating the usual structure of a
legume seed coat, the inner integument disappears throughout development. There is an area that
divides the basal and terminal caps of cells (often known as the bright line) which creates a line that
crosses the macrosclereid layer. The seed coat's mechanical strength is influenced by both the
macrosclereid and osteosclereid layers. The layer of parenchyma cells functions as a tissue that
supplies nutrients [17,18]. The outermost layer is made up of a single layer of densely packed
macrosclereid epidermis (or palisade cell layer) which is typical for hard-seeded legumes [19].
Osteosclereids, or dead cells with strong walls and hourglass shapes that create significant
intercellular air voids, make up the next cell layer. The final layer is parenchyma, which is made up
of many layers of flattened cells.

The physiological basis for physical seed dormancy was discovered, along with an allele that
causes variation in this feature [20]. The findings of this study offer compelling evidence for pectin
acetylesterase 8's function in seed dormancy and suggest transgenic techniques for future research.
Due to its effect on wild habitats, physical seed dormancy is a crucial characteristic in domesticating
legumes. This resulted of the decreased production and quality, and it is typically regarded as an
unfavorable feature in crops. Even when favorable conditions prevent the seed from germinating,
the seed may become dormant as the seed coat thickness grows. The seed is made dormant by its
thickness, which also shields it from harmful outside influences. The creation of secondary cell walls
from the primary cell walls over time results in a thickened coat and makes the seed coat thicker [21].

Contrary to the dormant seeds of the wild progenitor, the domestication process of legumes has
altered their dormancy, resulting in non-dormant seeds with a testa that is easily permeable for water,
finally leading in fast and uniform germination [22]. However, in many forage species, there are no
appreciable differences in seed dormancy between chosen varieties and wild populations of the same
species [11,23]. When the testa has been treated and there is enough moisture to imbibe, physical seed
dormancy is irreversible [24].

Variation in regenerative responses to environmental variables may be responsible for the
variance in seed coat structure identified among the species tested [25]. In addition, it would be much
better to conduct additional studies using molecular data, which can contribute to the active field of
study to find genotypic differences and enable genetic control of seed dormancy.

Although a large portion of grasslands are natural meadows where specific plants are not
required to be planted, grasslands are valuable mostly because of the space they occupy [26]. They
are important for producing animal feed, but they are also crucial for horticulture, ecology, and the
environment. Depending on the temperature and geography, grasslands make up a sizeable amount
of the agricultural area in the following European countries: Iceland (73%), England (63%), Poland
(21%), France (10.78%), Romania and Serbia (33%), and Greece (13.4%); [27].
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The Poaceae grass family and the genus Trifolium and Medicago (as well as, to a lesser extent Lotus
and Onobrychis), are the major seed producing groups for perennial fodder plants in Europe (Table
1; Table 2).

Table 1. Genus, species and common name of the most important perennial grasses.

Genus Species Common name
F. pratensis Huds. meadow fescue
Festuca F. arundinacea Schreb tall fescue
F. rubra L. red fescue
L. perenne L. ial
Lolium L. multiflorum p«ireﬁn 1ot Tyegtass
L. syn. L. italicum A. Br. talian ryegrass
P. pratensis meadow grass
Poa o .
P. trivialis ordinary meadow grass
Dactylis D. glomerata cocksfoot
Arrhenatherum A. elatius (L) Beauv. French ryegrass
Phleum Ph. Pretense L. Timothy

Table 2. Genus, species and common name of the most important perennial legumes.

Genus Species Common name
Medicago M. sativa L - blue alfalfa
Trifolium T. pratense red clover

Lotus L. corniculatus L. trefoil

O. sativa L syn.

foi
O. viciifolia Scop. SUomn

Onobrychis

The world's seed production of fodder crops is largely influenced by European regions, however
seed quality and production vary due to the various levels of agricultural development in the various
states. In Europe, perennial forage legumes provide a lot more feed than perennial forage grasses
[28,29]. Therefore, seed quality is a factor in the production of fodder, seed yield, and the stability
of seed production [30,31,32]. The demand for a specific kind of seed is determined by the needs of a
specific agricultural culture as well as external variables, such as climate and soil type. In accordance
with the capacities available (climatic conditions, experienced professionals, tradition, etc.) and
keeping in mind that there are many opportunities for improving seed production, the volume of
seed production, processing, and marketing on domestic and international markets could be
significantly improved [33].

This article offers an overview of the most significant perennial forage plants, information on
the variables influencing seed qualities, and recommendations for enhancing seed quality.

2. Changes in Seed Quality of Perennial Forage Species as a Result of Storage Conditions and
Time

A seed is a biological system in which many activities may take place; how they do so primarily
relies on the circumstances and time of storage [34]. In order to respond appropriately and promptly
to minimize negative impacts, we should consider as many elements as possible that affect
germination and understand about their methods of action. Apart from seed production, examining
the effect of the length of seed storage on seed germination and seedling quality is also important for
seed preservation in gene banks [35,36]. The length of a seed's dormancy period is influenced by the
genetic and physiological potential of the species [37], as well as by the storage conditions and other
interrelated environmental factors [38]. However, extended storage under conditions that encourage
afterripening might cause seeds to undergo a second dormant stage or even lose viability [39]. Both
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post-harvest seed desiccation treatments and post-harvest drying of forage seeds may have an impact
on germination [40,41].

Although it is well known that cold, dry environments help biological material last longer, each
species has a different ideal range for temperature and moisture [42]. Through adaptation to the
environment, seed dormancy as a barrier to germination has evolved differently among species,
allowing germination to occur when conditions are likely to be favorable for generating a new plant
generation [43]. Many species that are physically dormant, or have an impermeable seed coat, have
orthodox seeds that may be kept in liquid nitrogen without losing viability. Preserving seed
germination during aging greatly depends on the plant species, as well as storage conditions,
especially humidity and air temperature in the warehouse[44]. It's less apparent, though, whether the
dormancy should be broken before or after storage [13].

After a period of maturation, seed dormancy is released and achieved maximum germination
(as agriculture goal), which is influenced by numerous factors [45,46]. Seed storage leads to
physiological and biochemical processes that act on the seed aging and the reduction of seed
germination [37]. Antioxidant activity varied between storage treatments and was not related to seed
viability [38]. Depending on the temperature and moisture content of the storage, changes in the seed
may also take place during storage; in the worst scenario, this could result in seed deterioration [47].

Numerous variables like a specialization of the species, the location of the seeds on the bloom,
the weather during seed maturity, etc., affect the ratio of dormant and germinated seeds [48-50]. The
seeds of perennial forage legumes have a significant proportion of hard (dormant-soaked) seeds
immediately after harvest [51-53]. This is due to a robust seal that is waterproof and gas-tight [17].
Given that the market for grass and leguminous seed is established, seeds can germinate in the right
circumstances, and boosting their potential can be utilized in different geographic latitudes [54,55].

In one of the most important forage legume - alfalfa the share of hard seeds after harvest is 23.3%
[56]. After two years of storage, part of hard seeds decreased to 2.9%, and after 4 and 8 years of
storage, hard seed is not registered. For the same period a dead seed is increased in proportion to the
storage time, from 7.8 to 57.2%. Total seed germination after two years of storage was 85.8%, after
four year was 73.7%, and after the eighth year germination was 42.8%. Cultivars have behaved
variably according to the contents of the hard and germinated seed in relation to the length of storage
[56]. Effect of long-term natural aging on germinability and biochemical characteristics in two
different clover (Trifolium repens and Trifolium pratense) showed that only two types of the old seeds
showed a discernible increase in peroxidase activity during the germination of the legume seeds, but
catalase activity dropped [57]. Seed dormancy was found in 14 of the endemic species and 19 of the
studied Onobrychis species, and germination rates ranged from 5.5% to 98.0% [58].

For perennial forage grasses, the presence of dormant (sleeping) seeds right after harvesting is
also expressed [59], and significantly reduces germination in the time right after harvesting [55,60-
62].

For example, in the classic storage conditions and maturing in the warehouse in Serbia, optimal
use of Timothy seeds (maximum germination) is after three months, after nine months of Italian
ryegrass seed, and after eleven months of cocksfoot seed. Commercial utilization period was slightly
longer with Italian ryegrass 810 days (at germination 81%), cocksfoot up to 630 days and the same
germination, and the Timothy up to 270 days and 73% germination [62].

The impact of type of packaging seed storage can have different effects on germination. Tall
fescue seeds stored in plastic containers manifested by an average of 2.7% higher germination, than
in paper and cloth packaging [34]. Seeds of meadow fescue were also similarly behaved [11]. Seed
storage conditions on seedling emergence, seedling growth and dry matter production have been
investigated of temperate forage grasses [63]. It is concluded that seedlings emerged at a slower rate
and in less numbers from the refrigerator, than they did from the seed storage, while the linen bag
was the least efficient way to store seeds in the refrigerator, too. The standards now in place for best
seed storage do not take into account the physiological health of the seed, the chemical makeup of
various seed species, or the physical status of water within the seed [64].
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3. Presence of Pathogens on Seeds and its Impact on the Seed Quality and Seedlings in the
Initial Growth

Seeds can contain a wide range of fungi, which can cause significant problems in crop cultivation
[65], as well as human and animal health when dealing with forage crops. The main harmful effects
of fungi on seeds are related to transmission and spread of plant diseases, reduction of seed quality
and seed longevity [66]. One of the major problems is that many seed-borne fungi can drastically
reduce the germination of stored seed [67]. It is possible that the seed is a carrier of pathogens that
can be transferred to growing plants when environmental conditions are suitable. Significant
transmission and spread of seed pathogens has been associated with the growth of the seed industry
and the global seed market worldwide [68].

The most common pathogens of forage grasses and legumes in the soil during germination are
Phythium spp., Penicillium spp., Aspergillus spp., and Fusarium spp. These pathogens are parasites of
seedlings, causing their extinction, crop spacing and uneven growth of plants. From these seed
pathogens Penicillium spp., Aspergillus spp., and Fusarium spp. are transmitted by seed [69]. These
three types of pathogens were detected in a small percentage of the seeds of forage grasses and
legumes. Additionally, very rarely, Alternaria species have been found on the seeds of some forage
species. Based on morphological characteristics of Alternaria spp., it is assumed that the species A.
alternata is widespread in nature but does not cause significant damage to forage crops [69,70]. At
forage legumes and grasses is determined the presence of saprophytic fungi Mucor spp., but it does
not adversely affect germination, since the infected seeds develop normal seedlings [71].

The pathogen which is much more prevalent in seeds of forage legumes than on seeds of forage
grasses is Fusarium spp. [69,72]. Seeds infected with the fungus Fusarium spp. not germinate but, due
to the small percentage of diseased seed, we do not think they can cause more economic damage to
crops based on fodder grasses and legumes [73]. In regions with temperate and tropical climates, it
is a cosmopolitan species. In addition to parasites and woody plants, citrus fruits, sugar cane, and
carnations are also parasitized [74]. The seeds may indicate the occurrence of F. oxysporum f. sp.
medicaginis, which causes root rot and wilting alfalfa plants. From morphological characteristics of
Fusarium spp. originating from alfalfa, can be distinguished as follows: mycelium grows rapidly at
25°C, light white color with purple hues; conidia are slightly curved to almost straight with 3-5
transverse bulkheads; the length of the conidia order of 20 to 50 um and a width of 2.5 to 4 um. The
pathogen is held in the soil and causes wilting of plants [72,73].

The following distinctions can be made between Fusarium species that are alfalfa-related: The
conidia are slightly curved till almost finished with 3-5 transverse bulkheads; the lengths range from
20-50 um and the breadth from 2.5-4 um. Mycelium grows rapidly at 25°C, with whitish tints and
purple undertones. The pathogen damages plant tissue and is kept in the soil. The pathogen Fusarium
poae, which likewise grows quickly at 25°C and has a mycelium that is whitish pink and conidia that
are 13-56 um long with 2-5 transverse bulkheads, can also be detected on the seeds of fodder. When
grain is used as animal feed, mycotoxins (secondary metabolites of fungi Aspergillus, Fusarium,
Alternaria and Penicillium) could cause serious diseases in animals [75]. Seed treatment of forage
legumes and grasses involves coating with fungicides, insecticides, bacterial preparations especially
on alfalfa seed. Coating seeds with lime materials, combined with bacterial preparations, particularly
on the seeds of fodder legumesis applied [76,77]. These findings and practical experience show that
Fusarium spp. only affects a tiny fraction of the seed of fodder legumes and grasses, and the benefits
of seed disinfection do not outweigh the costs associated with doing so.

On the seeds of fodder grasses also can be found the presence of the pathogen Fusarium. In this
species, which is also developing rapidly at 25°C, mycelium is white, pink, conidia is sized from 13
to 56 1, and with 2-5 transverse bulkheads in length. This is cosmopolitan species in areas of moderate
and tropical climate, and in addition to plants from the family Poaceae, parasite woody plants, citrus,
sugar cane, and carnation, too [73]. These results and practical experience indicate that Fusarium spp.
occurs in a small percentage on the seeds of forage legumes and grasses, and the effects obtained by
disinfecting seeds do not justify the investment created by applying fungicides for seed disinfection.
Seeds infected with Fusarium spp. seeds do not swell, but due to the tiny number of diseased seeds,
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they cannot significantly harm leguminous and fodder crops economically. The seed of fodder grass
is less likely to have this pathogen than the seed of fodder leguminous plants [69,72]. Fusarium species
on the seed may signal the emergence of F. oxysporum var. medicaginis, which weakens alfalfa plants
and causes root rot [72,73].

4. State of the Art on Seed Dormancy in Perennial Grasses and Forage Legumes, and
Opportunities to Improve Germination

It is not necessary to overstate the value of fodder plants for agricultural productivity, because
forage production and the problems caused by forage plant seed dormancy cut across national and
geographic boundaries. In order to achieve a high yield of quality fodder, it is necessary to
successfully establish fodder crops, for which a high seed quality is necessary, which is mostly
reflected in seed germination [11]. But, the percentage of dormant seeds reduces seed germination.

Seed germination is a process that in the most general sense represents the extension of plant
species, strongly influenced by temperature, soil moisture, air humidity, light, etc. [9], and mostly
under the influence of seed dormancy [78]. Seed germination can be improved by applying different
seed treatments [79,80], but treatments can also negatively affect germination [81]. New approaches
to enhancing seed germination are being researched, too. The use of ultrasonic treatment could
enhance seedling growth since it is quick, easy, inexpensive, and has favorable impacts on the
germination of old seeds and seedling growth [82].

Seed dormancy can have a significant impact on seed production, as well as productivity and
costs of forage production [83]. Legume and grass seeds differ from one another in terms of
morphology, anatomy, chemical content, structure, and other factors. Reduced germination
immediately following harvest or during the post-harvest storage phase, which is mostly conditioned
with dormant seeds, is a characteristic of both kinds of seeds.

The properties of water sorption reflect the chemical composition of the biological components
as well as the temperature at which hydration takes place [84]. Changes in sorption characteristics as
a function of temperature and water content may be an indication that hydration has changed the
structural makeup of cellular components [85]. A unifying theory of the structural and molecular
reactions to drying within cells can be used to describe distinct types of seed physiology [86]. The
biological features of each species should be investigated, because some seed pretreatments may
cause subsequent seed damage [87]. Within and between populations, as well as for each species,
there was significant variation in the most effective scarification technique [88], because there are
many seed scarification methods and their use in forage legumes [89]. Mechanical scarification
appears to be very effective, simple to use in the field, and within the farmer's capabilities, but it
breaks seeds, therefore it can be replaced by liquid nitrogen treatment, which does not break seeds
and quickly removes the seed coat [90]. One of the cutting-edge methods uses white light, which had
no effect on non-dormant seeds but decreased the germination of dormant seeds. Endosperm is likely
the main cause of the newly collected seeds' lower germination. [91]. The point at which seeds no
longer tolerate desiccation is crucial for the entire seed growth process [92,93].

Immediately after harvest, germination of cocksfoot and tall fescue seeds increased by 24%, but
only 13% in perennial ryegrass. Three months after harvest it was possible to increase germination
by 20% (cocksfoot), 18% (tall fescue) and 6% (perennial ryegrass). Eight months after harvest it was
still possible to increase seed germination of cocksfoot and tall fescue by 4-5% whereas, in ryegrass
dormancy was completely lost after 8 months storage. [100].

In agricultural species which breeding has been done intensively, seed dormancy is reduced.
Forage grass seed dormancy is the result of an immature embryo or cell structures surrounding the
embryo [24]. However, in forage grasses the percentage of dormant seeds of varieties and populations
is still high and it make problems in seed production [99]. Also, with perennial grasses (fescues,
ryegrass, meadow grass, orchard grass, timothy) immediately after harvesting is more exposed
dormant seed [55] which causes a significant reduction in germination in the period immediately
after harvest [11,33,41,45,46,50,55,60-62,99,100]. Dormancy and germination depend on numerous
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factors such as the specific type, location seed inflorescences, weather conditions during seed
maturation and others [11,32-34,45,49,50,101].

For seed of fodder grasses (cocksfoot) and fodder-ornamental grasses (tall fescue, perennial
ryegrass), acid (50% H2S0s for 30 min.), or temperature treatments (80°C for a period of 90 min)
immediately after harvesting can increase germination (cocksfoot seed to 21%, tall fescue to 24%, and
perennial ryegrass by 13%). After three months, the effect of breaking dormancy and germination
rate decreased. On the cocksfoot seeds increase of germination was up to 13%, the seeds of tall fescue
up to 18%, and in English fescue up to 6%. After eight months, increasing seed germination in
cocksfoot seed was possible for 5%, while the seeds of perennial ryegrass none treatment did not
increase seed germination [100]. On the seeds of plants of the same genus is the high variability of
dormancy, seed germination and possible improvement. For example, using the optimal chemical
(H2S04) and temperature treatment on seeds of red fescue is possible to improve the germination of
19%, 13% of sheep fescue, and up to 23% of meadow fescue [99]. It is also possible by selecting the
temperature, in relation to the moisture content of seeds, affect the increase seed germination of
cocksfoot [41], Table 3.

Table 3. The application of treatments to increase seed germination in most important forage

species.
Forage species Applied optimal treatment References
Two years of storage in the classic conditions. [56]
Selection of varieties. [54]
M. sativa Temperature of cold stratification treatment at [94]
(-80°C) for 2 hour plus sandpaper scarification.
Heat stress and high humidity [84]
Exposure to a temperature of from -80°C;
Immersion in hot water (90°C) for 5 minutes. [95]
Red clover Causing stress (cooling, heating, hot water, [96]
potassium nitrate, mechanical damage of the seed
coat)
L. corniculatus ) Cy‘t ok%nines,' [57]
Desiccant application before harvest. [40]
Mechanical scarification with sandpaper. (58]
O. sativa Chemical scarification (H2504, concentrations 90%, [98]

for 2 minutes).
Chemical scarification (H2SOs, concentrations 75%,

F. pratensis  for 30 minutes) or temperature treatments (90°C, [99]
and 60 or 90 minutes).
E arundinacea Sixteen months storage in Pol}'fethylene packaging. [34]
Ultrasonication [82]
Chemical scarification (H250s, concentrations 75%,
F. rubra . [99]
for 20 minutes).
Chemical scarification (H2504, concentrations 75%,
F. ovina for 10 or 20 minutes) or temperatures treatments [99]
(80°C, and 60 minutes).
L. perenne Seven months of storage. [60]
L italicum Seven months of storage. [60]
Nine months of storage in the classic conditions. [62]
Temperatures treatments (40°C, and 90 minutes or
D. glomerata 50°C, and 60 minutes). [83,100]
A elatius Seven to ten months of storage in the classic [45,61]

conditions.
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Ph. pretense One to three months of storage in the classic [61,62]

conditions.

The seeds of perennial forage legumes (alfalfa, red clover, sainfoin, birdsfoot trefoil) are
characterized by the presence of a high percentage of hard (dormant) seed after harvesting [51-
55,58,95]. The reason for this is a hard seed coat that is impermeable to water and gases [17]. The
dormant seeds after planting can germinate later, when conditions become favorable (sufficient
water, air, etc.). However, only emerged seedlings can’t withstand competition with developed
seedlings, which have sprung up immediately after sowing seeds [102].

It is best to avoid applying acidic treatments to seeds right away after harvesting (i.e., 50% H250x
for 30 minutes) alternatively, thermal treatments (80° C for 90 minutes). By doing this, the English
ryegrass climbed to 13%, the high screw to 24%, and the germination of the scarring to 21% [60]. The
benefit of breaking dormancy and boosting germination has worn off three months after harvest. As
a result, it was feasible to boost germination to a maximum of 13% on seedlings, up to 18% on high
heel seeds, and up to 6% on English ryegrass seeds.

While on the seed of the perennial ryegrass no treatment affected the increase in seed
germination, it was feasible to boost seed germination by 5% eight months after harvest [100]. For
instance, red fescue seeds can have their germination improved by 19%, sheep fescue by 13%, and
meadow fescue by up to 23% with the application of the best chemical (H2504) and temperature
treatment [11].

In agronomic practice, high germination allows immediate benefits, such as reduced seed
density per unit area and cost-effective establishment of perennial forage crops. High germination
has an indirect impact that is visible in the close and advantageous association between vigor and
germination [34,50,83]. For the establishment of grass-legume combinations, the maximum amount
of fodder grass seed is utilized, and the quality of the seeds is crucial for a good establishment [103].

After the creation of conditions that allow the passage of water and gases, dormant seeds usually
germinate and provide normal hints, but they have little to no practical value for the establishment
of fodder leguminous crops [103]. To increase the germination of alfalfa, [94], are recommended
exposure seeds a temperature from -5°C for a period of 5 hours, or exposure to a temperature of -
80°C for a period of 2 minutes, and/or damaging seed coat with grit. These treatments can
significantly reduce the percentage of hard seeds and raise the level of germination energy and total
germination. Heat stress in combination with high humidity also affects the increase in germination
of alfalfa seed [104].

Cytokinins have a considerable impact on the birdsfoot trefoil seed's ability to increase
germination in both young and old seeds [97]. The combination of high humidity and temperature
stress causes a yellow star's germination rate to significantly rise [55]. By choosing the temperature
in relation to the seed's moisture content during harvest, it is also feasible to affect the cocksfoot seeds'
ability to germinate more readily [83].

The percentage of hard seeds of red clover is significantly reduced upon exposure to a
temperature of from -80°C and results in an increase in germination [95]. A similar effect can be
achieved after the immersion in hot water (90°C) for 5 minutes. The red clover can increase seed
germination, causing stress (previous cooling, heating, hot water, using potassium nitrate and/or
mechanical damage to the seed coats) [96]. Stress caused by the application of acid and damage the
seed coats to become permeable to water and gases on the seeds of sainfoin also affects positively
and significantly increases germination, especially on those seeds which are not in a pod [98].

Seed germination and seedling vigor of birdsfoot trefoil after desiccation before harvest were
significantly improved, using classical and accelerated methods for seed testing [99].

5. Summary and concluding remarks

Every year, at the time of sowing, the concern of whether there will be enough fodder legumes
and grass seeds to meet demand emerges. This work would be made considerably simpler if a quick
and affordable method to disrupt seed dormancy could be developed. The fact that various species
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have unique biological characteristics determined by genetic factors is another issue. Research on
novel methods of breaking seed dormancy, including various approaches such as selection,
physiological, chemical, and physical, is important to ensure enough quantity of seeds for growing
fodder crops. Even though they are used on huge amounts of seeds for sowing, not all of the
mechanisms of seed dormancy have been properly studied. If it were feasible to break dormancy of
the harvested seeds without the need for storage period, the yield of forage crops would be
considerably boosted as the security of fodder production would be increased.
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