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System of biological approaches to interpret seed dormancy and
germination

Abstract

Seed dormancy prevents an intact, viable seed from successfully germinating under ideal
circumstances. In order for germination to occur when conditions are likelyto be faveurable for
forming a new plant generation, this barrier to germination has developed differently among
species through adaptation to the local environment—{(Bewley,—1997). Although there is still a
gap between biochemistry and morphogenesis, it is being bridged.in many:places slowly and
methodically. This study attempts to evaluate the improvements made at.a particular bridge,
seed dormancy. One element of the phenomena of growth cessation.is. seed dormancy, which
has as its central challenge the challenge of maintaining a growth potential without
compromising biological integrity. It can be divided into primary.and:secondary dormancy. Due
to endogenous causes and/or environmental conditions experienced by the mother plant,
primary dormancy is developed during seed development. Non-dormant seeds can also enter a
state of secondary dormancy, which is a form of dermancy that happens when germination
conditions are unfavourable. This review will help in briefing the difference between dormant
condition and quiescent condition of seed. Quiescence can be considered as a short period of
dormancy. But, unlike dormancy, quiescence is reversible upon the return of suitable
conditions. Numerous physical and physiological techniques, like as scarification and
stratification, can be used to break the dormant state of seeds. Various dormancy breaking
methods applied in several crop has been noted in this study. Roles of several plant hormones
including Gibberellin (GA) andAbscisic acids (ABA) are regarded as the two main hormones
that regulate seed development.and germination in an antagonistic manner. This study focuses
in particular on the:molecular basis of ABA regulation of seed maturation, which includes
regulation of dormancy.:Various dormancy breaking methods applied in several crop mentioned
in this review could.also help researcher to further study the dormancy pattern and breaking of
it on that particular crop.
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Introduction:

Dormancy in the seed makes it difficult for it to fully germinate under ideal
circumstances. This barrier to germination has developed differently in each species as a result
of adaptation to the local environment, so that germination takes place when the conditions are
most likely to be favourable for forming a new plant generation (Bewley, 1997). The failure of
intact, viable seeds to finish germination under favourable environmental conditions is known
as seed dormancy (Gao and Ayele, 2014). Dormancy can be classified as primary dormancy and
secondary dormancy, depending upon when the induction of dormancy occurs. Primary
dormancy is occurred during seed development due to endogenous factors and environmental



conditions experienced by the mother plant (Gao and Ayele, 2014). Seeds that exhibit primary
dormancy can be evercemed-repress from the state of dormancy by a number of treatments,
including after-ripening and cold stratification— that refers to seed hydration or imbibition at
low temperatures. When faced with conditions that are unfavourable to germination, non-
dormant seeds may also enter into the state of dormancy, and this type of dormancy is referred
to as secondary dormancy (Kermode, 2005). Besides, lack of seed dormancy is undesirable
because it may cause preharvest sprouting (PHS). It is a survival mechanism by which seeds
can delay germination until the right-favourable environmental conditions for seedling growth
and development.
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lFig-ll: Seed Dormancy and Germination (Bentsink-and Maarten Koornneef, 2008).

Obioctive:

> [To figure out the amenities and drawbacks of seed dormancy

» To gain knowledge of biology of dormancy.

» To understand how plant growth hormones; affect seed dormancy.

» To understand relation between seed germination and dormancy.

» To gain knowledge about how seeds develop, particularly how gibberellins and abscisic
acids influence seed dormancy.

» . To know the different methods of breaking dormancy.}

Causes of Seed dormancy:
Some of the most common factors affecting seed dormancy are listed below:

.
*

% Light: The majority of plant seeds develop successfully in both darkness and light. Latent
seeds are those found in plants like lettuce (Lactuca sativa) that do not germinate in the dark
but do so when they are exposed to light. Darkness thereby prevents the germination of such
plants.

.
*

% Temperature: In most plants, low temperature encourages germination while high
temperature also induces dormancy. Seeds of temperate plants including apple, walnut, and

1 Comment [K1]: Add clear picture with clearly
/| depicting various stages and don’t directly copy
/| from the previous document

-] Comment [K2]: Also discus figures in the text

and designate them with in the text (link with the
text)...... as it is not discuss in the text

(Formatted: Font: Bold ]

[ Formatted: Font: Bold ]

| Comment [K3]: Write this in a paragraph not in
i points and give in brief about the importance and
relevance of the study




pirus-Pinus remain dormant (nearly a week) when it's not exposed to chilly temperatures (1°
to 5°C) for an extended period of time. In other cases, such as in desert regions, germination
of seeds requires extremely high temperatures (60 to 70 degrees Celsius) during the day and
low temperatures (5 to 10 degrees Celsius) at night (Hilthrost, 1995)

< Presence of Tough Seed Coat: Leguminous plant seeds, including those of pea, clovers,
beans and alfalfa, block the entry of water into the seed, delaying germination. A hard coat
also prevents the exchange of gases, such as oxygen, which are essential for seed respiration.

< Presence of Inhibitory Chemicals: Ascorbic acid, ferulic acid, and coumarin are a few
naturally occurring substances that cause dormancy in seeds and can ‘be.found in the
. . . . ,
embryo, endosperm, or seed coats of certain plants, including Xanthium and Irpita
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lFig-z:lon the Language and Physiology of Dormancy and Quiescence in Plants: (Considine; _

et al., {2016).

One kind of dormant state in healthy, non-dormant seeds is called quiescence. It is a process
that postpones seed germination because of the necessary moisture, temperature, and other
factors are not present. However, the embryo's growth can resume at any point under ideal
circumstances. Dormancy is an evolutionary adaptation that prevents seeds from germinating
during unfavourable ecological conditions that would typically have a low probability of
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seedllng survival (Flg ) Quwseenee—s—the—wmbﬂﬂy—ef—a—ne#mal—nen—derm&nt—seed—te
0 ination(Harper, J-=—1957).

Advantages of Seed dormancy:

e Allows seeds to germinate under ideal conditions and helps to pass through adverse
condition.

e Enables the storage, transportation and handling of seeds.
o Allows sufficient time for embryo to develop.
Disadvantages of seed dormancy:
e Prevents prompt and uniform emergence of seedlings.
o Difficult to maintain plant population.
o Interferes in seed testing procedures.
Relation of Dormancy and Germination:

An entire dormant seed can sprout under the .broadesturange of typical physical

seed may show sensitivity to multiple aspects in addition to its basic requirements of oxygen,
water, and a suitable temperature. One such factor is light. The dry seed first takes up water to
start germination, then the embryo grows after that. The process of absorbing water typically
has three phases: imbibition, or phase I, which"is characterised by a quick initial uptake, and
plateau period, or phase ll-{phase-tb (Fig.:3).- A further increase in water intake occurs as the
embryo axis lengthens and penetrates, the covering layers to complete germination (phase I11)
(Schopfer and Plachy, 1984; Manz et:al., 2005).

GERMINATION POST-GERMINATION

Phase | Phase Il Phase Il
Imbibition  Metabolism activation Growth & cell elongation
Activation of respiration
Activation amino acid metabolism
ATP synthesis
.Regulation of oxidative status
DNA & mitochondria repair
Cell cycle activation
‘Reserve mobilisation
Modification of hormonal status

Seed Water Content

Time (Hour)

N Fig-3: Stages of Seed germination (Schopfer and Plachy, 1984)
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Fig 4: |Simplified deliberation of processes controlling ‘seed dormancy and germination in -

an Arabidopsis seed (Bentsink and Koornneef, 2008).
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Types of Seed Dormancy:
1. Primary Dormancy:

‘ e When the seed is still connected to the‘plant and-survives until harvest, primary dormancy+

forms.
e This kind of dormancy developed during seed development as a result of internal causes or
environmental circumstances that the mother plant confronted (Gao and Ayele, 2014).
| Depending upon the extent and location, primary dormancy is classified in-to three types- a)
Exogenous, b) Endogenous and c) Combinational dormancy.
a) Exogenous dormancy:
= External stimuli:other than the embryo cause this kind of dormancy to occur. It can be
| further categorized into three types +e-i.e., i) Physical, ii) meeharical-Mechanical and iii)
Chemical dormancy.
i) Physical dormancy:
e = Caused by the seed coat or seed covering layers that are impermeable to water or gas,
thereby responsible for this kind of dormancy.
ii) Mechanical dormancy:
o During germination, the embryo is frequently resisted by the seed coat's physical constraints,
such as when the water absorption pressure and development is insufficient to cause the seed

mechanical dormancy.
iii) Chemical dormancy:
Chemical inhibitors that are present in the seed coat's outer layers cause chemical dormancy.
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b) Endogenous dormancy:

Endogenous seed dormancy is the second important subcategory of primary seed dormancy.

In this type of dormancy, a condition occurs which developed to prevent germination due to
factors present within the embryo.

Endogenous dormancy comes in two forms: morphological and physiological.

i)

Morphological dormancy:

The embryo in seeds that are—in_shows morphological dormancy is-are not fully formed
when the seed is-dispersed.

Based on the embryo type seen in herbaceous flower crops, Atwater«(1980) defined three
types of morphological dormancy. These embryo types are simple,  linear, and
undifferentiated.

Rudimentary- Embryos are essentially a proembryo encased in a large endosperm. These

can be discovered in the seeds of several different families, including. the 'Ranunculacead, -
Papaveraceae, and Arialaceae.

Linear- Torpedo-shaped and up to half the size of:the seed, linear embryos are seen in

species in this group- (Geneve, 1998).

Undifferentiated-Dormancy appears at-any.stage of division of embryonic cells. Orchids -
are the best illustration of this type of dormancy.

ii) Physiological dormancy:

The embryo undergoes physiological changes during this type of dormancy, which frees

the radicle from the confines of the seed coverings. Physiological dormancy consists of- non-
deep, deep and intermediate categories.
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Non-deep type:

e This type of dormancy is.frequently ephemeral and disappears after dry storage.
e Non-deep physiological dormancy for the majority of cultivated grains may last for 1 to

6 months:before dissipating with dry storage under appropriate handling conditions.
(Geneve,.1998).

< Deep type:

Deep darmancy is controlled by the factors within the embryo.

The excised embryos exhibit physiologically dwarfing, stunted growth and rosette like
strueture in this type of dormancy.

iii) Intermediate type:

seed coat.

C) Combinational or double dormancy:
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It is defined that where two or more dormancy types occur in the seed, such as morpho-
physiological dormancy, where there is an under developed embryo and physiological
dormancy or exo-endodormancy that combines seed coat dormancy.

2) Secondary dormancy:
e When the environment is unfavourable for germination, seeds that have emerged from
primary dormancy frequently go into secondary dormancy (Crocker,1916).

e Examples of these circumstances include unfavourable temperature, protracted light or
darkness, water stress, low oxygen levels, etc.

e Secondary dormancy is synonyms to induced dormancy and is brought on.by-events that
take place after the seed has been dispersed (Kebreab and Murdoch, 1997).

Seedling
development

Favorable . .
Seed ~___—> Germination \
development » Nondormant —@L‘Ilﬂﬂl I Favorable

i e
Environment Unfavorable

Quiescent

7 Prolonged unfavor-
Secondary < able conditions

dormanc
Genotypes i yi

T——
&,
%"0» %‘hfa%
] %o
e Primary -y

dormancy

Afterripening

Roles of plant-hormones in seed dormancy:

A plant-hormone is any chemical that is produced in one part of the plant that has a
targeted function elsewhere. Each plant hormone plays multiple roles, depending upon site of
action.; Certain hormones keep seeds in dormant stage while others cause seeds to break
dormancy:-and initiate germination. According to their function plant hormones can be classified
into three categories: A) Growth hormone, B) Stress hormone and C) Shock hormone._Figure 6
depicts the various plant hormones, their types and functions. |
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Fig-6: Plant hormones, types and functions (Humagain, 2018)
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. Growth Hormone:

Auxin and Cytokinins are considered as growth hormone.

= Auxin:
Synthesized in shoot and root meristematic tissue;:young leaves, mature root cells.
v Effect in dormancy:

a. Several studies, showed that/auxin possesses positive effects on seed dormancy
(Shuai et al., 2016).

b. At the molecular level, Liu et al. (2013) showed that auxin plays a role in primary
dormancy through activation of ABA signalling, designating auxin as a dormancy
promotor.

c. Matilla (2020) conducted a thorough analysis of auxin's role in embryogenesis,
primary dormancy,.and germination.

= Cytokinin:
Synthesized in root and shoot meristematic tissue.
v’ Effect in dormancy:

a..Cohn.and Butera; (1982) summarized that cytokinins alone can disrupt seed
dormanecy in numerous species.

b. . Babiker et al. (2000) and Matilla(2000) noticed a similar type of experiment-{2000).

c. Rousselin et al. (1992) discovered cytokinin-resistant ~mutants of
Nicotiana plumbaginifolia that have reduced seed dormancy and pleiotropic seed
effects that may be related to cytokinin-ABA interactions.

. Stress Hormones:

Gibberellic acid, Ethylene and Brassinosteroids are considered as stress hormone.
=  Gibberellic acid:
Synthesized in the embryo and germinating seeds, apical meristems and young leaves.

Effect in dormancy:




a.

Gibberellins (GA) counteract the effects of ABA, induce germination, and relieve
dormancy.

In developing seeds, GA biosynthesis does not appear to be involved in the
formation of primary dormancy- (Groot et al., 1987).

Similar observation was noticed by Bewley (1997) that GA is required to remove the
mechanical constraint that the seed-covering layers create, by weakening of the
tissues surrounding the radicle and concluded that localization of seed GA
biosynthesis in the Arabidopsis radicle is consistent with the hypothesis that
embryonic GA is released and triggers the weakening of seed-covering, layers.
Similar observation recorded by Ogawa et al. (2003) who observed that some GA
responsive genes are expressed in non-GA-producing seed tissues, responsible for
breaking dormancy.

= Ethylene:

Released in mature cells in mineral deficient condition. Synthesized in tissues of ripening fruit,
nodes of stems, senescent leaves and flowers.

v Effect in dormancy:

a.
b.

Ethylene helps seeds germinate and counteracts the.negative effects of ABA.

Ethylene is said to be involved in the promotion of germination of non-dormant

seeds of many species, according'to Corbineau gt al. (1990) and Esashi (1991).
According to Leubner-Metzger gt al. (1998), tobacco needs endogenous ethylene to
encourage endosperm rupture.

Beaudoin et al. (2000):suggested that ethylene and ABA signal transduction

pathways interact strongly andcame to the conclusion that ethylene can increase

germination by.directly interfering with ABA signalling.

Ghassemian et al., (2000) supported this experiment, (2060
In conclusion, it can be said that ethylene probably won't be able to positively

regulate, germination:.on its own; instead, it will need to interfere with ABA

signalling.

= Brassinosteroids:

Released in.mature cells during oxygen deficient condition. Released in root cell during
disease stress‘condition.

v, Effect.in dormancy:

d.

Brassinosteroids upgrade seed germination. Takeuchi et al. (1995) noted that BR
application increase germination of certain parasitic angiosperms.

Yamaguchi et al. (1987) reported similar type of observation in cereals, Steber and
McCourt (2001) in Arabidopsis mutants and in tobacco by Leubner-Metzger, (2001).
Steber et al. (1998) and Steber and McCourt (2001) recommanded BR-dependent
germination interactions between BR and GA signalling in seeds that.

Ullah et al. (2002) also supported this in the germination phenotype of the gpal
mutant of Arabidopsis.
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C. Shock hormone:
Abscisic acid (ABA) is considered as shock hormones.

| L}
v
a.

Abscisic acid_(ABA):

Effect in dormancy:

ABA is a positive regulator of the induction of dormancy and a negative regulator of
germination.

e-Finkelstein et al. (2002) found that when water content in orthodox seeds falls during
development, ABA builds up and primary dormancy is induced.

Frey et al. (2004) in N. plumbaginifolia, Schopfer and Plachy (1984) in‘rapeseed, and
Manz et al. (2005) in N. tabacum recorded that the transition from water uptake:(phases 1
and 2) during germination to water absorption during post-germination growth (phase 3)
was inhibited by ABA.

They came to the conclusion that ABA decreases phase 3 water uptake, endosperm
rupture, additional embryo extension, and seedling development following radicle
emergence, but that ABA does not inhibit phase 1 water uptake, phase 1 embryo
extension growth, or phase 1 testa rupture.

Homrichhausen et al. (2003) supported this experiment:in carrot.

L J
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: Optimization of growth regulators (Adugna et al., 2020)
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Role of Gibberellins and Abscisic Acids on Seed Development and their effect
on seed dormancy:
Seed development
Seed development is a pivotal process in the life cycle of angiosperms which is initiated by the
double fertilization leads to the development of the embryo and the endosperm. Embryo
development and seed maturation are the two main stages of seed development. Embryogenesis,
which is a morphogenesis phase, starts with the formation of a single-cell zygote and ends when
all embryo structures have been formed (Mayer et al., 1991). After embryogenesis it is followed
by a growth phase during which the embryo fills the seed sac (Goldberg et.al. 1994). Raz et al.
(2001) studied that at the end of the embryo growth phase, cell division'in the .embryo arrests.
| Thereafter, the seed, consists of a full--sized embryo, undergoes maturation during.the phase
accumulation of food reserves occurs and dormancy and desiccation tolerance develops
(Goldberg et al. 1994).

ABA and GA Levels During Seed Development:

‘ Level of ABA during Seed Development e { Formatted: Indent: Left: 0"

In seed development in Arabidopsis, Kanno et al (2010). observed: a peak of ABA level in the

whole silique in the middle of development (around nine days after flowering (DAF)), and after

12 DAF, ABA increased until late stage of:development (21 DAF) and detected mostly in the
‘ seeds during the middle stage and in the envelopes duringthe late stage of maturation_(Fig 8).
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Figure-8: The level of GA and ABA during seed development of Arabidopsis. Schematic trend of
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hormone accumulation during seed development [Hu et al, 2018]. DAF: day after flowering.
Lefebvre et al. (2006) demonstrated that nine-cis epoxy carotenoid dioxygenase (NCED) is the
Key regulatory enzyme in the ABA biosynthetic pathway. According to Kanno et al. (2010), of
the five NCED genes in Arabidopsis, AtINCED6 and AtNCED9 are responsible for a high
amount of ABA during mid-seed development, whereas AtNCED2 and AtNCED3 are
responsible for ABA accumulation during the later stages of entire silique growth. Tuan et al.
(2018) reported that in the seed development of wheat, there are two peaks of ABA:level. Suzuki
et al. (2000) observed that the ABA synthesized during the late phase of seed development about
35-40 days after pollination (DAP) is associated with the level of dormaney. Besides,.rice and
triticale have one peak of ABA level in their seed development. Liu et al (2014) opined that in
rice seeds, the accumulation of ABA involved in the induction of dermancy occurs during the
early and middle stages of seed development (10-20 DAP), earlier than in ‘wheat. Fidler et al.
(2016) reported in triticale grains, peak ABA accumulation was around; 35 DAP, before a
significant loss of water.

GA Level during Seed Development

Only four of the more than 130 GAs that have been found:in plants, bacteria, and fungi— and
it is believed that GA;, GAs, GA4, and GA; operate as bioactive hormones. The two most
prevalent bioactive GAs in many plants, including Arabidopsis, are GA; and GA4. According to
Yamaguchi (2008), the non-13-hydroxy pathway, which‘predominates in Arabidopsis, and the
13-hydroxy pathway, respectively, preduced GAlll,@ﬂq,,(,,3,54,-,,A??Qf@iﬂg,,@,[?5,9@@?,,bY,,HH,?tﬁ,,l,:,,
(2008), in Arabidopsis, GA1 and.GA4 were deposited in flower buds, earlier-stage of silique (3
DAF), and in the mid-stage of seed development (about 9 DAF), respectively- (Figure 8).
PsGA200xs and PsGA3oxs-were found by Nadeau et al. (2011) to be involved in the synthesis of
bioactive Gas-gas in growing pea seeds.

ABA Signalling

The four majorigenes in ABA signalling are protein phosphatase 2Cs (PP2Cs), pyrabactin
resistance 1,.pyrabactin:like/regulatory components of ABA receptors (PYR/PYL/RCAR), and
SNF1-related protein kinase 2s (SnRK2s). According to Finkelstein (2013), When ABA is
present, the ABAreceptors PYR/PYL/RCAR form a complex with PP2C, reducing PP2C's
phosphatase activity and, as a result, activating SnRK2. PP2Cs suppresses SnRK2 activities by
dephosphorylating their kinase activation loops. According to Ng et al (2014), The transcription
of ABA-responsive genes is triggered by the active form of SnRK2, which also activates the
ABRE-binding protein/ABRE-binding (AREB/ABF) transcription factors. In ABA signalling,
the ubiquitin_proteosome system (UPS) also plays a role. The UPS assures the repression of the
ABA responses in the absence of ABA by degrading the ABA receptors PYR/PYL/RCAR,
ABREB/ABF transcription factors, and SnRK2s.

GA Signalling
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Griffiths (2006) opined that GA signalling in plants induced when bioactive GA is perceived by
its receptor GIBBERELLIN INSENSITIVE DWARF1 (GID1). Sun (2011) studied that DELLA
proteins are negative regulators of GA signalling. Murase et al. (2008) observed that when GA
binds to GID1, the formation of the GA-GID1-DELLA complex is promoted, and the complex is
associated with F-box protein, the central component of SCFSLY1/GID2 E3 ubiquitin ligase,
which leads to DELLA degradation via the ubiquitin 26S proteasome pathway and as a result,
GA response genes are activated.

> Role of ABA and GA in Seed Development DA { Formatted: No bullets or numbering

1) Function of GA and ABA in Embryogenesis:

Embryogenesis usually starts with a zygote of a single cell and ends after all of the embryo
structures have been formed. The YUCCA (YUC) family of auxin biosynthesis‘genes and the
LEAFY COTYLEDON genes (LEC1, LEC2, and FUSCA3) are‘among the critical genes for
embryogenesis that have been discovered by Braybrook et al.(2008). Additionally, these
LEAFY COTYLEDON genes are functional during the seed development stage. Generally, GAs
areis needed for appropriate seed development. Swain et.al.~(1997) studied that GAs are
necessary for seed development has been provided by the analysis of GA-deficient mutant in
pea. Singh et al. (2010) revealed that overexpression of the gene for GA2-oxidase (GA20x) from
pea in Arabidopsis seeds caused seed abortion and inhibition of growth, of pollen tube exhibiting
that active GAs present in the endosperm: areis. essential for normal seed development. The
maternal tissues, especially the seed coat, play an important role in embryonic development [Liu
et al, 2015]. Robert et al. (2018) obsetved that the maternal tissues, especially the seed coat, play
an important role in embryonic development. Kawashima et al. (2010) reported that the transport
of nutrients and signals from the mother to'embryo is essential for embryonic development and
plant fertility. However, in-plants, programmed cell death (PCD) causes the suspensor to
degenerate at a relatively early stage of embryonic development [Yeung et al., 1993]. In the
study by Zhao et al.<(2013) on Nicetiana tabacum, the antagonistic actions of two proteins—a
protease inhibitor, called cystatin NtCYS and its target, a cathepsin H-like protease called
NtCP14—Iled to the establishment of the suspensor PCD. According to reports, the DELLA
protein NtCRE. (NtCYS regulative factor 1) controls NtCYS expression to control suspensor
PCD in tobacco.

2) Gene Networks in the Maturation Phase-:

Following the embryogenesis phase, the maturation phase begins. Transcription factors, a
complex network regulates seed maturation. LAFL regulatory network is involved in this
process. The LAFL genes include the AFL clade of B3 domain plant-specific transcription
factors (ALF-B3), FUSCA3 (FUS3), ABA INSENSITIVE 3 (ABI3), LEAFY COTYLEDON 2
(LEC2) [(Giraudat et al., 1992}-), and the HAP3 subunit of the CCAAT-binding transcription
factors (CBF or NF-Y), LEC1, and LEC1-LIKE (L1L) f(Lotan et al., 1998}-). Genetic analysis
shows that the LAFL genes organize a network with complex mutual interactions among LAFL
genes (Figure 9). LEC1 can activate ABI3, FUS3, and LEC2 expression, while ectopic
expression of LEC2 can up-regulate LEC1, ABI3, and FUS3 {(Kagaya et al., 2005}-). ABI3 and



FUS3 positively regulate each other and their own expression f(Monke et al., 2012}—).
Moreover, L1L is regulated by FUS3 f(Yamamoto et al., 2010}-). A recent ChIP analysis
indicated that LEC1 regulates L1L f(Junker et al, 2012}-), whereas FUS3 regulates LEC1,
FUS3, and ABI3 f(Wang, et al., 2013}.).
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[Figurel9: Molecular Aspeets—aspects of Seed seed Development-development Controlled

controlled by Gibberellins.and Absgisic Acids (Kozaki and Aoyanagi,2022).

LAFL network regulates seed development. Arrows and blunted lines indicate activation and
repression, respectively. Black line.between ABI3 and ABI5 indicate the interaction of these
proteins. LEC1, LEC2,and FUS3 (surrounded by the thick black line) are involved in acquisition
of DT and all LAFL preteins are involved in the regulation of dormancy. LEC1 is related to GA
signalling and:/ABI3 and ABI5 are related to ABA signalling.

3) .Accumulation of Seed Storage Products

Alonso-Blanco et al. (2003) observed that ABA participates in the accumulation of seed
storage components, including seed storage proteins (SSP), carbohydrates, and lipids, that are
necessary. for germination and early seedling growth and development. PYL and SnRK2
mutations i ABA signalling frequently result in decreased seed storage products. [Nakashima et
al, 2009]. Zheng et al. (2010) revealed that inactivation of SnRK2.6 results in reduction of seed
oil content, while overexpression of SnRK2.6 increases overall seed products. Several studies
have revealed that the LAFL genes are involved in the regulation of storage material
accumulation. Zhang et al. (2016) observed that the production of anthocyanins, the
accumulation of chlorophyll and lipid during maturation, and the accumulation of storage
proteins (such as Cruciferin C and Arabidopsis 2S albumin storage protein 3 (At2S3)) are all
regulated by LEC1 and FUS3 in an ABA-dependent manner. Various reports have proved that
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Transparent Testa Glabra 1 (TTG1), which encodes a transcription factor that prevents the build-
up of seed storage proteins and lipids in Arabidopsis, is negatively regulated by the protein
FUS3. Chen et al. (2015) opined that FUS3 may lead to the accumulation of storage reserves by
suppressing TTGL1. Mendes et al. (2013) studied that other variables besides LAFL genes are
also involved in the development of storage materials; bZIP67 controls FATTY ACID
DESATURASE 3 (FAD3), which is in charge of storing omega-3 fatty acids throughout
maturation, along with L1L and NUCLEAR FACTOR-YC2 (NF-YC2).

4) Desiccation Tolerance and De-Greening

Desiccation tolerance (DT) is a significant phenomenon that allows seeds to endure for
extended periods of time before favourable germination circumstances are present. Holdsworth
et al. (2008) studied that Chl loss during the DT process, also known as de-greening, is a
common occurrence in many plants, and the presence of ekl-Chl in developed. seeds.is viewed as
an unfavourable trait that may influence seed development and quality: ABI3 was discovered to
control STAY GREEN (SGR) gene expression in Arabidopsis.to prevent embryo de-greening
(AtSGR1 and AtSGR?2). Roscoe et al. (2015) opined that the acquisition of DTs involves the
essential functions played by LAFL genes. While a mutation:in LEC2 does not have this effect,
one in LEC1, ABI3, or FUS3 has a significant impact on DT, demonstrating that all three of
these regulators are necessary to activate DT (Tou, et al;, 2006). A group of genes, including
those that encode protective proteins like LEA (Delahaie et al., 2013) and HEAT SHOCK
PROTEINs (HSPs) [Wehmeyer et al., 2000}, as:well-as other protective enzymes, substances,
and antioxidants, are necessary for the development of DT (Bailly, 2004).

5) Induction and Maintenance of Seed Dormancy:

After the completion of seed maturation, storage products are synthesised, dehydration starts,
and de novo ABA is stored, and then seed dormancy is attained {(Raz et al., 2001}-). Importance
of the ABA as a regulator in thistprocess has been established by a number of pieces of evidence
f(Finch and Leubner, 2006}-). According to Nakashima et al. (2009), ABA production, sensing,
and signalling .mutations have an impact on seed dormancy. Two mutants of the Arabidopsis
plant, AtNCEDG6 and AtNCED?Y, exhibit reduced ABA levels as well as dormancy in mature,
dried seeds..Other ABA-deficient mutants, including as abal and aba2/3, also exhibit reduced
levels "of dormancy: f(Leon-Kloosterziel et al., 2006}—). To induce primary seed dormancy in
Arabidopsis, AtMYB96 directly activates ABA synthesis genes (AtNCED 2, 5, 6, and 9) and
inactivates GA biosynthesis genes (AtGA3ox1 and AtGA20ox1):- f(Lee et al., 2015}—).
Numerous:-observations suggest that LAFL gene members are crucial for the establishment of
dormancy. According to West et al. (1994), the genes FUS3, LEC1, and LEC2 are in charge of
regulating the growth arrest of embryos in mature seeds. All of these genes*” mutants fail to
completely stop embryo growth and show signs of early germination. According to Hoecker et
al. (1991) the maize Viviparous 1 (Vpl) gene was one of the crucial ABA signalling elements
that was first identified and characterised. A mutation in VVpl causes pre-harvest sprouting and
disrupts maize embryo maturation. According to research by Carrari et al. (2001), the Vpl gene



of rice, wheat, and sorghum is likewise related to the degree of dormancy, susceptibility to ABA,
and pre-harvest sprouting. According to Yamasaki et al. (2017), ABI5 is critical for the induction
of dormancy during the maturation of wheat and pea seeds. Bentsink et al. (2006) reported that,
REDUCED DORMANCY 5 (RDO5) and DOG1, two significant dormancy genes, seem to
operate independently on ABA and other plant hormones. Seed dormancy is totally eliminated or
diminished by mutations in DOG1 and RDOS5, respectively (Xiang et al. 2014). The regulation
of dormancy involves gene regulation networks in addition to other regulatory mechanisms such
protein phosphorylation and chromatin remodelling. According to Wang et al. (2013), in order to
alter the ABA signalling pathway and encourage seed dormancy, SIN3-like 1 (SNL1), a member
of the Arabidopsis histone deacetylation complex, interacts with HDA19. Liu, et-al. (2007)
revealed that the control of seed dormancy is mediated by a number of regulators, including
HISTONE MONOUBIQUITINATION (HUBL1: C3HC4-RING finger. protein) and REDUCED
DORMANCY 2 (RDO2: transcription elongation factor TFIIS).

Methods of Breaking Seed dormancy:

Seed dormancy can be broken by several ways, By—eg.. A) Physical method (Scarification,
microorganism’s activity, natural forest fire, being eaten by animals etc.) and B) Physiological
method (Stratification).

A. Physical method:

= Scarification is the process. of. breaking seed dormancy by reducing the
restrictions brought on by the seed coat. (Ertekin, 2011; Kirdar and Ertekin,2008;
Malavasi and Malavasi,2004; Rehman and Park, 2000).

= Scarification can be done in two ways — a) Mechanical scarification, and b)
Chemical scarification:

a) Mechanical scarification:

e Mechanical scarification proved to be a very effective method for breaking seed
dormancy-(Carvalho et al., 1980).

e Mechanical scarification can be carried out in a number of ways, such as rubbing
seeds between two pieces of sandpaper, applying an abrasive substance to the
seed coat, applying sand, or vigorously shaking the seeds.

.. Other methodsfor making seeds permeable to air and water include dipping seeds
in hot water, heating and chilling them for a brief period of time, puncturing the
seed coat:with a needle, and exposing them to specific intermittent wavelengths.
(Estaji et al., 2012).



Dormancy types

Causes of dormancy

Conditions to break dormancy

Representative genera

1. Primary dormancy

a. Exogenous dormancy
Physical

Chemical

b. Endogenous dormancy
Morphological

Rudimentary
Linear

Physiological
Nondeep
Intermediate

Deep

c. Combinational
Morphophysiological

Epicotyl

Influenced by external forces on the embryo
Impermeable seed coat

Inhibitors in seed coverings

Imposed by factors in the embryo

The embryo is not fully developed

at the time theseed sheds from the plant
Small undifferentiated embryo

Small differentiated embryo <1/2 size of seed

Factors within embryo inhibits germination
Positively photodormant (requires light)
Negatively photodormant (inhibited by light)
After-ripening

Embryo germinates if separated from the seedcoat
Often responds to gibberellic acid

Embryo does not germinate when removed from
seedcoat or will form a physiological dwarf
Combinations of different dormancy

conditions that must be satisfied sequentially
Combination of underdeveloped or rudimentary
embryo and physiological dormancy

Radicle begins growth when temperature

and water permit, but epicotyl is dormant

Scarification

Removal of seed coverings (fruits)

Leaching seeds

Warm or cold stratification

Cold stratification and potassium nitrate
Warm stratification-and gibberellic.acid

Red light
Darkness
Short period of dry storage

Moderate periods (up to 8 weeks) of

cold stratification

Long periods (>8 weeks) of cold

stratification

Cycles of warm and cold stratification

Warm followed by cold stratification

Baptisia, Convolvulus,
Gleditsia, Lupinus
Beta, Iris

Anemone, Ranunculus
Daucus, Cyclamen,
Viburnum

Lactuca, Primula
Cyclamen, Nigella
Cucumis, Impatiens
Aconitum, Cornus, Pinus

Dictamnus, Euonymus,
Prunus, Rhodotypos

Asimina, Helleborus, llex,
Magnolia, Mertensia
Asarum, Paeonia

Epicotyl and radicle (double Radicle and epicotyl require chilling stratification, but Cold stratification followed by warm followed Convallaria, Trillium
dormancy) radicle is released during first year and then by a second cold stratification
Exo-endodormancy Combinations of exogenous and endogenous Sequential combinations of dormancy Cercis, Tilia
dormancy conditions: Example: physical (hard releasing treatments. Example:
seedcoat) plus,intermediate physiological scarification followed by cold
dormancy stratification
2. Secondary dormancy
a. Thermodormancy After primary dormancy is relieved, high

temperature induces dormancy

Growth regulators or cold stratification Apium, Lactuca, Viola

b. Conditional dormancy Change inability to germinate related to time Chilling stratification Many species with endo-
of the year genous dormancy display
conditional dormancy
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« Seed coat may be removed by treating with chemical materials.



o It is common practise to apply acid treatments to seed coats, especially thick impermeable

seed coats. The temperature of the acid and the duration of time the seeds are soaked in
| concentrated sulfuric acid (H,SO,) are key considerations- (Machhia et al, 2001).

« Before the acid penetrates the seed coverings, the seeds must be taken out from the solution.
(Mabundza and Wahome, 2010).

o The seeds must be quickly removed and carefully cleaned to neutralize the remaining acid
completely.

o Cellulase and pectinase, two specific enzymes found in the seed coat, are used in several
recently discovered procedures to remove the seed coat.

« Additionally, to break seed dormancy, chemical solvents like alcohol and acetone are used-
(Mousavi et al., 2011).
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Fig -14: Effects of Seed Scarification on Seed Germination and Early Growth of Olive

Seedlings. (Rostamiand Shasavar, 2009.)

Effects of:mechanical and chemical scarification treatments on germination rate of

olive ‘cultivars=(a) Cultivar Arbequina and (b) Cultivar Koronaiki. Control and

mechanical scarification treatments are equal in Arbequina. Sulphuric acid treatment
| for 9'h acid treatment of Koronaiki, did not germinate (Fig. 14).

c¢) -Bio scarification:

e Seed dormancy may be overcome by making use of animals, insects and Micro-
organism in order to breakdown the seed coat impermeability.

e |t is done to partially damage the hard seed coat to overcome physical dormancy and
allows to imbibition of water on part or entire seed surface leading to metabolic
process of germination.

0 Animals:
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= Evenari (1949) studied those germination inhibitors that can disrupt germination
biochemical pathways are frequently found in fruit pulp.
= Droppings of animals help to soften the hard seed coat. Combination of moisture,
warmth, and chemical reaction by digestive juices soften the hard seed coat and make
them become permeable (Robertson et al. 2006; Samuels and Levi, 2005; Murray et al.,
1994).
o0 Insect:
= Breaking seed dormancy involves using of insects, most commonly termites.
= Karban and Lowenberg (1992) noted that, feeding by seed bugs and weevils
increased germination of wild Gossypium species.
0 Microorganisms:
= Morpeth and Hall (2000) reported that microorganisms:that:may aid in breaking
dormancy interact with seeds in the soil.
= They observed that, in seeds with physiological, dormancy, fungi’ can potentially
reduce mechanical barrier to germination by growing onthe testa and shattering the
hard, stony endocarp.
d) Applying of Fire:
= |t isamethod of subjecting the dormant;seeds to heat generated by fire.
= |t is done to partially damage the hard seed coat to overcome physical dormancy to
allow imbibition of water over the entire ‘seed surface, leading to the metabolic
process of germination.
= Keeley (1991 and 1995) observed that, the heat shock caused by wildfires has been
shown to break seed dormancy and trigger germination in many species with physical
dormancy (heat accelerated germination), especially in fabaceae—Fabaceae and
cistaceae-Cistaceae in Mediterranean fire-prone habitats.
= Moreira et al. (2011)-and Bell et al. (1993) obtained similar kind of experiment, and
made a conclusion that heat-shock treatment enhances the chances of breaking seed
dormancy and .increase the germination rate in fabaceae—Fabaceae and cistaceae
Cistaceae species.
= Zirondi et-al. (2019) further revealed that, not only fire, but also smoke accompanies
fire showed to induce germination.

B. Physiological. method:
a. Stratification:

It is a physiological method where the imbibed seeds are exposed to lower temperature (cold
stratification) or higher temperature (warm stratification) for a period of time.

i) Cold stratification:
e Seeds are soaked in water before exposing them upto pre-chilling temperature for certain
period of time specific for several species.



e Hartmann et al. (1997) reported that most temperate plants and shrubs’ dry seeds must be

| ingested to a threshold moisture content under cold temperatures (0-5 °C) before they will
germinate and thrive (cold stratification).

‘ e Martinez and Dicenta (2001) studied that, for Prunus persica cv. GF305, chilling is crucial

A N Y ey 9 Y T B

in supplying the stimulation necessary to break dormancy, boost germination, and produce
normal seedlings.

e Jensen and Eriksen (2001), and Karam and Al-Salem (2001) made similar kind of
observation in strawberry tree and sweet cherry tree (Prunus avium) respectively.

ii) Warm stratification:

‘ e Baskin and Baskin (2004) reported that \Warrm-warm stratification is, necessary for,embryo
growth and radicle emergence in seeds with undeveloped embryos in order for them to
germinate (i.e., to break dormancy).

e Nikolaeva etal. (1985) studied that Seeds—seeds of P. offcinalis had physiological
dormancy, require warm stratification for the loss of Physielogical—physiological
dormancy, and this was occurred during summer.

e Deep simple epicotyl morpho-physiological dormancy was observed in seeds of P. corsica

| (Porceddu et al., 2015), P. spontanea (Jing and Zheng,.1999) and to break this kind of
dormancy requires warm stratification for the'loss of physiological dormancy of the root.
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2013).
b) Chemical method:
0 Soaking in chemicals:
i) Soaking in KNOs3:
e Previero et al. (1996) reported that KNO3z was quite successful in bringing several species
out of dormancy.
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According to Yucel (2000), it is a chemical that controls growth in Salvia species. It was
also noted that sunflower seed dormancy was broken by 1% potassium nitrate.

Borghetti et al. (2002) also noted similar type of successful seedling emergence
observation. Maiti et al. (2006) estimated breaking seed dormancy in sunflower by using

potassium nitrate.

ii) Thiourea:

According to Hosseini et al. (2011), exogenous use of thiourea provides a practical and
secure way for preventing potato minituber dormancy.

Chang and Sung (2000) reported that Seed-seed and bud dormancy can.be broken by
thiourea either naturally or by environmental factors. Similar kind of observation was
reported by El-Keblawy (2013).

iii) Hydrogen peroxide:

Kindiger (1994) studied the germination enhancement by incubation:in H,O5.

Wang et al. (1998) studied the promotion of barley caryopsis germination by this oxidant
compound which was related to reduction of ABA content.

Benech et al. (2006) reported that hypoxia conditions. not only interfere with ABA
degradation but also increased ABA sensitivity of barley:embryos.

Grange et al. (2003) observed germination increments.in H,O,-treated seeds of different
species.

Matuz-Cadiz and Hucl (2005) proposed different mechanisms to explain the promoting
effect of hydrogen peroxide on germination.

o Soaking in growth regulators:
i) Gibberellic acid and Kinetin:

i)

Dweikat and Lyrene; (1988) evaluated that numerous seed species such as Lonicera.
Japenicajaponica, Lonicera maackii had been observed to emerge from dormancy when
treated with exagenous growth.regulators such as gibberellins (often gibberellic acid GA3
and GA,) and.cytokinins (typically kinetin, benzyl adenine).
Mehanna et al. (1985); Karam and Al-Salem, (2001) and Mukherjee et al. (2022)
conducted similar kind of experiment.

Chauhan-et:al. (2006), Rogis et al. (2004), Ray and Bordolui (2022) and Gashi et al.
(2012) studied that-hormenesthat hormones—including gibberellic acid (GAz)—are the
most often used compounds to hasten the breaking of dormancy.
According to Tang et al. (2012), exogenous GA; treatments increased the germination of
meadow foxtail(_Alopecurus aequalis) and annual bluegrass (Poa annua),—{Alepecurus
aegualis); Biswas et al. (2021) in China aster (Callistephus chinensis L.); and Biswas et al.
(2020) in rice.

Ethylene:

By breaking seed dormancy, ethylene has been shown to promote germination. It

promotes the germination of dormant and non-dormant seed by releasing ethephon.
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o The effect of ethylene in the release of primary and secondary dormancy and the
germination of non-dormant seeds under normal and stressful conditions was investigated
by Kpczyriska and Kaczynski (1997).

e Ketring and Morgan (1971) observed that ethylene or ethephon removes primary seed
dormancy in peanut.

e Ketring and Morgan (1972) made a conclusion that exogenous ethylene or ethephon - an
ethylene-releasing compound - stimulates seed germination.

e Similar kind of observation was observed by Kepczynski and Rudnicki (1977) in apple
and Corbineau and eeme-Come (1990) in sunflower.

e Esashi and Leopold (1969) made a conclusion that Ethylene or:Ethephon also breaks
secondary dormancy in the seeds of cocklebur.
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Fig-16: Seed dormancy and the control of germination. (William et al., 2006).
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List Table 1:: VVarious dormancy breaking methods applied in several crop:

Crop name:| Method of breaking dormancy Name of Author(s) | Year

Rice Seed dormancy was broken using dry heat | Watanabe et al. 1998
treatments: 45 °C for 7 days

High humidity successfully disrupted seed
dormancy: 45 °C for 1-3 days. Hoshina and Urano | 2010

Rice seed treatments with hot water at 60 °C | Fukuda et al. 2013
for 10 minute effectively increased
germination rate, respiration rate, ethylene
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generation, and -amylase activity.

Sorghum

By prechilling (cold stratification) the
sorghum samples for six days at 5° C,
dormancy was broken.

Robbins and Porter

2013

Dormancy might be broken with a hot water
treatment that involved immersing the seed
for four minutes in water at 70° C.

Goodsell

1997

Chemical treatment enhanced germination to
94% when seeds were soaked in 0.5, 1.0, and
1.5% KNO3 for 2 hours.

Shanmugavalli et al.

2007

Maize

Soaking in gibberellic acid solution (1000mg
/lit) for 24 hrs can to break dormancy in
teosinte.

William etal.

2004

20% hydrogen peroxide (H,0,) for 24 hrs'can
be beneficial in breaking dormancy and
further increase in germination.

Taba et al.

2006

Wheat

Seeds kept in 26 ° C for 15.days showed no
dormancy.

Reddy et al.

1987

Sunflower

Exogenous ethylene application (50ppm) for
7 days strongly .stimulated germination at
15°C of freshly harvested ‘ripe sunflower
achenes.

Corbineau.

1987

Gibberellic acid: (GA3) in'a 1 mM solution
was used .to “chemically pre-treat wild
sunflower achenes, nearly doubling the
germination rate:

Singh and Rao

1994

dry. heating of sunflower seed at 80°C for 10
minutes “helps to remove dormancy and
increase in germination

Pallavi et al.

2010

Mustard

for reduction of wild mustard seed dormancy
and improve its germination was 24 hours of
soaking in gibberellic acid @1500 ppm.

Hossein and Reza

2014

Soybean

Hydrogen peroxide (H,O;) and ethylene
treatment aids in overcoming the soybean
seed coat's resistance and increases the
germination rate.

Ishibashi et al.

2013

The best way to break dormancy was five

Morais et al.

2014




minutes of immersion in HSOs (98%)
followed by rinsing in water because it
produced the highest percentage of
germination.

Groundnut

1% Ethrel applied to dry seeds is a convenient
and effective preplanning seed treatment for
breaking dormancy of dormant peanut seeds
under controlled conditions or in the field.

Ketring and Morgan

1999

Sesame

Sesame seeds' dormancy was broken by GA3,
and lower doses (500 ppm) produced better
results than higher ones (1000 ppm).

Ashri and Palevitch

1998

Carrot

Breaking dormancy and boosting the
germination rate were both greatly aided by
soaking carrot seeds for three hours in 100
ppm of GA3.

Aki

2000

Applying of acetylsalicylic acid, 100 mg L™
for 24 hrs was effective for carrot seed.in
overcoming dormancy and advancing in
germination at 5°C.

Rajasekaran

2001

Onion

20% (weight by volume). hydrogen peroxide
applied exogenously for 2 to 4 hours was:very
successful  in  releasing'* onion  bulb
endodormancy.

Christopher and

Goldman.

2019

Okra

Okra farmers..can use 80% H,SO, for 3
minutes to break dormancy, though dry
heating for 5 minutes at 70°C and soaking for
12 hours-at 30°C-are other effective options.

Musara et al.

2015

Potato

Applicationof 5-10 ppm GAS3 to treat all
types, of tubers, and further Soaking of tubers
in‘a 1'% agueous solution of thiourea for one
hour after treatment, or cold shock plus heat
treatment at 4 °C and then held potato tubers
at 18-25 ° C for two or more weeks, could
help to break dormancy.

Bryan

2009

Red gram

Hot water and hot air oven treatment could
help for breaking hardseededness.

Borikar et al.

1985

Gram

For breaking the strong seed coat dormancy in
Gram, intense sulfuric acid treatment for 60
seconds has been proven to be more effective.

Lambat et al.

2017




Locust Seeds immersed in concentrated H,SO,4 | Okunala et al. 2011
bean exhibited the second-fastest rate of
(Parkia germination after mechanical scarification
biglobosa) | With sandpaper.

Garlic The seed dormancy time is shortened from 5 | Sasmitaloka et al. 2021
to 6 months to 12 weeks using thermal sock
procedures, which combine storage at high
temperatures (38 to 42°C) for 6 weeks and
low temperatures (12 to 14°C) for 6 weeks
(for a total of 12 weeks).

Jute Mechanical scarification with rubbing the | Maina et al. 2011
seeds with sandpaper for 3 minutes found to
be most effective method.

Conclusion:|

Dormancy in seeds can occur at different phases:of seed development, therefore
classifying dormancy would make it easier for seed. experts to comprehend their findings.
Additionally, by adapting the dormancy breaking techniques:used in many crops and it can
inspire biochemists and molecular biologists who are researching on seed dormancy and ways to
break it. Dormancy and germination are extremely. complex features regulated by a number of
genes. Recent years have seen a sharp rise in the number of mutations and genes involved. These
investigations validated the pivotal function of plant hermones. In particular, ABA and GA are
crucial for seed growth and germination. Most attention has been paid to the functions of these
hormones in the induction, maintenance, and breaking of dormancy and germination. The role of
ABA and GA in the various stages of seed development has also been highlighted in this review.
Various dormancy breaking methods applied in several crop could also help researcher to further
study the dormancy pattern.and breaking of it on that particular crop.
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