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Seed coat dormancy: An overview in legumes 

 
Islavath Suresh Naik and VK Deshpande 

 
Abstract 
Most of the food species belongs to the family Leguminosae. The resting condition of many seeds, 

especially those of different farm and garden crops, is maintained only as long as the seeds are in dry 

storage. Immediately after the suitable conditions occurs the seed is activated making the arrangements 

within and starts germinating. In case of most legumes the seed coat dormancy is prevailing to stop the 

seed to do its activity although the favourable conditions prevail for germination. Seed coat is a natural 

occurring barrier and is the character of seed that helps to postpone the germination. Physical factors and 

physiological factors and more likely in legumes leading to dormancy. This is sometimes bane and is 

reduced by the scarification mainly in legumes. 
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Introduction 

Legumes belong to the family Leguminosae, (also known as Fabaceae) which consists of four 

subfamilies viz. Papilionoideae, Caesalpinoideae, Mimosoideae, and Swartzioideae. Legumes 

are among the three largest families of flowering plants. The flowering plants of greatest 

importance to world agriculture belong to the orders Gramineae (cereals and grasses) and 

Leguminosae (legumes or the bean family). The Leguminosae consist of about 750 genera and 

19,000 species of herbs, shrubs, trees, and climbers. This large family is divided into four 

subfamilies—the Mimosoideae, Caesalpinoideae, Swartzioideae, and Papilionoideae. The 

Swartzioideae is a small subfamily of about 80 species and relatively unimportant 

economically. There are different types of dormancy’s present like physical dormancy, 

physiological dormancy, morphological dormancy, among that morphological dormancy 

which due to the seed coat thickness is more in case of Leguminosae family. Numerous studies 

have examined the effect of moisture and temperature on seed germination for species with 

physical dormancy (e.g. Mareno-Casasola et al., 1994; McDonald, 2002) [28, 29]. However, 

factors required for dormancy release and for germination are often confounded (Thompson 

and Ooi, 2013) [53]. For example, a positive correlation under wet conditions between 

temperature and germination rate could be the result of greater dormancy release, better 

germinating conditions for species that are already non-dormant, or both. Nonetheless, 

dormancy release is commonly found to be positively correlated with temperature and with 

moisture availability, and their interaction (Baskin and Baskin, 1998; van Klinken and Flack, 

2005; Hu et al., 2009; Jayasuriya et al., 2009) [3, 55, 23]. Hard-coatedness is usually caused by 

impermeability of the seed coat or some of its layers to water or to gases, though both 

mechanical and chemical inhibition of germination mayaiso be factors in dormancy. In some 

cases, e.g. avocado, Persea gratissima (EGGERS 1942) [15] and tung, Aleurites fordii 

(SHARPE and MERRILL 1942) [44], germination is promoted by removal of the seed coat but 

the nature of this effect is unknown. Impermeable coats are characteristic of certain species 

and even of certain families of plants. The family Leguminosae is the one of the most 

commonly known to possess seeds with impermeable coats, but certain members of other 

families (Gramineae, Malvaceae, Oannaceae, Geraniaceae, Ohenopodiaceae, Oonvallariaceae, 

Oonvulvulaceae, Solanaceae, and others) also produce such seeds. Riggio-Bevilacqua et al. 

(1985) [37] attributed the inhibition of water uptake to the combination effect of the 

imperviousness of the hilum and the impermeability of a non-cellular lipid layer found 

between the inner surface of the integument and the endosperm. High hard seed content in a 

seed lot can cause delayed or decreased seedling emergence.  

 

Legume Seed Coat (Testa) Development and Structure 

The angiosperm seed develops from the fertilized ovule and depending on the stage of 
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development is usually composed of (1) the embryo, arising 

by fertilization of the egg cell by one of the pollen tube 

nuclei; (2) the nutritive tissue of the endosperm, generated by 

the fusion of two polar nuclei of the embryo sac with the other 

sperm nucleus; and (3) a protective seed coat (testa), derived 

from the inner/outer or both ovular integuments (Bradford and 

Nonogaki, 2009) [7]. 

 

The seed coat tissue components 

The origin of the seed coat can be traced back to the L1 

sporophyte layer of the ovule primordium (Schneitz et al., 

1997) [43] with an emerging network of regulatory pathways 

coordinating growth of the inner and/or outer integuments 

surrounding the ovule (Skinner et al., 2004; Galbiati et al., 

2013; Kurdyukov et al., 2014) [46, 17, 24]. The number of ovule 

integuments varies depending on the species; legumes have 

two integuments (bitegmic ovules). The inner integument 

largely vanishes during development (Esau, 1965) [16] while 

the outer one produces several distinct cell layers and 

establishes the “typical” seed coat structure. The chalazal 

region is an important part of the testa where connections of 

the vascular tissues of the maternal funiculus terminate. 

Current seed identification criteria are based upon 

morphological characteristics including seed size, general 

shape, surface shape, color, hilum length and width. These are 

often used in taxonomical classifications (Lestern and Gunn, 

1981; Chernoff et al., 1992; Güneş, 2013) [25, 10, 19] and 

archeobotany (Zohary et al., 2012) [61]. Legume seed 

characters support the concept of one family (Fabaceae) as 

advocated already by De Candolle (1825) [14]. Although the 

seed coats of different species vary greatly in structure and 

composition, they undergo similar phases of development in 

relation to the embryo and endosperm (Butler, 1988) [5]. 

Weber et al., 2005 stated that embryo and seed coat is 

developed first followed by the development of embryo.Seeds 

with physical dormancy cannot become physically dormant 

again once the testa is compromised and there is sufficient 

moisture for imbibition (Baskin and Baskin, 2004; van 

Klinken et al., 2008) [4, 57] 

 

 
 

Fig 1: The arrangement of Leguminosae seed coat share rather common structural features. (A) Transversal section of the seed coat of 

wild Pisum sativum subsp. elatius (left), with a schematic drawing (right); epidermal cells differentiate into macrosclereids, which are 

characterized by a cuticle-covered surface. The outer parts of the macrosclereids (sclereid caps) are frequently separated by a region of the cell 

wall (light line) with specific features, resulting in different optical and staining properties. The central part of the testa differentiates into 

osteosclereids with a specific shape caused by thickened secondary cell wall. The innermost layers of parechymatous cells frequently die during 

differentiation and only disintegrated fragments are left. (B) Generalized scheme of the seed coat morphology commonly found in Fabaceae 

seeds showing the most important structural features, including the hilum, lens differentiated on the raphe and micropylar pore. (C) Transversal 

section of a Pisum sativum seed coat in the area of the hilum. The macrosclereids of the hilar scar are covered with counter palisade tissue with a 

central fissure above the tracheid bar, which is surrounded by star-shaped parenchyma interconnected to intercellular spaces of a layer of 

osteosclereids. 
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Role of seed coat in enhancing seed dormancy 

Seed coat is the outermost layer of the seed which is called as 

testa (the protective layer) provides the protection to the seed 

from the damage. As the seed coat thickness increases the 

seed may become dormant although the favourable conditions 

prevent for seed germination. This thickness not only make 

the seed dormant but also protect the seed from external 

factors that cause damage. The thickness of seed coat is due to 

the formation of secondary cell walls in due of time from the 

primary cell walls leading to the thickened layer and makes 

the seed coat strong and hard, thus making the seed dormant. 

Pfeiffer (1934) [33], working with Symphoricarpos racemosus 

(a species with dormant embryos), showed that the softening 

and disintegration of the seed coats is caused by 

decomposition of wall substances by fungi. If the seeds are 

kept under conditions favourable for this process (moist 

storage and optimal temperatures) but are maintained free 

from fungi the coats remain unchanged. The hardness and 

impermeability of the seed coat, as an inhibited factor in seed 

germination, has been studied in several species of the family 

Leguminosae (Demel 1996; Sacheti and Al-Rawahy 1998; Sy 

et al. 2001; Orozco-Almanza et al. 2003; Pipinis et al. 2005) 

[11, 42, 31, 34]. 

 

Seed dormancy 

A dormant seed does not have the capacity to germinate in a 

specified period of time under any combination of normal 

physical environmental factors that are otherwise favourable 

for its germination, i.e. after the seed becomes non-dormant. 

A completely non-dormant seed has the capacity to germinate 

over the widest range of normal environmental factors. 

Dormancy is useful to sustain unfavorable conditions, and for 

the dispersal, spread and distribution. Plants are vulnerable to 

the hazards of drought and extremes of heat and cold. In the 

non-growing condition, the seed moisture content is low and 

the cell protoplasm is protected from damage, owing to its 

low metabolic rate. Seeds of many plants do not germinate 

even if conditions are favorable, they are dormant (Finch 

savage and leubner Metzger, 2006; Baksin and Baskin, 2014) 

[23]. Dormancy and germination are two crucial seed traits that 

are often considered key components in plant life history 

strategies (Rees, 1997) [38]. Germination of many seeds is 

retarded only by impermeable coats which hinder the 

admission of water. If these coats are not subjected to pre-

treatment, germination can be erratic and prolonged, 

sometimes extending over a period of many years 

(Anonymous, 1965) [1]. The seed coat confers physical 

dormancy through tightly packed palisade cells impregnated 

with water repellent substances (Baskin and Baskin, 1998; 

Jayasuriya et al., 2009) [3, 23]. Physical dormancy which is the 

main reason for the hindering of germination and less 

dispersal. In many of the legume species the main reason for 

the dormancy is the seed coat which is thick and leads to the 

hinderance of growth after imbibition. 

  

Breaking of dormancy 

Scarification 

Scarification means weakening, opening, or otherwise altering 

the coat of a seed to encourage germination. Scarification is 

often done mechanically, thermally, and chemically. The 

seeds of many plant species are often impervious to water and 

gases, thus preventing or delaying germination. Scarification, 

regardless of type, works by speeding up the natural processes 

which normally make seed coats permeable to water and air. 

Seed scarification, a physical damage to break the hard seed 

coat without lowering the quality of seeds, has been studied 

for more than a century (Dixon, 1901; Harrington, 1916; 

Stewart, 1926; Rincker, 1954; Rolston, 1978; Stanwood, 

1980; Rutar et al., 2001; Zeng et al., 2005; Dittus and Muir, 

2010) [13, 21, 40, 48, 60, 12, 50]. 

 

Mechanical scarification 

For mechanical scarification, many researchers have used 

mechanical scarifiers (Carleton et al., 1971; Townsend and 

McGinnis, 1972; Miklas et al., 1987; Singh et al., 1991; 

Patane and Gresta, 2006; Dittus and Muir, 2010) [12, 32] or 

sandpapers to rub seeds manually (Baes et al., 2002; Uzun 

and Aydin, 2004; Patane and Gresta, 2006; Can et al., 2009) 

[55, 32]. The seeds are rubbed towards the rough surface until 

the thick seed coat is loosened or decreased in number of 

layers. The seed coat ruptures immediately after the seed is 

rubbed over the sand paper or rough surface. Mechanical 

scarifiers are used to scarify the seeds when they are in huge 

quantity. When the seeds are passed in to the scarifier the 

seeds are rubbed over the rough surface in the machine and 

seed coat is loosened. An RPM of 50-60 is adjusted in the 

scarifier and the seeds are subjected to scarification.  

 

Heat scarification 

Heat scarification has been one of the most popular methods 

because it is simple and easy to use. Two main heating 

devices used in heat scarification viz. oven (Harrington, 

1916; Staker, 1925; Stewart, 1926; Lute, 1927; Rincker, 

1954; Rutar et al., 2001) [21, 40, 49, 50, 27] and hot water bath 

(Uzun and Aydin, 2004; Patane and Gresta, 2006; Can et al., 

2009) [55, 32]. Efficacy of heat scarification varies significantly 

depending on heating devices, duration and temperatures. 

Heat scarification using the dry heat in oven seems to be 

effective on hard seed reduction and germination 

improvement when appropriate duration and temperature are 

used (Harrington, 1916; Staker, 1925; Stewart, 1926; Lute, 

1927; Rincker, 1954; Tomer and Maguire, 1989; Rutar et al., 

2001) [21, 40, 49, 50, 27]. Various temperatures (below 40 °C to 

over 100 °C) and treatment times (one min to 21 h) were used 

in different studies and variable results were reported.  

 

Acid scarification 

In mechanical scarification, they may be shaken with some 

abrasive material such as sand or be scratched with a knife. In 

chemical scarification, seeds are dipped into strong sulfuric 

acid, organic solvents such as acetone or alcohol, or even 

boiling water. Frequently seed coats are permeable to water 

yet block entrance of oxygen; this applies, for example, to the 

upper of the two seeds normally found in each burr of 

the cocklebur plant. The lower seed germinates readily under 

a favourable moisture and temperature regime, but the upper 

one fails to do so unless the seed coat is punctured or removed 

or the intact seed is placed under very high oxygen 

concentrations. A paper was published by the New Zealand 

Journal of Experimental Agriculture and stated that the seeds 

they examined in their study germinated only 30% under the 

preferred conditions, yet when they were treated chemically 

with concentrated sulphuric acid or mechanically scarified, 

the germination rate increased to more than 80%. win pe et 

al., 1975, Liu et al. (1981) also recommended scarification 

with concentrated sulfuric acid for 30-90 min to break the 

hard coat of C. canadensis seeds. After scarification, the seed 

of C. siliqua strum requires a period of cold moist 
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stratification in order to remove endosperm dormancy (Rascio 

et al. 1998) [36]. Gebre and Karam (2004) [18] considered the 

most effective and necessary treatment for germination of 

imbibed C. siliquastrum seeds to be moist stratification at 4 

°C for 16 weeks. 

 

Freeze-thaw scarification 

Mechanism behind the reduction of hard seededness by a 

freeze-thaw scarification is to make tiny scars on hard seed 

coat and make seed coat brittle to enhance germination 

(Busse, 1930; Pritchard et al., 1988; Stout, 1990; Hall et al., 

1993) [6, 35]. A force that produces scars on seed surface 

through this technique is depending on the size, shape, water 

content of seedstreatment intensity and durations (Candolle, 

1922; Steinbauer, 1926; Busse, 1930) [14, 6]. Methods for 

cooling in freeze-thaw scarification include freezer (Midgley, 

1926; Shibata and Hatakeyama, 1995) [30, 45]; carbon dioxide 

(CO2) snow, dry ice, liquid air (Busse, 1930 [6]; ultra-low 

freezer (Stout, 1990) [51]; acetone (Rutar et al., 2001); liquid 

Nitrogen (Brant et al., 1971; Stanwood, 1980; Pritchard et al., 

1988; Acharya et al., 1993; Patane and Gresta, 2006) [1, 48, 32, 

35].When the seeds are subjected to low temperatures followed 

by warmer temperature then the seed coat dormancy is 

decreased. Temperatures maintained here are in the range of -

5 to -15 0C and followed by room temperature breaks the 

dormancy. 

 

Conclusion 

Seed coat which acts as a barrier in the process of germination 

in the Leguminosae family species by not making the radicle 

to emerge out of the seed due to presence of thick layer of 

seed coat during the favourable conditions were removed by 

the rupture of thick seed coat by following the different 

methods to overcome seed coat induced dormancy. Acid 

treatment and rubbing the seed over the hard-rough surface 

for a period of time and cold stratification for the specified 

time leads to breaking of seed coat dormancy. 
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