
Importance of the lignin content in the pod wall and seed 
coat on soybean seed physiological and health performances

ABSTRACT: The effects of lignin on soybean seed quality have been studied since the early 
1990s. Initially, higher lignin content in the seed coat was associated with greater resistance 
to mechanical damage by the seeds. Later, positive relationships of lignin content in the 
seed coat were associated with tolerance to stresses caused by weathering in pre-harvest, 
resulting in improved seed quality. Additional studies have shown that higher lignin content 
in the pod wall of soybean is also related to production of seeds with high physiological 
and sanitary qualities. Colored soybean seeds (black or brown) are known to have higher 
seed quality due to higher lignin content in the seed coat; in addition, the presence of 
anthocyanin in the seed coat of colored seeds also contributes to improve seed quality. 
Finally, the effects of boron on lignin synthesis are also highlighted in this review article. As 
demonstrated in this review article, lignin content in the seed coat and pod wall of soybean 
plays an important role in relation to physical, health, and physiological seed qualities. These 
parameters should be considered in studies related to evaluation of the quality of soybean 
seeds as affected by genetic factors. These parameters should also be strongly considered 
for inclusion in breeding programs to improve soybean seed and grain quality.

Index terms: mechanical damage, pod wall, seed coat, seed quality, weathering. 
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RESUMO: Os efeitos da lignina na qualidade da semente de soja vêm sendo estudados desde 
os primeiros anos da década de 1990. Inicialmente, verificou-se que maiores teores de 
lignina no tegumento da semente estavam associados a maior resistência a danos mecânicos 
pelas sementes. Posteriormente, relações positivas do teor de lignina no tegumento das 
sementes foram associadas à tolerância aos estresses causados ​​pelo intemperismo na 
fase de pré-colheita, resultando em melhor qualidade das sementes. Estudos adicionais 
mostraram que maiores teores de lignina na parede da vagem da soja também estão 
relacionados à produção de sementes com altas qualidades fisiológicas e sanitárias. 
Sementes de soja coloridas (pretas ou marrons) são conhecidas por possuírem sementes de 
maior qualidade devido ao maior teor de lignina no tegumento; além disso, a presença de 
antocianina nos tegumentos das sementes coloridas também contribui para a melhoria da 
qualidade das sementes. Finalmente, os efeitos do boro na síntese de lignina também são 
destacados neste artigo de revisão. Conforme demonstrado neste artigo de revisão, o teor 
de lignina no tegumento e na parede da vagem da soja desempenha um papel importante 
relacionado às qualidades físicas, sanitárias e fisiológicas das sementes. Esses parâmetros 
devem ser considerados em estudos relacionados à avaliação da qualidade de sementes de 
soja, afetadas por fatores genéticos, pois também devem ser fortemente considerados para 
serem incluídos em programas de melhoramento, para melhorar a qualidade de sementes 
e grãos de soja.

Termos para indexação: dano mecânico, vagem, tegumento, qualidade de semente, 
intemperismo.
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CONCEPTUALIZATION

Lignin is one of the main phenolic compounds in the tissues of angiosperms and gymnosperms. It occurs in plant 
vascular tissues, and the name comes from the Latin “lignum”, meaning wood (Fengel and Wegener, 1984). It was 
discovered by Anselme Payen in 1833 (McCarthy and Islam, 1999).

Lignin is the generic term for a large group of aromatic polymers resulting from the oxidative combinatorial coupling 
of 4-hydroxyphenylpropanoids (Boerjan et al., 2003; Ralph et al., 2004; Vanholme et al., 2010). It is therefore a complex 
heteropolymer that primarily consists of p-hydroxyphenyl (H), guaiacyl (G), and syringyl (S) units formed by oxidative 
coupling of the monolignols p-coumaryl alcohol and sinapyl alcohol, which are products of the phenylpropanoid 
pathway (Vanholme et al., 2010; Moreira-Vilar et al., 2014; Marchiosi et al., 2020) (Figure 1).

 These polymers are predominantly on the secondary cell walls and thicken them. Lignin promotes coating for 
cellulose and hemicellulose microfibrils, resulting in greater rigidity, strength, and impermeability for lignified tissues.  
Lignin protects cell wall polysaccharides from microbial degradation, thus imparting resistance to decay (Vanholme 
et al., 2010). It is the second most abundant polymer in nature, after cellulose (Polle et al., 1994), the third largest 
component of the cell wall, and the main component of intracellular substances (Cowling and Kirk, 1976). When the 
lignification process is complete, it usually coincides with cell death, forming what is called a resistance tissue; hence, 
it can be concluded that lignin is an end product of plant metabolism (Klock, 2014).

METHODOLOGIES FOR LIGNIN DETERMINATION

Several analytical methodologies for determination of lignin are described in the literature. The sulfuric acid method, 
described by Bailey (1967), modified by Vidaure (1991), and adapted for lignin determination in the soybean seed coat 
by Alvarez et al. (1997), is used in studies of seed resistance to mechanical damage and requires 24 hours to complete. 
The potassium permanganate method (Van Soest and Wine, 1968) is somewhat simpler than the first and requires only 
six hours to perform. This methodology was used by Panobianco et al. (1999) in evaluation of the relationship between 
the lignin content and the electrical conductivity of the soybean seed soaking solution.

A comparison between these two gravimetric methods for determination of lignin content in the soybean seed 
coat was performed by Krzyzanowski et al. (2001), who concluded that the sulfuric acid method had greater accuracy 
and sensitivity in the results. This method ranked 12 cultivars in five distinct groups of lignin content, whereas the 
potassium permanganate method classified them in only three groups.

In search of greater accuracy in the results of lignin content, the methods for determination evolved to LTGA – 
Lignothioglycolic acid, as described by Capeleti et al. (2004). Huth et al. (2016), in studies on the relationship between 
weathering damage and lignin content in soybean seeds, used the Acetylbromide method, as described by Moreira-
Vilar et al. (2014). In both methods, the cell wall is removed to determine the lignin content, which is found between 
cellulose and hemicellulose.  The last method shows better lignin recovery in different herbaceous tissues than the 
other existing methods; it is quick and simple to perform and accurate in the results provided. Lignin is solubilized 
and subsequently quantified by spectrophotometry, using a UV spectrophotometer with a 280 nm wavelength optical 
density, obtaining the absorbance of the samples. This absorbance is compared with the predetermined standard 
curve, in order to obtain the lignin content of the tissue under analysis. Brezezinski et al. (2022) used this methodology 
in studying pre-harvest field deterioration of soybean seeds.

IMPORTANCE OF LIGNIN FOR SEED HEALTH AND QUALITY

Water impermeable soybean seeds were reported to have a higher percentage of seed coat lignin content than 
permeable ones, which could be a characteristic responsible for the higher quality present by the impermeable seed 
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Figure 1.   �The main biosynthetic route toward the monolignols p-coumaryl, coniferyl, and sinapyl, which are the 
precursors of the monomeric units of p-hydroxyphenyl (H), guaiacyl (G) and syringyl (S). PAL: phenylalanine 
ammonia-lyase; C4H: cinnamate 4-hydroxylase; 4CL: 4-coumarate-CoA ligase; HCT: quinate/shikimate 
p-hydroxycinnamoyl transferase; C3H: 4-coumarate 3-hydroxylase; CSE: caffeoyl shikimate esterase; 
COMT: cinnamyl (caffeate) O-methyltransferase; CCoAOMT: caffeoyl-CoA 3-0-methyl transferase; CCR: 
cinnamoyl-CoA reductase; F5H: ferulate (coniferil aldehyde/alcohol) 5-hydroxylase; CAD: cinnamyl alcohol 
dehydrogenase; POD: peroxidase; LAC: laccase. (Source: Marchiosi et al., 2020).

type (Tavares et al., 1987). However, as reported by Potts et al. (1978), the impermeability of soybean seeds to water 
may also be due to the deposition of a continuous layer of suberin in the palisade cells of the seed coat.
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Pods with high lignin content have a lower rate and speed of water absorption. Soybean pods with greater exocarp, 
endocarp, and mesocarp thickness and high lignin content have greater tolerance to pre-harvest weathering damage 
and provide seeds with greater viability and vigor (Table 1). Plants with higher lignin content in pods produce seeds 
with a lower incidence of the fungus Cercospora kikuchi and lower chlorophyll content, especially when associated with 
pre-harvest rainfall (Brzezinski et al., 2022).

Studying the relationship of the level of phenolic compounds (phenol, lignin, and isoflavones) in soybean cultivars 
and their resistance response to pod rot by Phomopsis, Bellaloui et al. (2012) observed that these compounds occurred 
in higher concentrations in the cultivars classified as moderately resistant and resistant to this disease than in susceptible 
cultivars indicating a possible association of these phenolic compounds with the defense mechanism of this disease.

Regarding the physiological quality of soybean seeds, it is widely known that quality declines during storage, with 
higher rates of reduction in an uncontrolled environment. The phenylpropanoid pathway metabolites, especially lignin, 
interfere with seed storage potential. Cultivars with higher levels of lignin in the seed coat (average values of 14.23%) 
and with black seed coat had greater storage potential, mainly in an uncontrolled environment, in relation to yellow 
seed coat genotypes, which had average lignin content of 4.00% (Abati et al., 2021).

Many factors contribute to seed deterioration, but physical damage due to improper harvesting and handling 
and its effect on seed coat integrity is a leading cause (McDonald, 1985). Mechanical damage was the major factor 
responsible for decreasing soybean seed germination and vigor in Brazil in four crop years, from 2014/15 to 2018/19, 
as reported by França-Neto (2016) and França-Neto et al. (2017; 2018; 2019).

As lignin is the third major component of the cell wall and the main component of intracellular substances, it is 
primarily responsible for maintaining the integrity and structural cohesion of plant fibers (Butler and Bailey, 1973; 
Cowling and Kirk, 1976). It is of considerable importance in resistance to mechanical damage in soybean seeds, which 
is one of the main factors that affect soybean physical and physiological qualities (Alvarez et al., 1997). The deposition 
of lignin in integumentary tissue is important, as it provides mechanical strength and protects the cell wall against 
microorganisms (Rijo and Vasconcelos, 1983). In addition, due to its impermeability/semi-permeability characteristic, 
lignin also protects soybean seeds against the negative effects of weathering conditions that occur during the pre-
harvest period (França-Neto et al., 2016). Several studies indicate that the soybean seed coat is very thin and has low 
lignin content, providing little protection to the embryonic axis, which is in a vulnerable position under the seed coat 
(Gupta et al., 1973; Agrawal and Menon, 1974; França-Neto and Henning, 1984).

White lima bean seeds (Phaseolus lunatus L.) are highly susceptible to mechanical damage because of their lignin 
content, which is one per cent of the weight of the seed coat. However, lignin content is 15 per cent of seed coat weight 
in seeds of dark color (Kannenberg and Allard, 1964). Working with soybean seeds, Agrawal and Menon (1974) found 
a relationship between seed coat thickness and lignin content and difference in susceptibility to mechanical damage 
between Clark 63 and Adelpina cultivars.

Mechanical damage (Figure 2) is one of the causes of great loss of quality in soybean seeds in tropical and subtropical 
environments (França-Neto et al., 2019). The development of cultivars that are less prone to mechanical damage is an 
important contribution of breeders to soybean growers to overcome this limitation. In addition to improving the grain 
and seed quality, introducing this characteristic to soybean genotypes will reduce the amount of splits, cracks and 
micro-cracks in the seed coat, reducing the degree of acidity of the grain and improving the grain organoleptic qualities, 
and changing the behavior of the seed during the storage process, as these seed coat cracks are openings for the entry 
of moisture that will promote the deterioration process (Krzyzanowski et al., 2019).

Black-coated soybean seeds are higher in quality as compared to yellow-coated seeds (França-Neto and 
Krzyzanowski, 2000). One of the reasons for this difference is due to the higher lignin content in the seed coats of 
black-coated genotypes (12.18 %) as compared to the yellow types (4.75 %).

Carbonell and Krzyzanowski (1995) developed the pendulum test for identifying lines with seeds resistant to 
mechanical damage. The test evaluates the resistance of seeds to mechanical damage, establishing rates of mechanical 
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Table 1.   �Weathering damage evaluated by the tetrazolium test, germination, and seedling emergence in sand substrate 
of soybean seed cultivars with different levels of lignin in the pod and in the seed coat, produced under 
different volumes of simulated rainfall in pre-harvest (Source: Brzezinski et al., 2022).

Weathering damage 1-8 (%) Weathering damage 6-8 (%)
Precipitation Cultivar Precipitation

Lignin – pod (%) 0 mm 54 mm 162 mm 0 mm 54 mm 162 mm
13.46 D 22 Aa 41 Bb 66 Dc BRS 1010 IPRO 8 Ca 22 Db 28 Dc
14.10 C 31 Ba 52 Cb 64 Dc BRS 284 5 Ba 14 Cb 20 Cc
15.34 B 20 Aa 36 Bb 53 Cc NA 5909 RR 2 Aa 8 Bb 19 Cc
16.13 A 16 Aa 20 Ab 22 Ab BRS MG 752 S 2 Aa 3 Aa 5 Ba
16.19 A 12 Aa 17 Ab 22 Ab BRS Pintado 2 Aa 2 Aa 2 Aa
18.56 A 17 Aa 18 Aa 20 Aa BRS Jiripoca 1 Aa 4 Ba 4 Ba
15.18 B 15 Aa 31 Bb 40 Bb M 8210 IPRO 3 Aa 7 Bb 9 Bb

Germination (%) Seedling emergence (%)
Lignin – seed coat (%) 0 mm 54 mm 162 mm Cultivar 0 mm 54 mm 162 mm

4.27 B 89 Aa 83 Bb 76 Cc BRS 1010 IPRO 89 Aa 80 Bb 75 Bb
4.20 B 85 Ba 79 Bb 72 Dc BRS 284 85 Ba 64 Cb 55 Cc
3.60 C 94 Aa 87 Bb 81 Cb NA 5909 RR 93 Aa 87 Ab 84 Ab
4.58 A 83 Ba 82 Ba 82 Ca BRS MG 752 S 81 Ba 80 Ba 77 Ba
4.47 A 91 Aa 93 Aa 92 Aa BRS Pintado 88 Aa 89 Aa 87 Aa
4.26 B 91 Aa 88 Aa 87 Ba BRS Jiripoca 83 Ba 80 Ba 82 Aa
4.35 B 91 Aa 88 Aa 86 Ba M 8210 IPRO 82 Ba 80 Ba 83 Aa

Means followed by the same letter, lowercase in the row and uppercase in the column, do not differ from each other by the Scott-Knott test at 
5% probability.

Figure 2.   �Soybean seeds with mechanical damage. (Photo: José de Barros França-Neto).
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damage; the higher the index number, the better is the seed physiological quality. Based on this test, 12 field grown 
soybean cultivars were classified as resistant, moderately resistant, and susceptible. In the same line of research, 
Alvarez et al. (1997) found that the resistance to mechanical damage of these cultivars was directly related to the 
amount of lignin content in the seed coat (Table 2 and Figure 3).

The seed coat lignin content was found to be high in the cultivars with high index for resistance to mechanical 
damage, and vice-versa. The same fact was observed for snap bean (Bay et al., 1995). A lignin content above five per 
cent in the seed coat is proposed as a reasonable indicator of resistance to mechanical damage for soybean seed 
(Alvarez et al., 1997). Based on knowledge of seed coat lignin content, it is possible to set up a methodology for 
screening soybean genotypes for resistance to mechanical damage in a breeding program for seed quality (Alvarez 
et al., 1997). Lignin content, quantified by the acetyl bromide method, explain the resistance of seeds of the Doko 
and IAS-5 cultivars and the susceptibility of the Savana cultivar to mechanical damage. The levels of monomers G 
(guaiacyl) and S (syringyl) were inverse in the Doko and Savana cultivars, suggesting that the monomeric composition 
of lignin varies significantly between cultivars that are resistant and susceptible to mechanical damage. Negative linear 
correlations between lignin levels and S monomers and S/G ratios can be used as markers of resistance or susceptibility 
of soybean seeds to mechanical damage (Menino, 2022) (Figure 4).

The lignin content in the seed coat also influences the seed electrical conductivity of different soybean cultivars. 
The higher the lignin content, the lower the leakage of sugars and amino acids into the seed soaking solution. High 
lignin content is a desirable genetic characteristic to improve the physical, health, and physiological qualities of the 
soybean seed. Lower electrical conductivity values of the soybean seed soaking solution are directly related to higher 
lignin content in the seed coat (Mertz-Henning et al., 2015). Panobianco et al. (1999) analyzed lignin content using the 
potassium permanganate method, which provides higher values than the sulfuric method, and they related high lignin 
content with high quality of soybean seeds based on their low indices of electrical conductivity (Table 3 and Figure 5). 

In a study conducted by Castro et al. (2016), in which five soybean cultivars were evaluated, it was observed that 
the cultivar AS 7307 RR had a higher lignin content in the seed coat and a lower percentage of weathering damage 
evaluated by the tetrazolium test at all harvest times. It therefore showed higher physiological performance, as 

Table 2.   �Means of the seed coat lignin content and the index of resistance to mechanical damage as determined by 
the pendulum test for seeds of 12 soybean cultivars. (Source: Alvarez et al., 1997).

Cultivar Lignin Content 
(%) Mechanical Damage Index

Doko 6.203 a¹ 494 c¹
FT-2 6.195 a 575 b

Santa Rosa 5.733 ab 456 d
IAC-8 5.722 ab 413 e
IAS-5 5.717 ab 594 a

Paraná 5.555 ab 505 c
FT-10 5.283 bc 400 e

Bossier 5.278 bc 401 e
Paranagoiana 4.785 cd 374 f

Davis 4.620 cd 373 f
Savana 4.358 d 349 g
IAC-2 4.210 d 266 h

 1Means not sharing a letter in common differ significantly at the 0.05 level of probability, as determined by Tukey’s test.
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evaluated by germination and vigor tests. The cultivars NK 7059 RR and SYN 1163 RR presented lower levels of lignin 
in the seed coat and higher percentages of weathering damage evaluated by the tetrazolium test at all harvest times.

Susceptibility to weathering damage and oxidative stress in soybean seeds with different lignin content in the seed 
coat was evaluated by Huth et al. (2016). It was reported that seeds with high lignin content were less susceptible to 
weathering damage, as demonstrated by the standard germination, accelerated aging, and tetrazolium tests, and they 
exhibited lower oxidative stress due to low activities of superoxide dismutase, guaiacol peroxidase, and lipid peroxidation.

The timing of harvest is a major factor affecting seed quality in soybean, particularly when rainfall during the 
harvest period is common. Bellaloui et al. (2017) evaluated the effect of the timing of harvest on soybean seed quality 

Figure 3.   �Regression analysis of seed coat lignin content and the index of resistance to mechanical damage as 
determined by the pendulum test for seeds of 12 soybean cultivars. (Source: Alvarez et al., 1997).

Figure 4.   �Correlations between lignin content in seed coats and S/G ratios of the soybean cultivars Doko, IAS-5, and 
Savana. (Source: Menino, 2022).
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(seed composition, germination, seed coat boron, and lignin) in high germinability (HG) breeding lines (50% exotic) 
developed under high heat. Results showed that at 28 days after harvest maturity (delayed harvest), the content of 
seed protein, oleic acid, sugars, seed coat boron, and seed coat lignin were higher in some of the exotic HG lines 
than in compared with the checks, indicating a possible involvement of these seed constituents, especially seed coat 
boron and seed coat lignin, in maintaining seed coat integrity and protecting seed coat against physical damage. Highly 
significant positive correlations were found between germination, seed protein, oleic acid, sugars, seed coat boron 
with seed coat lignin. These results should suggest to breeders that there is some advantage in selecting for high seed 
coat boron and lignin content (Bellaloui et al., 2017).

Table 3.   �Effects of cultivar on electrical conductivity and the seed coat lignin content of a single seed lot of nine 
soybean cultivars. (Source: Panobianco et al., 1999). 

Cultivar Conductivity  
(µmhos cm-1.g-1)

Lignin Content 
(%)

Santa Rosa 66 a¹ 7.74 d¹
FT 10 57 b 7.95 d

Savana 50 c 7.69 d
Bossier 49 c 8.47 c
IAC-8 47 c 8.03 d
IAS-5 41 d 8.57 bc
Doko 41 d 9.28 a
FT2 38 d 9.05 a

Paraná 38 d 8.96 ab

1Means not sharing a letter in common differ significantly at the 0.05 level of probability, as determined by Tukey’s test.

Figure 5.   �Relationship between seed electrical conductivity (µmhos.cm-1.g-1) and the percent of seed coat lignin content for 
nine soybean cultivars. (Source: Panobianco et al., 1999).
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Soybean seeds with dark seed coats are recognized as having better physiological and health qualities than seeds 
with yellow seed coats. Black soybean seeds have high levels of lignin and anthocyanin in their seed coats, as reported 
by Abati et al. (2021). Anthocyanin has antioxidant action (Ávila et al., 2012; Zabala and Vodkin, 2014; Choi et al., 2020) 
and acts to protect cells by preventing the formation of free radicals or by promoting the sequestration or degradation 
of these molecules.

Six near-isogenic soybean lines, visually differing in terms of seed coat color, black or yellow (Figure 6), were 
introduced from the University of Florida (USA) and evaluated for physiological and health performance and for lignin 
content, as reported by França-Neto et al. (1998; 1999). The dark seeds presented average lignin content of 12.18% 
and the yellow seeds had 4.75% (Table 4). These seeds were deteriorated under extreme conditions in an accelerated 
aging chamber by exposure to conditions of 41°C and 100% RH for 96 hours. After exposure to this process, the black 
seed coated seeds had an average of 47% more seedling emergence in sand substrate in relation to those with a 
yellow seed coat. Seeds of the F 84-7-30 line showed 69.3% emergence for black seeds, and only 23% for yellow seeds  
(Table 5). Regarding seed health quality, the black seed coated lines averaged less than half the infection rates by 
Aspergillus flavus observed for the yellow seeds; line F 84-7-30 showed 20% infection in black seeds and 55% in yellow 
seeds. Mertz et al. (2009) also concluded that soybean seeds with black seed coats showed superior physiological 
quality as compared to seeds with yellow seed coats.

Histological studies using scanning electron and optical microscopy showed that anatomically the seed coats of 
these yellow and black strains do not differ (Figure 7). The only difference is in regard to the presence of dark coloration, 
probably due to anthocyanin, present in the palisade cell layer of the black seeds (Figure 7B).

Brown-colored segregating seeds of the soybean cultivars Embrapa 48, BRS 156, and BRS 133 were evaluated by 
Santos et al. (2007) for imbibition rate at 3-hour intervals in a 24-hour period. Germination, vigor by the accelerated 
aging and tetrazolium tests, and lignin and protein concentration were also evaluated. It was observed that expression 
of the brown color in the seed coat of the same soybean cultivar, due to its higher concentration of lignin, positively 
affects the imbibition speed and the physiological quality of its seeds (Tables 6, 7 and 8).

Studies carried out by Menezes et al. (2009) on the chemical and structural aspects of the physiological quality 
of soybean seeds observed positive correlations at 5% probability between the lignin content and the percentage of 
normal seedlings in the accelerated aging test on the 5th and 11th days of evaluation after sowing. This fact implies that 
the lignin constituted a protection for the seeds and led to less deterioration. The correlation between germination 

Figure 6.   �Soybean seeds with yellow and black seed coats; lines introduced from the University of Florida (USA) (Photo: José 
de Barros França-Neto).
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speed and lignin content was negative; that is, the higher the lignin content, the shorter the germination time. The 
authors observed that the faster repair of the membrane systems of less deteriorated seeds would lead to faster 
emergence of the seedlings.

According to Peske and Pereira (1983), the seed coat of soybean is composed of three main layers, characterized 
from the surface towards the cotyledons in the following manner: palisade cell layer, composed of very compact cells, 
practically without intercellular spaces; the osteosclereid layer, or hourglass cells, also called columnar cells, with wide 
intercellular spaces; and the parenchyma, composed of parenchymal cells, which is in contact with the surface of the 
cotyledon cells. A clear illustration of these three layers is shown in Figure 7C.

Scanning microscopy and light microscopy studies performed by Menezes et al. (2009) showed that lignin is present 
in the testa of soybean seeds, is deposited in greater thickness in the cell walls of the palisade cells, and is also found 
in the cell walls of hourglass cells, as illustrated in Figure 8.

Table 4.   �Lignin content (%) in the seed coat of soybeans from six lines with black and yellow seed coats. (Source: 
França-Neto et al., 1998).

Line
Seed Coat Lignin Content (%)

Black Seed Coat Yellow Seed Coat Mean
F 84-7-11 12.92 aA1 5.52 aB 9.22 a
F 84-7-13 13.00 aA 5.34 aB 9.17 a
F 84-7-26 12.56 abA 5.38 aB 8.97 ab
 F 84-7-30 12.22 abA 4.46 aB 8.34 abc
F 84-7-24 11.52 abA 4.04 aB 7.78 bc
F 84-7-14 10.86 bA 3.78 aB 7.32 c

Mean 12.18 A 4.75 B 8.47

1Means followed by the same lowercase letter vertically and uppercase letter horizontally do not differ from each other by Tukey’s test at 5% 
probability.

Table 5.   �Seedling emergence (%) in sand substrate of six soybean lines with black and yellow seed coats after exposure 
to accelerated aging conditions (41 °C and 100% RH) for 96 hours. (Source: França-Neto et al., 1998).

Line
Seedling Emergence (%)

Black Seed Coat Yellow Seed Coat Mean
F 84-7-30 69.3 aA1 23.0 aB 46.2 a
F 84-7-13 62.7 abA 4.7 bB 33.7 bc
F 84-7-24 61.0 abA 7.3 bB 34.2 bc
 F 84-7-26 58.7 bA 13.7 bB 36.2 b
F 84-7-14 54.0 bA 6.7 bB 30.3 bc
F 84-7-11 43.7 cA 13.0 bB 28.3 c

Mean 12.18 A 4.75 B 8.47

1Means followed by the same lowercase letter vertically and uppercase letter horizontally do not differ from each other by Tukey’s test at 5% 
probability.
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Figure 7.   �Histological sections of the soybean seed coat: A - yellow seed coat, B - black seed coat; and soybeans under 
a scanning electron microscope: C - yellow seed, D - black seed (Photos: José de Barros França-Neto).

Table 6.   �Average values (%) of lignin in relation to the total weight of the seed coat. (Source: Santos et al., 2007). 

Cultivar
Seed coat color

Yellow Brown
BRS 48 2.5 5.2

BRS 156 2.3 4.4
BRS 133 2.9 6.0

Mean 2.6 5.2

Table 7.   �Water absorbed (%) by the seeds of two soybean cultivars subjected to eight soaking periods at three-hour 
intervals in relation to the initial weight. Source: (Santos et al., 2007).

Cultivar Seed coat Soaking times
3 h 6 h 9 h 12 h 15 h 16 h 21 h 24 h

Embrapa 48 Yellow 15.65 A¹ 27.84 A 38.12 A 46.53 A 62.16 A 74.18 A 80.52 A 87.01 A
Embrapa 48 Brown 14.40 B 26.99 B 36.44 B 44.83 B 60.36 B 67.97 B 75.05 B 84.99 B

BRS 133 Yellow 12.44 A¹ 26.90 A 34.15 A 45.37 A 59.35 A 75.37 A 75.17 A 89.52 A
BRS 133 Brown 12.42 A 26.05 A 33.81 A 42.12 B 53.31 B 65.35 B 71.61 B 80.51 B

1Means followed by the same uppercase letter horizontally do not differ from each other by Tukey’s test at 5% probability.
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Regarding the physiological quality of soybean seed, deterioration from weathering is a result of exposure of 
soybean seeds to unfavorable weather conditions in pre-harvest, due to alternating cycles of wet and dry environmental 
conditions in the final stage of maturation (Figure 9). Such damage is of large magnitude if it occurs in warm environments, 
typical of tropical and subtropical regions (França-Neto and Krzyzanowski, 2018). Seeds with weathering deterioration 
show characteristic wrinkles in the cotyledons in the region opposite the hilum (Figure 10), or on the embryonic axis. 
One of the reasons why this wrinkling occurs with greater intensity in this region is due to the variability in the thickness 
of the hourglass cell layer (Pereira and Andrews, 1985; Forti et al., 2013). Its thickness is maximum in nearby regions to 
the hilum, decreasing progressively as they move away from this region, reaching rudiments in the region opposite the 
hilum (Figure 11). This condition favors the occurrence of this type of intense wrinkling in this region, because when 

Table 8.   �Mean values (%) of vigor by the tetrazolium test of seeds of three soybean cultivars as a function of seed coat 
characteristics. (Source: Santos et al., 2007).

Cultivar Seed coat color Mean
Yellow Brown

BRS 156 78¹ 85 81.5 A
Embrapa 48 68 81 74.5 A

BRS 133 69 76 72.5 A
Mean 71.7 b 80.7 a

1Means followed by the same lowercase letter horizontally and uppercase letter vertically do not differ from each other by Tukey’s test at 5% 
probability.

Figure 8.   �Comparison of the thickness (μm) of the palisade cell layers (A) of soybean seeds, obtained by scanning 
electron microscopy, with the thickness of lignin (B), obtained by light microscopy of the hybrid B x 1.  
a: palisade cell layer; b: hourglass cell layer; and c: spongy parenchyma. (Source: Menezes et al., 2009).
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Figure 9.   �Process of physical alterations, due to oscillation in the moisture content (MC) of the soybean seed as a 
function of environmental moisture conditions, resulting in the appearance of wrinkling in the soybean seed, 
which is characteristic of moisture/weathering deterioration. (Source: França-Neto et al., 2016).

Figure 10.   �Soybean seeds with typical symptoms of moisture/weathering deterioration; on the left: dry seeds with 
wrinkling due to this type of damage; on the right: soybean seeds with typical symptoms of moisture/
weathering deterioration, after staining with tetrazolium salt solution. (Source: França-Neto and 
Krzyzanowski, 2018).

the hourglass cells have greater thickness, they function as “dampers”, resulting in lower rates of wrinkling; when the 
hourglass cells have less thickness, the opposite is true. With higher lignin content in the seed coat, specifically in the 
palisade cell layer, the seed coat becomes more rigid and, consequently, the possibility of more intense wrinkling of the 
seed coat decreases, providing a lower incidence of damage caused by weathering, thus preserving the physiological 
quality of the seeds.
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Since lignin determines the rate of water absorption throughout the seed coat, the presence of lignin may have an 
effect on soybean seed deterioration during storage. Marwanto and Marlinda (2003) observed that seed coat lignin 
content was significantly and negatively related to membrane deterioration that is associated with a decline in soybean 
seed quality after storage.

Breeding soybean for high quality seed is an important approach for developing cultivars for tropical regions, and 
lignin content in the seed coat is one screening parameters for this characteristic. Considering that many breeding lines 
will be evaluated in each growing season, a long period is required for evaluation of the whole breeding program. This 
time limitation could influence lignin content assessment, if lignin degrades during storage. Research conducted on 12 
soybean seed cultivars stored for one year in a controlled environment (10 °C temperature and 50% relative humidity) 
reported no differences in the lignin content of each cultivar comparing the results obtained at harvest time and after 
one year of storage. This fact indicates that lignin determination in the soybean seed coat can be performed over a long 
period, without any limitation due to change in lignin content (Krzyzanowski et al., 2008).

BORON CONTENT AND LIGNIN CONTENT IN THE SEED COAT

The main functions of boron (B) in plants are in the translocation of sugars and in the formation of the cell wall 
(Moraes et al., 2002). Dameto et al. (2022) evaluated the effect of boron doses from two sources, boric acid and ulexite, 
on the lignin content of the seed coat. Regardless of the boron source, there was an inverse relationship between doses 
and lignin content (Figure 12).

Figure 11.   �Illustration of the histological section of the soybean seed coat in four regions of the seed – A: close to 
the hilum; B: in an intermediate region between the hilum and the region opposite the hilum; C: in the 
region close to the side opposite the hilum; and D: in the region opposite the hilum. Adapted from Pereira 
and Andrews (1985) and Forti et al. (2013). Original photos taken by José de Barros França-Neto using a 
scanning electron microscope. (Illustrations: Danilo Estevão). 
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FINAL REMARKS

As demonstrated in this review article, lignin content in the seed coat and pod wall of soybean plays an important 
role related to seed physical, health, and physiological qualities. These parameters should be considered in studies 
related to evaluating the quality of soybean seeds as affected by genetic factors. They should also be strongly considered 
for inclusion in breeding programs for improving soybean seed and grain quality.
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