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Abstract 

 
Impermeability of Legume seeds is commonly related to physicaldormancy, which is useful for seed preservation but 

problematical for the soybean food industry. The primary aim of this study was tocharacterize the structure difference 

between permeable and impermeable seed coats, revealing thewater-controlling structures and demonstrating the water 

uptake process. Threemeasurements of water uptakefor four Legume species were carried out. The general anatomy of 

micropyle and seed coat were observed by scanning electron microscopy (SEM). Dye tracking was carried out to investigate 

the pathway of water movement during imbibition. The mature seed coat of four species contained three layers of cells. 

SEM observationsrevealed that the impermeable coat differs from the permeable one. Layer thickness has no direct 

relationship to the permeability of Legume seeds. The micropyle opening could be observed in permeable seed coats. 

Osteosclereids could impede the uptake of water; the layer of the osteosclereid near the embryo is hydrophilic and distal 

sideis hydrophobic. The present research provided a varietyof information related to the permeability of Legume seeds. The 

coat structures of permeable and impermeable micropyles are different in several aspects. A novel finding is that the outer 

surface of the osteosclereid layer is essential to permeability.  
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Introduction 

 
Legumes are important for maintenance of human 

health and as crops for sustainable agriculture (Komatsu 
& Ahsan, 2009). For example, soybean (Glycine max) is 
the world’s largest oil seed and legume crop, with very 
considerable commercial value (Rahim et al., 2017). It is 
the source of many foods, including soymilk, tofu and 
miso, and is also the main source of protein in livestock 
feed supplements. Legume seed coats can be either 
permeable or impermeable. Impermeable seeds do not 
imbibe water even after soaking for a considerable time. 
Under natural conditions, the impermeability could be 
beneficial to the plant because it can preserve the seeds 
for a long time (Tyler, 1997). However, impermeability 
prolongs the hydration step, which is the key processing 
step in the soybean food industry. Four Legume species 
have been selected for seeds with the ability to absorb 
water quickly and evenly. However, some seeds from 
these species will be impermeable (otherwise called stone 
or hard seeds), and it has been reported that a large 
proportion of hard seeds could be produced by species 
with otherwise desirable agronomic traits (Rolston, 1978). 
To characterize the permeability and impermeability of 
soybean seeds is a key step in developing methods to 
handle different types of seeds for large-scale processes, 
and to design potential breeding strategies for the future. 

In recent decades, several theories were developed to 
explain why soybean seeds could have different 
permeabilities to water. Some early studies suggested that 
this could be due to tightly bound palisade cells (Ballard, 
1973; Corner, 1951). Subsequently, attention was paid to 
the thickness of the seed coat and it was considered that a 

thicker coat would result in greater impermeability (Miao 
et al., 2001; Wyatt, 1977). Intriguingly, some minor 
discrepancies also were considered to be the causes. 
Impermeable seed coats were supposed to lack pits 
compared with permeable ones (Chachalis & Smith, 
2001; Hahalis et al., 1996; Harris, 1987; Yaklich et al., 
1986). Endocarp deposits could be found in impermeable 
seed coats (Calero et al., 1981) and it was also noted that 
dark color was a trait of impermeable seed coats (Wyatt, 
1977). By using microscopic analysis, it was found that 
the hilum and/or micropyle of impermeable seed coats are 
normally closed (Ballard, 1973; Hyde, 1954; Rolston, 
1978). Some features of the palisade cells such as the 
outer tangential walls and light line have also been 
considered as causes for seed coat impermeability (Bhalla 
& Slattery, 1984; Harris, 1987; Serrato-Valenti et al., 
1993; Werker et al., 1979). On the other hand, there were 
several debatable points regarding to the function of some 
specific structures of seed coat in water uptake, for 
example, the outer cuticle had been considered important 
by some researchers (Arechavaleta-Medina & Snyder, 
1981; Ragus, 1987), but not by others (Ballard, 1973; 
Chachalis & Smith, 2001; Werker, 1980). However, when 
water touches the seeds, the role of the micropyle, hilum 
and raphe were ignored, especially the micropyle. The 
permeability of the seed coat is believed to be related to 
its structure(Gama-Arachchige et al., 2010). The seed 
coat of a legume consists of the hilum, micropyle, raphe 
and the extrahilar region. When the funiculus detaches 
from the mature seed, a scar-like structure appears, known 
as the hilum. During seed germination, the radicle 
emerges from the pore of the micropyle. The micropyle is 
formed during earlier ovule development from the 
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integuments. The raphe is a ridge on the seed coat, on the 
other side to the micropyle. Research by Ma et al. (2004) 
has expanded what is known about how the structure of 
the seed coat affects water uptake, but the details of how 
this is controlled are still debatable. In permeable seed 
coats, the micropyle should be the initial site of water 
entry (Van Staden et al., 1989); however, no report has 
experimentally demonstrated the relationship between the 
micropyle and the seed coat in impermeable seeds. 

Thus, the purpose of this study is to compare the 

impermeable and permeable seed coats, as well as the 

micropyle, and try to provide a basic understanding of the 

association between seed coat structure and seed 

permeability. Specific objectives were to answer four 

questions (1) What are the differences in structure 

between permeable and impermeable seed coats and 

micropyle? (2) Are there some water-controlling 

structures in the impermeable seed coat? (3) Does the 

micropyle of impermeable seed coats also play a function 

in water absorption? (4) What is the pathway of water 

movement during the water absorption of soybean seeds? 

Previous studies on Leguminosae have investigated the 

permeability using only one soybean cultivar. To provide 

a more general view, this study employed four soybean 

cultivars i.e., four edible legume species to research this 

topic, trying to help us better understand the mechanism 

of permeability and offer possibilities for further seed 

breeding and genetic modifications.  
 

Materials and Methods 
 

Plant material: Seeds of two species, mung bean (Vigna 

radiata) and cow pea (Vignaunguiculata) were obtained 

from plants grown outdoors at the Field Station in 

Changling county of Jilin province, northeast of China 

(44°12′11″ N, 123°51′02″ E), in 2011. The other two 

commercial species, small red bean (Phaseolusangularis) 

and black soybean (Glycine max), were purchased from a 

seed store. The four species all belong to the 

Leguminosae (Fabaceae) family. Seeds were handpicked 

from mature pods, air-dried, and kept under controlled 

conditions (23°C; 30–50% relative humidity) before use 

(Meyer et al., 2007). All seeds used for experiments were 

stored for less than 4 months (Jayasuriya et al., 2007). 

Seeds were examined microscopically and any seeds with 

visible defects were discarded. Seeds were soaked in 

water for 24 hours to distinguish between permeable and 

impermeable types. Those that did not increase in weight 

or volume, and had neither cracks nor wrinkles were 

considered to be impermeable. Otherwise, seeds were 

deemed permeable. All seeds were air-dried to constant 

weight for half a month for the subsequent experiments.  
 

Measurement of water uptake: The imbibition test was 

performed following the method of Ma et al. (2004). One 

thousandseeds of each species were soaked in water for 

48 hours at room temperature (25°C) and the increase in 

weight of both permeable and impermeable seeds was 

recorded. The test was replicated three times. 
Additionally, to determine which part of the 

permeable seeds, micropyle or seed coat, influenced the 
ability to take up water, another 50 seeds from each 

species were used for the “up-down” test, with three 
replications. The seeds were put micropyle upward or 
downward separately on water-holding flower foam. 
Foam was soaked in water for 1 hours, the seeds were 
measured placed on top of the foam for 24 hours, and 
water hydration was recorded. 

 

General anatomy of seed coat: Following immersion in 

liquid nitrogen for 2-3 seconds, several permeable and 

permeable seeds of four species were cut in the same 

manner so that the seed coat, adaxial areas and micropyle 

could be observed (Fig. 1). For scanning electron 

microscopy (SEM) observations (Kanwal et al., 2016), all 

seed samples were dehydrated in absolute alcohol and 

cleared in xylene. Particularly, impermeable seeds were 

soaked in the solution of absolute ethyl alcohol and 

glycerin (1:1) for 5 days to become soft. Scanning 

electron micrographs were prepared following the method 

of Gama-Arachchige et al. (2010). Briefly, samples were 

sputter-coated with gold-palladium (15 nm), and scanned 

with an S-3000N Hitachi scanning electron microscope at 

an acceleration voltage of 5.0 kV. 

 

 
Fig. 1. Direction of cutting (arrow) for examination of seed anatomy. 

 

Water absorbing feature of osteosclereids in permeable 

seeds: To expose the inner side of the osteosclereids, 10 

impermeable seeds were emptied by using a toothdrill to 

dislodge the embryo under a dissecting microscope. 

Another 10 impermeable seeds were treated by removing 

the outside two layers of the seed coat to expose the outer 

surface of the osteosclereids.Water was then dropped on to 

both sides of the osteosclereids to studytheir water-

absorbing features. 
 

Dye tracking of the pathway of water imbibition: Dye-

tracking experiments (Gama-Arachchige et al., 2010), 

using mung bean as the plant material, were carried out to 

track water flow in the seed coat of permeable seeds 

during the process of imbibition. Methylene blue solution 

with high concentration was used as dye. After the 

dormancy was broken by soaking, mung bean seeds were 

dipped in a concentrated solution of methylene blue. 

Seeds blotted with tissue paper were removed after the 

initial 5 minutes and then every 15 min for 4 hr for 

fluorescence tracking. Seeds were longitudinally cut into 

two halves at the micropylar and chalazal regions (Fig. 1), 

and the exposed surfaces were examined using the light 

microscope with the external light source. The 

micrographs were taken as the dye travelled.  
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Table 1. Hydrating percent of seeds by different treatments. 

Species Up (%) Down (%) All (%) 

Mung bean (Vigna radiata) 10.65 ± 3.67* 91.67 ± 5.23* 99.52 ± 1.67 

Small red bean (Phaseolus angularis) 2.39 ± 2.00** 52.24 ± 3.12** 95.47 ± 1.35 

Cow pea (Vigna unguiculata) 26.47 ± 1.12* 69.23 ± 1.71** 74.79 ± 3.23* 

Black soybean (Glycine max var.) 98.08 ± 1.02** 100 ± 0** 96.88 ± 1.1 

Note: *Significant difference at p＜0.05, ** Significant difference at p＜0.01.  

Up or down refers to the orientation of the micropyle. All refers to the total immersion of seeds 

 

Table 2. Thickness of osteosclereid layer between permeable and 

impermeable seeds of four species. 

Species 

Thickness of osteosclereid 

layer (μm) 

Permeable Impermeable 

Mung bean (Vigna radiata) 15.34 ± 0.82 6.41 ± 0.64** 

Small red bean (Phaseolus angularis) 12.82 ± 0.81 13.69 ± 1.44* 

Cow pea (Vigna unguiculata) 15.53 ± 0.38 17.39 ± 1.12* 

Black soybean(Glycine max var.) 22.22 ± 0.48* 21.25 ± 1.07* 

Note: *Significant difference at p＜0.05, **Significant difference at p＜0.01 

Table 3. Thickness of palisade layer between permeable and 

impermeable seeds of four species. 

Species 

Thickness of palisade layer 

(μm) 

Permeable Impermeable 

Mung bean (Vigna radiata) 24.67 ± 0.67* 31.35 ± 0.96* 

Small red bean (Phaseolus angularis) 44.35 ± 1.63* 66.13 ± 0.72** 

Cow pea (Vigna unguiculata) 35.29 ± 0.76* 24.07 ± 1.17* 

Black soybean (Glycine max var.) 20.83 ± 0.38* 32.87 ± 0.46* 

Note: *Significant difference at p＜0.05, **Significant difference at p＜0.01 

 

Statistical analysis: Hydrating and seed structure data 

were analyzed by using SPSS (version 11.5, SPSS Inc., 

Chicago, Illinois, USA). A LSD test was used to 

determine least significant range between means (p<0.05 

and p<0.01). These data were analyzed using SPSS 

(version 11.5, SPSS Inc., Chicago, Illinois, USA). 

 

Results 

 
Seed hydration: Among the four species, the seeds of 

mung bean have the greatest water imbibition ability 

(Table 1). After being soaked in water for 24 hours, only 

five of 1000 green gram seeds were completely 

impermeable. In contrast, cow pea is the most 

impermeable species of the four studied (Table 1). Seeds 

placed with the micropyle downward have obvious 

higher hydrating rate compared with seeds placed with 

the micropyle upward, suggesting the micropyle of the 

permeable seed coat might have a function in water 

absorption. In addition, hydrating parts of permeable 

seeds were wrinkled on the surface (Fig. 2). This result 

provides evidence that both the seeds coat and micropyle 

of permeable seeds have the ability to take up water.  

 
Differences in structure of cell layers between 

permeable and impermeable seeds: The seed coats of 

mature seeds of all four species consist of three layers of 

cells. These are epidermis cells (outermost layer), 

palisade cells and osteosclereids (innermost layer). SEM 

observations revealed that the thicknesses of these layers 

differs between permeable and impermeable seeds in the 

four species studied (Fig. 3). Surprisingly, permeable 

seeds of mung bean and black soybean have thinner 

osteosclereids than their impermeable counterparts 

(Table 2). Impermeable seeds generally contain a thicker 

palisade layer; the only exception is cow pea (Table 3). 

Differences in micropyle morphology between 

permeable and impermeable seeds: Cow pea was 

used to investigate the role of the micropyle in seed 

permeability, as it is the only species whose 

micropyle could be observed easily. The micropyle in 

permeable seeds was clearly observed as an open gap, 

whereas the impermeable one was closed (Fig. 4). 

These result indicate that transformation of the 

micropyle might be positively associated with 

permeability. However, we could not know whether 

change of morphology in the micropyle caused seeds 

to become permeable, or vice versa. 
 

Water impediment of osteosclereids: To demonstrate 

how osteosclereids could have the ability to impede water 

uptake, we designed two treatments to investigate if the 

two sides of osteosclereids have different hydrophilicity 

(see the Materials and Methods section). Water rolling 

could be observed on the inner side of osteosclereids 

whereas water spreading could be detected on the other 

side. The results showed that the layer of osteosclereids 

near to the embryo is hydrophilic while the part near the 

palisade cell is hydrophobic.  

 

Dye tracking of water movement: The path of water as 

it moves through the seed coat and micropyle of 

permeable seeds was followed using methylene blue dye. 

After 5 minutes, fluorescence tracking the regions of the 

micropyle and chalaza turned green, providing evidence 

that the micropyle was the site of entry of the water (Fig. 

5). After 4 hours, water moved into the seed through the 

micropyle and could be tracked through the seed coat 

(Fig. 6). Clearly, osteosclereids could impede the water 

pathway during imbibition (Fig. 6).  
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Fig. 2. Surfaces of permeable seed coats. A,mung bean; B, small red bean; C, cow pea; D, black soybean. 

 

 
 
Fig. 3. Longitudinal sections of seeds of four species. A, mung bean; B, cow pea; C, small red bean; D, black soybean. Left, 

permeable; right, impermeable (A-D). Top: scale bar = 50 μm; Bottom: scale bar = 100 μm. Em, embryo; Os, osteosclereid; Pa, 

palisade cell. 
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Fig. 4. Longitudinal sections of cow pea. A, closed micropyle (arrow); B, open micropyle (arrow). Scale bar = 50 μm. 

 

  
 

Fig. 6. Water movement pathway. Arrows indicate the osteosclereids. A, micropyle; B, seed coat. 

 

 
 

Fig. 5. Fluorescence tracking the in mung bean seed showing 

micropylar and chalazal regions. 

 

Discussion 
 

In this study, we provide evidence that the coat 

structure is somewhat different between permeable seeds 

and impermeable seeds, especially the thickness of 

several cell layers. For the micropyle, we could observe 

that permeable seeds have an open micropyle, implying 

the transformation of the micropyle might play a role in 

the change of impermeability. We also identified 

osteosclereids are one of the coat structures which can 

impede water uptake. Against our common knowledge, 

we found that the micropyle of permeable seed coats can 

still play a role in water absorption function. Finally, by 

using dye tracking technology, we showed the pathway of 

water movement during imbibition.  

Earlier studies reported that when permeable seeds 

take up water the seed coat becomes wrinkled on the 

dorsal side (Ma et al., 2004; Meyer et al., 2007). 

Subsequent to the wrinkling, the volumes of seeds 

increased and the expansion force was enough to separate 

the seed coat from its embryo. Other studies also reported 

on the polymorphism and anatomical differences between 

the two types of seed coat (Kelly et al., 1992; Valenti et 

al., 1989). However, detailed research is absent since no 

special alterations could be perceived in the impermeable 

seeds after the water comes in contact with the seed coat. 

Therefore, the present work used SEM to compare the 

morphology of the seed coat in permeable and 

impermeable seeds. As we expected, the thickness of the 

seeds coat is different between permeable and 

impermeable seeds. However, according to our data, we 
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cannot conclude that coat thickness is the crucial reason 

for seed permeability (Tables 2 and 3). Some investigators 

proposed the idea that cell layers in the seed coat are 

essential structures that determine impermeability in hard 

seeds (Baskin & Baskin, 2001; Baskin et al., 2000; 

Bevilacqua et al., 1987; Corner, 1951; Graaff & Van 

Staden, 1983; Hyde, 1954; Van Staden et al., 1989; 

Werker et al., 1979). In this study, we not only confirmed 

that osteosclereids could impede water absorption but also 

clarified that the outer hydrophobic side of osteosclereids 

should be the key factor for impeding water uptake. These 

results provide new thoughts about the question of what 

structure controls seed permeability. 
As we know, one or more layers of palisade cells in the 

seed that are not permeable to water could induce physical 
dormancy (Baskin et al., 2000). Physical dormancy is 
present in Angiospermae but not in Gymnospermae (Baskin 
et al., 2000), including one family of the Monocotyledonae 
and 16 of the Eudicotidae (Baskin, 2003; Baskin et al., 2006; 
Horn, 2004; Nandi, 1998). Combinational dormancy has 
been observed in some families, in which species with 
physical dormancy and with physiological dormancy are 
both existed, as well as species that do not exhibit dormancy 
(Baskin et al., 2000). Only physical dormancy in 
Dipterocarpaceae, Sarcolaenaceae and Sphaerosepalaceae of 
the 16 eudicots is determined by seed-coat anatomy (Horn, 
2004). (AU: the meaning of this sentence was not clear to 
me, can the word “Only” be deleted? Can this sentence be 
deleted, it’s not clear how it relates to the study) Even with 
the favorable environmental conditions, seeds with physical 
dormancy are not able to imbibe water due to the  water-
impermeable layer(s) of cells or the featured structures such 
as the water gaps which serve as environmental “signal 
detectors” during the process of germination (Baskin et al., 
2000; Gama-Arachchige et al., 2010). However, when the 
closed water gap opens, the physical dormancy is broken, 
water will be quickly absorbed by a hard seed and 
germination will ensue (Baskin et al., 2000). For seeds such 
as soybean, there is no physiological dormancy; but if 
conditions are favorable, germination will still not proceed if 
it is prevented by the seed coat. (AU: reworded to prevent 
similarity, check if the edit preserves your intended meaning) 
During dormancy, the seeds of four species in this study not 
only had layers of impermeable cells in the seed coat, but 
also had impermeable micropyles. These results confirm that 
micropyle and seed coat could determine the dormancy of 
most soybean seeds. 

To better utilize the permeability of Legume seeds, we 

propose that future work should focus on the molecular 

level since permeability or hardness of Legume seeds is 

influenced by genetic factors in addition to environmental 

factors (Hill et al., 1986; Keim et al., 1990). The observed 

differences in seed permeability could be caused by 

multiple genes and so the permeability was called a 

quantitative trait (Kilen & Hartwig, 1978; Liu et al., 2007). 

Disappointingly, no genes affecting seed permeability have 

been identified so far. A reasonable method could be to use 

the similar research on Arabidopsis. Mutations in several 

genes of Arabidopsis have been shown to influence seed 

permeability. For example, seeds in which the seed coat 

proanthocyanidin biosynthesis gene has been knocked out 

are more permeable than those of wild-type plants (Haughn 

& Chaudhury, 2005). 
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