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Abstract 
 

The embryo development of Mimosa pudica and the seedling development of Acacia farnesiana, Albizzia julibrissin, 
Leucaena glauca and Mimosa pudica were studied by wax method in this paper. The results showed that M. pudica has a 
suspensor composed of about ten cells which degenerate and integrate into the embryo proper during the cotyledons 
development. The coleorhiza in M. pudica is from the residual suspensor cells and the cells produced by periclinal and 
anticlinal divisions of the meristematic cells in the embryo development. The coleorhiza in the four studied taxa is broken by 
the elongation of the primary root, withdraws and finally falls off during the seedling development. 
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Introduction 
 

Fabaceae (or Leguminosae) is an important economic 
family which includes three subfamilies: Mimosoideae 
(actinomorphic flower with valvate arrangement of petals), 
Caesalpinioideae (zygomorphic flower with imbricate 
arrangement of petals) and Faboideae (or Papilionoideae, 
zygomorphic flower with papilionaceous corolla) 
(Takhtajan, 2009; Angiosperm Phylogeny Group, 2009). 
The studies on the family Fabaceae were very extensive, 
including physiology and ecology (e.g. Azim et al., 2013; 
Li et al., 2013), embryology and morphology (e.g. 
Rodriguez-Pontes, 2007, 2008; Al-Ghamdi & Al-Zahrani, 
2010; De-Paula & Oliveira, 2012) and molecular 
systematics (Shinwari et al., 2014). Kawashima & 
Goldberg (2010) described the suspensors occur in some 
taxa of Fabaceae (e.g. Glycine max & Lathyrus 
angustifolia). Suspensor is an important structure which 
derives from the basal cell of the 2-celled proembryo in the 
embryo development. It suspends the embryo, transfers 
nutrients and secrets hormones to the embryo proper 
(Johansen, 1950; Kawashima & Goldberg, 2010). There are 
various suspensors in Fabaceae, for example, in Faboideae: 
Phoseolus coccineus has a massive suspensor (Nagl, 1974) 
and Glycine have long-lived suspensors (Li et al., 1990; 
Zhang et al., 1990; Wang et al., 1991); in Caesalpinioideae: 
Cassia occidentalis has a uniseriate filament suspensor 
with about five short cells (Pantulu, 1951) and the 
suspensors of Senna corymbosa (Rodriguez-Pontes, 2007) 
and the subtribe Cassiinae (De-Paula & Oliveira, 2012) are 
poor development; in Mimosoideae: Leucaena glauca has a 
filamentous suspensor (Dnyansagar, 1949, 1954). However, 
there is no suspensor differentiation in some taxa of this 
family, e.g. Sophora secundiflora (Guigurd, 1881) of 
Faboideae; Ceratonia siliqua, Gymnocladus dioica 
(Guigurd, 1881) and Cassia tora (Rau, 1951) of 
Caesalpinioideae and Acacia baileyana (Newman, 1934), A. 
farnesiana (Narasimhachar, 1948) and Mimosa pudica 
(Guigurd, 1881; Narasimhachar, 1951) of Mimosoideae. 
Lersten (1983) comprehensively summarized the 
suspensors in Fabaceae and referred there is no suspensor 

in the 21 species of Mimosoideae except Leucaena glauca. 
Johansen (1950) divided Mimosoideae into two categories 
based on if the species with a suspensor differentiation and 
suggested that the type of embryo development without 
suspensor is of the Trifolium variation Onagrad type. But 
Prakash (1987) stated that the Onagrad type with a 
suspensor differentiation predominates in Mimosoideae. 

Coleorhiza is a sheath-like structure covering the 
radicle of grasses and Hemerocallise (Liliaceae) in 
monocotyledon. It protects the primary root during the 
seedling development (e.g. Avery, 1930; Brown, 1960; 
Sutton & Tinus, 1983; Feng et al., 2003; Zhang et al., 
2013). It is partially homologous with those of the cycads 
in gymnosperm which is related to the remaining distal 
part of the suspensor (e.g. Dorety, 1908; Chamberlain, 
1919, 1935; Pant & Sing, 1991; Robbertse et al., 2011). 
Juncosa (1984) indicated that the coleorhiza is formed 
from the outer cortical meristem in the seedling 
development of Bruguiera exaristata (Rhizophoraceae). 
However, Raven et al. (1992) suggested that there is no 
coleorhiza in dicotyledons. 

In order to investigate the origin of the sheath-like 
structure occurred on the primary root during the seed 
germination of Mimosa pudica, we deeply studied on the 
embryo development of it and the seedling development 
of Acacia farnesiana, Albizzia julibrissin, Leucaena 
glauca and Mimosa pudica. Our aims are to reveal if M. 
pudica has a suspensor in its embryo development, the 
relationship between the suspensor and the sheath-like 
structure, and to discuss the taxonomic value of the 
suspensor in Mimosoideae. 
 
Materials and Methods 
 

Young fruits and seeds of Mimosa pudica were 
collected from Harbin Normal University Botanic Garden 
(Shi 2801, HANU). Seeds of Acacia farnesiana were 
from Kunming (Cai 12cs4736, KUN), Albizzia julibrissin 
from Hangzhou (Liu s. n. HANU) and Leucaena glauca 
from Guangzhou (Liu s. n. HANU). 
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The young fruits of Mimosa pudica were fixed in 
Carnoy’s fluid (alcohol: acetic acid= 3: 1) for 4-6 h, then 
stored in 70% alcohol and its seeds were dipped into 
95°C water for 1 min (Zhang et al., 2010). A part of testa 
of Acacia farnesiana, Albizzia julibrissin and Leucaena 
glauca was cut and all of them were cultivated at 22°C. 
The different developmental periods of the hypocotyl 
and primary root were taken, fixed and stored by FAA 
(70% alcohol: formalin: acetic acid= 90: 5: 5). 
According to Li (1987), these materials were stained by 
Hematoxylin, dehydrated by a series concentration of 
alcohol, penetrated by xylene and then embedded in wax. 
The sections were made at 6-8 μm. 

The sections were observed and photographed by 
Olympus BX51 microscope and digital camera DP70. 
The germinating seeds were photographed by Olympus 
digital camera SP350. 
 
Result 
 
The suspensor differentiation of Mimosa pudica: The 
first division of the zygote of Mimosa pudica is 
transverse and forms a 2-celled proembryo with an 
apical cell and a basal cell. Both of them are similar in 
size (Figs. 1, 2). The longitudinal division of the apical 
cell nucleus appears before the transversal division of 
the basal cell nucleus (Fig. 3) and the proembryo is T-
shaped with 4-nucleolate (Fig. 4). The proembryo 
develops further from T-shape to small globe. There are 
some deeply stained and slightly larger cells at the 
micropyle end which are divided from the basal cell and 
quite different from the embryo proper cells (Fig. 5). 
These cells are not increased obviously in number when 
the large globular proembryo is formed from the quick 
division of the embryo proper cells (Fig. 6). 

The heart-shaped embryo with a handle-shaped 
structure is formed when the two cotyledonal primordia 
develop. This structure connected the embryo proper 
with the endosperm is the suspensor which is composed 
of about ten cells from the divisions of slightly larger 
cells at the micropyle end (Fig. 7). The undeveloped 
suspensor has no obvious boundary with the embryo 
proper. In the torpedo-shaped embryo stage, the 
suspensor with a polyploid nucleus (about 3 μm in size) 
is slightly bent and deviates from the micropyle and 
penetrates into the endosperm (Fig. 8). 
 
The coleorhizae of Mimosa pudica and related taxa: 
The embryo rotates 90° in the further development of 
cotyledons. The apex cells of the suspensor gradually 
degenerate, but the distal residual cells integrate into the 
embryo proper. There are 8-10 layers of light color and 
oblong shaped cells which are formed by the anticlinal 
and periclinal divisions of a group of meristematic cells 
which are deep color and square shape in the front of the 
radicle during the embryo maturation (Figs. 9, 13). The 
inner layers form the root cap and the outer layers of 
cells connected with the cells of the residual suspensor 
form a sheath-like structure, i.e. the coleorhiza, around 
the radicle. The cells of the coleorhiza and root cap are 
similar in shape (Figs. 9, 14). 

The radicle of Mimosa pudica breaks through the 
seed coat firstly with the hypocotyl elongating rapidly. 
The transition zone which consists of the enlarged 
parenchyma cells around the vascular tissue is found 
between the hypocotyl and the primary root. Between 
the transition zone and the root apex, the coleorhiza 
surrounds the primary root (Figs. 10, 11). With further 
elongation and enlargement of the primary root, the 
coleorhiza is broken, withdraws and eventually falls off 
(Fig. 11b), and some inner cells of the remained 
coleorhiza stay on the root cap. The similar 
development pattern was also observed during the 
seedling of Albizzia julibrissin (Fig. 12). The 
coleorhiza in Acacia farnesiana and Leucaena glauca 
are so extremely similar to Albizzia julibrissin that did 
not demonstrate here. 
 
Discussion 
 
The suspensor development of Mimosa pudica and its 
taxonomic signification: Lersten (1983) suggested that 
the size and shape of the suspensor vary in different 
angiosperm species, even in the different stages of 
embryo. In the early stages of the embryo development, 
the division of suspensor cells is faster than embryo 
proper cells. The suspensor develops well in the heart 
stage, and then gradually degenerates as cotyledons 
develop, finally obliterates before the mature embryo 
formation. Guigurd (1881) and Narasimhachar (1951) 
described the division of cells is irregular after the 4-
celled stage and forms a pear-shaped massive type 
embryo with no suspensor differentiation in the embryo 
development of Mimosa pudica. However, our study 
showed that a handle-like suspensor is present in the 
globular stage, and then a handle-shaped suspensor is 
formed in the heart stage. The most developed suspensor 
is differentiated in torpedo stage and degenerates during 
the cotyledons development. Finally, it integrates into the 
embryo proper and participates in the coleorhiza 
formation. The later development and poor differentiation 
of the suspensor in M. pudica is similar to that in 
Leucaena glauca. 

Johansen (1950) suggested that there are two 
categories of embryogeny in Mimosoideae according to 
the suspensor differentiation, one with and the other 
lacking a suspensor. Based on this classification, 
Narasimhachar (1951) indicated that the embryo 
development of M. pudica is of the Trifolium variation 
Onagrad type without a suspensor. However, Cercis 
siliquastrum was regarded as an example for the category 
with a suspensor differentiation (Johansen, 1950), and this 
species was placed in Caesalpinioideae (Takhtajan, 2009), 
but not Mimosoideae. Johansen’s classification may be 
not perfect. Our study showed Mimosa pudica has an 
easily neglected suspensor which has about ten cells and 
no obvious boundary with the embryo proper. The embryo 
development of M. pudica is Onagrad type rather than 
Trifolium variation Onagrad type. 
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Figs. 1-12. The embryo and seedling development of Mimosa pudica (1-11) and Albizzia julibrissin (12). 1. Zygote. 2. 2-celled 
proembryo. 3. Vertical division of the apical cell. 4. Transverse division of the basal cell to form a 4-nucleolate proembryo. 5. Small 
globular proembryo. 6. Large globular proembryo. 7. Heart-shaped embryo. 8. Torpedo-shaped embryo. 9a. Mature embryo. 9b. 
Meristematic cells, root cap and coleorhiza. 10. Longitudinal section of primary root. 11a. Primary root. 11b. Broken coleorhiza. 12. 
Coleorhiza of Albizzia julibrissin. ca = apical cell; cb = basal cell; c = coleorhiza; mc = meristemic cells; pn = polyploid nucleus; s = 
suspensor; rc = root cap; rs = residual suspensor; tz = transition zone; z = zygote. Scale bars: 1-4 = 10 μm; 5, 6, 9b = 20 μm; 7, 8 = 50 
μm; 9a = 100 μm; 10 = 500 μm; 11, 12 = 1 mm. 
 
The origin of the coleorhiza in Mimosoideae: The 
coleorhiza in cycads originates from the suspensor (e.g. 
Dorety, 1908; Chamberlain, 1919, 1935; Pant & Sing, 
1991) and Robbertse et al. (2011) stated a coleorhiza does 
exist in cycad embryo and derives from the distal part of 
the suspensor. The coleorhiza in grasses is also relative to 
the suspensor (e.g. Avery, 1930; Brown, 1960; Sutton & 
Tinus, 1983), though Feng et al. (2003) described that the 
upper portion of the hypoblast contributes to the 

formation of the coleorhiza in Zea mays. The coleorhiza 
in Hemerocallise derives from the residual suspensor, the 
proper next to the suspensor, and the cells from the 
meristematic cellular band occurred in the radicle (Zhang 
et al., 2013). Juncosa (1984) showed the coleorhiza in 
Bruguiers exaristata is formed by lobes of the outer 
cortical meristem during the seedling development, which 
are same with the meristematic cells of Mimosa pudica. 
Narasimhachar (1948) described the embryo development 
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of Acacia farnesiana has no suspensor differentiation, but 
all the four studied species (including A. farnesiana) 
should originate from the cells of the residual suspensor 
and the cells from the outward divisions of the 
meristematic cells as their coleorhizae appear in the 
seedling development. The coleorhiza in Mimosoideae is 
partially homologous to those in cycads, Bruguiers 
exaristata, grasses and Hemerocallise. 

The coleorhiza occurs in Myrtaceae (Baranov, 1957) 
and Juncosa (1984) described that Bruguiers exaristata 
has a coleorhiza and he suggested a coleorhiza is present 

in various dicotyledons, but it usually originates late in 
embryo development. Raven et al. (1992) stated there is 
no coleorhiza in dicotyledons, and Robinson et al. (2008) 
argued the structure in Myrtaceae reported by Baranov 
(1957) is not coleorhiza but hypocotyl hairs. Our study 
showed that the coleorhiza exists in some species of 
Mimosoideae which protects the primary root during the 
early seedling development and also in Astragalus 
membranaceus and Arachis hypogaea (Fabaceae) (pers. 
obs.). But it needs to study further the origination of the 
coleorhiza and if it is wide present in dicotyledons. 

 

 
 
Figs. 13, 14. Simplified illustrations of the divisions of the meristematic cells to show the origin of the coleorhiza in Mimosa pudica. 
13. The periclinal and anticlinal divisions of the meristematic cells showed by arrows. 14. The coleorhiza derives from the residual 
suspensor cells and the cells from the divisions of meristematic cells. c = coleorhiza; mc = meristematic cells; s = suspensor; rc = root 
cap; rs = residual suspensor. Scale bar: 13 = 70 μm; 14 = 100 μm.  
 
Conclusion 
 

The study on the embryo development of Mimosa 
pudica and the seedling development of Acacia 
farnesiana, Albizzia julibrissin, Leucaena glauca and 
Mimosa pudica showed that a suspensor dose exist in M. 
pudica, though it is poor and late development. There is 
no obvious boundary between the suspensor and the 
embryo proper. The suspensor degenerates and 
integrates into the embryo proper during the mature 
embryo formation. The coleorhiza derives from the cells 
of the residual suspensor and cells closed to the residual 
suspensor which are from the divisions of meristematic 
cells. It is broken and finally falls off with the elongation 
of the primary root in the seedling development. The 
coleorhiza in Mimosoideae is partially homologous with 
those in cycads, Bruguiers exaristata, grasses and 
Hemerocallise. 
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