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I. INTRODUCTION

Taxonomists disagree as to the status of the legume group.

Engler and Prantl (1891), in their Naturlichen Pflanzen Familien,

divide the legume group into three families, Caesalpineaceae, Mimosaceae,
and Pgpilionacese. Pool (1929), also divided the legume group into
three femilies, However, Bentham and Hooker (1862-1867), in their

Genera Plantarum, and Rendle (1925), in his Classification of the

Flowering Plants, place the legumes in the family Leguminosae and divide
them into the three subfamilies Papilionaceae, Caesalpinieae, and
Mimoseae, This discrepancy exists in more recent literature, as
kehder (1940) and Gray (1950) treat the group as one family with
three subfamilies, while Gleason and Cronquist (1963) place the legumes
into the thiree separate families Mimpsaceae, Csesalpiniaceae, and
Fabaceae. The names applied to these groups by Gleason and Cronquist
will be used in this paper.

An anatomical study of the ontogeny of osteosclereids and
macrosclerelds of the seed coat in Cassia fascioulata Michx. and

Deamodium canadense (L.) DC. representstives of the Caesalpiniaceae

and Fabaceae groups regpectively, may yleld additional data which weoculd
help to show the relationahip between these two groups.

-1-
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Sclereids are cells with thick secondary walls, simple pits,
and a protoplast that is generally short-lived. They are widely
distributed in the plant body and are found in leaves, stems, roots,
and fruits. Sclereids vary much in shape and may oscur in clusters,
layers, or as isolated cells. The cells of the integuments of an owvule
generally differentiate as sclereids, resulting in a mature seed coat
of one or more layers of thick-walled sclereids.

In many leguminous species the epidermis of the seed is highly
specislized at maturity into elongated cells with thickened walls
and a well defined cuticle. These 0ells have been designated as
nalpighian cells (Tozzetti, 1855), macrosclereids (Coe and Martin, 1920C),
and palisade oells (Zimmerman, 1936). Underlying the epidermal layer
there is often a hypodermal layer camposed of elongate cells with a
ooncave constriotion along the radial walls. These cells generally
exhibit a uniforwm secondary wall thickening of cellulose (Pammel, 1899).
Osteosclereids (Pemmsl), send glass cella (Pitet, 1935), and hour glass
cells (Zimmerman, 1936) sre terms which have been wsed to0 describe these
cells. The terms macrovsclereids and osteosolereids will be used in
this paper, for thedr histological classification is considered more
desirable than descriptive references to their appearance.

Hacrosclereids are further characterized by fluted and twisted
secondary vwall thickenings which are most pronounced in the outer
tangential portions of the cell. In the inner tangential pertion of
the cell the wall thiokenings are less pronounced and the secondary
wall surrounding the lumen is rather uniform in thicikness. According

to Coe and Mertin (1920), Rees (1911) reports that the macrosclereids
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of Melilotus alba are camposed of pectose and hemicellulose campounds.
The much discussed "light line" of macrosclereids can generally be
observed as a tangential line near the point where the lumen terminates,
According to Esau (1960), the light line is the result of a high degree
of refraction in a restricted region in the epidermal wall. The lunen
often extends into the thickened outer radial and tangential walls as
mimite "pore canals," & term originally applied by Pammel (1899) and
subsequently used by other early investigators. These canals are
believed to be the result of specialized secondary wall thickenings and
are thought tc have no relation to the pits of contemporary plant
enatomy,

Macrosclereids form a tongh outer seed coat and are thought to
protect the seed fram variations in moisture. The presence of these
highly specialized cells is thought tc be z factor in the ability
of many legume seeds to retain their viability for long periods of
tire, The seeds of some legumes having testa of macrosclereids are
disseminated primarily by elther ocean or fresh water currents.

Other specles are disseminated largely through the digestiwe tracts
of herbivorous enimals. The fact that such seeds retain their
viabllity is attributed to the impermesbility to both water and
digestive enzymes of the macrosclerelds of the testa. According to
Mattirolo (1899), water content of the seed is partly controlled by
the presence of macrosclereids. Water may enter the seed via the
micropyle and cause the testa to expand. This in turn csuses an
enlargement of the pore canals of the macrosclerelds and water passes

through the region of the light line and into the underlying laeyers by
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capillary action. When transpiration occurs, there is little water
to repsir the losa and the pore canals close. This prevents amy further
water loss from the seed.

Later investigators (Cavassa, 1959; Coe and Martin, 1920),
maintain that the light line region of the macrosclereids is highly
impermeable, Experimenta with dyes by Coe and Martin (1920) indicated
that the 1ight line reginn presents an effective barrier to their
pasazage.

The hilar region seems to aot as a hygroscopic valve, according
to Hyde (195L). A fissure occurs along the groove of the hilum which
gpens when the seed 1s swrounded by dry air and closes when the seed
is surrounded by molst air. Thus the molsture content of the seed is

controlled and the seed retains its visbility over long periods.



II. REVIEW OF LITERATURE

Pamel completed an enatomical study of the seed coats of
legumes in 13959, He found both macrosclereids and osteosclereids in

Cassis chamsesrista (now known as C. fasciculata), Cessisa nictitans,

and Cassia marylandica, although the osteosclereids were poorly

differentiated in C. nictitaps. He also recorded that both macro-

sclereids and osteosclereids occurred in Desmodlmm canadense and

Desmodium nudiflorum. In D, gtrictum he lndicated thal macrosclercids

were present but did not mention the presence of osteosclereids.
Coe and Martin (1920) studied the relationship between the

structure and chemlcal nature of the seed coat and seed coat

permeability to water. They reported the presence of both macro-

solerelds and osteosclereids in Melilotus slba and M. officinalis.

They concludec that permeability to water depends upon the secondary
wall thickening ¢f the macroscleresids rather than the chemical neture
of the cells of the seed coat.

Pitot {1935) studied the ontogeny of macrosclereids and

osteosclerelds in Dolichus lablab, Pisum sativum, Anagyris foetdda,

Cicer arietimmm, and Phaseolus vulgaris. He conclnded that macro-

sclerelds and osteosgleredds arose from the externzl integument and

that the internmal integument was usually crushed or dissolved. When

G5%
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present, the osteosclereids usually appeared after the macrosclereids.
Zimmerman (1936) 1dentified three types of macrosclereids, one
with a flattened outer tengential wall characterized by (Phaseolus
vulgaris), one with a rounded outer tangantial wall characterized by
(Lupimus luteus), end ons with a pointed outer tangential wall

characterized by (Trigonella foemm graecum). He concluded that

macrosclereids with a pointed outer tangential wall usually resuit
in hard seed coats while the other warietles produce soft seed costs.
All three types bad similar secondery wall thickenings end possessed
& light line, He described the hypodermal layer of esieosclerelds
and referred Lo them as supporting cells hsving the shape of & sand
gless., HMHs work indicated ihe presence of large intercellular gpaces
in the osteosolereid layer.,

Zimmerman slso studied the atrophicle and its relation to the
hardness of the seed coat and its permeability to water. ile indicated
that there wes probably some relation between the thickened cuticle
and elangate macyosclereids in the strophiolar region but wes unegble
to determine the signifiocance ¢f these variations. 'The remainder of
his paper was devoted to the development of the seed coat in the region
of the strophiole.

The ontogeny of the engiosperm ovule as a micellar primordiun,
the development of tbe integuments, and its embryogeny have been deslt

with by Hayward (1938) for Pisum sativum, the garden pea. The ontogeny

of the sclereids in this same species has been investigated by Reeves
(1546), and without a doubt this is the most exhaustive and detailed

ontological study of the legume integument.
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Reeve studied the comparative histogenesis of mecrosclereids and
osteosclereids of Pisum sativum., He found that mecrosclereids ere
derived from a well-defined protoderm in the young owvule. He reported
that early ovule growth is accompanied by rspid anticlinal division in
the protodem, and that later growth occurs through elongation and
enlargement in tangentiel directions of these cells.

He noted that osteosclereids do not appear until the macro-
sclereids are rather well-defined. His work indicated that both
periclinal and anticlinel divisions precede the development of the
hypodermal layer., Periclinal divisions cease and the osteosclereids
differentiate in @ regional pattern similar to the development of the
macrosclereids,

Heeve (1946 ) also studied the structural camposition of the

sclereids in the integument of Pisum sativum. He detected the

presence of pentosans in the secondary wall thickenings of macrosclereids
and osteosclereids in the integuments of pea and 1lima bean. Arabinose
and xylose were tentatively identified as sugara of the pentosan-
cellulose cormplex of the secendary walls. He stated that gslactose,
galacturonic acid and possibly arabinose occur as constituents of

the middle lamellar pectins. The "light line® of the macrosclereids

was considered by him to be a phenamenon of light refraction and

caused by a deposition of secondary wall material.



III. MATERIALS ARD METHODS

Individugl flowers of plants growing in their natural habitats
were tagged with strings and observed daily from July 28, 1965, to

August 12, 1%65. Cassia fasciculata Michx. was found growing near

the Charleston Water Pumping Station in Charleston, Illinois, while

Deanodium canadense (L.) DC. was found growing slong the New York

Central Railroad tracks about two miles east of Mattoon, Illinois.
Measurements of the length and width of the ovaries of twelve plants

of each species were taken daily over this period fram the time of
anthesiz, and this data was used later in determining the approximate
ege of ovarlies selected for sectioning and is summarized in table I.
Pods in various stages of development were collected fram surrounding
plants, killed, fixed, and stored in either Craf I or F.A.A. fixatives,
The pods were then measured to determine their approximate age,
dehydrated in the tertiary butyl alcohol series as described by Sass,
infiltrated, and embedded in tissue mat paraffin. More mature specimens
were difficult to infiltrate with paraffin and were dissected out of the
pods before infiltration. 3ections ten microns in thickness were made
with a rotery microtame, the cut being perpendicular to both the long
axis of the hilum and the long axis of the ovary. In addition, a few

section were cut in a plane parallel to the long axis of the hilum and

~8.
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parallel to the long axis of the ovary. The sections were then fixed
to slides with Heupt's adhesive, stained in safranin, and counter-
stained in fest green. Cover glasses of #1 thickuness were then fixsd
to the stained slides widh peruamount. Illustrations were prepared

with the aid of a Zeiss drawing attachment for a alcroscope.



Iv. OBSERVATIONS
A. Desmodium canadense (L.) DC.

The first stage of development that was studied intensively is
immediately following anthesis. At this stage the exposed ovary is

approximately 5 mm. long in Desmodium canadense. Figure 1 shows a

median longitudinal sectlon..of an ovule cut perpendicular to the long
axis of the hilun and througk the funiculus. The epidermal layer of
the outer integument is distincd in eppearance from the uaderlying
cells, These epidermel cells are clearly in the meristematic
condition based upon the evidence of anticlinal divisions. Both anti-
¢linal and periclinal cell divisions are present in the hypodermis
end underlying lzyers. The cells of these pégions are undifferentiated.
Likewise, at this stage there is no evidence ¢f cell differentiation
in either the epidermis or hypodermis of dthe hilar region. For
convenience, areas of the integument not related to the hilar or
micropylar regions will be referred to as “"lateral sides." With the
posgible exception of periclinal division in the hilar region, the

cpidermal layer in Degmodium canadense seems to remain as a discreet

lzyer of cells throughout the stages of development as a result of
anticlinal cell division only.

Five days after anthesis in Desmodlum canadense the ovary is
approximately 10 mm. long. There is distinct differentiation in the

=104
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area of the hilum (fig. 2) wvhere & double row of radially elongate
macrosclereids 1s evident, suggesting that perhaps periclinal division
of the epldexmal cells has teken place. Ililkewlse, the epidermal cells
in the area of the micropyle have became differentiated from the under-
1ying layecrs because of their pronounced radial elongation., At this
stage, howaver, very little secondary wsll material has been deposited
in the spidemal cells of either the hilar or micropylsr regions and
there 1s evidence of contimied anticlinel oell division. Elongation
of the epldermal cella of the lateral sides is comsiderably less
pronounced as oampared o the areas of the hilum and the micropyle
(fig. 2).. At this time the cells of the hypodermzl and underlying
layersc are characterized by & alight tangential elongation, but there
1s no noticable change in thicimess of the cell wall.

Increase in size of the ovary ceases ten days after anthesis,
but enlargement of the ovule coatimues. A progressive development of
the epidermal cells into maorosclerelds continues from the regions of
the hilum and micropyle towards the lateral sides and a thin well-
defined cuticle becomes apparent (fig. 4). In the more mature macro-
sclerelds deposition of secondary well materiel is proaounced in the
outer tangential wall and the outer portions of the radiael wsells, causing
the lumen to become "flame like®" in appearsnce. These thickenings are
epparently of cellulose because of thelr strong affinity to fast green
stein,

At this @ime the oells of the hypoderm=l layer begin to assume
the characteristdcs of osteosclereids through the deposition of secandacy

wall material. These thickenings also show a strong affimlty for fast
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green and are probably of cellulose. The deposition of secondary wall
material is accompanied by an elongation and constriction of the radial
walls, resulting in large intercellular spaces (figs. L and 5).
Secondary wall thickenings are also apparent in the layer of parenchyma
underlying the osteosclereids, but these parenchyma cells retain their
isodiametric form. Differentiation of osteosclereids occurs first
around the micropylar and hilar regions and progresses towards the
"lateral sides" in a pattern similar to that of macrosclereid
development,

In the mature seed coat the osteosclereids and macrosclereids
are characterized by a decrease in length without any appreciable
change in diameter. This is believed to be caused by increased
crystallinity or 2 change in cellulosic orientation within the cell
walls, according to Reeve (1946). The outer tangential portion of
the mature macrosclereid is capped by two non-cellular layers: (1) an
outer thin layer, the cuticle, and (2) an underlying thick layer known
as the cuticularized layer. The designations for these regions were
first given by Pammel (1899) and were followed by subsequent
investigators. A thin light-line separates the constricted tip of
the lumen from the dome shaped cap of the macrosclereid (see
fig. 6). At this point, the osteosclereids have acquired their
familiar "hour-glass" shape with thickened secondary walls. These
walls are constricted along the radial portions, producing large
intercellular spaces. The parenchyma cells of the underlying layer
have elongated tangentially and have thickened secondary walls, which

cause the cell lumen to appear as a thin line.
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B. Caassia fasciculata Michx.

At the time of abcission of the corolla of Cassia fascicnlata,
the ovary is asbout 11 mm. in length. Figure 7 shows a median longitudinal
gsection of the ovule cut perpendicular to the long axis of the hilum
and through the funiculus. The cdells of the epidermis form a lgyer
distinct in appearsnce from the underlying cells, These epidermal
cells seem to be in the meristemstic condition based upon the presence
of anticlinal cell divisions. Tl;e cells of both the epldermis and
hypodermis are nesrly isodiametric in shape (fig. 7). At this stage
of development the hilar reglon is not clearly defined. As in Desmodium
canadense, there is evidence of snticlinzl cell division only in the
epldermal lgyer, while both snticlinal and periclinal divisions occur
in the underlying tissue.

In the next stage, eight to ten days after anthesia, the cvary
is 35-4S mm. in length (figs. 3, 9, and 10) and the differentiating
ngcrosclereids in the reglon of the hilum and micropyle show considerable
radial siongation, In contrast, the cells of the lateral sides thst will
differentiate into macrosclereids show slight radial elongation and
evldence of many anticlinel cell divisions. Deposition of cellulosic
secondery wall material 1s evident in the arcas of the hilum and
micropyle only, as theése areas show an increased affinity for fast
green stain, At this same stage of development, the cells of the hypo-
dermal layer show same tangential elongation and evidence of both
anticlinal and periolinal divisions. The macrosclereids of the hilar
region are interrupted by a bundle of vascular tissue, the ending of

which 1s referred to by Tschirch and Oesterle (1893-1897) as a "tracheid
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1sland,” this being a group of cells of uninown function (fig. 8).
Although sections were made of many later stages of ovary

meturation in Cassia fasclculata, intermediate steps in differentiation

of the cells of the hypodermds into osteosslereids were not found.

The cells of the hypodermal layer became distinct as a layer cf
tangentiz1ly elongate cells zpproximately six to ten days after suthesis,
but no evidence of early stages in the radisl elongatlion or the
deposition of secondsry wall thickening of these cells wa3s observed,

It is probeble that the cells of the hypvodermal layer differentiate
rapidly sometime after cessation of ovary growth.

In the mature seed coat of Cassia fasciculata, both macre-

sclereids and osteosclereids foxm a well-defined uniform layer aroumnd
the ovule. There is an underlying leayer of thick~walled parenchyma

and evidence of partially crushed endospersm. The macroscleref.ds

are elongate with prauinent secondary wall thickenings. The deposition
of secondary wall material is more pronounced in the outer tangentisl
well znd the outer portions of the radisl walls, thus causing the "{flame-
like™ 2ppearance of the lumen. The light line i3 apparent Just above
the point where the luwgen tenmdnates. Above the light line is a highly
camplex non-celluler layer. This layer 1ls camposed of “spicule~liie”
bodies thought to be camposed of cutin bscause of their retention of
safrenin. The spicules are enveloped laterally by material of probable
cellulosic composition, since it loses safranin readily in the destaine-
ing prccess and has a streng affimdty for fast green. In sectloning,
this layer separates very easily from the underlying macrosclereids.

The osteosclereids form a well-defined hypoderazl lgyer. The radial
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walls of the ostecsclercids exduibit a slight comstriction, while the
imer taigentisl wall shows a prominent leteral cxpansion and the cuter
tengentiel well remains narrow, thus resziting in e tapered osteo-

sclereid very distinctive in form (fig. 11).



TABLE T.

DAYS OF DEVELOPMENT.

OVARY LENGTH IN RELATION TO

Desmodlum canadense

Cagsia fascigulata |
6 am 11 =
2 6~7 m 12-13 m |
3 7-9 o U-16 s i
L 11-22 wm 17-19 mn
5 12-13 mwm 2G-21. mm
6 16-18 mm 22-2 mm
7 2425 mx 29-31 m
8 29-31 m 34-36 mm
9 31-32 m= 3941 mm
10 34-36 Li~46 mm
n 3436 ma 48-52
12 34-36 mm 52-56 m
13 3-36 m 52-56
o 34-36 m 52-56 mm
15 34-36 om 52-56 =

-16-



V. TIIZCUSSION AIR CONCLUSION

Comperison of early stages of development of Cassia fasciculata

Michx. and Deamodium cansdense (L.) DO. reveals very little structursl

ddfference, Ia bouth gpecies, the epldemnl layn’r is distinguished
by the presence of onticlingl dvlslons only. The hypodermal layer
shows evidence of hoth anticlinel and periclina® cell dlvision gnd iz
difficult tc distingulsh from the underlying layers of cells.
Derelopent of ostecaclereids and macrogsclerelds, in beth

gpecics, iz Initizted in the rress of the hlluwm and mieropyle. this
differentiation progressing tovards the latersl slidea. Both macro-
sclereid and osteosclereld development 15 gposrently initiated three

to five days ecrlier in Desmwodiu: censdensc then 3n Cassia fasciculata,

As maturation progresses, three structurzl dlfferences become
appareut. The firal 1s the development of a single row of mucrosclareids

in the hilar region of Cazsia fasclculats, and a double row of mzcro-

sclereids in the hilar region of Desmodias canadense. The 3econd

structural differance 13 feund in the eamneition of the cuticulerized
layer. This layer is very pronounced in the specics of Cassla studied
and has & highly coaplex cellulosic matrix. Reeve (15h6) referrsd

to this leyer 23 being composed of a combination of the old primary cell

well and cutin, while Pemmel (1899) refers to thls a3 a cuticularized

-F T
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layer of undetermined origin, The cuticle of Desmodium canadense

lacks the thicimess and the gpperent "spicule-like® cumplex found in

the testa cf Cagsia. The third structurel differcnce ls the form of the
ostecsclereids of the species of Cassla «nd Desmodium studied, In

Desmodium canadense the msture ostensclereids exhihit the characterlstic

"hour glasa" shape. Osteosclerelds in Cassiz fesciculats heve inner

tengential walls which are longer than tle cuter tangentizl wzils,
the radisl wells showlng a slight ¢censtriction and tapering toward: iae
outer tangential wall.

vWith feuw exseptions, the develciument of mecrosclereids and osteo=~
sclereids followe e pattern similar to that found by earlier workers
for ether leguminouz species., These similarities were found in the
types of cell diwvision whick occurs in the epidermal and hypodermsl
layers of the outer integument, regional develomment of both macro-
sclereids and osteosclerelds, presence of a "flame-like" lumen in
macrosclereids, and an outer thickened cuticularized layer topped with
a thin caticle.

This study points to two striking differences evident in Cassi:
fasciculate that have not bezen observed ia cerlier studles on leguainous
species. Ona of these is a single row of macrosalerelds in the hilar
reglon, /Ipparently all of the earlier workers found a double row cf
macrosclerelds at this point. The second is the presence of the
fgpicule-like™ bodicg, very probably made up of cutin, in the
cuticulariged igyer. These "spicule-like" bodies have net been described
by earlier werkers. fnother inconsistency exists in the strophlelar

region as described by Zimmeman (1236) in Melilotus albus, Lupinas
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cruikshanksii. Lathyrus latifolius, and Piswu sativum. This area 1s

apparently not well-defined in either Cassia fasgiculata or Desuodiun
canadewse, Longitudinal sections cut through the seced perpendicular
to the long axds of the hilum revealed 1ittle svecialized activity in
this regisn. Developwent of the sclereids in this ares was comparable
to, ut not in excess of, the developmeni of sclereids in the hilar
and micropylar areas.

Mozt of the ontologlcal studles of macrosclereids and osteo-
gclereids have been done in the Fabateae bacsuse of the presence of
many species of econamic importance. Ontological studies of mecro-
sclereids and osteosclereids in the Caesalpintsceae, as well as in the
Mimossceze, have not been previously mede. This study has pointed
out significent structural inconsistemcies in the hilar reglon and

cuticularised layer of Cassia fesciculata as compsred to Desmodium

cenadense and other specles of the Leguminosese that heve been inveati-
gzted. Although close phylogenetic relationship is implied in the gross
developsent of the seed coat, developmentsl studies of the testa of
other gernerw of the Caesalpiniaceae are certainly needed in order to
determine the significance of the single row of macrosclereids in the
hdlar region and the "spicule-like® dodies in the cuticularized layer

of Cassias fasciculata and their role in the delineatlon of taxoncmic

groups withén the legmes,
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VII. ILLUSTRATIONS



PLATE I

Deamodiun canadense (L.) D C

All 1llust ations of ovules a e from median longitudinsl

ssctions cut perpendicular to the long axis of the hilum and through

the funiculus.

Fig.

ris.

Fig.

RMg.

1.

24

Cross section of an ovule and ogvary at anthesis. The
epidermel layer of the owvule (e) is distinct from the
underlying tissae. 1250,

Ovule about 5 days after anthesis showing differentiation
in the hilar region. X250.

Ovule about 5 days after anthesis showing development along
the lateral side. XLOO.

Ovule sbout 9-10 days after enthesis. Radial elongation of
the macrosclereids is evident and differentiation of the
osteosclereids has begun.

Ovule about 11-12 days after enthesls showing further
development of macrosolereids (m) and osteosclereids (o).
At this time the intercellulsa spaces are well develcped
in the osteoscle 1id layer.

Mature aced coat of the ovule collected about 3 weeks after

anthesis shmd.n? macrosclereids (m), light 14ne (1), domes (d),
osteosclereids (o), and thiok-walled parenchyma (p).
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PLATE II.

Cassia fasciculata Michx.

All 1llustrations of ovules are from median longitudinal

sections cut perpendicular to the long axis of the hilum and through

the funiculus.

Fig.

Fig.

Te

8.

9

10.

Cross section of the ovary and ovule at anthesis. The
epidermal layer of the ovule (e) is distinct fram the under-
lying tissue. X250,

Ovule 9 day» after enthesis showing development of macro-
sclereids in the hilar region and the interruption of the
macrosclereid layer by vascular tissue. IXL0O,

Ovule 9 days after anthesis ehowing differentiation of the
epidermis slong the lateral side. XLOO.

Ovule 9 days after anthesis showing evidence of anticiinal
cell division along the lateral sids in an area most distal
to the hilum. ILOO,

Mature seed coat of an ovule collected about 3 weeks after
anthesis shoving macrosclereids (m), spicules (s), light
line (1), oeteosclereids (o), underlying thick-walled
pareschyma (p), and part of cotyledon (¢)., XL0O.
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