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SEI.D MORPHOLOGY OF CONVOLVIJLUS IRVENSI3 L. 

INTRODUCIt ION 

The 3perrnatophyta, commonly called seed plants, is 

the 1are croup Of plants in h1eh the chief orean ot 

distribution is the seed (14, p, 637-638). By this term, 

the Spermatophyta is separated from the Thaflophyta, 

Bryophyta, and Eteridophyta. The Spermatophyta is 

composed of Anpiospernìae and Gywnospermae. In the Gymno- 

speriiae, the ovules are born in an exposed position on the 

sporophyll or equivalent structure (4, p. 320). In eon- 

trast, the ovules and seeds of' the niospermae are covered 

by megasporophylls or oarpels. 

ovule consists of a nuee].lus or niegasporan- 

gium that is surrounded by one integument in some families 

and two integutnents in others, Une or more archesporial 

cells differentiate early in the development of the micel- 

lus. Each cell either develops directly into a megaspore 

mother cell or follows some sequence of divisions to pro- 
duce it. The megaspore mother cell divides by iiieiosis 

and, in the Noriuial or Polygonum type of development which 

is followed by Convolvulus, a linear or T-shaped tetrad of 

four megaspores is produced (11, p. 392-398), The three 

outer megaspores gradually degenerate while the innermost 

one enlarges, This cell undergoes a series of three mittic 

divisions to produce an eight-nucleate, 7-celled structure 

called the female ganietophyte or embryo sac, The three 



cells toward the chalazal end of the garnetophyte aro called 

antipodal cells The large cell in the center is the pro- 

endosperm cell that contains two polar nuclei. here are 

three cells toward the mieropylar end, the egg cell and 

two synergids. The synergids aro usually either destroyed 

by the pollen tube or disintegrate after fertilization. 

The ovule becomes a seed following pollination and forti- 

i izat ion. 

The ovules of engiosperms are classed under four 

types, orthotropous or atropous, campylotropous, amphi- 

tropous and anatropous, In the orthotropous typo, the 

ovule stands straight and the micropyle is opposite the 

funiculus, when the ovule is curved and the micropyle 

nearly meets the funiculus, it is called cainpylotropous. 

If the ovule is bent like a horse shoe, it is termed 

aniphitropous. In the anatropous type the ovule is inverted 

completely and the micropyle is close to the funiculus. 

This study concerns the seed of Convo].vulus 

arvenais L, of the Convolvulaeeae, The genus Convolvulus 

contains approximately 200 species in temperate or more 

rarely In tropical climates and finds its principal devel- 

opment in the iediterranean region and western Asia. 

Convolvulus arvensis L, is a native of irope and Western 

Asia but has been widely introduced and naturalized 

elsewhere, It is a pest in fields and gardens and is 



difficult to oontrol principally because of deep-crowing 

branched rhizomea (16, p, 2I.78.87). 

it Is a pecennia1 herb with procumbent or c1imbtn 

3terns. The leaves are ovate to ob1on, acute to rnucronate 

at the tip, and with a ßaglttate or haatate baee (2, p, 75), 

Flowerß are berne on slender 1..4 flowered peduncles In the 

leaf axils. Each flower has five aepals and an obscurely 

5-.lobed, funnel-sshaped corolla, which is white or pinkish 

inside and often purplish outside, A hypodernis, eonsist. 

in of 1.-4 layers of thick-walled stone cells, is present 

under the epidermis of the upper or adaxial surface of the 

sepals, There are five stamens surrounding a single 

2-celled pistil. ..he pistil matures into a 24 valved, 

globose capsule containing 24 seeds, The seeds are dark 

brown, plano..convex and are rough surfaced (fig, 1). 

Some of the many common names for Convolvulus 

arvensis L. are wild morning-.glory, orchard-morning-glory, 

field morning-glory, field bindweed, European bindweed, 

corn bindweed and creeping Jenny (17, p. 342). 
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ATERIALS AND NL1HOIX3 

Ovules and seeds in vartous stases of development 

were collected from plants growing near the greenhouses 

at Creon State College durin8 the summer of 1958. 

Selected flowers that would open within 12 hours wore 

taed about 6:00 p.m. and pollinated early the next 

morning just after anthesis. The date of pollination 

was written on each ta and flowers were collected at 

24-hour intervals in many stases of development ranging 

from just prior to pollination to the mature seed. epals 

were generally removed from the flowers because the stone 

cells in the calyx are difficult to section. Cvaries were 

placed in either formalin-acetie-alcohol or Navashin's 

solution, subjected to a vacuum to withdraw air, and left 

in the lUlling solution for 12 to 20 hours They were 

then dehydrated and infiltrated with 56-58°C Tissueinat 
by the tertiary butyl alcohol.sparaffin oil method of 

Johansen (8, p, 130.431). The embedded material was 

softened by soaking the paraffin blocks in glycerine and 

a detergent (1, p. 55-56) or in a solution of glacial 

acetic acid and 60 per cent alcohol (6, p. 161-162). 

Both cross and longitudinal sections of the developing 

seeds were cut at 12 microns. 

Some of the older seeds were prepared for sectioning 

by following the double embedding method, in celloidin 



and then in paraffin, recommended by Johansen (8, p. 124- 

125). The seeds were dehydrated with mixtures of tertiary 

butyl and ethyl alcohol and placed in a solution consisting 

of equal parts of tertiary butyl alcohol, 100 per cent 

ethyl alcohol, and. ether for 12 hours. The material was 

then transferred to a mixture of equal parts of ether and 

100 per cent ethyl alcohol where it remained for 24 hours. 

The seeds were then placed in a 2 per cent solution of 

celloidin in wide-mouthed bottles. The solution was con- 

centrated by gradual evaporation of the solvent until it 

was very viscous. The seeds were then removed and embedded 

in a block of the viscous celloidin which was hardened in 

chloroform for 24 hours. The block was passed through 

four changes of paraffin and embedded in 54°-56°C Tissue- 

mat. The embedded seeds were softened with hydrofluoric 

acid and sectioned at 15-20 microns with a rotary micro- 

torne. 

Sections were stained with safranin and fast een 

in 95 per cent alcohol, or stained progressively with 

safranin and iron heinatoxylin. 

In testing for suberin and cut in in the seed coat, 

fresh sections were cut with a sliding inicrotome, dehy- 

drated in 50 per cent and 70 per cent alcohol, then 

stained with Sudan IV for 20 mInutes. The sections were 

then washed In 50 per cent alcohol to remove the excess 

stain and mounted in glycerin for observation. Since this 



test does not distinguish suberin from eutin, a special 

test was made for the possible occurrence of suberin In 

the seed coat0 Fresh sections were macerated for several 

hours in concentrated potassium hydroxide then heated to 

boiling, After cooling, the sections were washed with 

water, then a drop of chlorzlnc-iodide ws addsd. Phellie 

acid, present In suberin but not In eutin, is changed 

during the macerat ion to potassium phelionate which then 

becomes reddish-violet in the presence of chlorzinc-iodide 
(8, p. 190). 
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OBSER VAT IONS 

The ovary is sessile, superior arid globose to oblong 

in shape, It is divided into two cells by a falso parti- 

tion and four anatropous ovules, two in each cell, arise 

from basal placentae, The ovules possess a single massive 

integument which surrounds a small nucellus, The integu- 

ment Is usually approximately fifteen cells thick at the 

time of fertilization (fIe, 2,3). 

The development of the female gametophyte of 

Convolvulus arvensis L. is of the normal type (11, p. 392- 

398), In the eight-nucleate megaametophyte the e 

apparatus is organized at the micropylar end in the normal 

way. The polar nuclei are usually near the og apparatus 

at the time of fertilization and the synergids are extended 

as beak-like structures into the micropyle, The three 

antipoclal cells deSenerate very early, lone before fertil- 

Izatlon, 3y the time fertilization occurs, the cells of 

the nucellus are also degenerated, The mature ametophyte 

is located approximately in the center of the ovule at the 

Inner end of a very obscure micropyle, Three to five days 

after fertilization an evaInation Is developed from the 

upper half of the gametophyte toward back of the ovule, 

This cavity enlaros progressIvely across the ovule and 

then downward toward the funiculus (f i 5). Thus the 

embryo sac through most of the development of the embryo 
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i}3 curved upward from the rnieropyle across a thin partition 
and then downward toward the funiculus. 

then the flowers open early in the morn1n, both the 

stigmas and stamens appear to be mature and ready for poi-. 

lination. The flowers were hand pollinated but were not 

baed since additional pollination would not be sinifi.. 
cant to this study, Some were cross-pollinated and some 

were self ed but no records were kept to determine whether 

there were resultant differences in development. 

Convolvulus is normally self-pollinated by insects, 
usually by bees. 

The time elapsing between pollination and fertiliza- 
tion was determined by observation to be approximately 

two days. This period represents the time necessary for 
the germination of the pollen grain on the atima and the 

penetration of the pollen tube thzvug)i the stigma and style 

into the ovary to the ovule, The first ovules collected 
after pollination in which fertilization had occurred and 

in which the zygote had undergone one or more divisions 
were found amone those fixed 48 to 55 hours f ollowin 

poll mat ion. 

sperrn 

The primary endosperm nucleus divides very shortly 
after fertilization, Divisions continuo rapidly to form 

free-nuclei thich become dispersed throughout the 
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1ncreas1n1y dense cytoplasm of the erithryo sacs By the 

fifth day followinS pollination the embryo sac Is lined 

by a peripheral layer o± cytoplasm eontainin the endosperm 

nuclei and surrounding a large central vacuole (fie. 5). 

The cytoplasm io densest and contains relatively more 

nuclei at opposite ends of the embryo sac, The developing 

embryo is in close contact with the endosperm layer at the 

micropylar end of the embryo sac (fig. 6). The opposite 

end of the embryo sac is referred to here as the antipodal 

end although it is actually the tip of the evaginated 

pouch that extends downward toward the funiculus. The 

antipodal end of the sao contains a denser mass of cyto- 

plasm in which the nuclei divide more frequently than in 

other parts of the endosperm. Cell division is initiated 

at the micropylar end of the embryo sac four or five days 

after pollination, arid proressos slowly toward the anti- 

podal end (fig, 6,7). The endosperm cells around the 

developing embryo become large and vacuolate, and undergo 

relatively few additional divisions (fig, 8), They are 

in intimate contact with the cells of the irregularly 

lobed suspensor of the embryo. 

T3y the ninth day following pollination, the endosporm 

fills the embryo sac and becomes a completely cellular 
tissue except at the antipodal end, The cells that form 

the endosperm are at first very thin walled and highly 

vacuolate, The largest cells are in the center near the 



lo 

developing embryo and they decrease in size toward the 

antipodal end. The outer most layer of endosperm cells 

consists of small regularly rectangular cells that possess 

a relatively large nucleus and appear much like young spi- 

dermal cells (f ig. 8), 

The developing endosperin is very susceptible to 

plasmolysis by killing solutions during the first ten or 

eleven days. Hence it is usually partially collapsed away 

from the surrounding integument, especially in the middle 

region of the embryo sac, The lait remaining free nuclei 

in the ant ipodal end of the sac usually divide about this 

time and cell division follows, by cell plate formation, 

to produce a completely cellular endosperm, Sometimes 

free nuclei persist in the antipodal region up to twenty 

days after pollination, 

Approximately fifteen days after pollination, the 

endosperm consists of two or three peripheral layers of 

small rectangular or cubical cells that are developing 

progressively thicker walls (fig, 13), Toward the center 

the endosperm cells become larger and more vacuolate, 

Near the cotyledons of the developing embryo the larger 

endosperm cells are broken down and digested rapidly. 

Starch begins to accumulate in the peripheral cells and 

the cytoplasm becomes denser, 

During the period from twenty to thirty-five days 

after pollination, the endosperm is gradually digested, 
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apparently mostly by enzymes in the vicinity cf the 

cotyledons, so that by the time the seed is mature only 

two to four outer layer of cells persist (f i, 15), 

These cells by this time have lost not only the starch 

that had accumulated but also nuclei and cytoplasm and 

are represented only by somewhat thickened but usually 

empty cell walls, The destruction of the endosperm does 

not progress beyond this point and it is found in approxi- 

mately this sta5e in the mature seed after it becomes dor- 

marit, 

Einbry 

Sougea (18, p, 813-815) has described in detail the 

development of the proembryc and embryo of Convolvulus 

arvensis from fertilization to initiation of the cotyle- 

dons. Since observations in this study agree with his 

description, the development of the embryo will be only 

sunimarized briefly. 

The first two or three divisions of the proembryo 

are transverse or oblique, The first vertical divisions 

o!ur when the embryo is three or four days old, The 

seven- or eight-celled proembryo becomes differentiated 

into two distinct regions. The basal cells toward the 

micropyle enlarge, become more vacuolate and divide less 

frequently than do the upper cells, This region, consist- 

Ing of only three or four cells, will differentiate into 
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an irregular, multicellular suspensor, The upper cells 
are sna1ler, less vacuolate and divide more frequently. 
A d.st1nct dermatogen is not differentiated over the 

embryo until the seventh or e1>hth day when the embryo 

becomes globular In shape (fig. 6). The cotylodons are 

initiated approximately nine days after fertilIzation 

(fit?;. 7) and the embryo becomes bibbed, The cotyledons 

then elongate rapidly and procambiurn is differentiated in 

the hypocotyl and cotyledons ten or eleven days after 

fertilization (f i, 8). Apical initials aro differentiated 

in the radicle eleven to thirteen days after fertilization, 

A day or two later the stem apex is differentiated between 

the cotyledons and a definite root cap is evident on the 

radicle. 

y the thirteenth to the fifteenth day the cotyledons 

are long onouh to begin to fold back in the embryo sac, 

The cotyledons appear to be especially active in the 

digestion of the endosperm which is almost completely 

cellular by this time. The suspensor consists of many 

cells with dense cytoplasm and large nuclei. The cells 

of the suspensor are in intimate contact with endosperm 

cello but there is little evidence of dIgestion In this 

region, At least one part of the suspensor Is in contact 

with the dense peripheral cells of the endosperm, 

At approximately the time the cotyledons become folded, 

scattered cells in the cotyledons cease division and 
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radua11y en1are. Enlargement continues until the errbryo 

lE; almost mature. The diameter of each cell ìt maturity 

i3 about three-fourth of the thickne of the cotyledon. 

These are oecretory celiB that are characterietic of the 

cotyledone of Convolvulus (13, p. 960) but do not occur in 

the hipocoty1. The cytoplasm and nucleus of a secretory 

cell disintegrate at maturity and adjacent cells form an 

epithelium-like layer around each cell. Latex tubes such 

as occur in the stem of Convolvulus do not occur in the 

embryo. 

Starch boins to accumulate in the embryo about twelve 

to fourteen days after fertilization, The first deposits 

of starch are in the cotyledons but by maturity the entire 

embryo is filled with starch. The starch crains here are 

smaller than those that develop in the integument and later 

in the ondOsperr, 

In the mature seed (f i, 9) the embryo occupies moat 

of the space inside the hard seed coat, Some parenchyma 

tissue from the integument persists in the basal portion 

of the seed below the folded cotyledons. 

Seed Coat 

Rao (15, p. 53.-69) described the development of the 

ovule, female gametophyte and embryo in five species of 

the Convolvulaceae and Mathur (12, p. 160) described the 

early development of the ovule of C, arvensis, The 



14 

nucellus is only two or three celle in thickness when the 

stn1e archesporial cell divides to produce the rneaspore 

mother cell and a parietal cell which undergoes several 

additional divisions. A sinßle integument develops rap.d1y 

to form a massive coverinE fifteen to twenty cells thick 

over the nucellus. As the female ametophyte is beine 

differentiated, both the nucellus and parietal cells are 

dißested as are some of the inner inte3umentary cells, 

Thus, as the seed develops, all layers of cells outside 

the endosperm are derived from the integument, 

Each ovule is supplied by a single vascular bundle 

(fig. 4) through a broadly flattened funiculus, ihis 

bundle extends into the chalazal end of the ovule and 

then turns downward on the opposite side toward the 

micropyle, The bundle is frequently unbranched in the 

ovule but two or three branches may develop. 

The layers of the seed coat are quite uniform in 

development over the ehalazal end and on the sides of the 

ovule, On either side of the broad funiculus and around 
the micropyle these layers are considerately modified, 

Hence, the development of the layers that constitute most 

of the seed coat will be described first, !his will be 

followed by a discussion of the modifications that occur 

near the inicropyle and funiculus, 
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At the time of fertilization the inteßurnent is 

approxiate1y fifteen cells thick (fie. 3). The outer 

layer of cells constitutes a distinct dermatoen in which 

only anticlinal divisions occur as the ovule en1ares, 

There is a di3tinct subepidermal layer, one cell in thick- 

ness, in which divisione are predorninently anticlinal 
throughout the previous growth of the ovule. The remain- 

in cells are thin-walled cells that Erade in size from 

sna].1 cells near the subepidermal layer to large, vacuolate 

cells near the female ßarnetophyts. The Inner cells contain 

larger and more numerous starch grains than do the outer 

cells of this layer, The cells of the nucellus and inner- 

most integumentary cells have been by this 

but rather infrequent cell divisions maintain the number 

of ce].l layers in the integument. If fertilization does 

not occur, additional cell divisions do not occur, except 

for a few in the subepi.dermal layer, the ametophyte degen-. 

erates rapidly and all cells of the ovule become highly 

vacuolate. However, the ovule increases somewhat in size 

by cell enlargement and persists in the ovary, if any of 

the other ovules are fertilized, until mature seed are 

shed from the capsule, 

If fertilization does occur, the cells throughout 

the integument divide more frequently, especially in 

several cell layers below the subepidermal layer. These 

divisions occur in all planos and result in a rapid 
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increase tri size of the ovule (fie, 2,5). iwo or three 

days after fertilization the cells juot beneath the derma- 

tosen (rie. 3) underßo perl.clInal divisions. 2he inner 

celle produced by these divisions may also divide peri- 

cuinally. Thue, by five or six days after fertilization, 
three distinet layere of cells can be recognized (fig. 10). 

The outer layer, the epidermis, consists of cells that are 

larger and more vacuolate than those of the layer beneath. 

These eells will undergo relatively few additional anti- 

clinal divisions. The single subepidermal layer consists 

of small cells with few va*uolee and relatively large 

nuclei. These cells divide anticlinally as the ovule 

enlarges but dividtn cells usually are not distributed 
uniformly. Isolated groupa of dividing cells may be 

found in this layer for approximately two more weeks of 

development. The third layer, first underneath the sub 

epidermal layer, is less distinct at this time because it 
is one oeil thick in some places and two cells thick in 
others. Anticlinal divisions also occur here but are more 

uniformly dispersed throughout this layer. 
The remaining portions of the integument consist of 

approximately fifteen layers of turgid parenchyrna cells 
and an inner layer of partially digested cells or cell 
walls. The outer parenchyma cells contain starch but the 

large starch grains that were abundant in the liinermoat 

layers during the earlier stages of development have now 
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disappeared. y this time, five or six days after fertili- 
zation, the embryo is 1obular, somewhat smaller than the 

irregular suspensor, and the endosporm is just becoming 

cellular in the vicinity of the embryo (f i. 6). 

By the ninth day foflowin fertilization the various 

layers of the seed coat are more clearly differentiated 

(fie. 11,12). The epidermal cells have en1ared, become 

vacuolated and accumulated small amount of granular tan- 

niniferous materials, Cell division in the epidermis has 

ceased and any increase in size of the ovule is aecommo- 

dated by additional enlarßement of the epidermal cells. 

The subepidermal layer consists of rectanular cells with 

small vacuoles and larße nuclei, Anticlinal divisions 

are still relatively frequent in this layer but periclinal 

divisions do not occur, Hence this persists as a layer 

one cell in thickness in the mature seed. The layer 

beneath the 8ubepidermal layer is characterized by cell 

elongation perpendicular to the surface (fig. 11,12). 

Loth periclinal and anticlinal divisions occur but all 

newly-produced cells soon undergo elon3ation, The paren- 

chyma cells underneath the e1onatin cells have ceased 

division, become very vacuolate and have accumulated large 

quantities of starch except in the innermost colis that 

are being digested by the expanding cellular endosperm, 

Several major changes in the differentiation of the 

seed coat occur during the period of fifteen to twenty 
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days after fertilization, and the seed coat i fully 

matured by approximately the thirtieth day, The epidermal 

cells enlarge uniformly after they cease division until 

sixteen to eighteen days after fertilization (fie, 12). 

Irreu1ar patches of epiderrnal ce11s then begin to e1onate 

perpendicular to the surface (fig. 13,14) but the interven- 

in cells do not elongate. The vertical walls of all opt- 

dermal cells tend to become thicker, especially toward the 

base of each cell. The outer walls of the unelongated cel1' 

remain thin but those of the e1onattn cells become thick- 

ened at maturity. The elongatin5 cells eventually become 

four or five times as high as the intervening cells and 

form the papillose rou1ienin of the seed (fie. 15,1). 

During the later staos tanniniferous materials and pig- 

ment granules accumulate in the epidermal ce1l. These 

account for the brown or black color of the maturo seed. 

There is very little eutin deposited in the epidermal oeil 

walls except the basal wall in contact with the subepiderm-. 

al layer. 

The cells of the subepidermal layer have ceased divi- 

sion by the fifteenth day after fertilization, F . ecause of 

the number of' anticlinal divisions that have occurred in 

this uniseriate layer, the oeils are one-sixth to one- 

eighth the diameter of the epidermal cells and about one- 

half the diameter of the layer just underneath. All the 

cell walls gradually thicken, become lignified, eutin is 



19 

deposited in the cell walls anc3 the cytoplasm disinte- 

rates. Thus the subepidermal layer at maturity consists 

of very compactly arranged, cutinized stone cells (fig. 

15). This is undoubtedly the layer that is primarily 

responsible for the imperviousness of the seed coat to 

wat or. 

The elongate cells just beneath the subepiderinal 

layer also cease division after approximately fifteen days 

from fertilisation, The cells gradually develop thick walls 

that do not become cutinized or suberized (fig. 14,15). 

Cytoplasm and nuclei persist in these cells to maturity. 

Palisaded scierenchyma of this type is characteristic of 

many seeds though the origin may vary in different species, 

Frequently a light line Is evident somewhere in this layer. 

The cause of the light line is not known, In C aenai 

the light lino consists of a narrow band, bright in fresh 

sections, that Is parallel with the suhepidermal layer and 

located near the outer ends of the palisade cells, This 

line stains more lightly with either safranin or fast 

groen than the rest of the cell walls in this layer. 

Although the palisade layer as a whole is very uniform in 

actual thickness, at any one point it may be one cell, two 

cells, or three or moro cells thick, depending on the 

number and sequence of periclinal and anticlinal divisions 

that have occurred in this layer (fig, 15), This variation 
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in number of cella does not affect the location of the 

lig,ht lino. 
B7 the fifteenth day following fertilization, the 

embryo is well developed, the cotyledons are folded, and 

the embryo saó is very turgid. The outer cell layer of 

the endoBperm i pressed tightly aa1nst the degeneratlnß 

cells of the integument, he latter has been digested to 

the extent that only a layer of six or seven parenchyrrn 

eell persists between the palisade layer and the rapidly 

enlarging endosperm (fie. 13). During the next ten days 

all materials are digested from those cells and only a dark 

band of crushed coil walls separate the endosperni from the 

palisade scierenchyma (fig. 14,15). The cells of the inte- 

ument that form the septum between the radlole and folded 

cotyledons of the embryo are also partially digested and 

crushed The outer layer of endosperm cells have thickened 

cell walls, probably of hemicellulose, but the cell contents 

have mostly disinteated. Just inside this irregular eel- 

miar ondosperrn layer is a layer of partially digested cell 

walls. These may persist as the filmy thito threads or 

sheets seen in a fresh section of the maturo seed, 

The basal end of the ovulo before fertilization is 
quite flat when aeon in a longitudinal section that inter- 

sects both funiculus and micropyle (fig, 4). The mieropyle 

is obscure and is located approximately at the midpoint 

between the funiculus and the basal edge of the ovule on 
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the ventral s1de A 1on1tud1na1 section of a mature seed 

in this same plane shows that the portion of the inte8ument 

toward the ventral side of the ovule from the mioropyle has 

developed into a point that projects beyond the remainder 

of the basal end of the seed (fie. 9). The micropylar 

region can be detected, especially in soaked seed, as a 

small, 11hter-co1ored area on the side of this pointed 

tip (f i, 1), Between the miropy1e and hilum is a broad, 

smooth pad which is usually referred to as a scar area, 

At the edge of the pad toward the dorsal side of the seed 

is the biluin, This consists of a very narrow, 1iht line 

extending along the side of the pad. 

The differentiation of the various layers of the seed 

coat over the basal end of the ovule follows a pattern dif- 

fering from that over the rest of the seed. In a small 

area immediately around the mieropylo there is little dif-. 

ferentiation between the epidermis arid the subepi.dermal 

layer. The subepidermal cells divide both perielinally and 

anticlinally to form a small irregular mass of cells around 

the inicropyle instead of a distinct uniseriate layer (fig, 
18). 1 he epidermal oeils are smaller in this area, do not 

elongate at maturity and do not accumulate pigment gran- 

ules, They also tond to become flattened or collapse. For 

these reasons the micropylar region shows as a light spot 

in the mature seed (fig. 1). 
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The baa1 portion between the funleulus axid the dorsal 

side of the seed shows only slIßht modification, The sub-' 

epidermal cells follow the same sequence as described for 

the rest of the seed coat. The cells beneath the subopi-' 

dermal layer olonate earlier than correspondinß cells In 

the rest of the seed coat. rrhe dermatoen, however, also 

divides periclthally to produce a small area of biseriate 

epidermis adjacent to the funiculus (fig. 16). The cells 

of both layers may elongate at maturity (fIg. 19). 

The area between the funiculus and the micropyle 

shows the greatest modification in development. By the 

fourth or fifth day following fertilization, the derma- 

togen has divided perlclinally to produce two layers of 

cells (fig, 5). The cells of each layer undergo a second 

periclinal division so that a multîseriate epidermis of 

four layers is produced (fig, 16). The three outer layers 

differentiate as rectangular, compactly arraziged cells that 

do not elongate at maturity. The cells of the innermost 

layer undergo rapid elongation, occasionally dividing peri- 

olinally, to produce a small area of palisaded scierenohyma 

(fig. 16,17,18,19). The compact multiple epidermis, 

Including the palisade cells, thus constitutes the pad. 

Hence this should not be referred to as a scar area. 

The development of the layers beneath the multiple 

epidermis in this area follows the same sequence as over 

the rest of the seed, Thus the subepidernial layer and 
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aeoompanyin palisade layer may be followed as continuous 

layers from the ventral eides of the ovule to where they 

dip beneath the pad (fig, 18). This also indicates that 

the pad is entirely epidermal in origin, 
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DISCUS$ION 

The growth and differentiation of the ovule appears 

to be very uniform for all members of the Convolvulaceae 

(].1, 15, 19). The nuceflus consists of only a few cells 

that become surrounded early in development by a single 

massive inteuinent Dahlren (3) considered for this 
family that the single archesporial cell in each ovule 

functions directly as the mesaspore mother cell. Mathur 

(12, p. 160), however, demonstrated that in ConvO3.'!u1g 

arvensis the archesporial cell divides to produce a pri- 
mary parietal oeil and the measpore mother cell1 The 

parietal cell undergoes a single anticlinal division prior 
to the division of the measpore mother cell, ?ariotal 
cells do not occur, however, In any of the several species 

or Cuscuta that have been invest iated (3; John, cited by 

Mathur, p. 161). The parietal oeils, where present, and 

the nucellus are digested and completely absorbed before 
the female gametophyte is mature and ready for fertiliza- 
t jon. 

The development of the female gametophyte follows the 

normal type in ali species of the Convolvulaceae that have 

been investigated. The antipodal cells degenerate before 

fertilization in all genera except Evolvulus where they 

are prominent (9). 2he synergids develop beak-like pro- 

jections that extend into the micropyle after degeneration 
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of the nucellus, After fertilization, the developing endo 

sperm does not dißest cells alone the micropyle, Instead, 

a cavity develops toward the ventral side of the seed and 

the micropyle is left as a very obscure trace through the 

seed coat, The radielo of the embryo is later found in 

this cavity. Thus there is no invainat ion of the micro 

pyle as described by Lubbock, (10, p. 207.290). 

In Convolvulus sepium, according to Macpherson (1]., 

p. 392-398), polyorithryony is extremely common, The addi- 

tional embryos were considered to be developed from syner- 

gids, In no case was more than one embryo observed in a 

seed of Convo].vulue arvensis at any stase of development, 

Ir polyembryony occurs in this species, lt must be a rare 
occurrence. 

The primary endosperm nucleus and the fertilized e,g 

divide simultaneously in Cuscuta (19) but in Convolvulus 

the division of the zygote is delayed (15). Early embryo 

geny is quite uniform within the family and is character- 
ized by an irregular sequence of divisions that follows no 

fixed pattern (18), The suspensor is multicellular and 

irrou1ar In outline, The outer cells of the suspensor 

form Intimate contacts with adjacent endosperm cells, The 

suspensor of Cuscuta is more vacuolate than in other zonera 

of the Convolvulaceae, and the mature embryo is without 

apparent cotyledons, According to the classification of 
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Joharisen (7, p, 224-225), the embryo of the Convolvulaceae 

follows the Lotus variation of the Onarad type of develop.. 

ment. 

Because of differences In the ovule and embryogeny, 

amone other reasons, some authors place Dichondra and 

Cuscuta In separato families (Dichondraceae and 

Cuscutaceae), but by the moro conservative view they are 

retained in Convolvulaceao, with the family divided Into 

the Convolvuloideae and Ouscutoideae (9, p, 677). 

In so far as has been determined, there have been no 

detailed 1nvestiations of the origin and differentiation 
of the various layers of the seed coat of Convolvulus, 

The structure of the seed coat of Cuscuta has been des- 

cribed (19), There are two marked differences between the 

seed coats of these two genera. In cuscuta, the epidermis 

consists of relatively thin-walled colis, uniform In size, 
that contain starch while in Convolvulus the epidermis 

consists of elongated cells that give the papuloso appear- 

ance to the seed coat, and partially collapsed cells. Both 

types contain pigment granules and tanniniferous materials 
but no starch, Beneath the epidermis in Cuscuta are two 

layers of palisaded scieronchyma thich are represented in 

Convolvulus arvensis by one subepiderinal layer of small, 

cubical scierelds and a layer of palisade sclerenehyma. 
In both genera there is a broad band of parenchyma tissue 
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beneath the sc1erenchyna, Before the seed is mature in 

Convolvulus this parenehym.a is crushed and partially 

absorbed at maturity but it persists in the seed of 

Cuscuta and contains large anounts of starch. 



SUMMARY 

The primary purpose of this atudy was to follow in 

detail the growth and differentiation of the embryo, endo-. 

sperm and seed coat from the time of fertilization to ma- 

turity of the seed, Ovaries were collected at intervals 
of twenty-four hours from the time the flowers were poi- 

linateci to maturity, Usually the seeds mature about thirty 

days after pollination. 
The ovule is anatropous and has a small nucellus 

covered by a single massive integument. The nucellus is 

digested early by the developing female gametophyte which 

follows the normal type in development, The antipodal 

cells degenerate before fertilization, shortly after 

fertilization a lateral pouch develops from the upper 

portion of the gametophyte toward the dorsal side of the 

ovule and then downward toward the funiculue. This leaves 

a partial septun between the micropylar and antipodal ends 

of the curved embryo sac. This septum separates the rad- 

ide from the tips of the curved cotyledons in the mature 

seed. 

The endosperm undergoes a free-nuclear stage before 
cell division is initiated around the embryo about five 

days after fertilization, Cell wall formation then occurs 

progressively toward the antipodal end of the embryo sac 

but is not completed until approximately fifteen days after 
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fortt1ization The cellular endoperm is mostly absorbed 

by the developing embryo so that at maturity only two to 

four cell layers of endosperm are present inside the seed 

coat, 

Embryo development is characterized by the fact that 

there is no regular sequence of' cell division after the 

three- or four-celled embryo. Also there is a large, 

irregular, multicellular suspensor that is in intimate 

contact with endosperm cells. This suspensor functions 

until the embryo is nearly maturo, Secretory cells appear 

in the cotyledons but laticiferous canals do not develop 

in aiy part of the embryo. 

The cells in the layer just underneath the dermatoen 

of the ovule undergo periclinal divisions shortly after 
fertilization, The dermatogen then differentiates into 

an epidermis that consists of two types of cells. Irregu- 

lar patches of cells olonate to produce the papillose 
appearance of the mature seed. The aubepidermal layer 

undergoes anticlinal divisions to produce small, cubical 

cells that become cutinized scieroids, This layer makes 

the seed almost impervious to water. The layer beneath 

the subepiderinal layer differentiates as palisade scler 

enchyma that show a. distinct lt8ht line near the subopi- 

dermal layer, 

The inner layers of the integument consist of paren- 

chyma cells that accumulato starch during the growth of 
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the ovules At maturity, however, these cells are repre- 

sented only by a layer of crushed cell walls between the 

ondosperm and palisade sclerenchyma. 

The so-called scar area of the seed is a region where 

a multiple epidermis differentiates a pad of palisade 

selerenchyma in addition to the layers found over other 

portions of the seed1 The hilum la seen as a narrow line 

along the dorsal side of the pad. The micropyle is 

obscure at all times bt the micropylar region may be 

detected in the mature seed because the epidermis in this 

area does not develop pigment granules, 
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ATE I 

Ftures i - 5 

F1ure i. Base of 9eed. M, mieropyie; P, pad or tscar 
are&; H, hiiiim. 20X, 

Ftßure 2. Lonitudtnai section of ovule at time of 
fortilizatton, 100X. 

Figure 3. Cross Bection of ovule at t1ne of 
fertilizations 

I, layer that tnitiate scioreid layers by pori- 
clinal divisions. 200X, 

Figure 4. Longitudinal aotion of base of ovule two dayB 
after fertilization. .T, micropyle, 200X, 

Figure 5, Longitudinal oection of ovule threo days after 
fertilization. F, pollen tube; E, four-celled 
embryo; 1, ondosporm; 3, septum, bOX, 
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PLATE II 

Figures 6 - 9 

Figure 6. Longitudinal section of embryo and suspensor 
rive days after fertilization, Endosperm 1s 
beginning cell formation, 200X, 

Figure 7. Embryo nine days after fertilization, 200Xe 

Figure 8. Wmbryo, suspensor and endosperm ten days after 
fertilization, Procambium is differentiating 
in stele and cotyledons. bOX, 

Figure 9. Longitudinal section of mature seed. H, hilum; 
P, pad or "scar area"; 3, septum, 20X. 
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PLATE III 

Figures 10 - 

Bections of the integument showing the development of 
the subepidermal layer and the palisade scierenchyina, 3, 

subepidermal layer; P, palisade scierenchyma; E, endosperm. 
200X. 

Figuro 10. Five days after fertilization, 

Figure 11. Nine days. 

Figure 12. Twelve days, 

Figure 13, Sixteen days, 

Figure 14, Ninteen days. 
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FigureB 15 - 19 

F1ure 15. Lon1tudina1 section of mature seed coat. 
P, erushed parenchyina of inteurnent; 
E, endosperm, 200X, 

Figure 16. Lonitud1na1 section of funiculus re8ion five 
days after fertilization. Micropylar region 
is to the left, M, multiple epidermis; S, 

subepidermal layer; P, palisade scierenchyina 
initials, 200X. 

Figure 17. Longitudinal section of funiculus region twelve 
days after fertIlization, 5, subepidermal 
layer; P, palisade sclerenchytna from multiple 
epidermis. 200X. 

Figure 18. Longitudinal section of micropylar region 
twelve days after fertilization. M, mieropyle; 
3, subepidermal layer, 200X. 

Figure 19. Longitudinal section of hilum and pad of nearly 
mature seed, 200X. 
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