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Introduction 
Within recent decades the avocado, 

Persea americana Miller,I has become an 
important crop plant in California, 
:Florida, and other subtropical regions. 
Consequently, much interest has de- 
veloped concerning the plant and its 
fruit. Some preliminary studies have 
been made on several phases of the 
anatomy of the whole plant (4) and of 
the fruit (3), but relatively little informa- 
tion on floral development exists. The 
present study deals with floral develop- 
ment, sporogenesis, and certain phases of 
early embryo development in the avo- 
cado. 

In an early study of microsporogenesis 
I The nomenclature is that suggested by POPE- 
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in P. gratissitna Gaertn. the haploid 
chromosome number was determined to 
be I2 (I). Cytological irregularities were 
also observed such as gigantic micro- 
spores which contained two or more 
nuclei and gave rise to polyploid pollen 
grains. The occurrence of ovules borne 
externally on the ovaries has been noted 
in Rome (2) and in California (9). Ana- 
tomical evidence (7) indicates that the 
six-parted perianth of the flower arises in 
two whorls and consists of a three-parted 
calyx and a three-parted corolla. In 
Florida (8) differentiation of the in- 
florescence continues over a period of 
months, but the earliest primordia of 
individual flowers are first identifiable in 
January only a few weeks before full 
bloom. 
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Matenal and methods 
Materials for the present investigation 

were obtained from the horticulture 
orchard on the Los Angeles campus of 
the University of California and from 
commercial plantings in various parts of 
southern California. They consisted 

Heidenhain's iron-alum hematoxylin, or 
Harris' hematoxylin. 

Observations 
FLORAL DEVELOPMENT. In longitudi- 

nal section the growing apex of the indi- 
vidual flower primordium is first evident 
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FIG. I.-Persea americana. A-G, differentiation of flower parts. A, flower primordium in axil of bud scale. 
B, initiation of perianth primordia. C-E, initiation of stamens and staminodes. F, section through young 
flower shortly after initiation of pistil. G, young flower with all parts differentiated. H-N, differentiation of 
ovule and integuments. H, initiation of ovule in young pistil. I-K, later developmental stages of ovary and 
ovule. L, differentiation of inner integument in young ovu]e. M, differentiation of outer integument in young 
ovule. N, older stage of ovule with both integuments. BS, bud scale; Br, bract; P, pistil; PP, perianth 
part; Pr, bud primordium; St, stamen; Std, staminode; OPr, ovule primordium; Cl, cleft in pistil; OI, outer 
integument; II, inner integument; Fux, funiculus; Nu, nucellus. 

mainly of buds, flowers, and young fruits 
of the CFuerte rrariety, although similar 
collections were made of varieties such as 
Naba!, Matney, Mexicola, Dickinson, 
Blake, and others. They were fixed in 
Navashin's solution, after which they 
were dehydrated and imbedded in par- 
affin. Sections cut I20 p thick were 
stained with safranin and fast green, 

as a conical mass of cells in the axial of a 
bud scale (fig. IA). This mass of meri- 
stematic cells becomes slightly flattened, 
and on the periphery of the disk the 
perianth parts appear (fig. IB-D). These 
rudimentary perianth segments elongate 
and curve inward, arching over the apex 
of the axis. Stamen primordia arise at 
the same lerrel but inside the perianth 
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272 BOTANICAL GAZETTE [1WARCH 

parts and opposite to them (fig. ID). In- 
side the stamen whorl appears a third set 
of primordia, the inner stamens or 
staminodia (fig. IE). The pistil is the last 
floral organ to develop (fig. IF, G). It 
first appears as a small, conical mass 
which by differential growth produces a 
cuplike structure, one side of which be- 
comes higher than the other. The higher 
side gives rise to the style and stigma, 
and the lower, which grows more slowly, 
differentiates the ovule primordium on its 
inner surface (fig. IF, H-J). 

More rapid cell division on the upper 
side of the funiculus causes the ovule to 
bend toward the receptacle. Differentia- 
tion of integuments and nucellus occurs 
at this time. The inner integument ap- 
pears first and is followed by the outer 
(fig. IL-N). By continued bending the 
ovule eventually becomes anatropous, 
and the micropyle is located immediately 
beneath the funicular attachment (fig. 

K). 

MEGASPOROGEN3BSIS. A single hypo- 
dermal archesporial cell gives rise to the 
megaspore mother cell and the primary 
parietal cell (fig. 2A) at about the time of 
initiation of the inner integument. The 
megaspore mother cell, distinguished by 
its central position, large nucleus, and 
deeply staining cytoplasm, enlarges to 
four to five times the size of the arche- 
sporial cell and becomes imlDedded in 
several layers of nucellar tissue (fig. 2B). 

By two successive divisions the mega- 
spore mother cell gives rise first to two 
(fig, 2C) and then to a linear row of four 
megaspores of about the same size. The 
three micropylar megaspores soon de- 
generate, learring the chalazal mega- 
spore to function as the one-cell embryo 
sac (fig. 2D). Before the first division of 
its nucleus, the functional megaspore 

* * . * . v 

ncreases ln slze, accompanlec . by an ln- 
crease in cell division in the surrounding 

nucellar tissue. Following the first game- 
tophytic division the two daughter 
nuclei separate, one migrating to the 
chalazal end and one to the micropylar 
end of the elongating and enlarging 
embryo sac (fig. 2E). By two subsequent 
divisions, these two nuclei produce eight 
nuclei, a group of four at each end of the 
now elongate embryo sac (fig. 2F, G). 
One nucleus from each of the two groups 
migrates toward the center (fig. 2H). 
Fusion of these two polar nuclei then 
occurs (fig. 21-K) . As the embryo sac con- 
tinues to elongate, the three remaining 
chalazal nuclei migrate further toward 
the chalazal end and become the antip- 
odals. They are scattered irregularly 
and generally undergo degeneration very 
early, sometimes even before the fusion 
of the polar nuclei. Only traces of the 
antipodals remain by the time the egg 
apparatus is mature. The three nuclei 
remaining in the micropylar end of the 
embyo sac become the egg apparatus. 
The nucleus which is centrally located in 
respect to the micropyle becomes sur- 
rounded by a thin membrane to form 
the megagamete. The other two nuclei, 
the synergids, are lateral to the mega- 
gamete and also become enveloped by 
distinct membranes. 

At maturity the embryo sac is im- 
bedded in nucellar tissue. It is an elon- 
gate structure somewhat enlarged at the 
micropylar end (fig. 2L) and measures 
650-950 ,u in length and 25-75 ,u in 
width. 

Cytological irregularities in the em- 
bryo sac were observed rather frequent- 
ly. The most common abnormalities 
noted consisted of cross walls, irregularity 
in shape, doubleness, and an increased 
number of nuclei. 

Cross walls were found in several 
embryo sacs. These walls were about the 
thickness of the walls of the surrounding 
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I 9 5 2] SCHROEDER AVOCADO 273 

nucellus and extended completely across 
the sac. Most of the cross walls were 
confined to the chalazal region, although 
in some cases they were found at about 
the level of the polar nucl-ei. Separation 
of the antipodal nuclei by wall forma- 
tion was seen in several instances. 

In abnormal embryo sacs the number 
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of nuclei ranged from nine to twenty-five 
or more. In one case three nuclei were 
found just lateral to the egg apparatus in 
the micropylar region7 and in another 
two extra nuclei were noted in the region 
of the- antipodals in the chalazal end. The 
origin of these nuclei could not be deter- 
mined. Other embryo sacs contained 
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FIG. 2. Persea americana. Megasporogenesis and development of megagametophyte. A, section through 
tip of developing ovule shortly after division of hypodermal archesporial cell. B, megaspore mother cell. 
C, daughter nuclei from first division of megaspore mother cell. D, linear tetrad of megaspores, showing the 
chalazal spore becoming functional, the micropylar three disintegrating. E, two-nucleate embryo sac. F, four- 
nucleate embryo sac. G, eight-nucleate embryo sac. H, eight-nucleate embryo sac at later stage showing 
migration of polar nuclei to center of sac and differentiation of egg cell, synergids, and antipodals. Polar 
nuclei are central in position in this section. I, polar nuclei prior to fusion. J, secondary nucleus, with two 
nucleoli. X, secondary nucleus with single, large nucleolus. L, mature embryo sac. PPC, primary parietal cell; 
MM, megaspore mother cell; PN, polar nuclei; AN, antipodal nuclei; OI, outer integument; II, inner integu- 
ment; Mtc, micropyle. 
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many small nuclei in the chalazal end. 
These numbered from ten to twenty-five 
or more in each sac. They were very 
small, approximately I-3 y in diameter, 
and were scattered irregularly. 

An ovule containing two sacs was 
found in a single specimen. This corrobo- 
rates the observation of polyembryony in 
avocado seeds. 

MICROSPOROGENESIS. In flower buds 
about I mm. in length, the first evidence 

^ * * . s s 

ot mlcrosporogenesls appears ln Songl- 
tudinal section as a single hypodermal 
cell which contains a relatively large 
nucleus and stains deeply (fig. 3A). In 
rapid succession several of the adjacent 
hypodermal cells exhibit a similar reac- 
tion (fig. 3B, C). Continued cell division 
in this tissue results in a group of cells, 
the sporogenous tissue, four to five cells 
deep and six to ten cells in length just 
beneath the epidermis (fig. 3D, E). The 
cytoplasm of all these sporogenous cells 
stains deeply, and the single nuclei are 
conspicuously large. 

The tapetum arises from the periph- 
eral layer of the sporogenous tissue 
(fig. 3F). The four-nucleate condition of 
the cells of this tissue arises as the result 
of two successive nuclear divisions with- 
out ensuing cell-wall formation (fig. 
3G-I). In the two-nucleate condition the 
nuclei are often elongated and flattened 
along the surface of contact and often 
show two or three nucleoli. After the 
second division, the four nuclei present 
in the cell are smaller, more nearly 
spherical in shape, and possess only one 
nucleolus each. In prepared materials 
sometimes the four nuclei are tightly 
pressed together and thus are distorted 
from their spherical shape (fig. 31). As 
this nutritive layer is absorbed during 
the development of the microspores, the 
cytoplasm is reduced in amount, the 
nuclei undergo degeneration, and the cell 

walls collapse and shrink (fig. 3J, K). 
There are no remains of the tapetal layer 
in the mature pollen chamber. 

Shortly after the formation of the 
tapetum, the spore mother cells undergo 
meiotic division resulting in the subse- 
quent formation of tetrads (fig. 3F, L- 
N). The chromosomes have not been well 
observed during meiotic divisions. They 
are small, about I.5 H in length, and tend 
to clump together when ordinary tech- 
niques are used. ln a few of the better 
preparations the haploid complement was 
determined to be twelve. 

The microspores remain united in 
tetrads for only a short time. When they 
become separated, they assume a spheri- 
cal shape and have a thin limiting mem- 
brane and a large nucleus with one large, 
spherical nucleolus. The spore wall 
thickens, and the exine appears (fig. 30, 
P). The pollen grains may be shed in this 
stage. In most cases, however, the 
nucleus divides before the pollen is shed. 
The division results in a large nucleus, 
retaining a central position, and a 
smaller nucleus which lies near the pe- 
riphery of the grain (fig. 3Q, R). Each 
nucleus, surrounded by cytoplasm, be- 
comes incased in a thin membrane. Thus 
in preparations which are slightly plasmo- 
lyzed two distinct cells can be identified 
in the male gametophyte at this stage 
(fig. 3R) 

The heavy intine of uniform thickness 
lies next to the cytoplasm and is covered 
by a thin exine with short, uniformly 
distributed conical spines (fig. 3S). The 
exine and intine are easily ruptured 
when subjected to pressure (fig. 3T). 

The mature Fuerte pollen grain meas- 
ures 27-30 p in diameter. The intine and 
exine are 2 p and less than I p thick, re- 
spectively. When placed in water or TKI 
solution, marked swelling of the grain 
occurs. As there are no germinal furrows 
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or conspicuous germ pores in the micro- 
spore wall, germination of the pollen tube 
may occur by the splitting of the wall at 
any point on its surface. The tube 
nucleus precedes the generative nucleus 
as they migrate into the elongating pol- 
len tube (fig. 3U-W). Shortly after the 

beginning of germination, the membrane 
separating the generative and tube nuclei 
seems to disappear so that the nuclei at 
least in the early part of their migration 
down the germ tube are enveloped by a 
common cytoplasm (fig. 3lZ, V). The 
ultimate fate of either generative or tube 
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FIG. 3. Persea americana. Microsporogenesis and young microgametophyte. A, primary sporogenous 

cell in young anther. B-E, later stages in development of sporogenous tissue. F, pollen sac shortly after dif- 
ferentiation into spore mother cells and tapetal layer. G-I, one-, two-, and four-nucleate stages of tapetal 
cells. J, K, tapetal cells being absorbed by developing microspores. L, microspore mother cells. M, micro- 
spores before second division. N, tetrads of microspores. O, P, young microspores. Q pollen grain with genera- 
tive and tube nuclei. R, mature pollen grain slightly plasmolyzed. S, portion of poilen-grain surface showing 
blunt, conical spines. T, bursting of pollen grain when subjected to pressure. U, pollen grain starting to ger- 
minate; only faint indication of wall separating generative and tube cells remains. V, W, germinating pollen 
grains. Tap, tapetum; PSC, primary archesporial cell; SMC, microspore mother cell; GN, generative nucleus- 
TN, tube nucleus. 
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nucleus could not be determined from 
the materials studied. 

ENDOSPERM; DEVELOPMENT. The en- 
dosperm tissue apparently results from a 
triple fusion of chromosome comple- 
ments, although as yet no fusion stages 

,.,@xE. C t t 
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diploid complement has been reported to 
be twenty-four (I, I0). Thus, the ob- 
served chromosome number in endo- 
sperm tissue is close to the calculated 
triploid. The occurrence of three nucleoli 
gives further evidence of the triploid na- 
ture of this tissue. 

The development of the endosperm 
precedes that of the embryo. In the 
earliest stages observed, cellular endo- 
sperm already surrounds the zygote or 
early proembryo (fig. 4B, C). Whether 
a free nuclear stage exists was not ascer- 
tained. As endosperm development con- 
tinues, cell divisions occur only in the im- 
mediate vicinity of the embryo. The 
older cells are forced toward the chalazal 
end of the embryo sac and increase in 
volume. The isodiametric, meristematic 
endosperm cells adjacent to the embryo 
measure 30-60 p in diameter and contain 
nuclei which range from 20 to 40 y in 
diameter (fig. 4H, I). The ellipsoidal 
endosperm cells at the chalazal end may 
measure as much as 600 by I008 in 
length and breadth, and the extremely 
large nuclei in these cells range from 60 

to 75 ,u in diameter and in certain in- 
stances have exceeded I008 (fig. 4G). 
Reserve materials consist mainly of 
soluble sugars. No other ergastic sub- 
stances such as oils, starch, or tannins 
were observed. When the tissue showed 
general signs of degeneration, oxalate 
crystals varying in size and formwere 
noted in cells throughout. 

The general appearance of the large 
resting or prophase nucleus of the endo- 
sperm tissue is that of a spherical, homo- 
geneous mass covered on the surface by 
a thin network of chromatin material of 
variable thickness (fig. 4J). At certain 
intersections of these chromatin threads, 
granular bodies appear, and at others 
nucleoli are found. The central mass ap- 
pears to be homogeneous throughout, 

c X 
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FIG. 4. Persea americana. Endosperm. A, mi- 
totic figure in endosperm. B, zygote stage of embryo 
and adjacent endosperm already in cellular stage. 
C, a proembryo stage with surrounding endosperm. 
D, diagram of embryo about IO mm. long with endo- 
sperm. E-G, sketch of endosperm cells and nuclei at 
points e,f, and g of D showing relative sizes. H, I, en- 
dosperm cells from near base of embryo. J, large nu- 
cleus from endosperm tissue showing nature of pe- 
ripheral chromatin threads, nucleoli, and general 
structure. K, three large endosperm nuclei with dif- 
ferent numbers of nucleoli. L, types of nucleoli found 
in endosperm nuclei. Em, embryo; En, endosperm; 
GB, granular body; Mic, micropyle; Nucl, nucleolus. 

have becn observed. In aceto-carmine 
smears the chromosome number in thir- 
teen preparations ranged from 27 to 39. 
The chromosomes are minute (I.2 X 

o.6,u) (fig. 4A) and tend to clump, so 
that they are diflicult to count. The 
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but occasionally strarlds of chromatill 
material appear tzo traverse the colorless 
matrix. 

The nucleoli in endosperm cells vary in 
rlumber from one to three (fig. 4K). The 
presence of three nucIeoli supports the 
evidence that the endosperm is triploid 
tissue, since the number of nucleoli may 
indicate the number of chromosome com- 
plements in the nucleus (5). The nucleoli 
range in size from 4 to 26 ,u in diameter 
and are generally spherical but may be 
elliptical or irregular in outline (fig. 4L). 
They are either homogeneous or may 
contain vacuoles of varying size and 
shape. The contents of the latter differ 
in refractive index. 

The extremely large size of the endo- 
sperm nuclei makes them excellent ob- 
jects for the study of nuclear morphol- 
ogy; they also may be of value in experi- 
ments in nuclear physiology. 

EMBRYO DEVELOPMENT. Develop- 
ment from the zygote (fig. sA) to the 
multicellular proembryo (fig. -5B-F) 
takes place over a long period of time, 
probably many days. The earliest mitotic 
dir7isions of the proembryo have not been 
observed, but at the four-cell stage it is 
already spherical in form (fig. sB). 
Thereafter, cell division continues in all 
planes. No suspensor is formed. As the 

* * * * 0 proem Dryo lncreases ln slze, lt remalns 
spherical until it attains a diameter of 
about 0.2-0.3 mm., when cotyledonary 
differentiation is well marked (fig. sG). 
The primordia of the cotyledons first 
appear as two small lobes at the chalazal 
end and elongate as narrow laminae of 
thin-walled parenchyma surrounded by 
an epidermis. The basal lobes of the 
cotyledons appear later (fig. 5g). At this 
stage the embryo measures about I mm. 
in length; the young radicle and plu- 
mule are distinguishable, and provascu- 
lar tissue can be discerned. The cotyle- 

donary node consists of a mass of meri- 
stematic cells distinguished from the 
surrounding parenchyma by their smaller 
size, deeply staining protoplasts, and 
relatively larger nuclei. 

Differentiation of provascular tissue 
near the cotyledonary node and extend- 
ing into the cotyledons is clearly defined 

(g)A gB C tD X 

FIG. 5. Persea americana. Embryo. A-F, succes- 
sive stages of embryo development from zygote to 
multicellular, spherical proembryo. G, longisection 
through embryo about o.s mm. long showing early 
development of cotyledons. H, longisection through 
embryo about I mm. long showing cotyledons well 
differentiated and initiation of radicle. I, transection 
through cotyledonary node of I-mm. embryo. J, 
later stage of embryo about 4 mm. long in radial sec- 
tion showing relative size of cotyledons, cotyledon- 
ary node, plumule, and radicle. K, detailed anatomy 
of cotyledonary node of 4-mm. embryo showing pro- 
vascular tissue initiated in cotyledon. CN, coty- 
ledonary node; Cot, cotyledon; Pl, plumule; Pr, pro- 
vascular tissue; Ra, radicle. 
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in embryos about 3 mm. long (figs. 
51-K). Both lobes of the cotyledons are 
well developed in these embryos, having 
increased in length and thickness. Dif- 
ferentiation continues until in the mature 
embryo there are two hemispherical 
cotyledons with vascular strands located 
in a plane parallel to their flat faces and 
close to these surfaces. 

Summary 
I. In the avocado, Persea americana 

Miller, flower parts develop in acropetal 
order. The flower is perfect, hypogynous, 
regular, and trimerous. 

2. The ovule is anatropous and has 
two integuments. Megasporogenesis is 
initiated with the formation of a hypo- 
dermal archesporial cell which is dis- 
tinguishable shortly after the integu- 
ments are evident. By successive divi- 
sions a linear row of four megaspores is 
formed, the chalazal cell functioning as 
the embryo sac. A normal type of de- 
velopment then follows which results in 
an eight-nucleate megagametophyte. 
The mature embryo sac is elongate and 
bulbous at the micropylar end. Cyto- 

logical irregularities in the embryo sac, 
such as cross walls, multinucleate game- 
tophytes, and a double embryo sac, are 
described. 

3. Microsporogenesis begins with a 
hypodermal sporogenous cell. Primary 
sporogenous tissue gives rise to a central 
mass of pollen mother cells surrounded 
by a tapetal layer, the latter containing 
four nuclei in each cell. The pollen 
mother cells undergo meiosis and form 
tetrads which soon separate into indi- 
vidual spores. Mature pollen grains are 
spherical with no germ pores and are 
covered with short, conical spines. 

4. The endosperm is a triple fusion 
tissue which becomes cellular and con- 
tains large, conspicuous nuclei. These 
nuclei sometimes attain diameters of 
IOO p. 

5. During embryo development no 
suspensor is formed. Differentiation of 
cotyledons occurs when the spherical 
proembryo attains a diameter of about 
o.2.3 mm. 

DIVISION OF SUBTROPICAL HORTICULTURE 
UNIVERSITY OF CALIFORNIA 

LOS ANGELES 24, CALIFORNIA 
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