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INTRODUCTIOH 

•̂« ̂ ^Q plant used.—Ephedra corvl was recognized as 

a new species of Joint fir by Dr. E. L. Reed at Texas 

Technologicel College in 1935. The type locality nas 

given as Brov/nfield, Texas. The range v/as given as from 

"Meadow to Tahoka south to Big Spring and Andrews, Texas". 

This range has since been greatly extended by Dr. R. A. 

Studhrlter (unpublished). 

Reed (13) described the plant ns a "slender stemmed, 

profusely-branched shinib 1-5 dm. high5 branches erect, 

opposite; all above ground stems greien, 4 mm. in diameter 

or less which arise from an upright underground stem 

whose origin is from a node of an extensive system of 

rhizomes; aerial stems all short-lived;...ovulate aments 

on the ends of short branches of the season, of 1 or 2 

Internodes, 0.5-4.5 cm. long; bracts 4 pairs, 5 cm. long 

or less, becoming fleshy at maturity; fruit a round 

fleshy, edible, cream-colored berry up to 1.3 cn. in 7 

diameter; seeds in pairs, oblong, triangular in cross 

section, 7 nim. long or less." 

In the discussion following the description of the 

plant the* statement was made that "A careful study of the 

seeds of two seasons has so far failed to show any v/ith 



viable embryos v-nil germination tests have proved equal

ly unsuccessful". Since that time Dr. Studlialte^ has 

tried a number of times to gerrdnate the seodrf, also 

without success. 

Such a failure can be attributed to one of two 

things: (1) failure of the ovule to develop and pro

duce n mature seed; or (2) failure of an apparently 

mature seed to germinate. Failure of this nature seed 

to germinate may be due to morphological inhibitors, 

such as the impervious character of the seed coats or 

position of the embryo, or to physiological factors, 

as either the production of or failure to produce auxins 

aad other hormones. 

Previous failures to obtain germination of the seeds 

oĴ  Ephedra corvl and lack of knowledge of their causes 

^ have led to this investigation. The problem was at

tacked only from the morphological point of view; a 

search was made for the stage of development at v;hich 

abortion of ovule or seed takes place, and it was hoped 

that a reason for non-viability might be found. 

B* Revl^ew of literature.—No previous studies have 

been reported on the development of the ovule and seed 

or, except for Reed's brief statement, on the germination 

of the seed of this species of Ephedra; in fact only a 

few species of the genus have been studied from these 



points of vlefw, especially concerning germination of the 

seed* 

In his description of Ephedra aoryl in 1936,Reec (13) 

gave the general characteristics (size, number of scales, 

etc.) of the ovule. He failed to obtain germination of 

the seeds or to find viable embryos. 

Johansen (5) gives directions for the handling of 

the ovules for histological work and excellent results 

were obtained with then by the present writer. 

The oogenesis of Ephedra was first worked out by 

Strasburger (15, 16), using ovules of g. altlsslna and 

£• campvlopoda. His first dissertation contained a fairly 

complete account of the oogenesis of £. altlssimas 

the work on E. canipylopoda at that time was only frag

mentary, in the second paper, E. campylopoda was dis

cussed further. With few exceptions his interpretations 

have been verified in later studies on these and other 

species. Land (9) reported the oogenesis of E. trifurca 

in 1904, More.details of early development v/erc included 

by him, and subsequent stages were more fully described. 

Berrldge and Sanday (2, not seen) worked out the oogene

sis of £. dlstachva in 1907. Herzfeld (4), working with 

£• caMPvlopoda. gave what seems to be a very accurate 

and detailed report of the oogenesis of that species. 



She Included nothing which would in̂ licate that she had 

reviewed Strasburger»s work, the oogenesis of K. foliata. 

the only Asiatic species reported on, was given by Mahesh-

warl (11) in 1935, who described several irregularities 

not found in other species. 

Fertilization has been reported for only three species 

of Ephedra, probably due to the difficulty in obtaining 

the right stages. The first of these was Land's (10) paper 

of 1907. His account was not at all complete due to the 

condition of his material; it was shipped over long dis

tances, during which time the early stages of fertilization 

were completed. In 1909 Berrldge (1) gave a full report 

of this phase of development for E. altlsslma. By careful 

study she found several stages of fertilization from the 

entrance of the sperm into the central cell until after 

fusion. Two papers by Khan (7,8) on fertilization in E. 

foliata. were not available for study. 

The embryogeny of Ephedra WBS first worked out by 

Strasburger (15,16) uslnĵ  E. altissima. This was WBA in-

eluded in both tho first (1872) and second (1879) papers. 

Land (10) gave a detailed description of embryogeny in 

£• trifurca in 19p7# Berrldge and Sanday (2, not seen), 

in their paper^ on the oogenesis of ft. dlstachva^ also 

gave an account of embryogeny for the species. Khan (5, not 

seen) has reported on the embryogeny in E. foliata. 



Johansen (6) has compiled the data from these reports 

in his book on plant embryology (1950). 

Meyer (12) Included several notes on tho germina

tion of Ephedra seeds in his paper of 1846; among these 

was the statement that L. Cienkovsky (no citation given) 

first observed germination of Ephedra at St. Petersburg. 

Germination and seedling development ̂i»ll« discussed by 

Voth (17) for £. pedunculate in 1934. While investi

gating germination inhibitors, Sroelor (14) found that 

the cone scales of £. campvlopoĉ a prevent the germi

nation of the seeds when the latter are left attached 

to the scales. Land (9) stated that "numbers of young 

plants were escaping from the strobill still attached 

to the stem." 

The early papers on the life history of Ephedra 

were summarized by Coulter and Chamberlain (3). 



MATERULS AND METHODS 

A. Collection of materials.—The ovules and seeds 

o^ Ephedra coryj used in this study were collected by 

the author from three widely separated sites, which had 

been previously located and numbered by Dr. Studhalter 

of Texas Technological College. 

Choice of the sites was determined by two factors. 

Firstly, a study by the present writer of the seeds col

lected in the summers of 1947 and 1948 by Dr. Studhalter 

showed that all of those from site No. 238 contained 

aborted embryos whereas a small percentage of those 

from site 30 contained what appeared to be normal, mature 

embryos. Secondly, site 238 contcined only ovulate 

plants, which almost certainly represent a single clone; 

the nearest known staminate plant is located some 2 miles 

to the southwest. Site 30 on the other hand is quite 

obviously derived from at least 2 clones, one stami

nate and one pistillate, the two sexes being at sever

al points rather closely intermingled. 

Site 238 is located 6.5 miles north-east of Brown-

field, Texas, on the north-west side of the Lubbock-

Brownfleld hlgĥ ây in what appears to be virgin sandy 

soil In an offset to a cultivated field. A large part 



of this site had been btirned over in the fall of 1950 

as a result of the burning of grass along the adjacent 

railway. Collections were made at approximately bi

weekly periods from March 11, 1951, to June 4, 1951. 

On the latter date all of the seeds showed aborted em

bryos • 

Site 30 is located 5»8 miles south of the south 

Junction of the O'Donnell, Texas, cutoff with the Lub-

bock-Lamesa highway, on both sides of the railway track 

at Hlndman Switch. This very large site had also been 

burned over and had for the past two years been sub

jected to dust clowds from loading operations involv

ing crushed rock. Bl-weeily collections were made from 

April 1, 1951, to July 22, 1951, at which time the seeds 

were mature and dehiscing from the cones. 

Dust from the adjacent highway was also prominent 

at both sites. There is no evidence however that either 

the burning or dust had any appreciable influence on the 

development of the ovules and seeds of 1951. 

A third site was chosen later in the season to sup

plement collections at site 30. This third site. No. 

90, was similar in composition to site 30 but not as 

large. Collections were made at this site on the same 

dates as those from site 30 and showed the same degree 
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of development. 

B. Macroscopic observations.—^While working in the 

field, as many macroscopic examinations were made as 

was possible with tho naked eye and the aid of a 12X 

hand lens. As may be seen later, some of these proved 

to be very valuable. 

C. Histological technique.—^The earliest collec

tions were preserved intact iniformalln-acetic-alcohol 

in the percentages recommended by Johansen (5)» Later 

the scales were removed and the outer integument either 

trimmed along the edges or removed entirely. This step 

was not necessary until proper penetration was prevented 

by the large size of the ovule and the greater thick

ness of the outer integtuoent. In later stages an in

crease of the acetic acid by 2^ gave better fixation as 

there was more rapid penotratici^ and not as much shrink

age of the tissue. The formalln-propiono-alcohol for

mula of Johansen (5) was used on the last collections. 

This proved to be a better fixing agent than tlie for-

malin-acetic-alcohol. 

The fixed material was preserved in the same fluid 

until needed. Material to be studied macroscopically 

was preserved in formaldehyde fumes. 

Young ovules were prepared for embedding in paraf-



fin by removal of the scales investing them. In later 

stages the outer integument was removed as well as the 

scales, and when the ovules became almost mature the 

nucellus also was removed. Following removal of the 

superfluous tissues, the material was dehydrated by the 

tertiary butyl alcohol method. From the lOOJb tertiary 

butyl alcohol it was transfered to a 50-50 mixture of 

tertiary butyl alcohol and paraffin oil and then to 

pure paraffin by the process recommended by Johansen (5) 

In the final paraffin bath and in the paraffin used for 

embedding, a small amount of bayberry wax was added to 

harden it, thus facilitating sectioning without crushing 

the tissues. Serial sections were cut at 10 nlcrons 

and affixed to slides with Haupt's adhesive. 

Three different combinations of stains were employ-

edt safranln and fast green, Heidcnhain's iron haema-

toxylin and congo red, and Heidenhain's iron haematoxy-

lln and fast green. The last mentioned was the most 

successful. The nuclei were stained dark blue or black 

and the cell walls and cytoplasm were stained a light 

green. Although the contrast between these two sets of 

structures was not as great as with the haematoxylln-

congo red combination, Heldenhain's haematoxylin with 

fast green is considered to be the best because the 
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Congo red tended to cloud the sections and the cell wells 

were not stained as well. 

In the manipulation of the stains the slides 

were first brought down to water through the dehyarcting 

alcohol series. From the water they were placed in a 3A 

solution of iron alum for one to two hours. Î'ext they 

were washed in tap water for about 5 minutes. A fresh 

0.5^ solution of haenatoxylin (Scharr and Co.) was used 

for staining. The slides were left in the stain twice 

as long as they had been left in the iron alum. After 

the proper staining time had elaps>ed they were washed 

in tap water for five minutes. Differentiation, carried 

out in a saturated solution of picric acid, was usually 

complete in fifteen minutes, by which tine the haema

toxylin was removed from the cytoplasr and cell walls, 

leaving the nuclei a dark blue or black. The slides 

were then washed in distilled water and two changes of 

35^ alcohol and then transferred up the alcohol series 

to 85/̂  • From the 85/̂  alcohol they were placed in the 

fast green for about 30 seconds, then rapidly waslied in 

1005 alcohol and transferred to 50-50 xylene-alcohol. 

Canada balsam was used as the mounting nediuc, 

!>• Drawings and photographs«—^I'he pen and ink draw

ings included in this paper were executed with the aid 
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ef a compound microscope and a camera-lucida. The 

photomicrographs were taken on 4X5 super XX panchromatic 

film. The lens of the camera was removed to increase 

the amount of light and reduce aberrations. The shutter 

speed varied with the density of the naterial and the 

magnification used. Usually 1/25 to 1/50 of a second 

sufficed. 
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OOGENESIS 

A» Oyip.at̂ e strobllus. —The ovulate strobllus of 

Ep3ae(̂ ra cory^ is monosporangiate. These strobili are 

produced on short branches which originate on uprights of 

the previous year's growth. There are normally two ovules 

in each strobllus (fig. 28). On two occasions three 

were found in one strobllus but never only one. 

About the time the lateral branches bearing the 

ovulate strobili begin to elongate the ovules are differ

entiating. This took place about April 1 dtiring 1951. 

The nucellus is evident as a swelling within the scales. 

Shortly theresifter tho outer and inner integuments arise 

as swellings at the base of the nucellus. The inner 

integument is located a little above the outer. The 

outer integument is several cells in thickness and is 

at first quite fleshy but soon becories hardened by the 

deposition of substances on its cell walls. The inner 

integument is never more tlian two cell layers thick and 

is free from the outer integument to its base; it is 

free from the nucellus for only about half its length. 

Soon after their initiation the outer integument surrounds 

all but the tip of the inner, which extrudes (in the 

form of a tubular structure called a tubilus) from the 
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blunt apex of the outer. Both integuments remain en

closed within the scales until Just before time for 

pollination, wiien by rapid elongation their tips are 

thrust out through the tips of the scales. The exposed 

end of the tubilus is split down one side to a point 

Just above the distal end of the outer integument. This 

split portion is spirally twisted (figs.. 27,28). The 

twisting of the tip enhances the chances of pollination 

as its receptive inner surface is exposed to several 

directions. Shortly after fertilization the exposed 

tip becomes brittle and is soon broken off. 

S» Formation of the me.gaspores.—The first evidence 

of an archesporial Initial was found in material from 

the collection of April 8, 1951, at site 238. These 

initials are at first found Just beneath the epidermis 

(fig. 1), confirming Land's (9) assumption that the 

archesporial initials are of hypodermal origin. From 

material studied by the^writer it is evident that either 

one or two archesporial Initials may be formed. Figure 

2 shows on the right one archesporial initial which has 

not yet divided and one on the left which has divided 

to form two cellsi a lower one which is the megaspore 

mothep-<ell and an upper one which by successive perl-

clinal divisions will ultimately place the spore mother 
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cell more deeply within the nucellus. The rowi of cells 

N. 

below the epidermis divides pepiclinally also. The 

archesporial initial on the right in figure 2 appar

ently disintegrates, although this stage was not found 

in any of our slides. Thus only one archesporial In

itial is j)resumably functional. This supposition is 

borne out by the fact that, although two such initials 

are present at one stage, only a single megaspore mother-

cell was found in any of our preparations. Land (9) 

stated that in some instances several megaspore mother-

cells were observed but that generally only one is formed. 

This seems to substantiate our belief that more than 

one archesporial initial may frequently be formed. 

As was stated previously, the cell overlying the 

spore mother--cell divides repeatedly to place it more 

deeply In the nucellus. These divisions are repeated 

until the megaspore mother-cell is seven or eight cells 

below the tip of the nucellus, where it becomes en

larged at the expense of the surrounding cells. In 

the collection made April 1^, the megaspore mother-cell 

had enlarged and was ready for the reduction divisions 

(fig. 1^). 

The stage showing the tetrad of megaspores was not 

found. Indications are that the megaspores are formed 
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in a linear row, as has been found to be the case in the 

other species of Ephedra. Nothing was found however in 

the subsequent stages which would indicate whether three 

(by incomplete division) or four megaspores are formed* 

The single functioning megaspore (fig. 15) increases 

in size, after which there seems to be a brief period of 

rest before the beginning of the subsequent divisions 

to form the megagametophyte. 

C. Development of the megagametophyte.—The first 

division of the megaspore]^Vccured about April 20 (figs. 

16,17)• Following this pericllnal division no cell walls 

were formed. The two resulting nuclei are first seen 

near the center of the cell but soon a vacuole is formed 

(fig. 17) which separates them. The enlargement of the 

vacuole brings about a parietal placing of the nuclei 

(fig. 18). The second division is simultaneous in both 

nuclei. The resulting four nuclei become situated 

around the periphery of the enlarging vacuole (fig. 3). 

Free nuclear divisions continue until a large number of 

free nuclei sM formed. No count was made, but Land (9) 

has set the number at 256 for Ephedra trifurca. Figure 

19 shows the free nuclear condition of the megagameto

phyte Just prior to cell wall formation which begins 

shortly after this stage. The formation of cell walls 



16 

occurs simultaneously with or begins shortly after anti

clinal divisions of the free nuclei begin to fill the 

vacuole (fig. 20). These new cells are produced more 

rapidly at the upper and lower ends of the megagameto

phyte than at its middle. Figure IQt is a section near 

the edge of the vacuole. From a comparison of figure 

20 (radial section) and figure 21 (tangential section), 

it can be seen that the cells are isodiametric. The 

cells nearest the vacuole conteiin more cytoplasm than 

those at the periphery of the gametophyte. 

Shortly after the vacuole has been filled with 

cells a differentiation of the cells takes place in 

the upper and lower ends of the megagametophyte. At 

the upper end (micropylar) there is a region of cells 

which are fairly large and with an abundance of cyto

plasm. This is the region which will give rise to the 

reproductive structures. At the other end (the anti

podal) there is found a group of cells which are smaller 

than those above and will serve as storage tissue. 

Early in its development the storage region becomes 

differentiated into two zonesJ the haustorial region 

at its tip which, as the name indicates, serves as an 

prgan for the absorption of food from the sporophyte, 

^nd a storage region which becomes highly charged with 
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stored starch. Between the micropylar and antipodal 

regions there is a tissue made up of thin-walled cells 

which, with the exception of a row down the center, have 

very little cytoplasm. The central row marks the path 

along which the embryo will be shoved in its growth to

ward the storage region. Cell wall formation had been 

completed in most cases by May h* 

The archegonium initials were first observed in 

the material from a collection made April 27• The arche

gonium initial is first recognizable as such when one 

of the epidermal cells becomes pyramidal in shape, as 

shown in figure ^. There are two or three such initials 

in one gametophyte. Two Is the usual number but three 

is not at all uncommon. Soon after the initial is formed 

the primary neck cell is cut off from it by a peri

cllnal division (fig. 5)» An additional pericllnal di

vision soon takes place, probably in the newly formed 

neck cell. The result is a straight axial row of three 

cells J a long inner central cell and two short outer 

neck cells (fig. 6). 

The exact sequence of events from here on is not 

clear. Both pericllnal and anticlinal divisions take 

place in the neck cells over a rather short period of 

time during which the central cell is enlarging. The 
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end result, so far as the neck is concerned, is a group 

of V or 5 vertical columns each composed of 8 to 10 

superposed cells (figs. 7,8,22); thus there is produced 

an archegonial neck of 32 to 50 cells. There are of 

course some divisions in other planes, producing ir

regularities in the shapes of the columns, which makes 

determination of a definite number difficult. 

With the appearance of the archegonial initials a 

disorganization of the cells of the nucellus abovo the 

gametophyte can be seen. This decomposition continues 

until the apex of the nucellus has disintegrated, leav

ing a funnel-shaped cavity called a pollen chamber above 

the gametophyte (fig. 22). This disintegration exposes 

the gametophyte to the atmosphere, as is also the caso 

in other species of Ephedra thus far studied. 

While the neck cells are dividing, the central cell 

is rapidly enlarging. At first the cytoplasm of the 

central cell is homogeneous in nature but shortly after 

enlargement begins the region around the nucleus becomes 

vacuolated and the vacuolation proceeds downward (figs. 

6,7,8,22). Figure 22 is much more typical than figure 

8, the vacuolation being more extensive than usual in 

the latter. In figure 22 the central cell is shown as 

it appears Just prior to the division of its nucleus to 



19 

form the egg cell and the ventral nucleus. Figure 23 

shows three archegonia in cross section, the one in 

the lower right showing the nucleus of the central cell. 

From the series of drawings, figures h through 8, 

the development of the Jacket cells is shown to the 

stage of fertilization. The pericllnal divisions keep 

pace with the enlargement of the central cell, as can 

be seen by the mitotic divisions in the drawings, up 

to a point when for some unknown reason they cease al

most altogether. To this time the cells were isodia

metric but after the cessation of the pericllnal divi

sions they become elongated and stretched by the en

larging central cell. Eventually the cell walls become 

so stretched and thin as to be seen with difficulty even 

with careful focusing of the microscope. Just before 

or shortly after fertilization the cell walls of the 

Jacket cells break down and their nuclei and cytoplasm 

become mingled with those of the egg (fig. 25). Prior 

to this disintegration of the cell walls the cells 

have become multinucleate. Land (9) says that the di

visions are either mitotic or amitotic in Ephedra ̂ rĵ -

furca. From the work done on Ephedra cory^^ hov/ever, 

these divisions seem to be totally amitotic. The last 

mitotic divisions noted had occurred at about the time 
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of the completion of the neck. 

The time at which the ventral nucleus is cut off 

seems to vary in Ephedra corvl. On May 12, some central 

cells had already divided while others had not; some 

had not yet divided by May 28. By this time embryos 

had been formed in some of the ovules and in some the 

pollen tube had reached the nucleus of an undivided 

central cell. In still others no nucleus could be seen. 

These points will be discussed later as possible reasons 

for the abortion of the ovules. 

After the division of the central cell the egg 

nucleus moves a short distance down the central cell 

and becomes surroimded with a mass of densely stain

ing cytoplasm which obscures it to such an extent that 

very intense staining and careful focusing are neces

sary to detect it. The cytoplasmic radiations surround

ing the egg nucleus of Ephedra trifurca discussed by 

Land (9) were not found in Ephedra corvi. The ventral 

nucleus remains in the upper end of the cell and becomes 

very conspicuous due to the excellent eaceptance of the 

stain and to enlargement. After this division is com

plete a darkly staining mass of cytoplasm down the 

center of the cell is to be seen. Figure 2^ shows the 

central cell shortly after the nuclear division; at this 



stage the egg nucleus has not yet assumed the position 

it will occupy at the time of fertilisation and it 

stands out more clearly because it has not yet become 

siarrounded by the mass of cytoplasm previously discussed. 

21 
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POLLINATION AND x^nTILIZATION 

A. thSL Pr9̂ 3,?ff StL pollination.—As was stated in the 

introduction, Ephedra corv^ is a dioecjjwis plant. In most 

cases the ovulate plants (fig. 36,37) ere not foimd grow

ing near the staminate plants; site number 30 is a notable 

exception to this rule, the staminate and ovulate plmts 

beizig found growing intermixed. When the ovulate plt̂ nts 

are far removed from a staminate site, as in site 238, 

the problem of pollen transport presents itself. Thr 

pollen is carried by the wind but the further the ovulate 

plants are removed from the staminate, the less will be 

the concentration of pollen in the atmosphere when it 

reaches them. This problem.is overcome to some extent 

by the large arount of pollen produced by the steminete 

plants; nevertheless it seems to be a definite factor in 

the failure of some of the ovtxles to develop. There will 

be a fuller discussion of this later in the paper. 

B* Qi:owtl4 Sil icbft ££tUfi21 £2^.-«»Pollen was first pro

duced about May 12 and the maturation continued for about 

two weeks. Pollen was collected in the field at that 

time and brought back to the laboratory for germination 

tests* Immediately upon arrival at tlie laboratory the 

pollen grains (fig. 9) were sown in a 10^ sucrose solution 
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which has been previously sterlized in the autoclave. 

The technique for pollen germiiiation was thrt suggested 

by Johansen (5). Within a few hours the exine is rup

tured by the intine which has taken up water from the 

solution and become swollen. Tigure 10 shows the exine. 

After the intine has become free the four nuclei of the 

micr©gametophyte can be seen clearly. They represent 

2 sperm, 1 tube, and 1 stalk nucleus (fig. 11). The 

fflicrogametophyte at this time is rbout one and one half 

times the length and the width of the original pollen grain. 

About 10 hours aftev the pollen was sown the pollen tube 

is initiated and within a few hours it has reached a 

length (fig. 12) which would permit fertilization; that 

is. If the grain germinated in the pollen chamber, the 

tube would have been long enough to penetrate the mass 

of neck cells and entCsr the central cell. Soon after 

the pollen tube Is ir^ated the nuclei migrate 

into it. The tube nucleus is situated some distance 

ahead of the other three. The stalk nucleus is located 

behind the two sperm nuclei (fig. 12). The two ta sperm 

nuclei are about three times as large as the tube and 

stalk nuelei. One case was found, as illustrated in 

figure 13, where the nuclei had reached the tip and the 

first nucleus is seen to be escaping from the tube. 
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After 24 hours all growth ceased ê rcept in a few cultures 

where for some unknown reason growth had not started as 

early. 

In every culture in which pollen grains were sown 

a fungus started growing. The fungus appeared to be one 

of the ascomycetes. Its gro?/th did not seem to inhibit 

the growth of the pollen grains but on the contrary 

seemed to simulate it. 

At about the time of motxiration of the pollen the 

inner integument of the ovules begins to elongate and is 

pushed put of the scales by the rapid elongation of the 

two integuments. Figure 28 shows a cone at the time 

of fertilization. This extrusion does not occur in all 

ovules st the same time, some being delayed as much as 

two ?r->eks. At the time of the extrusion the pollen 

chamber is seen to be filled with a viscous fluid. This 

may be the remains of the cells of the nucellus which 

had disintegrated to form the pollen chamber. This fluid 

would have two very advantageous functions: firstly it 

would serve to help protect the exposed end of the 

megagametophyte and secondly it would offer a medium for 

the gernin.- tion of the pollen. 

C. Fertilization.—After the pollen had been tians-

ported to the ovulejby winds, which are cuite strong and 
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frequent at this time of year, and has entered the 

tubilus, it comes to rest in the fluid in the pollen 

chamber. If the conditions used in tlie laboratory simu

late those in the field, fertilization is possible about 

15 hoars after pollination. The cells in the neck of 

the archegonium do not appear to be destroyed by the 

growth of the pollen tube although the lest few cells of 

the neck may be pushed down into the central cell by the 

tip of the tTibc. The growth of the tube seems to be one 

of intercellular growth rather than one of digestion as 

found in tho pines, Wel̂ wĴ tchiĵ ^ Gfietuâ  and the angio-

8perms. 

The pollen tube, after passing through the neck, 

discharges its contents into tlic central ceH. T}̂.c first 

male nucleus moves down to the egg nucleus where the two 

fuse to form the zygote (fig. 25) or fusion nucleus as 

it is sometir.es called. The second nalc nucleus remains 

in the upper end near the ventral nucleus (fig. 26) or 

the two may come to be located near the egg nucleus 

(fig. 25). In either case they acre not observed to 

fuse as Khan (7, cited by Johansen) observed in Ephedra 

foliata. 

D. Changes in j M i^SKsi SSHa.—Just before or 

after fertilization t!.c walls of the Jacket cells break 

http://sometir.es
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down and mjxy of their nuclei move into the central cell 

(fig. 25). Berrldge and Sanday (2, cited by Coulter 

and Chamberlain, 3) reported that these nuclei fuse and 

act as proembryos. Land (10) has suggested that this is 

a misinterpretation, being a case of amitotic division 

rather than fusion. Nothing was observed that would 

indicate such was the case in piphedya corvl. 
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EMBRTOTTKNY 

A. The zygote.--^Fhe zygote or fusion nucleus of 

Ephedra coryj, is seen as a densly staining body sur

rounded by a mass of cytoplasm which at times almost 

obscures it. This mass extends down the central cell 

to its lower end. After fertilization the vacuoles in 

the cytoplasm of the central cell disappear and the 

cytoplasm becomes more homogeneous. 

B» Free nuclei divisj^oQ.—The zygote divides to 

produce eight free nuclei which are slightly unequal in 

size. These eight free nuclei lie in a clump in the 

center of the central cell and are surrounded by a mass 

of cytoplasm which is more hoiaogeneous than that which 

surrounds them at the time. Five of these eight are 

seen in figure 26, and although not shown in the draw

ing (due to the fact that the section did not cut the 

central cell through the center) there is a line of dense 

cytoplasm extending from the mass around the nuclei 

down to the lower end of the cell. 

C. Proembryos•—In this study no proembryos were 

found although numerous ovules, which were collected 

at the time proembryos would be expected, were sectioned. 

From subsequent stages it is evident that the develop-
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ment of the proembryos of Ephedra corvl is similar to 

that found in Ephedra trifurca by Land (10). 

D. Embryos.—Sections of material collected May 28 

showed the embryos with secondary suspensors (fig. 38). 

The functional embryos of these sections varied in de:̂ roe 

of development from an onbryo which had only recently 

produced secondary suspensor to embryos which were be-

glnlng to show differentiation of the cotyledons. The 

central cell at this time had been completely destroyed; 

firstly by absorption by the developing ombryos and 

secondlj by crushing due to tlie enlarging of the embryo. 

The largest number of nonfunctional embryos found îras 

four (fig. 39) • These were orientated in all directions 

from the region formerly occupied by the central cell. 

One (the uppermost) was growing toward the micropyle. 

The functional embryo (fig. 38) seems to function as 

such only because it reached the rich supply of stored 

food first. 

The secondary suspensor (fig. 38) arises from the 

basal cells of the embryo and by elongation of its cells 

pushes the embryo doeper into the megagametophyte. 

B. The mature seed.—The embryo continues to enlarge 

and differentiate until it lias reached a length of about 

^ or 5 inm (fig. 29). It has two fleshy cotyledons which 
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are equal in size and as long as the radicle. The 

epicotyl is an undifferentiated mass of cells. There 

is some differentiation in both the cotyledo s and the 

hypocotyl to form a protostele. The embryo is surround

ed by the megagametophyte and the remains of the nucellus 

(which at this time is a thin sheet of tissue around 

the gametophyte) as well as by the two seed coats. 

The outer seed coat does not show any appreciable 

elongation after the rapid elongation prior to fer

tilization. The only growth evident after that time is 

an increase in girth. This increase is due to a roimd-

ing of the inner side of the ovule. It is much more 

evident in cross sections of the lower one third of seeds 

with mature embryos (fig. 30) than in seeds without 

them (fig. 31) • 

The mature seeds are 7i to 8 mm long and about h 

mm wide at their widest point. The outer seed coat is 

woody and of a dark brown color. The color of the seeds 

with good embryos and those in which development was 

arrested Is so different that they can be distinguished 

in the field without dissection. The nonviable seeds 

are at first green in color and then change to a light 

brown to almost yellow as they grow older. The viable 

seeds are darker ^reen in color tlian the nonviable ones 
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and before maturation (while the latter are still green) 

}\^~P3 a slightly purplish color. This increases in in

tensity until maturity when they are very dark brown to 

blacK:. Usually only one viable seed is found per cone 

but two are occasionally present. 

The scales of all the cones, whether they contain 

viable or nonviable seeds, become thick and fleshy Just 

before maturity of the viable seeds (fig. 37). They 

lose their greeness and become ivory in color, and this 

changes to a cream color before dropT)ing. These scales 

are sweet in taste and are no doubt eaten by wild animals 

of the region* Hemiptera were found sucking the Juice 

from these scales and there was evidence that rodents 

had been eating them. These mammals are probably re

sponsible for the destruction of a number of the seeds 

that mature. 

The size of the cones varies. Those which have 

viable embryos tend to be flesliier and slightly larger 

than those which lack them. Figure 38 shows this dif

ference. 

Those seeds which matured were ripe, as evidenced 

by the condition of the scales, during the latter part 

of July. 
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GKrillM/.TIOi: OF THE SEED 

A» Methods of plantj^ng.—A study of the seeds in the 

field on Jaine 11 showed that the embryos were well or

ganized. Three of these seeds were brought to the labo

ratory and planted in vermiculite with the outer seed 

coat removed. Two of thera had germinated in seven days; 

the third failed to germinate. Because these se^ds were 

not yet fully mature the results of their germination 

are not included in future discussions. 

On June 26 the cone scales surrounding the seeds 

had begun to enlarge and the seeds containing embryos 

(plump) could be readily distinguished from those with

out by the seed coat characters which have already been 

described. Thirty plump seods were collected for ger

mination tests. 

A seed bed was prepared by applying Hyponex plant 

food to sharp sand. The sand was watered oud tamped 

Ĵ  down and three rows wer^ laC^d off. The seeds, com

pletely separated from the cone scales, were then 

divided into three groups of 10 each. Gî oup I was 

planted with the seed coats intact. Group H had the 

seed coats nicked at the micropylar end and group HI 

had the outer seed coat removed. Planting was at a 

depth of one-half an inch and two inches Apart. 
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After planting the bed was watered lightly to settle 

the sand around the seeds and kept moist through^out 

the period of experimentation. 

®* Seedling development.—After five days the first 

seedlings made thefr appearance above the soil level. 

The two which appeared at this time were in group H I 

which had had the outer seed coat removed prior to plant

ing. The times of germination are shown in table 1. 

The days given are those on which the seedlings first 

pushed above the level of the soil. 

TABLE 1 

Germination tests of thirty 
mature seeds of gphedr^ corvl, containing 

embryos, planted June 27 

Group III 
outer seed 
coat 
removed 

Date of I No. of 
germinatio^ days since 

planting 

July 2 
July 6 
July 7 
July 10 
July 16 

Group 1 : 
seed coat's 
intact 

5 
9 
10 
13 
19 
22 

Group II 
seed 
coats 

2 
2 
1 
1 
2 
1 

Totals 0 
Percentage germination 0 

1 
105̂  90^ 
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Seeds were also planted in vermiculite so that the se

quence of germination could be followed. The first 

evidence of germination is a stretching of the cupular 

process of loose tissue (remains of the upper end of the 

megagametophyte) as the embryo svyells with the imbibition 

of water. Next, the radicle, r/hich has developed from 

the hypocotyl, emerges fron the seed (fig. 35). The 

elongation of the radicle is very rapid until it is 

about 45 mm long. After this time growth is much less 

rapid. 

After the radicle has reached a length of about 20 

mm, the cotyledons begin to emerge. The cotyledonary 

development was traced in the sand plantings as well as 

in those in vermiculite. The emergence of the cotyledons 

from the seed is due to an elongation of the hypocotyl. 

As the hypocotyl elongates the cotyledons also elongate; 

thus the tips of the cotyledons remain r/ithin tho gameto

phyte for a period of time to act as haustorial organs. 

Because of this fact, the cotyledons become crooked 

like a bent knee (figs. 33,34). Before the stored food 

is all utilized the cotyledons have been pulled com

pletely from it and pushed above tho soil, the coty

ledons remaining bent (fig. 33). Further absorption 

takes place through the Junction of the storage 
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tissues and the hypocotyl. There does not seem to be 

any specialized structure such as a foot to function^ in 

this capacity. In the seedlings grown in sand, develop

ment followed the plan Just described. In those seeds 

which mere germinatea in vermiculite the gametophytic 

tissues surrounding the embryo were pushed above the soil 

y surface attached to the tips of the cotyledons. In the 

latter case tho sto-ed food was not fully utilized where

as it was utilized in jkhe seeds planted in sand. This 

suggests that the cotyledons are not organs of absorption, 

as was thought by Voth (15); It appears rather, that the 

hypocotyl is solely responsible for the process of food 

absorption from the gametophytic tissues of the seed. It 

is also interesting to note that the seedlings geminated 

in vermiculite were not as vigorous as those planted in 

sand. This may have been due to the failure of the seed

lings to utilize that part of the food stored in the 

gametophytic tissues, which had been raised above the 

soil, on the tips of the cotyledons. 

As can be seen from table I, only one of the seeds 

from the lot which had had the seed corts filed germi

nated, and none of those with the seed coats left intact 

germinated. Twenty-four days after planting those se^ds 

which had not germinated were dug up and exami^d. It was 
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found that the embryo had increased in size so thrt the 

outer coat in every instance had been split, but after 

this point the embryo had disintegrated. This might be 

explained by the fact that the prolonged period in the 

seed coats permitted fungi, nematodes, and other para

sitic soil organisms to attack the seeds before they had 

developed further; in fact, several of the seeds examined 

were infested with numerous nem;odes. From the fact 

that the outer seed coats were split open in both groups 

I and II, it would seem that the seed coats are pcevlous 

to water and that failure to germinate cannot be due to 

the inability of the seed to absorb water from the soil. 

It appears likely therefore that a chemical inhibitor is 

present. Any such inhibitor present in the cone scales 

(14)*had of course been removed before planting. There 

remains the possibility that the seed coats themselves 

contain a chemical inhibitor since 90^ of the seeds with 

the outer coats renoved were able to germinate. 
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ABORTION OF THE OVULES 

In the course of this investigation, one of the chief 
A 

objectives was to find out why so many seeds of Ephedra 

coryj, are not viable and at what stage their development 

ceases. It has already been shown that some of the seeds 

are in fact viable; however the number of such souds 

produced is a very small percentage of the ovules \7hich 

be can growth in the spring. In this discussion some of 

the abnormalities and some possible reasons for the fail

ure of the ovules to grow into nature seeds will be pre

sented. 

There are usually two of three periods of "flower

ing" about two weeks apart with a corresponding number 

of dates for the maturing of the seeds. The season of 

1951 was an exception to this; there was only one period 

of "flowering" and only one drop of seeds was formed. 

This exceptional development made the comparative study 

of aborted ovules, and mature seeds, more easily possible; 

such would not have been the case if several crops had 

been produced, as there would have been several stages 

of development at any one time. 

The period of !'flowering" in 1951 lasted about two 

"weeks, from May 12 until May 28. On June 11 dissection 

file:///7hich
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showed some seeds with well developed embryos; shedding 

o^ the seeds from the cones began about July 22. 

Table II shows the results of a study of all the 

ovules of a number of plants fron site 30 at the time 

the seeds were maturing; that is, they were all of ap

proximately the same chronological age. In this study 

plants as typical as possible were selected and preserved 

in 405̂  formaldhyde fumes. On arrival at the laboratory 

they were counted and dissected. After dissection showed 

their dê |*ee of development they were placed into one of 

the four categories included in the first vertical 

column of the table. No such study was carried out for 

site 238 es all the ovules examined were found to be 

nonviable. 

TABLE II 

Various stages In which development has 

stopped in 570 ovules and seeds of the same chronological 
age at site 30* 
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9f{%f&9rl^^ 4g 
In 1. Integuments 

ot enlarged 
» Integuments 

extruded 

Ggneral 
Plant 

X 

2XL 34. 

2Sl 

Plant 
II 

J S l 
19 

IsiXsl 

2B. 
96 

Per-
centflye 

70 

19 
3 . Insect 
tofPSt?,d 
4 . Viable 

22m ii 

TOTALS 3 & ^ ti 22 
5CT 

6.6 

4.4 

mmm 
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All the seeds and ovules used in the general collection 

(column 2) had been pushed out beyond the tips of th© 

cone scales, category 1 not being represented. As a 

number was necessary here for comparative computations, 

one was arrived at on a proportional basis as com 2red 

with plants I and plants II. 

Ther.ovules .represented in the first category of table 

II did not have their integuments pushed out beyond the 

scales. They were about the size found when the megaspore 

mother-cells ar© present. If this can be attributed to 

a failure of the megaspore mother-cells to divide, making 

further development impossible, it would also explain the 

fact that no megaspore tetrads were found. About 70f^ 

of the ovules are arrested in development at this time 

80 it would be possible to examine a large number of 

such ovules without finding one with the tetrad present. 

This is increasingly evident when one considers the fact 

that the period of megaspore development is a short 

one and that megaspore mother-cells are present in piany 

of the ovules which have not yet divided although they 

represent a part of the 30Ĵ  (categories 2,3,'tJ T/hich 

w i n develop further* 
*" f 

Also included in cstegorj' 1 is e smaller number of 

ovules which had reached the size found about the time 

j|ii^. .tr i(^ 

T* 
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et eeH wall formation in the megageootophyte* Although 

no evidence was foujrid which would support such a theory, 

it is possible that ovulss failed to develop because these 

call walla were not formed. The number of ovules Involved 

hara Is so small as to be insignificant. 

tha second category ia made up of those ovules which 

ahovad arraatad davalopawnt after tha Intaguaanta were ax«* 

trudad baycmd tha scalaa, davelopnant being apparently nor

mal up to that point. These ovules make up about 199̂  of 

tha total. Tha majority of them had reached the size of 

tha normal ovulas at tha time of fartilization. Tha first 

assumption for failure to develop further is that tha 

ovules are not pollinated• This does not warrant vary 

strong consideration since staminate plants were found only 

a faw faat away frcm the ovulate plants at tha site where 

thasa scads ware collactad. It appears more likely that it 

is a case of tha nuclatis of tha central cell not dividing 

to form tlic egg and ventral nuclei. Several inatanoas 

ware noted whara tha pollen tuba had reached tha central 

call before this division had taken place and many mora 

instances of noa«>divi8ion of this call were noted at a 

time whan it ahauld already have occturrad* Several ovules 

vara sactionad In which tha nucleiui of the central cell 

cauld not ba found. Supposing it to hava disintagratad, 

thasa two reasons would account for soma of tha ovule 
abortions» 
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Several seeds at this stage of development from site 

238 were infected with a fungus. Field observations at 

the time showed the fungus infection and later it was 

found again in microtome sections. In the latter the 

fungus could be seen to produce spores within the dis

organized central cells. This fungus resembles very 

closely the one found growing in the nedium in vhich the 

•J pollen grains were grown. This infection probably ac

counts for the non-viability of some or the seeds at tills 

site. 

In the third CBtegory the ovules had been ferti

lized and embryos had developed. Their dcst:niction was 

due to depredations of a Chalcld vasp. The larv-e w>f the 

wasp were found feeding on the young embryos and the stored 

food of the gametophyte, eventually destroying both of 

them completely. It is interesting to note that the seed 

infected with these larvae cannot be distinguished in 

external appesr£)nceŝ "She viable seeds as can the other 

non-viable seeds. Category three represents 6.bf of the 

total. Two references were found in the literature con

cerning insect injury to Ephedra seeds. The first of these 

was Meyer (12), who reported that in the seed of Ephedrfi 

prosera "one finds larva of Chrysis lleyeri Klti.;" one of 

--wasps of the family ChrysldidcO. Land (9) found the 
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larvae af an unidentified insect in the ovules of £. 

Tha mature viable seeds made up only 4.4^ of the 

total. Out of 503 ovules and seeds axaainftd-, only 22 

were found which had viable embryos. 
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DISCUSSION 

A. Taxonomic position ̂ i lliS. genus Ephedra.—The 

S^nus Ephedra, is the only genus in the family Ephedraceae. 

This genus together with two others, Gnetum and Wel-

witchia. make up the three families of the order Gnetales. 

As a ,̂roup these three have long interested botanists 

because of the many characters they have in common with 

the Angiospermae while their naked ovules set them off 

as members of the Gymnospermae. At the time when the 

search for missing links was in vogue among botanists 

the Gnetales were given much prominence as the link 

between the gymnosperms and angiosperms. It is now 

thought, however, that the relation between the Gnetales 

and the angiosperms is a case of parallel development 

rather than of one being ancestral to the other, the 

former having arisen too recently to be the ancestors 

of the angiosperms. 

Of the three genera of the Gnetales. Ephedra is con

sidered to be more closely related to the Coniferales 

than the other two. Likewise the other two are more 

closely related to the angiosperms and to one another 

than is Ephedra. In the Gnetales the tendency to reduce 

the number of embryos may be clearly seen. Ephedra still 
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retains the habit of producing a number of proembryonal 

nuclei, a character in common with the conifers, but 

since only 3 to 5 of these grow into embryos it shows 

reduction in the direction of the condition found in 

Gnetu|̂  and Welwitchia. where a single embryo develops 

from the zygote, a character shared v/ith the angiosperms. 

In addition to the above statement the Gnetales 

are closely connected to the angiosperms in the character 

of their wood, since they contain vessels and tracheids 

instead of tracheids only, as is the case in the other 

gymnosperms. Resin canals are absent in the Gnetales. 

The compound stamens produced by the Gnetales are 

perhaps the most pronounced advancement over the other 

gymnosperms. 

B. A ĉ opfp̂ yJL̂ oa QI ĵ ie ĵ SLSgOglĴ , fertilization^ Q^ 

|̂n)3ryogeny of Ephedra coryi, E. trifurca, B. campylopoda, 

and E. foliata.—A complete comparison of these four 

species of Ephedra can be made only to the time of fer

tilization, since some of the work reported did not go 

beyond that stage and two papers were not available for 

detailed study. 

The data on £. corvl presented by the writer in 

this paper include oogenesis, fertilization, and embry

ogeny. The work on E. trifurca by land (9,10) also 
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included these topics. Herzfeld (h) working on £• 

campylopoda and Maheshwari (11) on £. foliata gave only 

the oogenesis of these species. Tha figures in Stras

burger' s (13) work on £. campylopoda show only the de

velopment of the megagametophyte after free nuclear 

division Is complete. 

The development of the megaspore mother-cell from 

a hypodermal initial was found in both g,. corvl and £. 

foliata8 Land (9) said that such is probably the case 

in £. trifurca although none was found; and although not 

indicated by Herzfeld (W, this seems to be the case in 

£• campylopoda. the latter statement being based on her 

drawing of the megaspore mother-cell which closely re

sembles land's drawing :if the archesporial initials in 

£• trifurca. The megaspore mother-cell is not shown as 

lying as deeply within the nucellus of £. campylopoda 

and £. foliata as in £. trifurca and £. corvl. 

The tetrad of megaspores was not found in £. coryJ. 

In the other species of Ephedra either three or four are 

formed. They may be in a linear row or in the form of 

a "T", as found in £. campylopoda (W and £. foliata 

occasionally. In £. foliata an oblique placement of the 

upper two megaspores was also noted in some instances. 

While four is the usual number formed, some of the 
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othar workers have reported instances of three, this 

number being found whan tha last division is incomplete 

in one (usually the upper) of the cells. Maheshwari (11) 

occasionally found two tetrads lying side by side, but 

this has not been reported for the othar species. 

In every case (except £. corvl^ in which it is not 

known, because no tetrad was found) the megaspore at tha 

proximal end of the linear tetrad becomes the functional 

megaspore. Maheshwari (11) fouaci one instance in which 

tha spore Just above this one became functional and 

occasionally the third and fourth were seen growing to

gether. This last instance is probably a mi sinter pre ta-

tlon of the abnormal, incomplete division which results 

in only three n^gaspores. 

Tha division of tha megaspore produces two free 

nuclei which become separated by a vacuole. The place-

n^nt of these nuclei varies somewhat in the three species 

where this point is mada clear (this not being shown for 

^. ff.mpy],PP9(^ft) * £. poTjl and £. f^U^^^ ^^^ ^^e two 

nuclei lined up with the axis of the nucellus, but in 

g. trifurca they are situated obliquely to it. In all 

four species free nuclear divisions continue until a 

large number of free nuclei is formed. The nunb^r of 

such nuclei produced prior to cell wall formation varies. 



46 

Maheshwari (11) set the number at about 500 for £. 

foliata. while Land (9) said that cell walls form in 

£• trifurca at the stage of about 256 free nuclei. 

Herzfeld (h) and Strasburger (13) gave no number for £. 

campylopoda. Strasburger's drawings show the vacuole 

almost filled with free nuclei before cell wall formation 

takes place. A statement by Herzfeld (h) confirms this. 

No count was made for £. corvl but the number seems to 

be nearer Land's figure than Maheshwari's. Shortly 

after the formation of cell walls the archegonial in

itials are formed. These arise from the cells at the 

micropylar end. Strasburger shmred the archegonial 

initials being formed before the prothallium is com

plete. The number of such initials in £. trifurca and 

B. corvl is usually two but quite frequently three are 

formed. Herzfeld reported two or three for E. campy-

Î opoda but did not say which is the more common number. 

Strasburger showed two in every instance for this species. 

ÎL £• foliata three was reported as the usual number 

with two or four found occasionally. 

The first division of the primary neck cell was 

found to be pericllnal in B. corvl. E. trifurca. and 

E. campylopoda; it may be anticlinal as well in £. 

foliata. The end result in all four species is a neck 
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of from 30 to 50 cells. Strasburger showed only one 

row of 3 cells in the neck of B. campylopoda but Miss 

Herzfeld showed a neck of some 20 to 30 cells. 

The central cell, from the descriptions and draw

ings, seems to be identical in g. trifurca. £. campy-

lOEoda, and £. foliata. £. corvl differs from these 

in the lack of a prominent kinoplasmic mass. Stras

burger did not show this mass in his drawing but Herz

feld did in her work. After the division of the nucleus 

the egg nucleus in all species moves down to the center 

of the cell and the ventral nucleus remains in the upper 

and. Maheshwari found an exception to this in one 

instance in which the ventral nucleus moved down also. 

The ventral nucleus persists until after fertilization 

in all species except g,. foliata. in which case it may 

degenerate shortly after its formation. 

The remainder of this comparison is confined to 

tha two species, B. corvl and g. trifurca. except for 

the very early stages of fertilization in g. campy

lopoda. as given by Herzfeld. 

The first male nucleus in all three species moves 

down to the center of the central cell and fuses with 

the egg. The second male nucleus and tube and stalk 

nuclei remain in the upper end of the cell near the 
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ventral nucleus. Land (10) stated that the second male 

nucleus, along with some of the neck cells, divides to 

form an ephemeral endosperm. No such activity was found 

In £. corvl or g. campylopoda: however the title of the 

paper by Khan (7, not seen), cî ouble fertilization in 

Ephedra foliata,'^ seems to indicate that a similar con

dition is found in that species. 

The zygote in Ephedra corvl and g. trifurca gives 

rise to eight free proembryonal nuclei. Proembryo stages 

were not found in the species studied by this writer but 

it seems reasonable to suppose that they develop along 

the same lines as In E. trifurca. In both species five 

of the eight proembryonal nuclei succeed in producing 

embryos, four of v/hich degenerate, leaving one to mature. 

In conclusion it may be stated that the four species 

of Ephedra compared are fairly consistent in their simi

larities of development. Ephedra foliata shows much more 

variation tlian the other three, which are almost Iden^-

-tical so far as could be ascertained from the literature. 

Especially notable is the similarity of the drawings of 

£• campylopoda executed by Herzfeld (h) and slides of S. 

coryj prepared in this laboratory. 

C. Obstacles to germination of the seeds of H. cor:n*. 

in nature*—The germination tests v/hj.ch hfeve jaen diroussed 
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in this paper heretofore were carried out in the labora

tory. In such a test the seeds and seedlings are not 

subjected to the adversities of nature. Those inclem

encies are not to be overlooked in considering the pos

sibility of seedlings occurring in nature. 

At the site where the viable seeds were collected 

there were numerous evidences of rodents. These rodents 

(probably mice and rats) v/ill no doubt account for no 

little destruction of the seeds before conditions suit

able for germination present themselves. It is reason

able to assume that the seeds also make up a part of the 

diet of the birds in the region. 

In the month when the seeds become mature, climatic 

conditions are not always favorable for germination of 

seeds. At that time of year there is often little rain, 

and what does fall is soon lost by evaporation from the 

upper layers of the sandy soil in which g. corvl grows. 

The problem of inhibition by scales (1^) is not a 

factor here as the seeds are shed from the cones as they 

mature; however results obtained from germination tests 

by the present writer suggest that the outer seed coat 

contains an inhibitor. This coat of course would not 

normally be removed in nature. 

After consideration of these adverse natural factors 

TIXAS TECNflUijMtCAL OlUUifc Ul«l»*l 
JittMCK,TtMS 
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it can be seen why no seedling stages have been found 

in nature. 
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SUMMARY 

Reproduction of the Joint fir. Ephedra corvl. is 

mostly, if not entirely, by means of underground rhizomes, 

the seeds generally not being viable. 

Oogenesis follows much the same pattern as that 

given by Land (9) for Ephedra trifurca. The megaspore 

mother-cell develops from an archesporial initial which 

is of hypodermal origin. It is doubted that all the 

megaspore mother^ells divide to form the tetrad of 

megaspores. This assumption, based on the fact that no 

tetrads were found, accounts for some of the abortions 

of ovules. In those cases where megaspores are formed 

the functional megaspore is left deep in the nucellus 

and after its division a large number of free nuclei re

sults from subsequent divisions of the megagametophyte. 

These free nuclei are found around a large vacuole which 

begins shortly after the division of the megaspore. 

After cell wall formation is complete in the gametophyte 

the archegonial initials appear at the micropylar end, 

and the primary neck cells arise by pericllnal division. 

The ultimate number of neck cells is 32 to 50. As many 

as three archegonia may be found in one gametophyte. In 

1951 the division of the central cell took place about 



52 

May 12. 

Fertilization was completed about May 21. Eight 

free nuclei are produced by the zygote. Three to five 

of these produce proembryos. Only one of the proembryos 

succ^s in developing into a mature embryo, the others 

ultimately disintegrating. At the time of fertilization 

the walls of the Jacket cells disintegrate and the con

tents of the central cell and the Jacket cells become 

intermixed. Amitotic divisions result in a multinucleate 

condition in these cells Just prior to their disintegra

tion. 

There are three critical stages In the development 

of the ovule and seed, the first being about the time the 

megaspores are formed, the second at the time of fertili

zation, and the third Just before maturity. The first 

takes the greatest toll of ovules, probably due to a 

failure of the megaspore mother-cell to divide. The 

second is due to failure of the central cell to divide, 

or to failure to become pollinated, or to attack by a 

fungus. The third is due to T-avages of larvae of a 

parasitic wasp. 

The seeds were found to germinate best if the outer 

seed coat is removed. The good seeds can be distinguished 

by characters of the outer seed coat. The seeds mature 
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about July 22. 

The seedlings have two cotyledons which may act as 

haustorial organs in the seed, but they are not as effi

cient in this function as the hypocotyl. The cotyledons 

are pushed above the ground in a bent position by the 

elongation of the hypocotyl. 

It has been definitly established that the seeds of 

Ephedra coryi will germinate; however at a site \/here 

there were both staminate and pistillate plants growing 

intermingled only k.h% of the ovules initiated in the 

spring developed into mature seeds. At a second site 

where staminate plants were absent there were no viable 

seeds produced. When these viable seeds were placed 

under favorable condition? for germination in the lab

oratory there was no germination unless the outer seed 

coat was removed or nicked; in the last instance only 

one out of ten germinated, v/hereas nine out of ten did 

so in the first instance. 

When one considers the small number of seeds pro

duced, the low percentage of germination under labora

tory conditions (when the outer seed coat is not romoved), 

the destruction by animals, and the frequently adverse 

climatic conditions at the time of year when they mature, 

it may be understood why no seedlings have been found 

in nature. 
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Figure 1. Longitudinal section through the nucellus of 

Ephedra cory^ showing a single hypodermal initial. 

Figure 2. Longitudinal section through the nucellus show

ing two archesporial initials; the one on the left 

has already divided to form the megaspore mother-

cell and an overlying cell, the one on the right 

has not yet divided. 

Figure 3. Composite drawing showing the four-celled mega

gametophyte . 

Figure 4. The archegonial initial in longitudinal section. 

Figure 5. The central cell with the primary neck cell 

lying above it. The divisions of the Jacket cells 

may also be seen. 

Figure 6. Longitudinal section showing the central cell, 

two neck cells, and divisions in the Jacket cells. 

Figure 7. The central cell and three neck cells in longi

tudinal section. Vacuolation is beginning in tlie 

central cell. 

Figure 8. The mature central cell Just prior to division 

of the nucleus. The neck is shown at about the 32 

cell stage. 

Figure 9. A pollen grain shortly after being shed. 
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Figure 10. The exine after the intine and its contents 

have slipped from it. 

Figure 11. The microgametophyte prior to the formation of 

the pollen tube; showing the tv/o sperm, stall:, and 

tube nuclei. 

Figure 12. The mature microgametophyte after it has 

reached a length which would permit fertilization. 

Figure 13. The tip of the pollen tube showing a sperm 

nucleus being discharged. 

Figure 14. Megaspore mother-cell in early prophase. 

Figure 15. The single functioning megaspore. 

Figure 16. Th© megaspore in metaphase. 

Figure 17. The two celled megagametophyte. The vacuolf: 

is Just beginning. 

Figure I8. The megagametophyte Just prior to the second 

division showing the parietal placing of the nuclei 

by the vacuole. 

Figure 19. The free nuclear gametopĥ 'te Just prior to 

cell wall formation. On either side can be seen 

the inner integument. 

Figure 20. Radial section through the gametophyte soon 

after cell wall formation began. 

Figure 21. Tangential section through this same megaga

metophyte . 
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Figure 22. Longitudinal section through the ovule with 

the integuments removed. The pollen chamber is seen 

as a funnel at the tip. The central cell shows 

normal vacuolation. 

Figure 23. Cross section throiich the rrchogonia. T]\f» one 

in the lower right shows the nucleus of the central 

cell. 

Figure 24. Longitudinal section through the central cell 

showing tho ventral nucleus and egg nucleus. The egg 

nucleus has not yet migrated to its ultimate position. 

Figure 25. Longitudinal section through the central cell 

showing fertilization. The upper nucleus is the 

second sperm, the next below it is the ventral nuc

leus, and the lower two (incompletely fused) are the 

first sperm and egg nuclei. The walls of the Jacket 

cells are breaking down on the left side and their 

contents are becomming mixed with the cytoplasr of 

the central cell. 

Figure 27. The tip of the ovule showing the twisting of 

the exerted inner integument (tubilus). 

Figure 28. The cone of Ephedra corvl showing the two ovules 

and the cone scales at the time of fertilization. 

Figure 29. The rnciture embryo, showing the protostele in 

the hypocotyl and cotyledons and tho undifferentiated 

epicotyl, surrounded by the megagametophyte. 
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Figure 30. Diagrammatic cross section through the outer 

integument of a seed which has an embryo. 

Figure 31. The same of a seed which lacks an embryo. 

Figure 32. A young seedling of g. coryi. 

Figure 33. The seedling at tho time the cotyledons are 

pushed above g:"ound, showing their bent condition. 

figure 34. The germinating seed Just before the coty

ledons are pulled from the megagametophytic tissues. 

Figu -e 35. The seed nith the radicle emerged. 

Figure 36. Ovulate plant of E. coryJ, in its natural 

habitat at the time of fertilization. 

Figtire 37. An ovulate plant at the time the seeds are 

mature, showing the condition of the cone scales. 

Figure 38. Mature cones of E. corvl. The cone on the left 

had one seed with a mature embryo; the center one 

had two such seeds; the one on the right had two 

seeds which lacked viable embryos. The seeds under 

the cones are similar to those found in the cones 

and show the difference in seeds with and without 

embryos. 

Figure 39. Functional embryo r/ith a well developed sus

pensor. 

Figure 40. Four non-functional embryos. One of these is 

directed toward the micropyle. 
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