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XI. Cbfitributiom to the B n 6 r y d q q y  of the RmentifCrE.-PART I. By B~ARGARET 
BENSON, B.S%., Nurion Iiennedy Student, Newnham Co ZZege, Camlrridge. (From 
the Botanical Laboratories of Dkivemity College, London, and of the Uiziversity 
of Camlrridge.) (Comnzunicated 6y Pro3 3’. W. OLIVER, M.A., D.Sc., F.L.8.) 

(Plates LXVI1.-LXXII.) 

Read 15th June, 1893. 

I N  November 1801 Professor 3’. W. Oliver suggested that I should investigate the 
embryology of the British Amentiferz. He had on several occasions expressed his regret 
that such an interesting group of plants should be comparatively neglected by the botanist, 
and on the appearance of Treub’s magnificent trcatisc on Cumu&aa * the iiced became 
more urgent. The work has been throughout conducted under his guidance, although it 
lias been latterly carried on in a Research room kindly allotted to me in the University 
Botanical Laboratory, Cambridge, by Mr. F. Darwiia. 

The onerous nature of the investigation ~ v i l l  be understood if one recalls the long list 
of genera which are groupcd together under the somewhat elastic term Amentiferz, 
which I will usc in the present paper as including the Cupuliferq Corylcz, Betulineae, 
Juglandacez, and Salicinez. 

There was little material in hand; but during the spring and summer of 1892 I 
collectcd complcte series of the female flowers of representative species of eleven genera, 
and of many I have been a t  no little trouble to  obtain parallel series of different species. 

The flowers were always preserved in absolute alcohol, although occasionally in picric 
or chromic acid also. Therc is but little literaturc to guide one as to the date of the 
important stages, even if  such particulars could be of much use in a climate like ours ; and 
the styles having withered often for months, the result was that very frequent gatherings 
had to be made long before the actual processes occurred which were sought. Fortunately 
it is tolerably easy t o  obtain good results by the examination of‘ fresh material, altliough 
in the most critical periods the difficulty was increased by the large nnniber of ovules 
that normally abort, for repeated preparations had to be made before one could rely on 
the ovules being such as werc continuing their development. The result has Been that, 
although over two liundred bottles of material were collected, and unremitting attention 
was given froin March until September, I am still obliged t o  rely on this year’s material 
(i. e. 1893) for a stage of development in two or three cases. Lastly, the flowers belonging, 
for the most part, to our forest trees, which bear their fruit chiefly on their upper branchcs, 
was another serious impediment to  the proper progress of this research. 

I adduce these particulars merely to  explain the great length of time that has elap3ed 
since the task was undertaken, and as some apology for the fragmentary nature of this 
first instalment of my results. 

. 

* $1. Treub, ‘‘ Sur les Casuarin6es et leur place dans le SystAme Naturel,” Ann. du Jard. Rot. de Buitenzorg, y. 
pp. 145-231. 
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Examination of the fresh material was, as I have said, made as far as possible when it 
v a s  gathered, and ,  although the excecding delicacy of manipulation rcquired of an em- 
bryologist, i f  trustworthy results are to be obtained, could scarcely be called into play 
when material was accumulating so fast, I soon found myself in contact with ncw and 
interesting forms which I had never met with before. I t  seemed advisable that I should 
ascertain tlie whole course of development of the embryo-sac and its contents in at least 
011c particular group of genera and thus be sure of my ground in one connexion. I chose 
tlic Cupulifera, which, although more normal in many respects than some otlicr g r ~ u p ~ ,  
will prove, I think, on further description, to  be an interesting point of reference when 
we pass to others. 

CUPULIFERB. 
This group is refcrred to  in the ' Genera Plaiitaruin ' of Beiltliain and Hooker as the 

QuerciueE, under which name are placed the four genera Qzcercus, Castanopsis, Castanea, 
and Pugus. For enibryological purposes it appears to me best t o  give some account of 
I"clyus first. 

FAGUS. (PI. LxvII. figs. 1-11; P1. L x v I I I .  figs. 12, 13.) 
The species selected for observation was i%tgus sylvutica, Linn., and to  this I refer by its 

generic name simply. Early in April me can just distiiiguish t,he buds mhich contain 
the young flower-heads from the less bulky leaf-buds. I f  the young feniale flowers are 
now examined we find the ovules are already laid down, and rudiments of the inner 
integument are seen to be forming, partly at  the expense of the epidermis. Simultaneously 
one or more contiguous epidermal cells at  the apex of the young nucellus divide by 
periclinal walls. While this is taking place there is differentiated immediately below them 
a laycr of suhepidermal cells, generally from three t o  six in number, as seen in a longi- 
tudinal section, wliich forthwith begin to  divide by parallel straight walls in the same 
manner as the apical epidermal cells, i. e. periclinally (figs. 1, 2). 

Although nearly the whole of the nucellus is constructed from these two layers, only 
the central strands maintain the regular mode of division and become strongly marked 
out frorn the peripheral tissue. I n  a traiisverse section this core of the nucellus generally 
separates from tlie surronnding tissue and leaves a ring of nucellar tissue within tlie 
double ring of' tlie transversely-cut integuments. As development proceeds tlie epidermal 
cap spreads over the whole upper surface of'the nucellus and grows to be about thirteen 
cells deep, thus forming nearly a third of its bulk (fig. 9, e q . ) .  

The central strands of the iiucellus, as follows from what has been said, cxtend down 
to  the level of the insertion of the inner integument, and are composed of large prismatic 
cells-often hexagonal in transverse section, and, especially in the central regions of the 
nucellus, elongated in the direction of its axis. It not unfrequently happeiis that in one 
strand certain partition-walls are delayed in devclopnient, and thus we get one long cell 
coi-respoiiding to a tier of three or more cells. Thest: long cells are often crowded out 
(fig. 10, I . c . ) .  It seems, however, that, at  least occasionally, the embryo-sac may arise in 
this nianner (fig. 8, Z.C.), Tliis ccntral scries of coaxial strands appears to be " sporogenous 
tissue," altliougli it is very rare in F u p s  to  find more than one cell continuing its 
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development, though such a case is shown in fig. 9, e.s., e.s. I have not been able t u  tracc 
the organic base of these axial strands in material gathered later than May 14, ten days 
after the date of the ovule drawn in fig. 3. In the case referred to, the tendency to 
develop one strand more prominently than the rest, which we sometimes observe even 
in ~ ' u ~ u s ,  is shown by the semi-diagrammatic figure (fig. 5), which should, however, be 
contrasted with that given in fig. 6. 

The embryo-sac most frequently develops from a cell that lies about fourth or fifth 
down from the epidermal cap. There is no other mark by which to distinguish it from 
its sister cells above and below it in an axile row than the formation of tlie two nuclei 
which take up their position a t  either end of the cell (fig. 7, e.s.). But we may, perhaps, 
from analogy =it11 other Angiosperms, tentatively regard the cells intervening between 
it and the epidermis as tapetal. 

Pollination occurred on May 9, just three weeks before the pollen-tubes reached the 
embryo-sac. On May 24 the ovarian cavity was crowded with branching pollen-tubes, 
three or four of which have been seen to enter a inicropyle siinultaneously (fig. 11). 
They enter the epidermal cap and make their way to tlie apex of the embryo-sac. Here 
one was observed to penetrate for a short distance between the two synergidas wl>icIi 
abutted on the apex of the sac, but I have not succeeded in observing the transfer or 
even presence of the male nucleus. The converging tiers of cells of the epidermal cap 
are doubtless of service in directing the course of the pollen-tube, and their marbed 
turgidity is probably also advantageous, for the cells collapse and flatten after fertilization 
has taken place. 

At this 
time the antipodals acquire a thick cellulose wall, and are thus prevented from entering 
the ccecum, m~hich is now extruded from the base of the sac. The definitive nucleus 
enters this czcuni, which soivetimes reaches to the base of the nucellus, taking its course 
down one of the tiers of cells already described (fig. 13). 

To sum up :--Fciyus is normal in the structure of its embryo-sac and in the course taken 
by the pollen-tube. I t s  sporogenous tissue agrees far more with Strasburger's well-known 
description of Rosa Zivida than with Treub's account of Casuarina, and the c ~ c u m  is 
only formed on, or shortly before, fertilization. 

Fig. 12  shows a pollen-tube plunging between these receptive cells. 
The embryo-sac presents nothing abnormal up to the period of fertilization. 

CASTANEA. (Pl. LXVIII.  figs. 14-21 ; P1. LXIX. figs. 22-27.) 
The species examined has been Castanea vuZga&, Lam. (C. scctiva, Mill.), and to this I 

refer when employing the gent ric name. The appearance of the young nucellus is best 
understood by a reference to fig. 14. Essentially the same structure obtains as i n  Puym,  
but the lateral strands no longer, in their early stages, suggest a sporogenous tissue. The 
central strand of five to eight cells is obviously the archesporium. The two  to four upper 
square cells, the uppermost of which abuts immediately on the epidermis, appear to  be 
very evidently tapetal. The embryo-sac lies iinmediately below them, and we find two 
sister cells continuing the row, which I have several times observed to be bi-nucleate 
(fig. 18,h.c.). Occasionally these cells undergo further division, as is shown in fig. 20, ax. 

They enlarge and compress the neighbouring cells, some of which may be observed to 
3~ 2 
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resist the pressure and become spiiidle-shaped, and occasionally bi-nucleate, theniselves, 
but it is diiEcult to discriminate between a nucleus breaking down in process of 
degeneration and an active one when the cells are surrounded by a degenerating tissue. 
It is, however, importmt to bear in mind tliat small spindle-shaped cells appear around 
the base of the axial strand, and are formed sometimes by divisions arising obliquely in 
this row, and apparently sonietiines by secondary modification .of members of the 
immediately contiguous lateral strands. They are gcnerally at  first smaller than their 
neighbours, although some are destined later to  undergo a strikingly new development 
(tigs. 16, 17). 

I t s  nucleus has 
divided into two and then into four in a manner entirely normal. Later on the 
polar nuclei fuse and form an exceptionally large and conspicuous dcfinitive nucleus 
(fig. 21, d.n.) which is connected with other contents of the sac in all directions 
by anastoinosing moniliform strands, oftan of great tenuity. As previously described, 
in Fkgzcs this nucleus passes into the caecum, which is now extruded. I n  Cnstanea 
the caccum breaks its way through the side-wynll o€ the nucellus near its apex, and 
runs down between the long cylindrical nucellus and the inner integument (fig. 20) 
and very quickly reaches the base of the nucellus. The antipodals are consequently not 
thrust to one side, and they arrange themselves in 3 tier as shown in fig. 21, a. It is 
around this pointed organic base of the embryo-sac that we first observe tlie appearance 
of small tracheides, one or more of which ultimately reach a considerable size and 
become remarkably conspicuous objects under the microscope. As these at once suggest 
an homology with the traclie'ides in the sporogenous tissue of Casuwina as figured 
by Treul-, * in plates xix. and xx., I: have given several drawings of them (figs. 21- 
27). It is by far the commonest result in a longitudinal section to  find but one trachei'de ; 
indeed fig. 22 represents the only preparation I have obtained that shows a complete and 
symmetrical arrangeineut of such trache'ides around the antipodal cxtremity of the embryo- 
sac. Their function is as unaccountable to  me as thdt of tlie traclieldes in Caszl.nrinc~ was 
to Treub ; but I do not think we can doubt their homology when we bear in mind the 
undoubtedly sporogenous nature of the tissue surrounding the embryo-sac in Pagas, and 
the gi-cat structural resemblance of the nucellus of C'nstaaea t o  that of Pugus. Moreover, 
they are never found outside the well-marked degeneration-area which extends for a 
shoi-t distance down tlie centre of the nucellus, and they appear to carry on their develop- 
ment even when the embryo-sac, as in many of tlie abortive ovules, has  ceased to expand. 
The whole character of these tracheides is so distinct from tliat of' any otlier cells in the 
nucellus, whether of Fagus, Qzmvus, or Castcmea, that I have little hesitation in 
regarding them as a vestige of some long-lost structure. But the strongest evidence 
in support of this claim lies in a comparison of the spindle-shaped cells, and their 
later stages as tracheides, with the long, iiarrow, pointed cells about to be described in 
the case of Ca~pinus (Pl. LXXT. fig. 48,s.). m7e see there the coaxial system of strands 
is almost completely merged in  one part of its course into a mass of these long pointed 
cells. The only suggestion of these that we find in ff'agus is the tendency of tlie walls 

Meaiiwhile the cell about to become tlie embryo-sac has enlarged. 

* Ann. du Jard. Bot. de Buitenzorg, x. 



EMBRYOLOGY O F  THE AMEKTIFERZ. 413 

in the lower regions of the strands to be more or less o1)lique instead of exactly trans- 
verse-as are the walls which give the characteristic appearance to the upper part. 

The Custunea material I have worlted upon was gathered in the East of England and 
gave very unsatisfactory results in the later stages. I hope this year t o  obtain matcrial 
froni a district in which this species is )letter able to  carry on the developmeilt of its 
fruit. Judging, however, from flowers gathered from August 6, when I first find the 
tracheides appearing, until August 22, I should be inclined to say they are not constantly 
present. A complete series of sections of an ovule cut with the inicrotouie often reveals 
no trace of a trache‘ide, and this inconstant appearance supports the view that t h y  arc 
vestiges of some former structure. 

QUERCGS. pi .  LXIS. figs. 28, 29.) 
This genus has not afforded me anything distinctive to  relate. It closely rescnibles 

Ctmhnecc in the structure of the nucellus, although this never atttiiiis thc great length 
that is so characteristic in Custuwu. The axial strand, the p i t i o n  of the embryo-sac in 
this, all tlie processcs in tlie embryo-sac-including the extrusion of the czcu1n (fig. 29, 
ca.)-and tlic arrangement of tlic a n  tipodals in a pointed base, can be readily deinonstratcd 
t o  be similar. I have been able to verify I€ofmeister’s observations on thc course of the 
pollen4 ubcs, several of which enter and descend a single micropyle. The pollen-tubes 
foriii short blind branclics as shown in fig. 28, c. ,  c. ‘dhe embryo, being attached to  the 
apex of tlic extruded embryo-sac, is to  be seen lying almost in the micropylc up wliieli 
tlie embryo-sac pressed before fertilization. 

C ASTAXOPSIS. 

This genus still awaits investigation, but I hope soon t o  have tlie material in hand. 
TIE fruit talms two years to  develop, as is well known to be the case with Q. rubm, 
Q. Cerris, and many other species of Quewus. 

On leaving the Cupu1ifert.e we enter upon tlie examiliation of two groups of tlic 
Amentiferm which, so far as ?ct  investigated, reveal a striking phenonienon in the 
abnormal course of tlie pollen-tube, which does not enter the niicropyle, but penetrates 
the nucellus froni the chalaza1 region. This exceedingly interesting fact was first noted 
by Treub for  the case of CYcIsuumza. I hope ~ i o w  to  show that i t  also occurs in BefzcZa 
and Alnths, Corylas and Caipi~zus, and I will refer to  this grmp of genera by the dis- 
tinguishing name of ‘‘ Chalazogamic hmentiferz.” The whole account of the course 
taken by the pollen-tube, and other associated topics, will be found further on, but I 
will first give a short description of the ernbrplogy of representative species G f  each 
genus. 

BLTLJLA ALBA, Linn. (Pl. LXIX. figs. 30, 31.) 
The structure of the young nucellus can be scen from the longitudinal section repre- 

We see again the coaxial system, the archesporium abutting on the 
It is the more 

sented in fig. 30. 
epidermis, and this epidermis two-layered as in an early stage of Pugus. 
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interesting to  note this resemblance, as in a short paper published March 1893, but 
ivliich I unfortunately overlooked until the middle of May, the writer expressly states, 
“ I n  tlie nucellus there is no axial row of cells, which usually appears distinctly in the 
rest of the Angiosperms” *. 

The central axis gives rise eventually to  the embryo-sac, which is solitary and at no 
time in its development forms a caxum. The contents of the sac are norinal, and the 
egg-cell is ready for fertilization at the end of May. In  the material gatliered in the 
season of 1892, pollination took place during the first week of May and fertilization 
(luring the first meek of June. The nucellus never attains to  anything but a very in- 
considerable size, as thc whole fruit is adapted for wind-dispersal. The ovules given in 
longitudinal section (figs. 30 and 31) lay at right angles to  the axis of the fruit, but 
before an ovule attains its full development it becomes anatropous, and the stylar canal 
is closed by tlie outgrowth of loose cellular tissue. These organogenetic details being 
common to  the other chalazogamic Amentiferz, and deriving their interest for the 
t?mbryologist chiefly from their bearing on the course of the pollen-tube, I will enter 
into them more fully when treating of that subject. 

~ L N U S  GLUTINOSA, Medic. (Pl. LXIX. figs. 32, 33 ; P1. LXX. figs. 34-38.) 

The coaxial system of strands still obtains in the nucellus of AZnns. The tapetum 
above tlie solitary embryo-sac is proportionately longer than in Betulcc and in the Coi-y- 
lace=. The embryo-sac lies very deep down in the nucellus, and tlie tapeturn, down 
which for a considerable part of its course tlie pollen-tube travels, has a grumous 
aspect. It is not, perhaps, an improlnable conjecture that tlie cells exert a chemical 
stimulus upon the tube which enables it to arrive at the apex of tlie sac after a very 
sinuous course. The contents of the embryo-sac are nornial (fig. 33), and tlie antipodals 
resemble those figured by Treub for Nyrica rather than those of Custarcwa, although there 
is no essential difference, and in all cases cellulose walls are conspicuously present. I 
have given a figure of the embryo of Ahzzcs, which is again normal (fig. 37). 

CORYLACEB. 
In  this group we meet with a far more strongly-developed sporogenous tissue than in 

Betulcc and Almis, although it much resembles theirs in character. 
I n  Co?ylus and Curpinus we find for the first time among the British Ainentifem a 

large number of macrospores which continue their development up to  the stage of forming 
xwo or even four nuclei. I n  those which continue their development the characteristic 
contents of tlie normal angiospermic embryo-sac are present, but the syiiergidz and 
antipodals are difficult to recognize, except when first formed. The egg-cell is always a 
prominent object in the upper region of the sac, whilst the definitive nucleus, in a well- 
developed caecum of the sac of Cuqinzcs, attains a large size, reminding one of those of 
Castanea. 

* ‘‘ Zur Embryobildnng der Birke,” by 8. Nawaschin, in Bull. Acad. Imp. Sci. St. Pbtersb. s6r. iii. xsxv. no. 3. 
Tn this paper Mr. Nawaschin records his discovery of the true course of the pollcn-tube in  Uetuln. 



EMBRPOLOGP O F  THE AMENTIYERE. 415 

CORYLUS AVELLANA, Linn. (P1. LXX. figs. 39-43 ; P1. LXXI. figs. 44-47.) 
I n  this genus we find much that is new and of interest to  the embryologist. Altliougli 

the sporogcnous tissue is based on the coaxial system, and the strands are particularly 
clearly marked out in the tapetal region, there is less regularity in the region iianiecliately 
above the pedicel. The cells are there smaller and more granular, and several early show 
signs of further development. The sections given in figs. 41, 42, 43 were prepared in 
June and July 1892 from the fresh material. I n  fig. 42 one embryo-sac had separated 
from the section, and its position is indicated only by  a gap in the nucellar tissue (p.e.s.). 
Later on, one of these embryo-sacs sends out a protuberance which passes down towards 
the base of the nucellus. Figs. 46 and 47 represent a cEcum with a pollen-tubeabutting 
upon it. Figs. 44 and 45 also represent a pollen-tube-in sitzc--passing up the nucellus 
from the clialaza. The cacum attains considerable length only when the embryo begins 
to develop. 

On two occasions I have found two fully-developed embryo-sacs, and in these cases 
they elongated side by side. The egg-cell covers itself with a cellulose wall and becomes 
attached to the apical part of the wall of the sac. The synergidae never beconie so 
large and conspicuous as those of the Cupulifem. 

I n  this, Com~lzcs offers a striking coiitrast to Carpinzcs. 

CARPINUS BETULUS, Linn. (Pl. LXXI. figs. 48-50 ; P1. LXXIT. figs. 51-60.) 
There is much that is similar to  Corylus in the early stages of Carpinuus. Fig. 48 

shows the area of the sporogenous tissue aiid pedicel as marked out in a longitudinal 
section. The embryo-sacs arise chiefly from the central strand, and two or more take on 
a ful l  developmcnt and send long cxca down to the base of the nucellus. I n  fig. 49 
only one of these is indicated, fig. 54 shows two, and fig. 53 four ; but it is rare to  find 
the caeca quite in the same plane. These cxca are best seen in a cornparativcly thick 
section of the nucellus, wliich is composed of' remarkably large aiid transparent cells in 
Ca?yims.  Such if section sometimes reveals a nucellus riddled by these tubes, which 
necessarily come into close contact at the narrow base of the nucellus. These tubes 
reach their full length before any cndospermic nuclei are formed, and the definitire 
nucleus is conspicuous in the cordon of protoplasm which reaches from the apex to the 
base of the embryo-sac. It is by mcaiis of these dense continuous tongues of protoplasm 
that xi-e can hest trace the course of the cEca in Curpinus, and it is along these that I 
have on several occasions tracecl a pollen-tube, which, after entering the base of the 
cxcum, makes its n-ay to  the egg-ccll. Fig. 50 shows one still persisting after 
fertilization has occurred. 

The Pollen-tube. 

This subject may bc advantageously treated under the three headings of 
Resting Xtage, 
Ch ~n l a ~ a  l 12 out e, 
Brunching of the Tube. 

.Resting fit age.-In Goebel's ' Outlines of Classificstioii and Special Norphology,' I 
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find on p. 392 of the English edition the following statement, which, I think, is calculated 
to give an erroneous impression respecting the process of fertilization in Que?*cus and 
P u p s  :-‘‘ Fertilization is usually accomplished in a very short time after the pollen-tube 
reaches the apex of the embryo-sac, yet the cases are not few in which a long time 
clapses between tlie arrival of the pollen-tube and the coininencement of the tlevelopnient 
wliich it excites-several days or weeks in woody plants, as Q?LWCUS, F L I ~ Z L S ,  &c. ; almost 
a year in the Americaii oaks, which take two years to  ripen their seed.” 

It is here implied that the pollen-tube does not enter on its restjng stage until it 
reaches the embryo-sac, whereas the organogenctic researches of Baillon sliow that in 
Quercus no vestige of the ovule is present at the time of pollination, and I hare failed to 
demonstrate the presence of tubes in the stylar canal or ovarian cavity until the period 
of fertilization approaches. The tubes renisin latent during the four months that the 
ovary is developing in tlic case of such a species as Quei’cus Z o b w ,  wliicli ripens its fruit 
in  one year ; but for so long a pcyiod as eleven months in othcr species of Querczis, 
which talic two years t o  ripen their fruit. The case is very siiiiilar in the Bctulinea: and 
Csrylacetp. 

I n  the inaterial which I have examined gathered in 1892, the pollen-tuhcs reinained 
in a resting stage in  the case of CoryZ?~s from February 5 until June %1, i. e. oker four 
calendar inonths ; in the case of Ciwpinus, fi.om May 6 to July 1, nearly tv o months ; 
in the case of Alnus,  from March 23 t o  June 17, ncarly threc montlis ; and in the case of 
BelziZu, from May 6 uiitil June 8, one inonth. 

The case of Fagzis is particularly easy to investigate. The ovule represented in 1’1. LXVIT. 
fig. 4 represents the stage reached when pollination occurred 011 May 9, but no pollen-tubes 
could bc found in the cavity of tlie ovary until May 21, when they merc observed descending 
from the stylar canal in great numbers, and the rapidity of tlicir growth was also curiously 
manifested b y  a chemical reaction that occurred in inaterial gathered a i d  pickled duying 
the week beginning May 21. Large crystals of calcium oxalate were del’osited on the 
interior wall of the ovary around the ovules, a i d  often even on tlie frce pollen-tubes as 
they left the stylar canal and entered the larger cavity of the ovary. But even on 
May 24 110 pollcn-tube had reached the nucellus. Three clays were required by them to 
find their way domi the very long niicropyle. The tuiinelling of the epidermal cap was 
acconiplislied only on the last two 01- three clays of Mag. The embryo bcgiiis to  elongate 
alniost iiiiimediately on the polleii-tul)c reaching the embryo-sac, examples having been 
found of the various stages in niaterial gathered on the same day. 

In order to investigate whether anything unusual occurred in the young pollen-tube 
which mould render it specially fitted for  so long a resting stage, I inade several cnlti- 
vations of the pollen-grains of Cuiyinus and found that tlicy germinated very freely, 
thrusting out the intino at  one of the five specially-prepared spots. 

For two days elongation occurred, and then a thickening of the apical region took-place, 
and this distal part of the tube became enlarged (Pl. LXXI. figs. 44 and 47). Into this 
there passed two nuclei, and the tube not only became plugged at  its point of junction 
with the grain, but also I observed it once or twice to be again plugged immediately above 
the enlarged tip, wliich thus became virtually an isolated spore like a pollen-grain, which, 
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though it had lost its outer coat, would in the normal state of things be safely housed or 
encysted in the tissue of the style. 

After observing this result of germination of pollen-grains, I was in some doubt as to 
how far it might be merely a pathological arrest of growth. I treated a number of 
fairly thick longitudinal median sections of the ovary of Curpinm with H,SO, in the 
hope that maceration of the surrounding tissue would bring into view any trace of the 
pollen-tubes in the stylar cylinder. Figs. 59 and 60 (Pl. LXXIT.) represent one of 
these macerated sections, taken from material gathered July lst, 1892 ; but I have as yet 
failed to obtain further evidence for the existence of a secondary pollen-grain or portion 
of tube encysted in the tissue of the style. 

ChaEazaZ Route.-Leaving now the subject of the resting stage undergone by the 
pollen-tube, let us turn to a phenomenon which is less universal in Amentifem, and, so 
far as is at  present known, is peculiar to the three groups Casnarineze, Betulaceze, and 
Corylacez. I refer to  the route taken by the pollen-tube to gain access to the embryo- 
sac. 

Schacht, writing just forty years ago, claims to  have observed a portion of the pollen- 
tube in the nucellus of CoryZus. He writes : “ Several times have I seen in successful 
longitudinal sections a tubular cell in the tissue of the nucellus, which was united with 
a racemose body of cells lying in the apex of the embryo-sac. The tubular cell, cut of 
above, is the penetrated pollen-tube ” *. 

Here Schacht had probably made a very similar observation to  that recorded by 
Hofmeister -f in 1858 when he said, respecting Betula and Carpinus, that the cell-lavers 
covering the apex of the sac are tunnelled by the pollen-tube. This statement has been 
a fruitful source of error. 

Treub quotes the passage as sufficient evidence for the normal course being pursued by 
the pollen-tube in these trees, and did not consider it necessary t o  investigate the matter 
further, although, as it appears, such a step would have led him to conclusions wholly 
different from those he drew from the literature on the subject. 

The pollen-tube does indeed in some instances (e. g. Atnzcs) tunnel the cell-layers 
which cover the apex of the embryo-sac, but it has, in such cases, reached these cell- 
layers by a route wholly as abnormal as Treub has pointed out in the case of Cuszmrina. 
It descends from the tissue at the base of the stylar rudiments and, running parallel 
with the vascular bundle of the raphe, turns abruptly up into the nucellus on reaching 
its chalaza1 region (Pl. LXX. fig. 38). The base of the nucellus will  be observed to lie 
in such a direction (figs. 32 and 34) that, the pollen-tube following the trend of the cells 
in the neighbourhood of the vascular bundle of .the raphe cannot fail to find its way into 
the nucellus. This position of the base is gradually acquired by unequal growth of the 

* 6 Botanische Zeitung,’ 1854 : Schacht, ‘; Beitriige zur Anatomio” &c. The “ racemose body of cells ” of the 

The 6‘ tubular cell cut off above” I think very likely not a pollen-tube, but on0 of the long tapetal cells so fre- 
Or1 the whole I cannot 

quotation refers probably to  SL group of three or four embryo-sacs which lie near the apex of the nucellus. 

quently found in this region, and often strikingly suggestive of bits of old pollen-tubes. 
accept Schacht’s statement as evidence for the presence of a pollen-tube in this position. 

-t Pringsheim’s ‘ Jahrbuch,’ 1868 : Hofmeister, ‘‘ Embryobildung der Phanerogamen.” 
SECOND SERIES.-BOTANY, VOL. 111. 3 N  
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two halves of the ovule which cause the very characteristic curvature of the ovules of 
Alnus, Betula,  Coiiylus, and Curpinus. The position is strongly contrasted with that of 
Fugus slid Quercus, although these ovules are also anatropous; but, at the same time, 
resembles what, from Treub's fiFures, we observe to be the case in Casua?*ina (plates 
xxii. and xxiv.) *. 

From the difference i n  the one case and the agreement in the other we are, I think, 
entitled t o  regard this feature as a special adaptation for chalazogamy. 

I have given two figures of pollen-tubes in contact with tlie base of thc embryo-sac 
czca (Corylus and Curpims) .  Jn the case illustrated by figs. 46 and 47 (PI. LXXI.) we 
find the tube abutting on the comparatively short cecum of Corylus. In figs. 44 
and 45, which also exhibit the tube ascending the nucellus, the lower part of the 
tube alone is represented. 

I n  figs. 55 and 56 (Yl. LXXII.), which illustrate a similar case in Ccwpin.u.s, contact has 
taken place quite at  the base of the nucellus. These instances, and especially the perfo- 
ration of the wall of the embryo-sac at  the spot abutted upon by the pollen-tube, as 
shown in fig. 55, prepare us for the next stage, which we see delineated in figs. 50 and 51. 
The pollen-tube enters the base of the fertile embryo-sac in Corylus and Cmyinus, and, con- 
tinuing its course up the whole length of the cacum, eventually reaches and fertilizes 
the oosphere by direct contact. Wliether this has already surrounded itself with a cell- 
wall or not I have not conclusively determined, although many of the preparations so far 
made suggest this to be the case, as I have repeatedly found a unicellular egg-cell 
clothed with a cell-wall where I have failed to demonstrate any vestige of a pollen-tube ; 
and yet fig. 50 proves it capable of persisting until the oospore has twice divided. The 
inconspicuous development of the synergidae and their early dissolution are now explained. 
They are not required to  assist in any way the act of fertilization, for the pollen-tube 
reaches the oosphere from below, liaving previously entered the embryo-sac in its basal 
region. 

Fig. 32 taken with fig. 34 (1'1. LXX.) lias enabled me to construct the course taken by 
the tube in the nucellus of Alnus as given in the diagrammatic drawing, fis. 38. From the 
chalaza i t  runs up more or less by the tiers of large cells which constitute tlie stalk-like 
pro1ong"tion or pedicel (Treub) of the sporogenous tissue already describcd. It leaves 
this, and ascends to a level considerably above the apex of the embryo-sac, and then, 
turning clown again, presents the appearance of a tube pursuing a nornml course. It 
was doubtless this last part of the course that was observed by Hofmeistcr. 

Bvamchi?q.--The pollen-tube presents another point of likeness with that of Cnsuarina, 
inasinucll as it sends out a short recurved branch on entering the nucellus (fig. 36, b,) .  

This branching of the pollen-tube is a very general feature in the Amentiferz. Eve11 
in those genera in which we do not fiud the chalaza1 course of the tube, we find a process 
of bifurcation still very widely present! Schacht, in the above-mentioned paper, gives 
drswings of the pollen-tubes of $'ctgus. I include a figure of the tubes of Quercas 
(Pl. LXIX. fig. 2s). The character of the branching is, in &gus, the simple bifurcation 
of the tube into what appear to  be equivalent t'ubes, but in the case of the chalazogamic 

* Treub, looc. cit. - 
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Amentiferar: the recurved branches found are simply caeca and probably contain no 
portion of the fertilizing element. 

There are several cases of branching pollen-tubes recorded by Hofmeister among the 
Monocotyledons in the Neue Beitrage zur Kenntniss der Embryobildung der Phanero- 
gamen,’ 1861. The branched tubes of Pothos Zougifoliu are represented in Taf. x. figs. 1 
and 2, and those of Bippeustrum azdicum in Taf. xiii. figs. 4 and 6. But more interesting 
examples of the branching of pollen-tubes occur among the Gymnosperms, where we find 
in the Cupressinez one tube applying its broad extremity to  the necks of a whole group 
of archegonia. at the same time, and then forming short narrow protuberances which grow 
down into the separate archegonia. 

Compurutive uccount o f  the Archespo?*ium in the foregoizzg Gene?-a. 
We find in reviewing the various examples described i n  the preceding pages certain 

features in their archesporium which they have in common, not only with one another, 
but with the normal type which has been shown by Strasburger and others to be 
almost universal among the Angiosperms. 

Thus we observe in all eight genera the subepidermal origin of the archesporium and also 
the presence of tspetal cells. Again, the archesporial cells are arranged in strands, formed 
at first of definite tiers of cells cut off from their respective initial subepidermal cells. 
But whereas in the normal Angiospermic type we find but one of these strands, which is 
therefore named “ the  axile row,” in the genera iiow under consideration we find a 
large number of these rows derived from a subepidermal layer, and it is difficult in niariy 
cases to  point out one row as more distinctly characterized than some others (Pl. LXVII. 
fig. 8, P1. LXXI. fig. 4.8). This systenz of strands, forming what I have previously referred 
to  as a sporogenous tissue, is connected with the base of the nucellus by a regular 
series of cells which I have referred to as the pedicel of the sporogenous tissue. 

Again, we find oblique divisions occurring in the celis of this coaxial system of strands 
which lie between the tapetum and the pedicel of the sporogenous tissue. The spinclle- 
shaped cells thus arising, i n  the case of Castanen, develop into large and conspicuous 
trache‘ides, but it is chiefly in the Corylaceze that they become r? marked feature, though 
they do not form tracheldes. Without trespassing too far into the region of theory, it 
may be of interest to note that the sporogenous tissue of Fagus seems to  belong to cz 
more primitive type than we find in the other genera. This view has independent 
support from Eichler’s opinion, mho deduced from the floral morphology of thc Order 
that the CupuliferLie arc a less specialized group than the Corylaccz and Betulinez. In 
Fugzcs also there are two integuments to  the ovule and a very well-developed epidermal 
cap. I n  the latter character, among others, there is considerable agreement bet ween the 
nucellus of Fayus and those of Gnetum, 17uxus, and other Conifers. Fiom the Fagus 
type we find, on the one hand, a reduction in the extent of the archesporium in the case 
of the other Cupuliferae, until there is very little that is not normal in Quemus ; and on 
the other hand, a reduction in bulk in the case of Corylaceae, Betulinez, and Juglandacetie, 
although in Corylaceae, especially, we can still claim for a large part of the tissue of the 
nucellus a sporogenous nature. 

3 ~ 2  
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Relations of tlae Amentifere to Casuarina as revealed hy Enzbryology. 

This p r t  of my subject cannot be dealt with exhaustively until further and deeper 
researches have been made. The agreement I have to point out is so mixed up with 
striking distinctions that we cannot, so far as our knowledge at  present extends, in any way 
claim to  have found a counterpart in our British Amentiferae to the extraordinary facts 
recorded by Treub for CuBuurina. We know nothing of an embryo-sac without antipodals, 
for they are present and very conspicuous in the British Amentiferae. In Betzcla, Alnus, 
and the Cupuliferae I have observed the fusing of the polar nuclei, and in every genus 
the presence of synergidae and naked egg-cell. But Treub concludes his paper with the 
words :-“ ,4 moins que de nouvelles recherches ne viennent nous apprendre le contraire, 
il faut considher la famille des Casuarinkes comme la, seule de la classe des Chalazo- 
games.” These new researches have now been made, and it will be no longer possible to  
classify the Casuarineae by themselves as Chalazogams. AZnus, Betzcla, Corglus, and 
Carpinus are also Chalazogams, and if we except’ the distinctions I have just pointed out 
in the early stages of the embryo-sac, almost all we bave to record are, more or less, 
points of agreement. It will be convenient here to summarize the points of agreement 
between Cccsuurina and the British Amentiferae :- 

1. In the case of the CorylaceE and Betulineae there is the prominent fact of their 
chalazogamy and all its concomitant adaptations. Among these I may mention the 
fusion of the tissue of the stylar region with the central strand, which is itself formed By 
the fusion of the two parietal placentae, which have grown centripetally until they met 
and formed one strand, from the upper portion of which the now anatropous ovules spring 
(cp. figs. 39 and 40, also figs. 34 and 35, Y1. LXX.). 

Another special adaptation is the projection of the base of the nucellus into such a 
position that the pollen-tube, after travelling down the raphe in a course parallel with 
that of the vascular bundle, and following the trend of the cell-rows in the chalaza1 
region, inevitably enters through the circular base of the nucellus (figs. 32, 34). We 
also see the sheath of crystals, which is so prominent a feature in Casuuriiaa, although it 
would appear that our British Amentiferae have not specialized it to assist in the act of 
Fertilization, as has occurred in Cusuurinu (figs. 34 and 35, also fig. 39). 

2. Tho sporogenous tissue, already sufficiently described in another paragraph, although 
presenting striking points of difference in detail from that of Cfusuurinu, constitutes, in 
the main, an important point of agreement. 

3. The branching of the pollen-tube, especially the formation of recurved caeca before 
its entry into the nucellus in the chalazogamic genera, and the resting stage that it passes 
through in the stylar tissue may, perhaps, be mentioned here. 
4. The prevalence of czca formed by the embryo-sac is a reniarkable feature of agree- 

ment. This character is so widely represented in the British Amentiferae that it may 
fairly be regarded as of taxonomic value. The fact that the tails of the sterile macro- 
spoyes in G‘aszwrinu serve for the unimpeded pathway of the pollen-tube up the nucellus, 
while that of -Z%gus is simply foraging for the needs of its embryo, only offers another 
exaiuple of the special adaptation to new functions of an organ already acquired by 
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inheritance. Whether the caeca were originally acquired t o  assist the embryo-sac to 
come in contact with the pollen-tube or for foraging purposes is immaterial from the 
present point of view. Physiological considerations in no way detract from the classi- 
ficatory value of these czleca. 

6 .  The presence of tracheydes around the base of the embryo-sac in Custunea is a 
curious and unexpected link between the Cupuliferae and Caszcarina. Alone this feature 
might be regarded as too detached and fragmentary to be of any value as a point of 
agreement, but when we remember that we can suggest no function subserved by them 
either in Caszcarina or in Castanea, and that their appearance is inconstant in both 
cases, the probability is increased that they represent some former organ * possessed by 
the common ancestor of Casuurinn and the Cupuliferae. It might be noted here that 
although the ovules of our British chalazogamic Amentiferae possess but one integument, 
Casuarina, in common with the Cupuliferze, possesses a second. 

ConcZusion.-There is still a large part of my work to be done. I have not yet 
relinquished all hope that the Amentiferae are a field of research in which we may find 
some clue to  the solution of the vexed problem of the homology of the antipodals and of 
the fusion of the polar nuclei of the embryo-sac, and it will be partly with this object in 
view that I continue and extend my investigations. 

DESCRIPTION O F  THE PLATES. 

PLATE LXVII. 

Fagus. 

Fig. 1. A lorigitudirial median section of young ovule of date May 4, 1892. ep., the beginning of the 
apical divisions of the epidermis above the archesporium j a., archesporium mother-cells ; 
i., integument forming partly at the expense of thc epidermis. 

This figure ,Shows, when contrasted with the previous, the early 
laying-down of the anatropy of the ovule. The funicle of fig. 1 lies to the right of the figure, 
that of fig. 2 to the left. 

ep., the beginning of the epidermal cap ; ax., the lowermost cell of the 
most strongly differentiated axial strand. The two nucleoli are very frequently found in 
central cclls at this stage. 

Fig. 2. A similar section to the above. 

Fig. 3. The same a little later. 

Fig. 4. The same at  a still later date, May 10, 1892. 
Pig. 5. A median longitudinal section of nucellus of date May 14(. 

Fig. 6. Ditto, but lateral strands appear of equiva1er;t value. 
Fig. 7. Ditto, gathered May 21. 

Fig. 8. Ditto, gathered May 18. 

The epidermal cap is here five cells deep. 
The central strand was more clearly 

(Semi-diagrammatic.) marked out than the lateral ones and showed a pointed base. 
(Semi-diagrammatic.) 

ep., epidermal cap now ten cells deep ; e.s., first division of nucleus 

ep., as before; t., tapetum ; Z.C., long cell equivalent to three of the 
of embryo-sac. 

* Possibly a vascular strand connecting the chalaza with the sporogenous tissue. 
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contiguous tier-apparently marlied out  as an embryo-sac ; v., vacuole. The strands can 
be see11 herc to continue to the base of the nucellus although the section is not exactly 
median throughout. 

Fig. 9. Ditto, gathered May 28. Shows development of embryo-sacs in two contiguous strands. 
The more aclvanced one (above) is nearly ready for fertilization. The antipodals have 
become detached by the razor from the upper part, which contains still tlie synergidz and 
polar unclei. ep., epidermal cap now thirteen cclls deep ; t., tapetuni ; e.s, e.s., embryo- 
sacs ; a., antipodals ; f., polar nuclei ; p . ,  pedicel. 

Z.C., long 
cell h i n g  crowded out. 

It shows a superficial 
view of apical region of epidcrmal cap, the cells of which are turgid ; betwccn tlicse plunge 
three pollen-tubes (p . t . )  . m., micropyle ; r.ep., receptive cell ; n., nucellus ; int., integu- 
ment. 

Pig. 10. Portion of the sporogenous tissue of nucellus as it appears in longitudinal section. 

Fig. 11. This drawing is taken from a thick section cut in thc fresh material. 

PLATE LXVIII. 
Fagzcs. 

Fig. 12. Longitudinal section of upper part of nucellus showing pollen-tube ( p J . )  turinelling epidermis 
( e p . ) .  

Fig. 13. Portion of longitudinal scction of nucellus showing embryo-sac with extruded czecum. a., anti- 
podals ; &., definitive nucleus ; b.c., base of czecum ; s., strand down which i t  has made its 
way ; e.s., main portion of embryo-sac. 

s., synergidze ; c.c., naked egg-cell. 

Castanea. 

Fig. 14. Lorigitudinal mcdian section of nucellus, dated July 8, 1892. 

Pig. 15. Ditto, eleven days later. 
Fig. 16. Ditto, July 25.  
Fig. 17. This section bclongs to an ovule which had ceased to develop normally. 

a.r., axile row already becoming 
marked out from contiguous strands. 

t., tapetal cell ; ms., mother-cell of embryo-sac. 
t., tapetal cell; s., pointcd cell. 

The tapetal cells (t.) 
had dcgenerated and the appearance o f  the coiltents of the embryo-sac (c.s.) is not normal. 
bx., basal cells of axile row ; b.s., spindlc-shaped cell. 

tr., mother-cell 
of trache'iilc ; b.c., bi-nucleate cells of ax& row below the embryo-sac. 

m., micropyle ; e.i., epidermis of inner integument ; t., tapetum ; 
n.e.c., nalicd egg-cell ; a., antipodals. 

m., micropyle; i.i., inner integu- 
ment ; c.s., embryo-sac ; d.n., definitive nucleus ; 7n.s., moniliform strands of protoplasm ; 
CE., czcum of embryo-sac; ax., basal part of axile row; s.c., pointed cells. 

d.%, definitive nucleus ; a., antipodals ; tr., trache'idc ; b.c., basal cell of axile row. 

Pig. 18. Longitudinal section showing base of axile row, also from an aborting ovule. 

Pig. 19. Upper part of axile row. 

l6g. 20. Longitudinal section of upper part of nucellus, August 22. 

Pig. 21. Ditto. 

PLATE LXIX. 
G'astalzea . 

Figs. 22-27. Longitudinal sections of nucellus to show trache'ides ( t r . ) .  a., antipodal; d., degenerating 
arca ; nz., micropyle ; e.s., embryo-sac ; d.n., definitive nucleus, faintly indicated only, as the 
section had becn treated with Eau de Javelle. 

Quercus. 
Pig. 28. Pollen-tubes as found growing freely in the ovarian cavity and eriteririg micropyle (fn.). o i . ,  

outer integument ; c., czca of pollen-tube. 
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Fig. 29. Longitudinal section of nucellus and part of inner integument of Quercus rex. m., micropylc ; 
e.s., embryo-sac ; a., antipodals ; b.c., basal part of axile row ; nu., iiucellus ; me., caxum of 
embryo-sac ; i.i., inner integument. 

Betula alba. 

Fig. 30. Longitudinal section of nucellus, May 16, 1892. 
Fig. 31. Ditto a little more advanced. 

a.c.c., arcliesporial central-cell dividing. 
a., archesporium. 

Alnus glutinosa. 

Fig. 32. Outline of upper part of long. sect. of ovary and one ovule just  fertilized. p . t . ,  pollen-tubc ; 

Fig. 33. Embryo-sac of fig. 32 enlarged. p.t . ,  pollen-tube; s., synergidae ; e x . ,  egg-cell ; f., fusing 
e.s., emhryo-sac ; c.a., ccntral axis; lo., loculus. 

polar nuclei ; a., antipodals. 

PLATE LXX. 
Alnus glutinosa. 

Fig. 34. As in fig. 32, but here is shown thc pollen-tube entering the chalazal region, also a transverse 
section of the tube to the right above the levcl of embryo-sac. s., stylar rudiments; c., 
cellular tissue ; ch., sheath of crystals ; p.t., pollen-tube ; e.s., embryo-sac. 

Fig. 35. Transverse section of ovary taken at levcl of dotted line C . C .  in fig. 34(. p. ,  loose parenchyma 
showing no stylar canal ; ch., crystal sheath arid lignfied tissue. 

Fig. 36. Enlarged drawing of base of ovule of fig. 34. ch., chalaza1 region; p.t . ,  pollen-tubc; ir., 
integument (level of iiiscrtion of) on the side nearer the raphe j id., do. on the distal side ; 
b.,  branch of pollen-tube. 

Fig. 37. Embryo of Alnus, July 25, 1892. The embryo-sac has eaten its way to the epidermis of apcx 
of nucellus. 

Fig. 38. Diagrammatic drawing of ovule of A h 6 s  to show course of the pollen-tube (p . t . ) .  e.s., embryo- 
sac ; f., funicle ; v.b., vascular bundle ; m., the closed micropyle. 

Three free transitory endospcrm-cells are shown. 

Corylus Avellana. 

Fig. 39. Longitudinal section of ovary of C o r t ~ b s  before the ovule is ready for fertilization. r., rcmnarit 
of stigmas ; p . ,  perianth ; ch., crystals ; pa., loose parenchyma ; v., vascular bundle now 
become central ; cu., cupule. 

Fig. 40. Ditto much earlier, showing stylar canal opcn, and vascular bundles of placentz still not 
approaching the centre. 

Fig. 41. Longitudinal section of nucellus, cut June 21, 1892. e.s., embryo-sac; t., tapetal region; 
y., pcdiccl. 

Fig. 42. Upper part of siniilar scction. p.e.s., position in which a second embryo-sac lay ; a.c., central 
strand of archcsporium ; r.ep., rudimentary epidermal cap. 

Fig. 43. As bcfore. This section s h o ~ s  four embryo-sacs. The elongation of tapetal cells is often seen. 
p., pedicel ; ep., epidermal sac ; e x ,  embryo-sac. 

o., ovule ; s.c., stylar canal; other letters as in fig. 39. 

_u 

PLATE LXXI. 
Corylus Avellana. 

Fig. 44. Longitudinal section of ovule showing pollen-tube ascending from chalaza. c., caecum of 
embryo-sac ; m., micropylc ; p. t . ,  pollen-tube. 

Fig. 45. Pollen-tube and adjacent cells in the previous fig. enlarged. n.g., refringent granules, ?nucleus ; 
c q . ,  cells of nucellus. 

Figs. 46, 47. Pollen-tube abutting on caecum of embryo-sac. 
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Curpinus Betulus. 
Fig. 48. Longitudinal section of nucellus (June 24th), showing area of sporogenous tissue shaded to 

s., spindle-shaped cells ; represent the deeper-coloured granular appearance of this tissue. 
p. ,  pedicel; t., tapetum. 

Fig. 49. Longitudinal section of nucellus to show czcum of embryo-sac. t., tapetum. 
Fig. 50. Enlarged drawing from the preparation drawn in fig. 51. The egg-cell appears to have been 

fertilized, and has already given rise to a 3-celled embryo. The pollen-tube is becoming 
disorganized, and in the portion abutting upon the embryo has evidently given up a portion of 
its contents, though actual perforation of its apex could not be demonstrated. ern., embryo; 
e.s., abortive embryo-sac ; f.e.s., fertile embryo-sac j p.t., pollen-tube ; s., suspensor. 

PLATE LXXII. 
Curpinus Betulus. 

Fig. 51. Nucellus showing the large fertile embryo-sac with three abortive embryo-sacs (a.e.s.) at its 
Throughout the greater length of the fertile embryo-sac (f.e.s.) is 

The 

Fig. 52. Diagrammatic longitudinal median section through ovary of Curpinus (equally for Corylus) to 
st., stylar cylinder ; sc., sclerized tissue ; pa., parenchyma; 

micropylar extremity. 
the pollen-tube (p.t.),  the apex of which abuts upon the small 3-celled embryo (ern.). 
chalaza is indicated by the letter c. 

show course of pollen-tube. 
pe., remains of perianth ; l., loculus ; n., nucellus ; p.t., pollen-tube. 

Fig. 53. Longitudinal section of nucellus of Carpinus, dated July 1, showing four embryo-sacs. 
Fig. 54. Ditto, more truly median. Two embryo-sacs have thrown out c m a  towards base of nucellus, and 

Polar nuclei in the act of fusing shown 

e.s.c., caecum of embryo-sac; 

one remains undeveloped in the apex of nucellus. 
in each czecum. e.s., embryo-sac. 

Fig. 55. Base of the nucellus (shown on a smaller scale in  fig. 45 a). 
p.t., pollen-tube abutting on ditto. 

Fig. 56. The whole ovule on a smaller scale, from which fig. 45 was taken. 
Figs. 57, 58. Pollen-grains of Curpinus, germinated in 5 O j 0  sugar-solution, after 4 days. gr., pollen- 

grain ; u., enlargement at apex of tube. 
Fig. 59. Upper part of ovary of Curpinus (July l), showing the position of the (?) encysted pollen-tube. 

pa., parenchyma ; s., sclerized tissue ; p.e., encysted pollen-tube. 
Fig. 60. The encysted tube enlarged 840 diameters. f.t., (?)remains of tube which was first formed 

from the germinating pollen-tube ; s.w., swollen wall after treatment with H,S04 ; l., lumen ; 
t., (?) tube about to pass down to funicle. 

Juglans regiu, 
Fig. 61. Longitudinal median section of nucellus of Juglans, showing the archesporial tissue. u.c., central 

row of archesporial cells ; La., lateral row of ditto ; t., tapetum ; e., epidermis. 
















