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The strikiifg character of the pollen grains of the Onagra¬ 
ceae has attracted the attention of botanists from a very 
early date. 

Already in 1830 Purkinje examined and ügured tlie pollen of 
several species („De cellulis Antherarum Fibrosis etc." 1 ratis- 
laviae 1830) alid since that time Hugo von Mo hl, F ritsche, 
Schacht, Hägeli, Luerssen, Tschistiakoff, Sachs, Wille 
and Strasburger, as well as others jjjave all paid great er or 
less attention to this subject. By far the most detailed account 
which we posses is that of Strasburger embodied in his two 
memoirs npon the cell-wall (1. „Über den Bau und das Wachs¬ 
tum der Zellhäute“ 1882, pp. 95—100. 2. „Über das Wachstum 
vegetabilischer Zellhäute“ 1889, pp. 36—46). - , 

In spite of tliis attention our knowledge of the development 
of fliese anthers is still incomplete and it was the purpose of 
the present research to re-examine the subject and, if possible. 
to add a few details to the existing accounts. 

The species which have been examined are Oenothera longi- 
fiora, 0. biennis and Gaura Lindheimeri. Epilobium tetragonum 
and E. montanum have also been examined but less thoroughly. 

The early development of the anther takes place in cpiite 
the usual manner. A single longitudinal row of hypodermal 
cells (the archesporium) divide into an inner series of priuiary 
sporogenous cells and an outer row of primary parietal cellsb. 

In the latter a succession of periclinal divisions follow one 
another until, usually, four layers of cells separate the column 

i) The terminology used liere in tkat given in Coulter and Clianiber- 
lains „Morpliology of Angiosperms“ 1903. p. 33. 
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of primary sporogenous eells from tlie epidermis. The outer- 
most parietal layer is the endothecium or fibrous layer; within 
tliis follow (usually) two „middle layers" and finally, adjoining 
the sporogenous tissue, the tapetum becomes differentiated. 

As is well known tlie primary sporogenous cells of Goura 
form a single longitudinal row. Subsequently certain of these 
sporogenous cells become „sterile“ and, by their division, form 
transverse septa, liere and there, across the anther. The forma- 
tion of these septa in certain members of the Onagraceae has 
already been described by Barcianu (Inaug.-Diss. Leipzig 1874 
„Unters, über d. Blüt e n ent wie B. d. Onagraceae" p. 21) and by 
Bo wer (Studies in the Morphology of spore-producing members. 
II. Ophioglossaceae 1896, p. 1). 

Large raphide-sacs occur in the connective of all the species 
examined. The bündle of crvstals of eacli sac is enveloped in 
a mucilage which stains violet with a mixture of methylene 
blue and fuchsin and pink witli rutherium red. These reactions 
indicate a pectic body. The crystals and their mucilage slieath 
do not tili the entire sac but the space which is left between 
them and the wall of the sac is occupied by a material which 
has often a reticulate structure. In Heidenhain s Iron-haema- 
toxylin the mucilage slieath becomes black wliilst the reticular 
Investment remains uncoloured (Big. 14). Xo starch and no 
plastids were ever seen in the sacs which enclose raphides. "W ar- 
ming in his description of the anther of Epilobium angustifolium 
(Unters, über pollenbildende Pliyllome und Kaulome. Bonn 1873. 
p. 23) calls attention to certain large, ellipsoidal cells which lie 
in the connective but the nature of which he left midetermined. 
These cells are the rapliide-containing sacs mentioned above 
which reacli quite a remarkable development in tlie species of 
Epilobium. 

In Oenothera biennis and 0. longiflora tannin also occurs in 
the anther, both in the epidermis and in a varying number of 
cells of the connective. On eacli side of the anther, along the 
line of future dehiscence, a longitudinal band of epidermal cells 
always remains free from tannin. The cells of these two lateral, 
tannin-free bands soon ceases to grow and become stretched 
and flattened by tlie enlargement of the anther. Beneath each 
of these two lines of peculiar epidermal cells a longitudinal air- 
passage is fornied at a very early stage1). This passage arises, 
in the first place, by a Separation of cells from one another at these 
spots but subsequently the cavity is enlarged by the cells bor- 
dering upon the space becoming flattened and destroyed by the 
growth of the anther. 

In some anthers a curious development of the cell-walls 
bordering upon the air-passage was observed. The cell-walls in 
question become greatly thickened and cuticularised in a manner 

1) Some time before the appearance of the callose motlier-cell walls. 
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which was quite similar to that found in the walls of tlie pollen 
grains themselves. The air-passage in these anthers was there- 
fore oompietely shut off by a continuous mantle of thick, cuti- 
nisecl membranes. The thickening and cnticnlarisation of these 
walls had taken place very early in the history of the anther 
long before the pollen-walls themselves had nndergone such 
changes and indeed before tlie pollen-wall had put in its appe- 

arance at all (Fig. 1). 
Stomata occur npon the anther but they are not very 

abundant. In anthers at about the time when the pollen-mother- 
cells are established the development of the stomata can be 
readily followed. It is seen that an initial cell is cut off from 
certain of the meristematic superficial cells of the anther and 
this becomes the direct mother-cell of tlie stoma (Figs. 2, 3 
and 4). Starch can nearly always be found in the guard cells 
of the stoma altliough the other epidermal cells are quite free 
front this substance1). 

I have examined the anthers of Gaura Lindlieimeri soon 
after tlie primary sporogenous cells have become definitely esta¬ 
blished by me ans of the cell-wall reagents recommended by 

Mangin. 
I find that both pectic bodies and cellulose are present in the 

walls of the anther-cells at this time but tliat the cellulose is 
ordinarily niasked by tlie pectic constituent. _ It is only after 
treating the sections with dilute acid followed by the action 
of dilute lalkali tliat the cellulose can be clearly demonstrated. 
The walls of the sporogenous cells and of the tapetuni contain 
less cellulose than the other regions of the anther. 

The walls of tlie primary sporogenous cells are at first no 
thicker than those of tlie surrounding tissues but they soon in- 
crease in thickness and stand out conspicuously from the neigli- 
bouring membranes. The very young anther contains only a 
trace of starch in fine granules. The occurrence of starch can 
first be detected in the filament of the stamen, it then spreads 
upwards to the cells of the connective which lie dorsal to the 
vascular bündle and it can next be seen in the primary sporo¬ 
genous cells. This is the usual sequence of starch appearance 
but the conditions under which the plant has beeil grown and 
the time of day when tlie anthers have been fixed exercise, at 
all stages of development, considerable influence over the starcli- 
contents of the anther. 

Certain broad facts of starch-distribution, liowever, remain 
fairly constant in healthy plants grown under average con¬ 

ditions. 
In Gaura the single longitudinal series of primary sporo¬ 

genous cells becomes, without any further longitudinal division. 
the single column of pollen-mother-cells, eacli of which becomes 

i) A little starch occasionally occurs in the epi dermal cells of the cou- 
nective jnst over the vascular bündle, but never in any other part of the 
epidermis. 
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surrounded by a mucilaginous wall of pecnliar nature. In Epi- 
lobium tetragonum the primary sporogenous cells undergo a single 
longitudinal division so tbat two rows of motber-cells are foi - 
med wbilst in Oenothera a second longitudinal wall often follows 
the first so tbat eitber two or tree motber-cells are seen in tbe 
transverse section of each pollen sac. Tbe next important Step 
in development is tbe formation of a mucilaginous wall round 

eacb motber-cell. 
This wall is essentially similar to tbat wbich occurs in a 

corresponding position in ^otber angiosperms. Mangin1) exa- 
mined tbe motber-cell wabs of a number of flowering plants 
and concluded, from tbeir microcbemical bebaviour, tliat tbey 
consist of callose in a peculiarly pure state. In Gentiana offici- 
nalis and Campanula rapunculoides Mangin2 *) noted some varia- 
tions in tbe composition of tbe (special-) motber-cell wall. 

From tbe facts sliat tbis wall, in tbe Onagraceae, stains 
deeply witb a solution ef corallin in soda (4°o Ma^CCb), vitli 
aniline blue, benzo-purpurin or congo red, tbat is gives none of 
tbe cellulose reactions witli lodine reagents and is insoluble in 
cuprammonia. and tbat it bas no affinity for rutbenium red. 
I agree witb Mangin in considering callose to be its only con- 

stituent. 
In several respects, bowever, I find tbe reactions of tbe 

motber-cell wall to disagree from tliose usually attributed to 
callose. Callose is described as readily soluble in 1 0 o caustic 
potasb or soda. I find tbis statement to require some modifi- 
cation witb regard to tbe motber-cell wall. Tbe motbei- 
cell wall of fresb material of Äucuba japonica dissolved 
witb exemplary rapidity in 1 % caustic soda but I bave kept 
microtome sections of material of Oenothera fixed witb I 1 ent¬ 
min g’s solution for over an liour in 1% caustic potasb and still 
found tbe motber-cells undissolved at tbe end of tbat time. 
Tbe motber-cell walls of fresb material of 0. bienms liad onk 
disappeared after nearly 24 bours in 1 °/o Ha OH. I ba^e found 
fresb material of tbe pollen-motber-cells of tbe Horse-cbestnut 
equall}7' resistant to 1 % caustic alkali. In 100 o caustic potasb 
tbe motber-cell walls of Oenothera soon disappear. It will be 
seen from tbese remarks tbat tbere is some x anation in tbe 
solubility of tbe motlier-cell wall in dilute caustic alkalm 

Mangin bas affirmed tbat callose is soluble in pbosplioric 
acid but I liave left tbe motber-cell walls of Oenothera biennis 
for many liours in strong pbosplioric acid witb out obtaining any 
signs of tbeir solution. Napbtol black, m acid solution, is said 
by Mangin to Stain cellulose but to leave callose uncolouied. 
I liave obtained precisely tbe opposite result. Bismarck brovn, 

1) Mangin, ,,Observations snr la membrane du Ctrain de Pollen mm . 
(Bull. Soc. Bot. d. Prance. T. 36. 1889.) 

2) Mangin, „Observations snr le developpement du polien,\ (Jdiiü. 

Soc. Bot. d. France. T. 36. 1889.) 
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methylene blue and fucbsin are all described as pectic stains 
which leave callose uncoloured. I have found them all to st am 
tbe mother-cell walls although not nearly so deeply as tbe pectic 
membranes. 

The origen of callose has forrned tlie subject of repeated 
discussion. In the case of the callose of the Sieve-tubes some 
have asserted that this substance arises from the transformation 
of pre-existing cellulose wlrilst others believe it to be a direct 
product of protoplasmic activity originating without any relation 
to cellulose or other fore-runner. Hill in his account of the 
sieve-tubes of Pinus, takes up an intermediate position and 
believes that callose may originate sometimes directly and 
sometimes indirectly1). 

In the case of the callose contposing the pollen mother-cell 
walls there can be no doubt concerning its ntocle of origen. 

It has already beeil nrentioned that- in the very young 
anther the walls of tlie primary sporogenous cells are poorer in 
cellulose than tlie otlier tissues of tlie anther. In soniewhat 
older anthers, but still long before the mother-cell wall may he 
expected to appear, the membranes of the sporogenous cells no 
longer sliow any traces of cellulose. Even after treatment with 
dilute acid and alkali — as recommended by Mangin — I was 
unable to demonstrate any cellulose in tliese walls. 

It is within tliese walls tliat the callose layer is developed. 
Ihere is, here, no disappearance of either cellulose’2 3) or pectose 
to account for a transformation of these substances into callose. 
Whatever may be the explanation of the formation of callose 
in sieve-tubes, I think there can be no doubt that in the case 
of the pollen-mother-cells the callose is derived directly from 
the activity of the protoplast without the intermediation of 
cellulose. 

Eacli mother-cell now divides to form the four special- 
moth er-cells. The mitotic figure is ratlier small and not well 
adapted for studying the details of nuclear division. 

I will content myself, therefore, with stating that in Oeno- 
thera longiflora the numher of chromosomes which appear at 
tlie first and second divisions of the pollen mother-cell is seven. 
They are so small in size that I can only distinguisli them as 
soniewhat irregulär granules; whether they have a definite and 
constant shape peculiar to eacli division (as seems likely) could 
not be certainly determined (Figs. 5—9)> In the somatic divi¬ 
sions (which I liave studied in the wall-cells of the anther) the 
chromosomes liave the form of curved rods which are crowded 

9 :Tiie Histology of tlie sieve-tubes of Pinus“. (Ami. of Bot. Yol. XV. 
1901. p. 597.) 

2) Tlie cellulose is lost sight of in tlie walls of tlie sporogenous cells 
far too long before tlie callose appears for tliese substances to liave any 
Connection with. one another. Moreover tlie cellulose which occurs in tlie 
3r°ung sporogenous wall is nierely a trace and could not possibly account 
for the massive callose wall. 
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together upon tlie spindle so that it is not easy to count them. 
I have clistinguished 13 to 14 in some cases and tlie latter 
number will probably prove to be tlie correct one. 

Between tlie cells of tlie tetrad, wliicli results froni tliis 
division. Septa are developed wliich form an extension of tlie 
mucilaginous mother-cell wall. Like tlie latter tliese septa also 
give tlie reactions of callose (Figs. 10 and 11). 

Mangin1) lias called attention to three delicate lines wliicli 
run tlirougli tke middle of tlie septa of tbe fnlly grown special- 
motlier-cell wall and join one another at tlie centre of tlie 

tetrad. 
He pointed out that tliese lines were often granulär in 

structure and he believed them to be nitrogenous in nature. 

Other authors have figured these radiating lines in the 
special-mother-cells of other plants; Strasburger figuring them 
both for Älthaea rosea and Gaura biennis as long ago as 1882 . 

I have observed these lines in all the Onagraceae wliicli I 
have examinecl. By careful focussing and by the comparison 
of series of microtome sections. I find these lines to be the 
optical expression of laminae. Most probably these laminae 
represent the first lamellae deposited after tlie completion of 
cell division. They differ somewliat from the rest of the 
special-mother-cell wall in their beliaviour towards stains but 
their reactions still indicate their callose composition (Figs. 12 
and 13). Moreover at a later stage, .when the special-mother- 
cellwall breaks down and the pollen grains are liberated, these 
lamellae remain behind for some time unchanged and continue 
to give a very characteristic callose reaction with corallin-soda 

(Figs. 51 and 52). 

In anthers wliich are a little older we observe the first 
appearance of the pollen membrane round eacli special- 

mother-cell. 
AVe first recognise it as a very delicate film lining each 

cell-cavity of the tetrad. It is in most intimate contact with 
tlie callose wall and even reagents wliich cause general plasmoly- 
sis and considerable distortion of the ceh-walls of the anther 
sei dom separate the very young pollen membranes from the 
special-mother-cell wall. The protoplast of the cell is also firmly 
attached to the new membrane but it is easier to tear away the 
cytoplasm from it thän it is to sepiarate tliis film from tlie 
callose wall. From the first, however, it can he distinguished 
from tlie special-mother-cell wall by its beliaviour towards rea¬ 
gents. It stains red with ruthenium red; it colours much niore 
deeply than tlie callose wall with bismarck brown, fuchsin, or 
methylene blue; it is unstained by corallin soda, and it becomes 
yellow or brown in clilor-zinc-iodine solution. 

9 Bull. Soc. Bot. d. France. T. 36. 1889. p. 391. Mangin described 
tliis in tlie special-motlier-cell wall of Altliciea rosea. 
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"When tetrads at tbis stage are treated witb 10 % KOH tlie 
callose wall is dissolved and tbe protoplasts, eacli surrounded bv 
tlie undissolved pollen membrane, are set free. 

We may conclude from these reactions tbat tbe young 
pollen wall is composed of a pectic substance. The remains of 
tbe primary sporogenons cell wall, whicb also gives tbe reactions 
of a pectic body, can still lie distinguisbed at tbe peripbery of 
tbe tetrad. Altbougli tbe association between tbe newly deve- 
loped pollen membrane and tbe special-niotber-cell wall is so 
close tbe demarcation between tlie two is always sbarp and 
tbere is never a gradation of one into tlie otber. AVbere tbe 
callose wall abuts npon tbe pectic membrane it is denser and 
refracts tbe ligbt more strongly tban tbe rest of tlie wall pro- 
bably forming tbere a „Grenzbäuteben“ in Strasbnrgers 
sense. 

Tbe facts sliow tliat altbongb tbe pollen wall is at first 
deposited in close contact witli, and probably in actual attacb- 
ment to, tbe special-motber-cell wall it is not derived from a 
transformation of tbe innermost lamella of tbis callose wall but 
is directly secreted as a pectic layer by tbe cell-protoplast. It is 
equally certain tliat tlie plasmoderma1) is not bodily transformed 
into tlie pollen wall bnt tbat tbis is deposited upon tbe surface 
of tbe plasmoderma, as Strasburger bas sliown in otber casese. 

As soon as tbe pollen membrane becomes' sligbtly tbicker 
it separates readily from tbe callose layers and is tlien clearly 
recognised as an independent structure. Tbe young pollen gram 
is a blimtly triangulär, basin-sbaped structure witb tbe concavity 
of tbe „basin“ directed towards tlie centre of tbe tetrad. It 
measures about 19 to 20 fi across its broadest surface in 0. biennis. 
At tbe apex of tbe tliree angles of tbe pollen grain tbe wall is 
extremely tbin. Tbe protoplasm fills tbe cell-cavity and con- 
tains a considerable quantity of starcb (Figs. 15 and 16). 

In pollen grains wbicb are a little older [mearuring about 
22 to 24 [/ across in 0. btennis2)] tbe wall lias tbickened con- 
siderably and a mucilaginous material bas been developed at 
tbe three ungles of tbe cell at tliose spots wbicli previously were 
thin (Fig. 17). Tbis mucilage gives tbe reactions of a pectic 
substance and appears to be derived from tbe growtb and pliy- 
sical alteration of tlie pollen wall at tliese points. Tbe little 
plugs or discs of mucilage continue to enlarge and soon bulge 
so far witliin tbe cell tbat tbey overlap tbe unswoln pollen 
wall on eacb side. 

9 I use tliis term as the eq ui valent of tlie german „Hautscliicht“. Tlie 
word was suggested for this purpose by Strasburg er and first used by 
Stevens in his paper upon „Grametogenesis and Fertilization in Albugo“, 
(Bot. G-azette XXXII. 1901. p. 92.) 

2) In stating tbe size of the pollen grain I liave always taten the 
measurement across the broad face of the grain from the tip of an inter- 
stitial body to the outer surface of the wall immediatly opposite. 
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The name of „Zwischenkörper“, introduced by Fritsche, 
has been nsed by Nägeli and Strasbnrger in describing these 
pecnliar mucilaginous discs of the Onagraceous pollen grain. 
I shall speak of these discs as „interstitial bodies“ in the 
present paper. Three is the normal nnmber of interstitial bodies 
possessed by the pollen grains of all the species of Onagraceae 
which have been examined. In a few cases, however, I have 
noticed fonr or even live of these bodies whilst in others only 
two or one interstitial body occured (Figs. 21 and 22). An 
interesting abnormality has been noticed in some pollen grains 
of this age. Instead of the single nucleus which is normal at 
this time pollen grains have been seen which contain two nuclei: 
a large one and a small one (Fig. 18). The case is probably to 
be compared with the irregularities which Jnel1) and others 
have described in the nuclear division of the pollen-mother-cells 
of Hemerocallis fulva and is no donbt due to one or more 
chromosomes becoming separated from the rest and forming an 
independent nucleus. 

There appears to be some Variation in the exact time when 
the special-mother-cell wall breaks down and sets free the pollen 
grains. A large nurnber of my preparations of 0. biennis show 
this to occur at the comparatively early age that we are now 
considering (viz pollen 22—24 g across). As was remarked 
above the first-formed laminae of the special-mother-cell wall 
maintain their individuality the longest and continue to give 
callose reactions for some time (Figs: 51 and 52). The rest of 
the wall now forms a homogeneous mucilage filling the pollen- 
sac and occupying all the spaces between the pollen-grains. It 
no longer has any affinity for corallin-soda and its reactions 
furnish no clue to its Chemical nature. 

As the pollen grains continue to develope the interstitial 
bodies become more prominent towards the exterior, giving the 
broader face of the grain a more pronounced triangulär outline. 

A secondary thickening layer is now formed within the 
first pollen wall. 

This layer extends over the whole inner face of the first 
membrane of the pollen grain. It runs up the sides of each 
interstitial body as a cylindrical extension which gradually thins 
off as it approaches the apex of the body and dies away alto- 
gether at the summit itself (see Figs. 19 and 23). The micro- 
chemical reactions of the thickening layer do not exactly corre- 
spond with those which are characteristic of any of the ordi- 
nary cell-wall components and its Chemical nature must for the 
present be left an open question. With a rather strong solution 
of lodine in potassium iodide it gives a very beautiful violet 
colour but with chlor-zinc-iodine and with a calcium-chloride 
solution of lodine it tinges only yellow or yellow-brown. Congo- 

9 Jxtel, 0. H., „Die Kernteilungen in den Pollenmutterzellen von 
Hemerocallis fulva etc.“ (Prings. Jalirb. f. wiss. Bot. XXX. 1897. p. 205.) 

20 Beihefte Bot. Centralbl. Bd. XIX. Abt. I. Heft 2. 
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red leaves it unstained. Methylene-blue and fuchsin mixture 
stains tlie layer pink or violet. 

I have found tliat tlie first pollen-wall of tlie Horse- 
chestnut in its early stages, gives reactions which are almost 
identical with those of tlie secondary layer of Oenothera. Apart 
from tlie very striking violet reaction with. tlie lodine solution 
tlie properties of fliese menibranes correspond fairly well with 
those characteristic of pectic substances and it is not improbable 
that we are here dealing with an association between a pectic 
body and a snbstance of nnknown nature. Additional support 
is given to this view by the fact that the violet reaction be- 
comes lost after treatment of the pollen grains with absolute 
alcohol, no doubt because the body which gives this reaction 
is soluble in alcohol. In its behaviour towards other reagents, 
however, the thickening layer remains unaltered after an immer- 
sion in alcohol. Cuticularisation takes place very early in these 
membranes1) and the violet-reacting body may he associated 
with the first stages of this process. 

In alcohol material the thickening layer, at the early peri- 
ods of its development, is often greatly swollen2) and this be- 
comes more marked and may even lead to the bursting of the 
pollen grain if this be examined in aqueous Solutions. 

The interstitial body is now3) limited towards the cavity of 
the grain by a closing disc which has the same composition as 
the rest of that body although it is somewhat denser. The 
reactions of the whole interstitial body have undergone a change 
and are no longer those of a pure pectic body. With Iodine- 
reagents it colours yellow; with congo - red it stains uniforraly 
red; with naphtol black it colours blue-black; with nigrosin it 
becomes black; with ruthenium red it stains red; with methylene 
blue-fuchsin mixture it colours blue, pink or violet according to 
the strength of tlie solution used; with corahin-soda solution it 
remains colourless. 

The protoplast hlls the cavity of the pollen grain at this 
stage but weak plasmolysing agents show tliat, whilst it is firmly 
fixer! to the developing secondary layer, it is free from the bases 
of the interstitial bodies. 

As the thickening layer of the pollen wall continues its 
development ring-shaped ridges make their appearance at the 
bases of the interstitial bodies. These are at first low and in- 
conspictious but soon become sharp and prominent features on 
the membrane (Figs. 23 and 24). 

In pollen grains of Oenothera longiflora3) which measure 

!) After which they colour yellow to brown with Iodine in potassium 
iodide solution. 

2) This was already noticed by Strasburg er in Gaura biennis. 
3) Pollen grains measure at this time 35 to 38 u in Oenothera biennis 

and 0. longiflora. 
3) Although I give here the actual description and measurement of 

the pollen of Oenothera longiflora the facts are essentially the same in 
0. biennis. 
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from ab out 40 to 45 tu tbe protoplast still completely fills the 
cell-cavity but it has become entirely free from its walls. 

Tlie further increase in the size of the pollen grain which 
now takes place is more rapid than that of the living protoplast 
which consequently no longer fills the cell - cavity (Fig. 24). 
AVe have here, in fact, conditions which strikingly recall those 
which Fitting and others 1_4) have described in the case of the 
megaspores of Lsoetes and Selaginella. 

These results have such an important bearing upon our 
conceptions of the growth of vegetable membranes and render 
some features of this process so difficult to understand that 
several botanists have hesitated to accept them until they could 
be placed upon a broader basis them was done by those who 
have examined the megaspores of the Lycopodiales. 

AAuth the exception of Fitting, these authors have exclu- 
sively rested their conclusions upon microtome sections. Invalu- 
able as such sections are we must not overlook the fact that 
the long series of manipulations necessary for killing, fixing and 
embedding in paraffin introduce many possible sources of error 
and the results obtained by this means should be carefully 
checked by observations upon living material. 

Fitting worked largely with living spores which he exami¬ 
ned partly in pliysiological salt solution and partly in water. 

Fnfortunalely he gives us no details of liis methods and it 
would be very desirable to know exactly what was the strength 
of his pliysiological salt solution and wliether this particular 
concentration was found by direct experiment to produce less 
change in the cell than any other strength. His selection of 
water as an alternative medium in which to examine the con¬ 
dition of the protoplast was most unitable as water is known 
to affect the protoplasm and its osmotic condition. 

The pollen grains of Oenothera are particularly favourable 
for investigation and I liave attempted to make my examination 
of them as complete as possible. Fresh material has been exa¬ 
mined in the first place and the results thus obtained have been 
compared with microtome sections of material fixed with strong 
and weak Flemming's 'Solutions, with strong and medium 
chrom-acetic solution* 2 3 4 5), Merkel‘s fluid and AYorcester’s fluid6). 

4) Fitting, FL, „Bau und. Entwickelungsgeschichte der Alakrosporen 
von lsoetes und Selaginella etc.“ (Bot. Zeit. Bd. 58. 1900. pp. 107—164.) 

2) Denke, P., „Sporenentwickelung bei Selaginella'''-. (Beihefte z. Bot. 
Centr. Bd. XII. 1902. p. 182.) 

3) Lyon, AL F., „A study of the Sporangia and G-ametophytes of Sela¬ 
ginella Apus and S. Rupestrisu. (Bot. Gazette AA1. XXXII. August-Sep¬ 
tember 1901. pp. 124—141 and pp. 170—194.) 

4) Campbell, FL D., „Studies on the Gametophyte of Selaginella“. 
(Annals of Bot. Vol. X\TI. 1902. pp. 419—428.) 

5) Formulae in Chamberlains „Alethods in Plant. Histology“ p. 28. 
6) Formula for this fluid was obtained from FL S. Peeds paper upon 

enzyme secreting cells of Zea and Phoenix. (Ann. Bot. April 1904. p. 271.) 

20* 
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The microtome sections were particularly useful in sbowing 
tbe exact relations wbicb exist between tbe pollen grains and 
the otber cells of tbe antlier at the different periods of deve¬ 
lopment. 

I will give bere a few of tbe measurements wbicb I bave 
made of tbe pollen grain, its cell-cavity and its protoplast. Tbe 
stamens were examined directly after tbe removal of tbe flower 
buds from tbe plants wbicb were all strong bealtby individuals 
growing npon an open plot of ground. Tbe pollen grains were 
carefully teased ont of tbe antlier into a drop of tbe fluid wbicb 
was being studied and rapidly examined wliilst still uncovered. 

I. Tbe stamens from one bud were successively examined 
in tbe following Solutions (0. longiflora). 

1. 0,6% Na CI. 
Pollen grain = 42 y, 

„ cavity = 30 y, 
„ protoplast = 30 y. 

2. 0,75 % Na CI. 
Pollen grain = 46 y, 

„ cavity = 30 y, 

n protoplast = 30 y. 

3. 2 % Na CI. 
Tbis caused complete plasmolycis. 

Pollen grain = 40 y, 
„ cavity = 26 y, 
„ protoplast = 18 y. 

4. Egg-wbite, 
Pollen grain = 40 y, 

„ cavity = 26 y, 
„ protoplast = 26 y, 

Tbe results in tbis reagent were particularly uniform. 

5. Strong Flemmings solution. 

a) Pollen grain = 42 y, 
m cavity = 28 y, 
„ pro toplast = 26 y. 

b) Pollen grain = 42 y, 
„ cavity = 28 y, 
„ protoplast = 28 y. 

6. Strong cbrom acetic solution. 
Grave results similar to tbe Flemmings solution. 

7. Merkels solution. 
Pollen grain = 40 y, 

„ cavity = 30 y, 
„ protoplast = 30 y. 

Altbougb difficult to recognise at tbis stage Merkels solu¬ 
tion caused tbe protoplast to swell up and enlarge somewliat. 
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Pollen grain 

n 

68 
36 
30 

70 
36 
32 

70 
40 

II. The stamens from another bucl were examined in 
1. 0,75 % Na CI. 

= 62 fi. 68 y,1)' 

cavity = 36 y 

„ protoplast = 24 y 

2. Egg-white. 
Pollen grain — 62 y 

„ cavity = 36 y 

„ protoplast = 26 y 

3. Strong Elemmings solution. 
Pollen grain = 64 y 

„ cavity ~== 38 y 

„ protoplast = 26 y. 30 

4. Merkels solution. 
Pollen grain = 66 y, 

„ cavity = 40 ^ 
„ protoplast = 40 

This caused the protoplast to swell up. 
5. Strong chrom-acetic solution. 

Pollen grain = 66 
„ cavity = 36 

„ protoplast = 28 p. 

III. Stamens from another bud examined in 
1. 0,75% Na CI. 

Pollen grain = 80 y, 

u, 
u. 

u, 
u, 
u. 

a, 
u, 
u. 

n cavity = 46 u ri 

n protoplast = 32 y. 
2. Examined in a drop of juice squeezed from the stem 

of Oenothera longiflora. 
Pollen grain = 76 y . 76 y,. 80 y, 

„ cavity = 42 y . 44 y . 46 y, 

„ protoplast = 32 y . 36 y . 34 y. 

3. In 5% cane-sugar solution. 
Pollen grain = 72 y. 

„ cavity = 42 y, 
„ protoplast == 30 y. 

IV. In another bud pollen examined in a drop squeezed from 
stem of Oenothera longifiora. 

Pollen grain = 72 y, 

„ , cavity - 42 y, 

„ protoplast = 34 y. 

V. In another bud pollen was examined in 
1.0,6% Na CI. 

Pollen grain 
cavity 
protoplast = 28 y. 

n 

ii 

62 p, 
34 ■//, 

1) Tlie successive nmnbers (62 /u and 68 /u in this case) denote measnre- 
ments of several pollen grains. Eacli vertical series of figures corresponds 
to one pollen grain. 
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2. Absolute Alcoliol. 
Pollen grain = 62 y, 

„ cavity = not measured. 
„ protoplast =16 y. 

Alcoliol always caused great sbrinkage of tlie protoplast. 

VI. Tlie following observations were made upon tbe pollen 
grains in tbe following media. 

1. Tbe st amen was placed in a drop of olive oil and 
tlie pollen carefully teased out witbout coming into 
contact witb tlie air. 

Pollen grain = 68 y. 

„ cavity = 41 )j, 
,, protoplast = 28 y. 

2. Pollen grains teased rapidly into di still ed water and 
immediatly exaniined sbowed a protoplast of 28 y in 
pollen grain 68 y across; very soon bowever tbe 
vacuoles of tbe protoplast enlarged, ruptured tbe 
separating arms and laminae of cytoplasm and ran 
togetlier so tbat tbe protoplast slowly swelled up 
until it quite filled tbe pollen-cavity (42 y). 

3. In 2% cane sugar tlie results were similar to tliose 
in distilled water. 

4. In 5% cane sugar. 
Tbe protoplast for some time maintained its size 

28 to 30 y. Later, bowever in some of tbe pollen 
grains cbanges similar to tliose of 2. and 3. were 
seen but mucli less marked. 

5. In 0,6% Ha CI. 
Tbe protoplast measured ab out 28 y and it remained 

unaltered after a prolonged examination. 
6. In 2% Na CI. 

Protoplast measured only 20 y and was obviously 
plasmolysed. 

Tbe folloAving observations upon 0. biennis may also be 
mentioned. 

I carefully and as rapidly as possible teased out tbe pollen 
grains into a little of tlie mucilaginous fluid wbicb can be squee- 
zed from tbe antber itself. In a pollen grain • measuring 68 y 
and witb a cavity of about 40 y tlie protoplast measured 30 y. 

I tben added a drop of 0,6% Na CI solution to tbe above, 
watcliing tlie effect all tbe time. Tbe pollen grains remained 
unclianged botb in tbeir appearance and in tbeir measure- 
ments. 

In anotlier similar experiment upon anotber bud from a 
different plant tbe measurement botb in tlie antber-juice and in 
tbe 0,6% Na CI solution were: 

Pollen grain =74 y, 
„ caAÜty = 40 y, 
„ protoplast = 30 y. 
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I might occupy many pages in quoting similar measure- 
ments but as tbose which I have already mentioned are qnite 
typical of tlie rest it would serve no nseful purpose to do so. 
The general result has been to show that in 0,6% Na CI. 0/75 % 
Na CI, 6% cane-sugar, egg-white and the plants own jnice the 
protoplast has a very similar appearance and its measurements 
agree very well witli one another at the different stages. 

Moreover, after remaining in these Solutions for some time 
little or no alteration, either in size or appearance, was obser- 
vable. The average measurement in 
from all my notes are as follows; 

these Solutions calculated 

Pollen grain pollen cavity pollen protoplast 

10 fi 26 fi 26 fi 
62 ^ 37 fi 27 fi 
70 ^ 39 u 32 fi 
74 y 42 fi 34.25 fi 
80 fi • 46 fi 34 . o ji/. 

Strong Meinmings solution and strong chrom-acetic solution 
do not alter the protoplast very much in appearance but usually 
cause some shrinkage. 

Merkels fluid was not so satisfactory and it causes the 
kJ 

vacuoles to swell up and the protoplast to enlarge. 
Absolute alcohol causes very considerable contraction of the 

protoplast. 
Distilled water enlarges the vacuoles and causes thera to run 

together by breaking down the separating arms and laminae 
of cytoplasm. Consequently the whole protoplast swells up 

great ly. 
Objection may still be taken to conclusions drawn from a 

study of the living pollen in the plants own juice, the salt Solu¬ 
tions and in egg-white, on account of the possible infLuence 
which the mechanical Operation of teasing out the pollen grains 
may have exerted. 

That mechanical disturbances can affect the living contents 
of these cells is shown by the fact that if tlie pollen grains, in 
e. g. 0,6 % Na CI solution, are covered by a cover glass and the 
pressure due to this is not relieved the protoplast gradually en¬ 
larges and may finally hll the cell-cavity. If, however, the pre- 
caution be taken, of preventing the pressure of the cover glass, 
by a fragment of anther or filter paper or by not covering the 
preparation at all no such change takes place in the protoplast. 

An error from this cause, however, is extremely improbable 
as the pollen grains can be drawn out from the anther without 
actually subjecting them to the touch of an instrument and with 
only very little pressure or friction. This can be done by means 
of the fibrous mucilage which surrounds the pollen grains and 
binds them together in long strings. 

Moreover microtome sections of pollen grains, fixed whilst 
lying untouclied within the anther, show a rough parallel in 
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tlieir measurements with those described for fresli material. I 
will not however, lay great weight on tlie evidence of the 
microtome sections as, in spite of every precaution, I never suc- 
ceeded in entirely avoiding slirinkage of tlie pollen-protoplast 
even wlien all tlie other cells of tlie anther were un-contracted. 
I will add here a comparison between tbe measurements of the 
pollen from a living antlier with. those of microtome sections: 

1. Fresli material of Oenothera Viennis examined in the 
juice squeezed from the anther: 

Pollen grain =74 y, 
„ cavity = 40 y, 
„ protoplast = 30 y. 

2. Sections of anther of about same age fixed in Flem- 
mings solution: 

Pollen grain B72y.70y.70y.70 u, 
„ cavity = 42 y . 40 y . 40 y . 40 y, 
„ protoplast = 26 y . 28 y 24 y . 22 y. 

Düring the whole time that the protoplast is separated from 
the membrane in this way the latter continues to grow both in 
extent and in thickness. We are at present quite in the dark 
regarding the manner in which this growth takes place but a 
very brief theoretical consideration of the subject will be found 
among the conlusions at tlie end of this paper. 

We must now enquire whence is derived the material 
necessary for this growth. 

There are two sources from which the plastic material of 
the membrane might be derived, viz the protoplast of the 
pollen grain itself or the tapetuni. 

That metabolic processes of no mean Order are taking place 
in the former is evident from a study of the changes which 
can be observed in it during this period. 

Starch appears and disappears in the pollen grain in a 
manner wliich shows that carbohydrates are being used up in 
the cell: the cytoplasm continually grows less and less in amount 
whilst a liquid, apparently the direct consequence of the fore- 
going processes, gradually forms in the protoplasm. 

This liquid first occupies small vacuoles in the cytoplasm. 
tliese continue to increase in size and run together (Fig. 24) 
until we find nothing left of the protoplasm but a hollow shell 
consisting of a plasmoderma (HautSchicht) and a nucleus, sur- 
rounded by a trace of granulär cytoplasm (see Fig. 25 which 
gives a rather later stage). The centre of the shell is occupied 
by one enormous vacuole1). 

There is no reason to doubt that this liquid diffuses out 
from the protoplast into the space which is forming between 

p Strasburger in liis work of 1882 already wrote of Gaura biennis. 
„ln meinen Alkobolpräparaten bildet der nach Anlage der AVand erschöpfte 
Inhalt der Pollenzelle nur noch ein unscheinbares Klümpchen“ cf. his 
Pigs. 47. 48 and 49, Tafel YI. 
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itself and the pollen-wall and, in all probability, the latter derives 
the necessary materials for its growth from this source. 

Unfortnnately I could gain no knownledge whatsoever of 
the Chemical natnre of this liquid. 

In the tapetum we can also observe evidences of metabolic 
activity but I can find nothing to show that any of the material 
which is being formed there is leaving the cells, on the con- 
trary there is reason to believe that an accnmulation of sub- 
stance is taking place. 

In the very young pollen grain1) the first wall appears as 
a single homogeneous lamella bnt when the grain has grown 
and measures abont 40 y across we can indistinctly recognise a 
structural differentiation in the outer membrane. 

When the diameter of the pollen grain has increased still 
further (to abont 55 to 60 y) its first membrane can be clearly 
seen to consist of a thin, outer homogeneous layer and an inner 
“rodlet“ layer (Stäbchenschicht or Anschlußlamella2). 

The growth of this membrane recalls Strasb urger 's3) 
description of the first pollen-wall of Älthaea rosea which, at a 
certain stage, was seen to consist of three lamellae: a middle 
“rodlet“ layer (Anschlußlamella) which is bounded peripherally 
by two homogeneous layers. Of these the innermost lamella 
soon ceases to grow and becomes gradually more attenuated 
until it is lost sight of altogether; the two otlier lamella increase 
in thickness and the “rodlets“ can be very clearly studied in 
older stages. A thickening layer is *developed within the first 
pollen membrane of Älthaea. 

In Oenothera the first wall is so thin during its early deve¬ 
lopment that I have not been able to determine whether the 
“rodlet“ layer is ever bounded internally by an inner homogeneous 
lamella; it is certain, however, that by the time the pollen grain 
has reached 55 to 60 y in diameter every trace of it has vanished. 

The first pollen-wall now grows more rapidly in surface 
than the secondary thickening layer beneath it and consequently 
it becomes separated from that layer at all parts and only re- 
mains firmly fixed to the interstitial bodies. The continuation of 
this unequal growth in surface gradually throws the outer wall 
into irregulär and sinuous folds. Both primary and secondary 
layers of the wall have meanwhile undergone a change in their 
Chemical Constitution and have become more or less completely 
cuticularised. The secöndary layer no longer gives a pure violet 
colour with a solution of lodine in potassium iodide but this 
has changed first to a violet - brown and then to a pure brown 
reaction. 

x) This description of the pollen-wall applies both to Oenotli. longiflora 
and to Oen. biennis nnless specially stated to the contrary. The measnre- 
ments more particnlary refer to 0. biennis bnt the dimensions are only very 
slightly, different in O. longiflora. 

2) Strasbnr ger, “Die pflanzlichen Zellhänte“. (Pringsh. Jalirb. f. wiss 
Bot. Bd. XXXI. 1898. p. 551.) 

3) 1. c. p. 555. 
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The interstitial bodies are shut off from the cavitv of the 
kJ 

pollen grain by a well developed closing-disc which consists of 
two parts; an outer dense and homogeneons layer and an inner 
less dense, stratified lamina which is cap-shaped in form with 
the con cavity directed towards the cell cavity. Lying on the 
outer lamina of the closing-disc is an aggregation of granulär 
material which extends some little way np the sides of the 
interstitial body. The cavity of the interstitial body is no longer 
occupied by the mucilaginous deeply staining substance which 
iilled it at an earlier period, bnt it now contains a watery fluid 
which does not readily stain. I believe that the mucilaginous 
material of the young interstitial body has been, to a great 
extent, used up in forming the closing-disc and tliat the granu¬ 
lär substance which lies upon the outer portion of the disc is a 
remnant of the stainable material. (See Fig. 23.) 

In pollen grains which measure between 85 y and 95 y in 
both 0. hiennis and 0. longiflora the protoplast lias become re- 
duced to a liollow sphere or vesicle which has expanded again 
until it is nearly or quite in contact with the cell-wall (Fig. 251. 
At one point upon the protoplasmic vesicle a flattened, ratlier 
dense nucleus can be seen which encloses a nucleolus. A little 
finely granulär cytoplasm surrounds the nucleus but in its other 
parts tlie protoplast appears to be reduced to a plasmoderma 
(Hautschiclit) which surrounds the enormous central vacuole. 
Very soon the nucleus enlarges, becomes round er and less dense 
and passes into the propliases of mitotic division (Fig. 26). 

I liave not followed the details of this division which leads 
to the formation of two distinct cells within the pollen grain: 
the large vegetative cell and tlie small generative cell. The 
latter is limited by a well marked plasmoderma. (Hautschicht) 
(Fig. 27). 

The tapetum now breaks down and its contents cleariy 
furnish the material for the renewed growth of the pollen¬ 
protoplast s. 

In order to understand the nature of tliis material it is 
necessary to consider the changes which take place in the tape¬ 
tum during its earlier development. 

In the very young anthers, before the full number of pri- 
rnary sporogenous cells is established, the tapetal cells contain a 
not very dense cytoplasm which encloses a single nucleus. 

This nucleus, besides small, scattered cliromatin granules, 
contains one to four nucleoli. 

The nuclear membrane colours deeply with iron-haematoxylin 
or with methylene blue-fuchsin mixture. Very rapidly the cyto¬ 
plasm increases in density and the originally single nucleus 
divides into several, as many as eiglit nuclei being not uncommonly 
met with in a cell (Fig. 30 and 31). 

Until ab out the pollen - mother-cell stage the tapetal nuclei 
multiply exclusively by mitotic division but at the mother-cell 
stage nuclear figures occur which are strongly suggestive of 
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fragmentation. AYben tlie special-mother-cells bave been establi- 
slied mitotic divisions are rarely met witb whilst fragmenting 
nuclei occur on eveiy side. Most of tlie tapetal nuclei now 
eontain a single large nucleolus and a very deeply staining 
nuclear wall, besides tliis only a very little finely granulär 
cbromatic material can be seen lying near or upon tlie nnclear 
wall (see n Fig. 44). 

In antliers in wliicli tlie first pollen-wall is jnst making its 
appearance. I liave severgl tinies seen tbe tapetal nuclei in tbe 
propliases of mitosis butlbave never, at tbis period. succeeded 
in finding tlie later stages of division and I believe tbat mitosis 
is no longer completed by tbe nuclei. Xuclei wliicli liave every 
appearance of undergoing fragmentation are, liowever, very 
abundant botb at tbis and at later stages of development 
(Fig. 32. 33. 34. 40. 42) Strasburger1) and later writers, in 
describing tbe tapetum of other plants, bave found mitosis to 
be tbe onlv mode of nuclear division and tbev bebeve tbe con- 

kJ 

stricted nuclei wbicb occur in tbe cells to represent fusion and 
not fragmentation of tbe nuclei. 

In Oenothera it is impossible to imagine tbat karyokinesis 
can be tbe only mode of nuclear multipbcation. 

In tbe first place mitotic divisions are never very frequent 
and it is difficult to account for tbe presence of six or seven 
nuclei in a young tapetal cell tbrougli tben* agency alone, 

Moreover, mitotic figures cannot be found in tbe tapetum 
of Oenothera after tbe appearance of tbe first pollen wall so tbat 
if tbis is tbe onlv mode of division and tbe constricted nuclei. 

c • 

wbicb are common botb at tbis and at subsequent stages, really 
represent fusions it is impossible to see wbence tbe constant 
supply of nuclei comes for tbese repeated fusions and wbicb 
leaves tbe older tapetal cell witli two or tbree nuclei to tbe last. 
Tbe way in wbicb tbese constricted nuclei often bang togetber 
by a narrow neck also favours tbe view tbat tbey are separating 
from one anotlier and are not uniting (see especially Fig. 34). 

Tbe great disparity wbicb after exists in tbe sizes of tbe 
nuclei of a cell is also wbat one would expect witb direct ratber 
tlian witb indirect division (compare sizes of tbe two nuclei in 
Fig. 37). 

For all of tbese reasons I consider tbat most of tbese con¬ 
stricted nuclei represent a fragmentation and not a fusion of nuclei. 

Every constricted nucleus does not. bowever. necessarily 
imply nuclear multipbcation. 

. Tbere is no doubt tbat tbe tapetal nuclei alter tbeir sbape 
and often beeome very irregulär in outline witbout tbis leading 
to a division of tbe nucleus or representing a fusion (see Fig. 36. 37). 
Tbese cbanges in sbape are evidently signs of tbe occurrence of 
an active metabolism in tbe cell and may be compared to tbe 
similar pbenomena wbicb bave been described in tbe secreting 
cells of may an im als. 

kJ 

fi Strasburger, E. ..TeibmgsVorgang d. Zellkerne etc.(Arcli. f. Mikro. 
Anat. Bd. 21. 1832. pp. 574—575.) 
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Tliis continuons nnclear mnltiplication, by botb direct and 
indirect division, must lead to tbe accumulation of a large num- 
ber of nuclei in eacb cell unless an opposite process, reducing 
tbeir number takes place at tbe same time. . 

An glance at a section of an older antber will at once 
sbow tbat no excessive accumulation of nuclei occurs in tbe cell 
and I bave succeeded in bnding clear evidence of a nuclear de- 
generation taking place side by side witb tbe nuclear multipb- 
cation. 

In tliis process tbe nuclear membrane, wbicb stains very 
deeply, becomes ruptm*ed and sliredded out into a group of fibres 
or narrow laminae wbilst tbe nucleolus can also, in many in- 
stances, be seen to resolve itself into a coarse fibre. 

Tliere can be little doubt tbat tlie groups of fibres formed 
in tliis manner correspond to tbe structures wliicb Meves1) bas 
recently described in tbe tapetal cells of Nymphaea alba and 
wbicb be bas compared to tbe cliondromiten of certain animal 
cells. 

It is quite easy, in well fixed material,2) to find all stages 
between a complete nucleus and one tbat is only represented by 
a group of fibres. In Fig. 43, 44 and 45 d and f I bave drawn 
nuclei wbicb are degenerating in tliis way. 

Tliese fibres, of nuclear origen, become gradually more 
numerous in older antbers, as tlie tapetal nuclei continue to di- 
vide and to degenerate, but wlietlier tliey all persist as fibres or 
wbether some of tliein are lost sigbt of in tbe course of furtlier 
cbanges I am unable to say. It is certain, bowever, tbat tbe 
cytoplasm of tbe tapetal cells wbicb are approacbing disintegration 
stains very deeply and tbat it contains a large number of tliese fibres. 

Just before tapetal disintegration tlie wbole contents of tbe 
cell, apart front tbe unaltered nuclei,3) break down into coarse 
granules wbicb stain intensely witb iron-baematoxylin and tliese 
become distributed arnong tbe pollen grains wben tbe cell loses 
its individuality. 

Düring tlie development of tlie antlier starcli appears and 
again disappears in tlie tapetum according to tbe conditions of 
growtli and tliis sbows tbat carbobydrates are being emploved 
in metabolism. 

Tbe conclusion wbicb may be drawn front tbe above facts 
t 

is tbat a large part of tlie material wliicb accumulates in tbe 
tapetal cells during tbeir development and wbicb subsequently 
passes into tlie pollen grains to replenisb tbeir exliausted proto- 
plasts bas at one time or anotlier entered into tbe composition 
of tlie tapetal nuclei und tbat tliere is bere, tberefore, a direct 
relation between nuclear substance and cytoplasmic growtb. 

!) Meves, Fr. „Über das Vorkommen von Mitocliondrien bezw. Clion- 
dromiten in Pflanzenzellen.“ (Bericlite d. Deutsch., bot. Glese]l. XXII 1904. 
pp. 284—286.) 

2) Wor cester’s fluid is by far tlie best fixatine for tliis pnrpose. 
3) AYliicli are two or tliree in number. 
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The comparison which Meves has drawn between these 
deeply staining fibres of the tapetal cytoplasm and the chon- 
dromiten of certain animal cells is of tlie highest interest. 

In a large number of activelv functional cells, belonging to 
the most various tissues of the animal bodv, chromatic structures 
have been fonnd in the cytoplasm und described under the 
names of mitochondrien, chondromiten, pseudochromosomes, yolk- 
nuclei, cliromidien, apparato reticolare etc. 

Gloldschmidt1) has recently found good grounds for grou- 
ping all these structures togetlier and he has shown by direct 
experiment that at least in some cases (e. g. muscle-cells of 
Ascaris lumbricoides) they are directly connected with the functional 
activity of the cell. 

In the tapetum the fibres (or their derivatives) unquestio- 
nablv play a prominent part in the cytoplasmic growth of the 
pollen-protoplasts and no doubt in the animal cell thev are also in 
some way associated with the elaboration of complex organic 
substances.2) In this relation it may be recalled that several 
physiological chemists have pointed out the probability of 
nuclein or one of its constituent molecular groups forming a 
centre or starting point for the synthesis of complex organic 
matters in the living cell. 

The origen and Chemical nature of these chromidial struc¬ 
tures has, however, not yet been satisfactorily determined in all 
cases. In some cells which have been studied by Grold- 
schmidt it is highly probable that they are derived from the 
chromatin of tlie nucleus. 

I have shown above that the fibres in the tapetal cells of 
Genoth era possess a nuclear origen and may be referred to the 
transformation of the nucleoli and nuclear membranes. 

The staining reactions and the behaviour of these nucleoli, 
whilst the nucleus is still intact, show that they are, at least 
partly, composed of chromatin whilst the nuclear wall also seems 
to owe its affinity for nuclear dyes to the deposition of finely 
granulär chromatin upon its inner face or within its sub- 
stance. 

AYe see therefore that the fibres lying in the tapetal cyto¬ 
plasm are to a great extent derived from the chromatin of the 
nucleus and that much of the substance that ultimately passes 
into the pollen grains is a derivative of chromatin. 

The walls of the tapetum, during the greater part of the 
development of the anther are of a somewhat mucilaginous 
nature and can be very distinctly differentiated by raeans of 
an alkaline solution of congo red. In the older anther these 

1) G-oldschmidt, B. „Der Chroniidialapparat lebhaft funktionierender 
Gewebzellen“. (Zoolog. Jakrb. Abt. f. Anat. u. Ontogenie d. Tiere. Bd. XXI. 
1904. p. p. 1—100.) 

2) Tor example note tke relation which Matliews found to exist bet¬ 
ween tlie deeply staining fibres and the Zymogen granules of certain pan- 
creas and fixer cells. (Journ. Morphol. XV. Suppl. 1899.) 
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walls become very thin and at the time wlien tlie tapetnm 
disintegrates tliey become so attenuated tliat at some spots thev 
are apparently interrupted altogether. It is obvious theref'ore 
that tbe tapetal walls offer no great liinderance to tlie passage 
of tlie cell-contents. It is more difficult, however, to understand 
liow tbe tapetal snbstance passes tbrongb tlie tbick, cuticnlarised 
pollen-wall to reacb tlie protoplast. It must evidently do so in 
a state of solution but bow tbe complex material of tlie tapetal 
cells is brougbt into solution can at present only lie guessed at. 
Enzymes are probably tlie effective agents but we at present 
bave no knowledge eitber of tlieir source or nature. 

We left tbe pollen grain at a stage wlien tbe protoplast, in 
tbe form of a liollow sliell, bad enlarged sufficiently to Eli tbe 
cell-cavity once again. At a sliglitly later period tlie genera¬ 
tive cell and tbe vegetative nucleus leave tlieir peripberal Posi¬ 
tion for one in tlie centre of tbe cell cavity wliere tliev are 

u tj 

suspended, togetlier witb more or less cytoplasm, by tbree tbick 
strands of cytoplasm and öfter several smaller ones as well. 
Tbe tbree tbick arms of protoplasm extend to tbe bases of tbe 
tbree interstitial bodies and it is a significant fact tliat tbe intine 
can first be recognised at tbese spots and tliat it bere attains 
its greatest tliickness (Fig. 28 and 29). It is difficult to avoid 
tbe conclusion tliat influences of some kind originate in tbe 
nucleus and pass along tlie tbree arms of cytoplasm to tbose 
.spots at wliicli new cell-wall lamellae are forming but we are 
at present Suite in tbe dark as to tbe nature of tbese in¬ 
fluences. 

In still older pollen-grains, measuring froni 108 to 112 u in 
diameter, tbe intine forms a continuous layer over tbe wliole 
inner face of tlie wall. It is tbick and easilv seen at tbe base 
of eacli interstitial body but it is extremely delicate elsewliere 
and can only be traced as a continuous membrane witb some 
difficulty. 

Tbe intine gives very clearly tbe cbaracteristic reactions of 
a pectic substance but I was not able to demonstrate tbe pre- 
sence of cellulose in it witb any certainly. 

Tbe interstitial bodies contain one or more yellowisli globu- 
les wliicli usually en'tangle an air-bubble in tliem. Tbese globu- 
les appear to be of an oily nature for tliey are blackened by osmic 
acid and tbey are soluble in absolute alcoliol. 

Tbe protoplasm, covered by tbe intine, now bores its way 
tbrougli tlie closing clisc and enters tbe interstitial body wbicli 
it soon entirely fills. I bave followed tliis process most com- 
pletely in tlie case of Gaura Lindheimeri and I will, tlierefore. 
refer to this plant in tlie present description. 

In tlie quite young pollen grain of Gaura tbe interstitial 
bodies are composed of a liomogeneous mucilage wliicb in every 
wa}^ resembles tliat of Oenoihera at a corresponding age. 
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In olcler grains this structureless mncilage becomes distinctly 
laminated. These laminae are very closely arranged at the base 
of the interstitial body and form there a closing disc.1) 

Above the closing disc the laminae are much more loosely 
placed and they often become drawn ont and even broken at 
their middle by the growtli of the interstitial body. At the 
apex of the interstitial body the laminae again are very densely 
arranged. 

The intine forms cpiite a thick pad under each interstitial 
body but is very thin over the rest of the pollen grain. It 
contains both cellnlose and a pectic body in its composition. 
Both substances are distributed equally through the thickness of 
the membrane and there is no differentiation of a pectic layer 
from a cellnlose one. 

When the intine and protoplast are about to penetrate the 
interstitial body we first find that a narrow cleft is bored 
through the middle of the closing disc (Fig. 46). Then a small 
fold of intine can be seen to pass into this slit (Fig. 47) and to 
gradually make its way to the centre of the interstitial body 
where the laminae are thin or quite broken through. Here it 
bulges out into a small, thick-walled sac (Fig. 48 and 49). The 
laminae of the interstitial body are gradually eaten away and 
the intine-sac continues to grow until it lies closely against the 
short teeth which alone remain of the interstitial laminae. 

It is interesting to note that the intine must be of a very 
soft and even mucilaginous nature as it often moulds itself to 
all the irregularities on the wall and “flows“ between the teeth 
which project from the interstitial wall. The opening in the 
closing disc gradually enlarges until the disc is reduced to a 
narrow and dense collar or ring (Fig. 50). 

Tlie mariner in which the closing disc is perforated and 
the substance of the interstitial body slowly eaten away suggests 
the presence of a solvent, probably an enzyme, which is secreted 
by the protoplast and which carries out the work of disinte- 
gration. It is difheult otherwise to explain the appearance of 
a clean cut aperture in the closing disc before the intine grows 
out to force itself a way. Moreover, the slow dissolution of the 
interstitial laminae takes place before the intine cornes into 
contact with them so that they cannot be mechanically broken 
down by the growtli of tliat membrane. 

The mature pollen grain of Oenothera longiflora measures 
between 170 and 180 g across; it is quite hlled by the proto¬ 
plast which is densely crowded with starch. The two layers of 
the exine are again in contact with one another. 

The outer layer is, however, only hrmly attached over the 
interstitial bodies; it consists of an outer, liomogeneous lamella 
which is continuous over the whole pollen grain and the inner 

q So closely are tlie laminae arranged in tlie closing disc tliat tlie 
laminated appearance is often lost sight of altogetlier and tlie disc appears 
granulär. 
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“rodlet“ layer which is interrupted over the apices of the 
interstitial bodies. 

Düring the later growth of the pollen grain the secondary 
thickening layer has not increased in thickness bnt has, on the 
contrary, become stretched and very mnch thinner than it was 
at an earlier stage. (In Fig. 50 the secondary thickening layer 
has been drawn too thick.) 

In Oenothera longiflora all the pollen grains do not reach 
matnrity but a large proportion of them become arrested in their 
development. They all grow to about 90 g in diameter, when 
their protoplast has become reduced to a hollow shell, but after 
that many of them are unable to continue their development 
owing, no doubt, to the tapetal substance being insufficient for 
the recjuirements of all the pollen grains. 

I liave not given any special attention to the germination 
of the pollen grain but I may mention that the intine of 
Epilobium tetragonum which gives the reactions of both Cellu¬ 
lose and pectose, grows out into a tube which is often branched 
at its free end (Hg. 20). 

The mature pollen grains of Oenothera are bound together 
in long strings by bundles of “hbrils“ which lie between and 
round them. These hbrils are developed front the mucilage 
which, on an earlier page, we saw was derived front the disinte- 
gration of the special-mother-cell walls. These „hbrils“ have 
entirely lost all affinity for callose dyes and have become very 
resistant to solvents. Their properties in many respects resentble 
those of cuticularised structures. 

In the species of Epilobium short bands of the cuticularised 
mucilage bind together the pollen grains which, consequently, 
leave the anther in tetrads. 

Summary and coiiclusions. 

1. In the earliest stages of anther development all the cell- 
membranes contain both cellulose and pectose. The walls of 
the sporogenous cells, however, contain less cellulose than the 
other membranes of the anther. In older anthers the sporo¬ 
genous cell-mentbranes give the reactions of a pectic substance 
alone. 

2. The pollen-mother-cell wall consists of pure callose. Tliis 
substance is formed directly as such by the protoplast and there 
can be no possibility, in the present case, of a transformation of 
cellulose into callose. 

3. In the first and second divisions of the pollen-mother- 
cell seven chromosomes occur whilst in the somatic divisions 
fourteen is the approximate number of chromosomes. The 
presence of two nuclei, one large and the other very small, in 
some quite young pollen grains suggests the occurrence of irre- 
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gularities in tlie divisions similar to those described by Juel in 
Hemerocallis fulva. 

4. The first pollen membrane is formed by the direct 
activity of the protoplast and is deposited as a delicate layer of 
pectic material upon the inner face of the special-mother-cell 
wall. Although it originales in the most intimate contact with 
the callose wall it is chemically distinct from this from the very first. 

5. The interstitial bodies originate as specialised areas on 
the first pollen wall. These spots are at first characterised by 
their greater thinness; later a homogeneous mucilage is develo- 
ped at these places. In older pollen grains a portion of this 
mucilage is deposited as a dense closing disc whilst, in Oenothera, 
the rest of the interstitial body is filled with a thin fluid. In 
Gaura more or less solid laminae are deposited throughout the 
interstitial body. 

6. A secondary thickening layer is laid down by the proto¬ 
plast within the first pollen membrane. This layer gives most of 
the pectic reactions but also a very distinct violet colour with a 
strong solution of lodine in potassium iodide. It gives none of 
the usual cellulose reactions. 

7. Both the first pollen wall and the secondary thickening 
layer are firmly attached to the protoplast when they are first 
developed. 

In pollen grains wTiich have reached 40 g in size the proto¬ 
plast is no longer fixed to the wall at any place although it still 
completely fills the cell cavity. 

The pollen grain continues to grow and its walls increase 
both in thickness and in extent. Whilst the pollen grain doubles 
its diameter the cell-cavity increases in size from about 26 g 
to ab out 46 g. The protoplast, liowever, grows far less rapidly 
during this time and its diameter only enlarges from 26 g to 
ab out 34 g. 

In consequence of this inequality in growth the protoplast 
becomes separated from the pollen wall by a space wliicli is 
filled with liquid. 

The conditions seem to be quite similar to those which 
Fitting and others have described in the megaspores of Isoetes 
and Selagin ella. 

In Oenothera also, as in the megaspores, the growth of the 
layers of the wall is not equally rapid and the first pollen wall 
becomes separated from' the secondary thickening layer and is 
thrown into folds upon its surface. 

• These observations show tliat during the period of most 
active growth of the membrane (both in surface and in thick¬ 
ness) the protoplast is completely separated from it and we 
must conclude either that the growth of a cell-wall is a purely 
physical process or that the living protoplast can exert its in- 
fluence across a space filled with liquid. 

I may add here that, although the growth of a membrane 
whilst this is separated from the protoplast by an actual space 

Beihefte Bot. Centralbh Bd. XIX. Abt. I. Heft 2. 21 
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Das only been found to occur in tlie few isolated cases mentio- 
ned above, otlier less extreme instances belonging to the same 
category of phenomena are not unknown. Wherever ve Und 
that a new lamella is interpolated between the protoplast and 
an older lamella and the latter still continues to grow in thick- 
ness or in snrface it does so whilst it is neither in union or in 
contact with the living element of the cell. 

Meanwliile changes are taking place in the protoplast and 
we find that a fluid is forming in the cytoplasm, partly at the 
expense of carbohydrates which have reached it fromwithout 
and partly at the expense of the cytoplasm itself. This flnid is 
forraed in vacuoles which gradually run together until the proto¬ 
plast is reduced to a liollow sphere enclosing a single, large, 
central vacnole. We have reason to believe that this fluid dif¬ 
fuses out from the protoplast and furnishes material for the 
growth of the pollen-membrane. 

The three most important features in the formation and 
development of the layers of the pollen wall may, therefore, be 
summarised as follows: 

I. Both the primary pollen wall and the secondary thickening 
layer originate in intimate connection with the plasmoderma 
(Hautschicht). 

TT. The greater portion of the subsequent growth of both 
these membranes takes place by intussusception whilst they 
are completely separated from the protoplast, 

III. The material required for the growth of the membranes 
is derived from the tecretory activity of the pollen-proto- 

plast. 
We can at present only vaguely guess at the most pro¬ 

bable way in which the growth of these membranes takes place. 
There are some facts, such as Ambronn's work1) upon 

the optical properties of the cuticulariced walls, whicli indicate 
that the cell-wall may be underlaid by a crystalline structure 
and it is possible that when the membrane is first formed the 
protoplast* (to which it is then firmly fixed) determines the 
character and the arrangement of these crystals. 

The later growth of the membrane, even after it has become 
separated from the living element of the cell, may be considered 
to take place in a manner which depends upon the nature and 
relative positions of its crystalline components. 

8. After the pollen protoplast has become almost com¬ 
pletely exhausted by its secretory activity its substance is once 
rnore repenished by the material derived from the disintegration 
of the tapetum. 

The very young tapetum contains a ratlier scanty cytoplasm 
and only a single nucleus. Later the tapetal cells are furnished 
with a denser cytoplasm and nuclei which may vary in nuniber 
from one to eight. Until the end of the special-mother-cell 

i) Ambronn, H. Ber. d. Deutsch., bot. Gesell. 1888. p. 226. 

© Biodiversity Heritage Library, http://www.biodiversitylibrary.org/; www.zobodat.at



Beer, Development of tlie pollen grain and anther of some Onagraceae. 311 

stage botli mitotic and amitotic divisions of the nuclei take 
place but in older antliers tlie tapetal nuclei divide exclusively 
by amitosis. Side by side with this continuous multiplication of 
nuclei a nuclear degeneration can be observed in which the 
nuclear membrane and nucleolus are resolved into a group of 
deeply staining hbres or narrow laminae. 

These üb res are no doubt identical with those observed by 
Meves in the tapetum of Nympliaea alba. These hbres have 
been compared by Meves to the chromidial structures found in 
certain animal cells and this comparison has a great interest in 
the light of G-oldschmidt's recent work. 

The hbres in the tapetum of Oenothera are found to be to 
a large extent derivatives of the chromatin of the nucleus and 
tliey increase in number as the cell advances in age and its 
nuclei continue to divide (fragment) and to break down. 

The interesting conclusion is, therefore, reached that a large 
portion of the material which replenishes the exhausted pollen¬ 
protoplast has at one time or another entered into the cornpo- 
sition of a tapetal nucleus. 

9. The hitine is a continuous membrane lining the entire 
inner surface of the pollen grain. It first appears and reaches 
its greatest development at the bases of the three interstitial 
bodies whilst over the rpst of the pollen grain it extends as an 
exceedingly delicate layer. _ Düring the development of the 
intine three thick strands of cytoplasm connect the centrally 
placed nucleus with the :spots beneath the interstitial bodies 
where tlie membrane is growing most vigoouslv. In Oenothera 
the intine gives the reactions of a pectic body but httle or no 
cellulose can be detected in it. In Gaura Lindheimeri and Epi- 
lobium tetragonum both pectic bodies and cellulose occur in the intine. 

10. The Perforation of the closing disc of the interstitial 
bodv and the disintegration of tlie laminae of that body liave 
been most closely followed in the pollen grains of Gaura Lind¬ 
heimeri. The closing disc is perforated and the interstitial 
laminae are ueaten away“ in advance of the growing intine in 
a manner which suggests the action of a solvent, probably an 
enzyme. 

11. In Oenothera longiflora, even when growing under the 
most favourable conditions, many of the pollen grains becoine 
arrested in their development. They all seem to advance until 
their protoplast is completely exhausted by secretion but the 
tapetal material is insufficient to allow all of them to carry their 
development further. 

12. The mature pollen grains are surrounded and bound 
together by “fibrils“ which are derived from the special-mother- 
cell wall. When the special-mother-cell wall breaks down it 
forms at first a structureless mucilage which no longer gives 
any of the reactions of callose. Later this mucilage becomes 
drawn out into “fibrils“ and these are very resistant to solvents. 

Rudolf Beer. 

21* 
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Big. 1. 

Big. 2,3 and 4. 

Big. 5—7. 

Big. 8 and 9. 

Big. 10 and 11. 

Big. 12 and 13. 

Big. 14. 

Big. 15 and 16. 

Big. 17. 

Big. 18. 
Big. 19. 

Big. 20. 
Big. 21 and 22. 

Big. 23. 

Big. 24. 

Big. 25. 

Big. 26. 

Big. 27. 

Big. 28. 

Big. 29. 

Big. 30. 

Big. 31. 
Big. 32—34. 

Big. 35-39. 

Big. 40-42. 

Explanation of Plates 3, 4 and 5. 
Lateral intercellular passage of antlier of 0. biennis in wbicb 
tlie walls bordering upon tlie space have become tbickened and 
cuticularised. Antlier at stage of special-motber-cells. 
Snccessive stages in tbe development of stoma upon antlier of 
0. longiflora. 
Division of pollen-motlier-cell sbowing seven cbromosomes in 
0. longiflora. 
Later stage of division of same. All material from wbicb 
Big. 5—9 were drawn was fixed witli medium chrom-acetic 

mixture. 
Special-motber-cells soon after completion of division. Oenothera 
biennis. 
Special-motber-cells later stage to sbow differentiation of tbe 
first-formed septa from tbe later-formed layers of tbe wall. 
Big. 12 examined in clilor-zinc-iodine solution to wbicb a little 
pliosplioric-iodine solution bad been added. Big. 13 examined 
in corallin soda solution 0. biennis. 
Bapbide-sac of antlier of 0. biennis. Strong Blemming's sol. 
and Heidenbain's liaematoxylin. 
Young pollen grain of 0. biennis immediatly after formation of 
first pollen-wall strong Blemming’s sol. 
Sliglitly older pollen-grain of 0. biennis. Interstitial bodies 

formed. 
Similar pollen-grain to tliat in Big. 17 but witli two nuclei. 
Pollen grain of 0. biennis measuring 40 g in diameter. Living 
material examined in .6% Ya CI solution. 
Branclied end,of pollen-tube of Epilobium tetragonum. 
Abnormal pollen grains of 0. biennis witb two and one inter¬ 
stitial body respectively. Examined in . 6 % Ya CI solution. 
Pollen grain of 0. biennis 45 g across Blemming's solution 
metbylene blue and fucbsin. 
Pollen grain 0. longiflora 70 g across. Living material exa¬ 
mined in . 75 °/o Ya CI solution. 
Section of pollen grain of 0. biennis measuring about 86 u 
across tbe entne grain to sbow protoplast at end of tbe 
period of secretory activity and wlien it bas expanded until 
it nearlv fills tbe cell-cavitv Blemming's sol. Heidenbain's 
liaematoxybn and bismarck brown. 
Similar pollen grain to Big. 25 nucleus sbowing first stage of 

mitosis. 
Section of pollen grain of 0. biennis measuring about 86 g 
across sbowing vegetative and generative (g) cells. Blemming's 
sol. Heidenliein’s baematoxylin and bismarck brown. 
Pollen grain of 0. biennis measuring 150 g across to sbow 
tbe tliree arms of protoplasm extending to tbe bases of tbe 
tbree interstitial bodies wliere tbe intine was just beginning 
to be formed. Living material examined in . 60 o Ya CI 

solution. 
Pollen grain 0. longiflora to sbow tbe tbree arms of cyto- 
plasm. Bixed witb Worcester’s fluid. Metbylene blue and 
fucbsin stain. 
Tapetal cell of 0. longiflora witb 8 nuclei. Strong Blemming 
sol. Metbylene blue and fucbsin preceded by crocein stain. 
Tapetal cell of 0. longiflora witb 6 nuclei. 
Tapetal cells of 0. biennis to sbow direct division of nucleus. 
Strong Blemming's solution. 
Tapetal cells to sbow constricted and irregulär nuclei some 
of wbicb may be stages of direct division to otliers no sucli 

significance attacbes. 
Tapetal cells from somewliat older antbers in wbicb pollen 
grains measure from 60 to 95 g across. To sbow constricted nuclei. 
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Fig. 43—45. 

Fig. 46—49. 

Fig. 50. 

Fig. 51 and52. 

Tapetal cells of 0. longiflora to skow ckromidial fibres (f), 
degenerating nnclei (d) and intact nnclei (n). Worcesters 
fluid; metkylene blue and fucksin. 
Interstitial bodies of pollen grain of Gciura Lindheimeri 
sliowing successive stages in its Perforation and dissolution 
by tke advancing intine Fig. 46—48 examined in cklor-zinc- 
iodine solution Fig. 49 stained witb bismarck brown. All 
fixed with Flemming's solution. 
Interstitial body of mature pollen grain of 0. longiflora. Medium 
ckrom-acetic. Bismarck brown. 
Disintegration of special-motker-cell-wall. Oen. biennis strong 
Flemming. To skow tke first-formed lamellae of tke wall 
still left intact whilst tke later-formed layers kave completely, 
broken down. Fig. 51 congo red stain. Fig. 52 corallin soda. 
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