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Introduction 

The vast quantities of starch filling the pollen grains and 
tubes of conifer pollen have in the Course of time been 
the subject of numerous investigations and discussions, 
but tangible results are few. The reason for the meagre 
results is that the starch, although of paramount importance 
for pollen development and fecundation and thus deserv- 
ing an  intense research, in itself forms an almost im- 
penetrable obstacle to the exploration of the interior of 
pollen grains and tubes. 

The general assumption has always been that the masses 
of starch consist of loose starch grains, which during ger- 
mination wander from pollen grain to pollen tube. The 
present investigation has, however, clearly documented, 
that this is not the case; on the contrary it appears, that 
each starch unit is contained in a fixed starch-compart- 
ment, built into the cytoplasmic mantles of pollen grains 
and tubes. 

I t  seemed probable that if the starch could be removed 
at the most interesting stages of development, the way 
would be Open for inspection of the interior of pollen grain 
and tube. So far  this expectation has, however, been only 
partly fulfilled because the walls of the starch-compart- 
ments remained after dissolution of the starch, but further 
research and the improved technique will no doubt improve 
the results. 

This new conception of the starch problem will no doubt 
accelerate the research in this field and the more so on 
account of the new and much improved method for pollen 
germination, worked out during this investigation and in 
viability tests and described under "Materials and Meth- 
ods", which enables the investigator to produce, relatively 
easily, the large quantities of germinated pollen, needed for 
the work, be it further investigation of structure and con- 
nections of the starch-compartments or further attempts 
to reduce or remove the starch and find out how the starch 
mechanism works. 

The main points of the investigation is outlined in the 
following. 

Terminology 

Generally the terminalogy used in (2) is followed in this 
work, but where new-found Organs are involved we had 
to use provisional terms. The term "starch-compartment" 
was suggested by Professor, Dr. TH. BOECHER of the Insti- 
tute of Plant Anatomy, University of Copenhagen. 

Starch-Compartments 

In order to be able to examine the interior of pollen and 
tubes obscured by the masses of starch, we tried - in 
cooperation with U. KAUFMANN - by means of treatment 
with a- and ß-amylases to decompose, or at  least reduce, 
the starch, and we succeeded in so far that the starch was 
dissolved (controlled by iodine reaction), but the walls of 
the starch-compartments in the cytoplasmic mantles re- 
mained and still obscured the interior of pollen grains and 
tubes. Although the removal of the starch did not entirely 
solve the problem of visibility of the interior of pollen 

grains and tubes, it considerably increased the visibility 
and made it possible to See several of the cytoplasmic 
mantles. 

During the attempts to solve these problems it became 
evident, that the starch-units were not, as hitherto as- 
sumed, loose grains, but complicated built-in starch-com- 
partments mutually connected by tubuli and normally 
occupying and filling each of the cytoplasmic mantles of 
the pollen grain of Pinus and Picea, cf. (2), forming a 
compact, opaque layer (fig. 7). Fig. 5 shows an enlargement 
of a torn off piece of the pollen grain cytoplasm of Picea, 
marked "du in fig. 3, with large starch-compartments. One 
of the compartments with connections to the adjoining 
compartments is in focus. 

The starch-compartments are formed before dehiscence, 
no doubt at  (or before) the tetrad stage. In the outer cyto- 
plasm of the mature pollen grain of Picea abies the dimen- 
sions of the compartments are approximately: diameter 
5-6p, height about 2p; in Pinus the diameter is about 
8p. The shape of the compartments is often hexagonal, the 
surface of the layer resembling a honeycomb (fig. 1 and 7). 
The starch-compartments of the cytoplasmic nuclear 
mantles are smaller than those of the pollen grain mantle 
and gradually decreasing in size, the compartments of the 
innermost nuclear mantle being barely visible in phase 
contrast (figs. 1, 3 and 6).  

I t  is interesting to note, that the smaller the pollen grain 
of the investigated species, the larger their starch-com- 
partments of the pollen grain mantle seem to be, and there 
is some evidence that Cryptomeria japonica, by a pollen 
diameter of only 30p, has starch-compartments not far 
from the size of those in the pollen grain of Pinus (pollen 
diam. about 45p). 

When a pollen grain has germinated on artificial sub- 
strate, the volume of grain and tube (and consequently of 
the inner diameter of the latter) are often considerably 
increased. Now, if the tube is normal, only the unbroken 
layer of starch-compartments is Seen, totally obscuring the 
interior. Fig. 7 shows an apparently normal pollen grain 
and tube of Pinus, germinated in a "horizontal drop" of 
medium "H" (see "Material and methods"). The layer of 
starch-compartments of the pollen grain-~ytoplasm and of 
the tube seems complete and it totally obscures the interior. 
The size of the compartments in pollen and tube is ap- 
proximately the Same, and this is well in accordance with 
the assumption that the pollen tube of Pinus, like that of 
Picea, cf. (2), is a bulge of the cytoplasms of the pollen 
grain. 

If, however, the layer of starch-compartments is de- 
fective (and no inner layers present), with patches of com- 
partments missing (a frequent occurrence in our climate), 
it is aften possible to study, through the transparent spaces 
of the upper tube wall, both outside of the layer near the 
upper tube wall, and the inside of this layer near the 
nethermost wall. Fig. 4 shows a piece of a defective pollen- 
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