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In  1962 we observed during the germination of pollen that 
P i n u s  e d u l i s  produced pollen grains of various sizes. There 
were two concrescented, round, four concrescented and 
other forms of pollen grains (F ig .  1). These pollen grains 
seemed to be non-viable during germination on 1 percent 
agar and distilleld water. However when verifying the 
viability of the abnormal pollen grains by 'determining th? 
hydrogenase activity (CIIIRA, 1963), we olbserved that the 
pollen was alive. 

We gave furtlher attention to these abnormalities during 
the years 1963-1964. We were especially interested in the 
reasons for the deformations, how they originate, to what 
extent these pollen grains are viable and what the main 
differentes are between the normal and abnormal grains. 

Fig .  I .  - Pollen grains of Pinus edulis with haploid, diploid, and 
tetraploid number of c h r o ~ s o m e s .  

Material and Methods 

To find out when anld under what conditions the various 
irregularities in pollen grains of P i n u s  e d u l i s  originate, we 
followed in detail the development of the pollen from the 
establishment of the archesporial tissue to the release of 
pollen from the anthers. This was followed by rapid as well 
as  classical methods, controlling tlhe changes of Pollen 
Mother Cells (PMCs) during meiosis two or three times 
within twentyfour hours. For the observation we used 300 
developing PMCs. The temperatures are given on the graph 
(F ig .  25). 

For pollen germination a different system was used to 
that applied for other pine species. We ihad to do this, be- 
cause the methold of establishing the degree of dehydration 
of the pollen of P i n u s  e d u l i s  does not permit observations 
on the growth of the pollen tube. Therefore we tested other 
treatments to assess the activity anld influence of those 
pollen grains with more than the haploid number of chro- 
mosomes on the growth of bhe pollen tubes. We therefore 
tested various concentrations of agar with saccharose, 
glucose, ribose, galactose, arabinose, fructose, betaindolyl, 
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butyric acid, nicotinic acid, boric acid and gibberelline. Of 
these media only one was suitable for the growth of the pol- 
len tube of P. e d u l i s  and this consisted of 1 percent agar t 
2 percent of saccharose and 0.01 percent boric acild. It 
proveld possible to germinate the pollen of this species on 
such a medium a t  a relative humidity of 96 percent and a 
temperature of 30" C. ( F i g .  24). 

To determine tlhe vitality of such pollen after one year's 
storage, we stored it under the most suitable conditions 
determined by experiments. After one year's storage the 
viability of the pollen was good. 

Results 

This study of the development of pollen in P i n u s  e d u l i s  
revealed a number of interesting facts. During the division 
of cells in the archesporial cells it was not possible to find 
any deviations from the normal division of cells. At tem- 
peratures above +5O C the cells continued to divide. Lower 
temperatures stopped the ldivision of cells. At temperatures 
higher than 10 to 15O C it was possilble to observe a gradual 
differentiation of cells in the archesporial tissue. These tem- 
peratures after 3 to 4 ldays resulted in larger sizes of the 
PMCs. and after 5 to 6 days they took on a round ball shape 
( F i g .  2). After this differentiation it was possible to observe 
the initial prophase, which also passed normally as in other 
pine species ( F i g .  4). From tlhe total number of PMCs. about 
20 percent of them when forming bivalents and chiasmata 
achived a more compact shape. They showed no spiraliza- 
tion and the chiasmata originated at the ends of the homolo- 
gous chromosomes. In  some cases it was possible to observe 
fragments of single bivalents ( F i g .  3). From such PMCs., 
damageld by low temperatures of 2 to 4O C during prophase 
and a t  otlher developmental stages during the telophase I ,  
PMCs. with four abnormal nuclei of various irregular sizes 
originated. They originated from the above-mentioned 
single bivalents (F ig .  5, 6, u n d  7). After the formation of the 
dyad such PMCs. did not continue to divide (F ig .  6). I t  was 
possible to observe in their further development the formci- 
tion of the exine and intine of the pollen body. In  this way 
the ldeveloped pollen grains were of conspicuously different 
sizes when compared with normal grains (F igs .  1, 13, und 
14). In  some cases the formation of dyads did not take place 
(F ig .  5). Similarly it was possible to establish the origin 
of chromosome bridges during metaphase I1 and telophase 
I1 (F igs .  15 u n d  16). During the testing of the pollen grains 
developed in this way, and especially by establishing the 
viability of pollen by special methods, it was possible to 
say, that they are not viable. Such PMCs. as we observed 
had been exposed during these stages for about 4 hours 
to low temperatures of + 3O C (see Fig .  25). 

The Same stages, being exposeld at their later development 
to a temperature of 3O C for a shorter period of 2 to 3 hours 
were not ldamaged. Unlder such conditions the PMCs. from 
the metaphase I and anaphase I produced dyads with a 
partition (F ig .  12). For comparison we give a normal dyad 
( F i g .  11). The PMCs. with a partition idid not pass to the 
metaphase 11. From such dyalds, after the origin of two 
independent cells, rounded pollen grains with a ring form 












