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Introduction 

The Progress of a tree improvement Programme depends 
upon a plentiful supply of viable seed from controlled cros- 
Ses and wind pollinations. In Britain low yields of viable 
seed from controlled crosses on Scots pine grafts have been 
causing concern because the low yields slow down the 
establishment of progeny trials from test crosses and in- 
crease the cost of the work. The investigations discussed 
in this are the first stages of a study designed to measure 
the variation in seed and cone yield of Scots pine grafts, to 
determine the factors affecting this yield and, if possible, 
to suggest methods of raising the levels of cone and seed 
production. Methods of increasing the production of male 
and female primordia are not included in the study. 

The final cone and seed yields from controlled crosses 
may be influenced by breakdown of any one of the proces- 
Ses of pollination, pollen grain germination, pollen tube 
growth, fertilization and embryo development. A further 
loss of seed is occasioned by premature abscission of the 
cones from the tree. 

Losses a t  Pollination: 

Seed yield is reduced if insufficient pollen is applied to 
the female strobilus. Unpollinated ovules degenerate dur- 
ing the first growing season and only the wings continue 
to develop (MCWILLIAN, 1959; SARVAS, 1962). In addition, it 
has been demonstrated (SARVAS, 1962) that in the wind- 
pollination of Scots pine there is a negative correlation 
between the abscission of coneletsl) in the first growing 
season and the density of the pollen cloud. I t  appears that 
a threshhold value is reached at  about twenty per cent 
conelet loss, when further increase in the density of the 
pollen cloud has no effect. I t  may be that beyond this 
threshhold value for pollen density, factors such as lack of 
synchronous development of male and female strobili re- 
sults in inadequate pollination of a certain proportion of 
ovules, but it is also possible that factors unconnected with 
pollen supply are operating to bring about the abscission 
of conelets. 

For maximum yield of seed the female strobili must be 
pollinated when fully receptive to pollen, that is, when the 
axis of the strobilus is fully elongated and the ovuliferous 
scales are separated from each other. This stage was defin- 
ed by EHRENBERG and SIMAK (1957) who also demonstrated 
that reduced seed yield and increased cone loss were as- 
sociated with the pollination of immature female strobili. 

Female strobili are frequently damaged by handling 
when being isolated or pollinated, or by abrasion against 
the sides of isolation bags during windy periods. I t  has been 
observed in Britain that such damage, especially a t  an 

l )  Strobilus and cone are synonomous terms but in this paper the 
word "strobilus" will be used to refer to the young fleshy condi- 
tion before and just after pollination. The word "conelet" will 
be used to describe the stages following pollination to the start 
of the second growing season, when the ovuliferous scales become 
woody and "cone" will be used to describe the stage of growth 
from the beginning of the second growing season until the time 
of harvest. 

early stage in conelet development, is associated with 
increased cone loss. 

Losses related to Pollen viability: 

The pollen chamber of the ovule of Scots pine may con- 
tain up to five or more pollen grains depending upon the 
density of the pollen cloud and the size of the pollen 
chamber. When pollen viability is low seed production will 
be critically affected when the number of pollen grains per 
pollen chamber is small or the number of archegonia per 
ovule is low. It is normal practice in Britain to use one- 
year-old pollen dried after collection and stored at a low 
temperature (WORSELY, 1959). I t  is therefore important to 
know the effect of storage on pollen. Unfortunately, none 
of the methods of testing pollen in vitro indicate precisely 
its fertilising ability. Germination counts from in vitro 
tests are not related to seed yields (EHRENBERG, 1960; STANLEY, 
1962; LIVINGSTON and CHING, 1967). Chemical tests of re- 
spiratory activity (OWEZARZAK, 1952; COOK and STANLEY, 1966) 
do not appear to be more reliable than germination tests 
in predicting seed yields. 

Losses a t  Fertilisation und embryo developrnent: 

Empty seed and seed of low viability are examples of the 
reduction in seed potential caused by breakdown in 
embryogeny. This aspect of seed yield has been extensively 
studied and efforts have been made to quantify and trace 
the origin of these developmental failures. SIMAK and 
GUSTAFSSON (1953 a and b) developed an X-ray technique 
for the non-destructive radiographic examination of the 
embryo and endosperm. These authors and others (MULLER- 
OLSEN and SIMAK 1954) defined five embryo and two 
endosperm classes. Class 0 seed had no endosperm or 
embryo; Class I had endosperm but no embryo; Class I1 
had endosperm and one or more small embryos no larger 
than one half the length of the embryo cavity; Class I11 
seed had endosperm and one embryo, one-half to one-third 
the length of the cavity and Class IV seeds were fully 
formed. The two endosperm classes were A- where the 
endosperm fills the seed cavity and absorbs X-ray wells and 
B - where the endosperm is incompletely developed, 
shrunken and deformed. 

DOGRA (1967) has shown by a microscopic study of Scots 
pine seeds that the seed classes defined above are not 
related to any particular stage in embryo breakdown. The 
embryological situation in any one class of seed is, in fact, 
very difficult to ascertain from rediographs. In general, 
DOGRA found that Class 0 seeds do contain endosperm re- 
mains and 10 to 50 per cent contain remains of embryos. 
The stage of endosperm development, however, in somc 
seeds lacking embryos indicated that they did have embryos 
at  first and that degeneration occurred at  the pro-embryo 
stage. DOCRA also found that seed classes 0 and I result 
from degeneration of endosperrn andlor embryo from pre- 
pollination to the early stages of late embryogeny. Class I1 
seeds are the consequences of inhibition of development 
during late embryogeny and the stage of Organ differen- 
























