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grafts

The generative development of pine seedlings has often been descri-
bed and this literature was reviewed in a separate paper (Giertych
1967). One could expect that the sexual development of a graft (a plant
that arrose from the grafting of a scion from a mature tree onto a ju-
venile stock) will be somewhat different than that of a seedling, since
from the very beginning the part of the graft that we are interested in
is physiologically mature. Many of the studies on the physiology of re-
production in various species of pine have been conducted on grafts (Ano-
nym 1963, Barnes and Bingham 1963, Chiba 1965 Faulkner
1966, Hermann 1951, Hirov 1964, Matthews 1963, Melchior
1962, Melchior and Heitmuller 1961, Nilsson 1955 Van
Buijtenen and Brown 1962, Van Hoverbeke and Barber
1961) since this problem is of importance from the economic point of
view. It is expected that in a short time forest seed production will be
based primarily on seed orchards. For this reason the practical interest
of man in the problem of pine flowering will center primarily on the stro-
bile production by grafts. So far not many papers have been published
dealing with the question of the development of generative potential of
pine grafts (Wright 1964). This development will depend on the;
1° stage of physiological development of the mother tree and of the part
of its crown from which scions have been collected, 2° the degree of
scion rejuvenation as a result of the change of its position in the crown
(from a lateral branch to the graft apex) and a change of the intensity
and type of nutrition, 3° the effect of the juvenile root sytem of the stock
on the physiologically mature crown of the graft, and 4° the health of the
graft, which will depend on the quality of the union between scion and
stock and on the physiological compatibility of the two.

It is generally assumed that the sexual development of a graft is quic-
ker than that of a seedling, since the scion after grafting does not un-
dergo complete rejuvenation. For example one does not observe in pine
grafts a return to the stage of primary leaves development. On the other
hand in pines where the natural sexual development is quick, as for
example in P. pinaster Ait. the formation of male strobiles on the grafts
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takes place later than on seedlings from seeds sown at the same time as
the grafts were made (11l y 1967). This is because the grafting procedure
inhibits for a certain time the development of a shoot. Conversly, when
a juvenile seedling of P. montana Mill is grafted onto a Picea abies (L.)
Karst stock this has led to a hastening of the male strobile formation, al-
ready in the 16th month from the germination of the seed (Hermann
1951). Seedlings of several pine species when grafted onto a mature Pinus
ponderosa Laws. tree have promptly developed male strobiles (Mirov
1951). A similar phenomenon has been observed by Jablokov (1962) in
the USSR where seedlings of Pinus koraiensis Sieb. et Zucc. grafted on
six year old stocks of Pinus silvestris L. produced male strobiles after
3 years whereas eight year old seedlings were still barren. Thus an older
stock or one that is of a different species can cause a hastening of the
sexual development of the scion from a seedling in comparison with the
seedlings growing freely.

Most commonly however we are dealing with a physiologicaly mature
scion from a plus tree, grafted onto a young stock of the same species.
Under such conditions we observe that the graft yields strobiles earlier
than the seedling, though later than a shoot analogous to the scion but
not severed off from the mature tree. In Pinus resinosa Ait., where seed-
lings reach reproductive maturity very late in life already after 10 years
97% of grafts have had female strobiles (Lester 1964). Similarity in
P. elliottii Engelm. grafts produce strobiles earlier than seedlings (God-
dard 1964). In P. silvestris L. where seedlings reach reproductive matu-
rity relatively early (at 4 to 8 years) there are no major differences in
this respect between seedlings and grafts however no information about
sexual development of pine grafts has as yet been published. On the other
hand it has been pointed out that mass strobile formation that could be
considered as being of economic importance is to be observed on pine
grafts about 25 years earlier than on seedling plantations. This obser-
vation is however confounded by the planting distance, since grafts are
usually planted at a wide spacing that creates much more favourable
conditions for strobile development than is the case in pine plantations
(Wright 1964). A closer look at the progress of sexual development in
pine grafts is also needed because of the often observed lack of pollen
produced by seed orchards in sufficient quantites to pollinate all the ava-
ilable female strobiles (LlUcke 1962, Lester 1964).

In the present study an attempt has been made to follow the sexual
development of pine grafts from the point of view of the effects that
the following factors might have on this development; 1° position in the
crown of the mother tree from which scions have been collected, 2° po-
sition of the scion on the stock and 3° the fertilization of the grafts with
ammonium nitrate.
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In the crown of a mature tree some regions (fig. 1) and shoots of
a certain type (fig. 2) bear male strobiles while others bear female ones.
From the point of view of sexual development of a graft the physiologi-
cal predisposition of a scion cannot be without consequence, for this

Fig. 1. Position of male and female Fig. 2. Two types of scions. Left,
strobiles in the crown of a pine tree a “male” scion from the “male” zone
growing in a stand A and growing of the tree crown and right, a “fe-

free B. (after Musketnik 1960) male” scion from the “female” zone

of the tree crown (see fig. 1)

reason it was considered of interest to compare the development of
»male” and ,female” shoots after grafting them onto juvenile stocks.
As regards the sucess of grafting Band (1954) has already shown that
shoots from the female part of the crown, even those with conelets, are
the best ones to use as scions.

If the development of strobiles is dependent on the distribution of
nutritive or hormonal substances within the crown of a tree this should
also be reflected in the graft depending on the position that a scion will
have on the stock. This is also connected with the change in growth in-
tensity of the scion as a result of its transfer from a side branch onto the
graft apex or from a leading shoot onto a lateral position on the graft.
This aspect was also considered in the present study.

To what extent the process of sexual development is affected my mi-
neral nutrition can be studied by treating with fertilizers. Nitrogen fer-
tilization has been employed since the effect of this element on the
sexuality of plants is best documented (Kamieniska 1967). It leads to-
wards feminization, which was demonstrated also in pines (Giertych
1966, Giertych and Forward 1966, Holst 1961, Sweet and
Will 1965).



74

MATERIALS AND METHODS

For the experiment scions have been used from one mature pine tree
about 150 years odd, felled on 11th of September 1963 in the experimen-
tal forest Zwierzyniec of the Institute of Dendrology and Kornik Arbore-
tum of the Polish Academy of Sciences. Two types of scions have been
collected; 1° referred to in this paper as ,,male” from the inner part of
the crown, growing poorly and with scars from old male strobiles, and
2° referred to as ,,female” from strong shoots at branch tips (fig. 2). Ma-
terial collected in this way is genetically uniform but differs in the phy-
siological predisposition of the scions.

The grafting was performed from the 12th to the 16th of September
1963 on two-year-old stocks, as far as possible uniform in size. These
were grown from seeds obtained from the seed extraction plant in Nu-
rzec (Bialystok Forest Region). Side grafts were made throughout, but
some of the scions were positioned near the top of stock axis (,,high”) and
others near the base of the stock axis (,,low”). After the ,,high” grafting
in the further nursering of the graft note was taken to maintain the scion
as the leading shoot and main crown of the graft, and the (branches of the
stock have been trimmed keeping them in the low part of the graft, but
they were not removed altogether. After the ,low” grafting the shoots of
the stock have been trimmed only slightly in order to maintain the scion
in the lower position smothered by the branches of the stock.

The third experimental variant was the fertilizer treatment. Half of
the grafts have been supplied with an ammonium nitrate fertilizer
(21% of nitrogen) at a rate of 200 g of the fertilizer per 1 m2 of soil ar-
round the grafts. The treatment was applied twice onto the same soil, on
the 20th of September 1963 and on the 10th of June 1966. In figs. 5, 8,
11, 14, 17, and 21 this is indicated by black triangles. The fertilization in
1966 just preceded the period of strobile initiation.

The experiment was lied out 'in an orthogonal design with two repli-
cates. It contains 8 experimental variants (2 types of scions x 2 grafting
positions x 2 soil fertility levels) replicated twice which gave 16 blocks
that have been distributed randomly in the nursery. In each block there
were 50 scions grafted.

The results of the grafting under these experimental conditions have
been reported upon in a paper on grafting methods (Giertych and
Przybylski 1965). In May of the years 1964, 1965, 1966, 1967 and
1968 the number male and female strobiles and the number of live shoots
on each ramet have been recorded. All the resuitis have been subjected
to an analysis of variance. Before the statistical analyses all the results
that were in the form of binomial proportions have been transformed
with the help of the Freeman-Tukey tables into agular values (Moste-
ller and Youtz 1961). Below only statistically significant results are
reported.
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RESULTS

SEEDLING MORTALITY

The percentage values presented in figs 3, 4 and 5 for the year 1964
inform about the grafting success which has been already reported upon
(Giertych i Przybylski 1965). As can be seen from this data
already from the onset of the experiment different numbers of grafts
have been available in the individual experimental blocks, and therefore
all other observations had to be referred to the number of living grafts
present each year in the particular block.

Fig. 3. Effect of scion type on the Fig. 4. Effect of grafting position on
survival of ramets (as percentage of the survival of ramets (as percentage
those alive the previous year) of those alive the previous year)

Comparing the ramets from various parts of the crown (fig. 3) it has
been confirmed that ,,male” scions gave fewer successful unions than
~female” ones (Bano 1954) and established that the former have a grea-
ter mortality in the first year. As soon however as scions establish a good
union with the stocks the origin of the ramet from different parts of
the ortet has no longer any effect on graft mortality.

On the other hand the position on the stock where the scion is loca-
ted has a persitent effect on graft mortality (fig. 4). Among the scions

Fig. 5. Effect of fertilization with ammonium
nitrate on the survival of ramets (as percentage
of those alive the previous year)

grafted low not only a smaller percentage of takes was observed but also
a sizable proportion of the scions was each year rejected by the stock.
Except the year 1966 when generally graft mortality was very low, thro-
ughout the experiment each year it was observed that many of the
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scions grafted low were gradually withering off, so that by 1968 the part
of the experiment that concerned scions in the lower part of the stocks
has practically ceased to exist.

The fertilizer treatment has had only a slight effect on the percentage
of graft takes but in later years it did not have any significant effect on
scion mortality (fig. 5).

VEGETATIVE DEVELOPMENT OF THE RAMETS

Each year the number of new shoots was counted on each ramet. The
mean values for the individual experimental variants are presented in
figures 6, 7 and 8. As can be seen from these figures in the first year
after grafting lateral shoots have not developed at all and in the second

Fig. 6. Effect of scion type on the Fig. 7. Effect of grafting position on
mean number of shoots on a ramet the mean number of shoots on a ramet

y-ear the number was very slight. Only in later years the number of
shoots per ramet begins to increase and does so with a geometric progres-
sion. In the year 1966, that is two vegetative seasons after grafting, the
number of shoots on each scion is arround 5-6, that is it corresponds to
the number of shoots that normally develop each year on a strong shoot
of the previous year on a pine tree. Thus it can be said that the cutting
off of a shoot from a mature tree and the grafting of it onto a young

Fig. 8. The effect of fertilization with ammo-
nium nitrate on the mean number of shoots
on a ramet

stock inhibits its vegetative development by about two years. This inhi-
bition of shoot development as a result of the grafting procedure will also
have an effect on the rate of reproductive development of the ramets.
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From figs. 6 and 8 it can be seen that origin of the scion from different
parts of the mother tree crown and the fertilizer treatment have not had
any major influence on the vegetative development of the ramets as
measured by the number of shoots on them. In 1968 there was a slight
increase in the number of shoots per ramet as a reaction to the fertilizer
treatment in 1966 (fig. 8). This was observed only on the ramets from
»male” scions and was not statistically significant. The position of the
scion on the stock (fig. 7) is of paramount importance to the rate of
ramet development. The scions in the high position grew much more pro-
fusely than those in the low position. This of course is analogous to the
vegetative development observable within the crown of a pine tree, where
shoots within the crown produce few laterals or even none at all while
a shoot on the outer part of the crown yields each year a whorl of many
laterals.

DEVELOPMENT OF THE ABILITY TO PRODUCE FEMALE STROBILES

a) Percentage of ramets with female strobiles

In the first year after grafting no female strobiles have been observed
on any of the scions. If in the buds on the scions female strobiles were
present at the time of grafting these were aborted during the 1963/64
winter. In the normal conditions a female strobile undergoes develop-
ment throughout the winter (Duff and Nolan 1958). On the graft
however, when the bud of the freshly grafted scion was in an unusual po-
sition and certainly had insufficient vascular links with the stock for
normal nourishment of the female strobile, not a single one attained the
stage of anthesis. In later years a gradual increase in the percentage of
ramets with female strobiles is observable (table 1) with the exception
that in 1968 there were fewer of them than in 1967.

The origin of scions from different parts of the mother tree crown

Table |

Percentage of ramets with female strobiles in various years and for the different experimental
variables
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has had in 1966 a significant effect on the percentage of ramets with
female strobiles (fig. 9). In that year the ,,female” scions have much more
frequently had female strobiles than ,,male” scions. This concerns in
particular the scions grafted high on the stock, which can be seen from
table 1 and which proved to be of importance because the interaction
between the type of scions and grafting position was statistically sig-
nificant.

The small number of ramets that have had female strobiles already
in 1965 were all from ,,female” scions grafted high (table 1). In the years
1967 and 1968 the type of scion has no longer had any significant effect
on the percentage of ramets with female strobiles (fig. 9). To summarize
it can be said that the ,,female” scions are quicker to attain the capacity
for female strobile production but already after the 4th year after grafting
the type of scion ceases to play any role in the initiation of female stro-
biles.

The location of the scion on the stock has from the very beginning
a very serious influence on the percentage of ramets with female strobiles
(fig. 10, table 1). It can almost be said that in the low position female
strobiles do not develop at all.

Fig. 9. The effect of scion type on the Fig. 10. The effect of grafting position
percentage of ramets with female on the percentage of ramets with
strobiles female strobiles

The fertilization with ammonium nitrate done in 1963, that is at the
time of grafting, practically did not have any influence on the percentage
of grafts with female strobiles. The slightly significant interaction in 1966
between the grafting position and soil fertility indicates that the ferti-
lization in 1963 has had a negative effect on the flowering of ramets in
the high position and a positive one on the production of female strobi-
les in the low position (table 1).

After the fertilization performed in 1966 a distinctly positive effect
of this treatment was observed on the percentage of ramets with female
strobiles in the following year (fig. 11). Two years after the treatment
this effect was still observable. Both in 1967 and 1968 the positive effect
of this fertilization on the initiation of female strobiles was observable
only on the ,,male” scions (table 1), that is on those that have had a low
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disposition for strobile production. Thus the fertilization has helped
in obliterating the differences between types of scions in their capacity
for female strobile initiation (fig. 9).

Fig. 11. The effect of fertilization with ammo-
nium nitrate on the percentage of ramets with
female strobiles

It should also be pointed out that starting from the year 1966 female
strobiles begun to appear on the parts of the graft belonging to the stock,
that is after 5 years from the sowing of seeds for the stocks. In 1968
this production of strobiles was massive in charcter while on scions it
was relatively poor.

b) The mean number of female strobiles on a scion

Ln figures 12, 13 and 14 the mean number of female strobiles per
scion is presented. Generally speaking the overall shapes of the graphs
was the same as for the percentage of scions with female strobiles (figs.
9, 10 and 11). This indicates that the development of the intensity of
female strobile production by the scions is correlated with the progress
of their attainement of the capacity for female strobile production. The
experimental variants affect the number of scions with female strobiles
in the same way as they affect the intensity of this flowering.

Fig. 12. The effect of scion type on the Fig. 13. The effect of grafting position
number of female strobiles per ramet N the number of female strobiles per
ramet

c) The mean number of female strobiles on a shoot

The intensity of strobile production by scions has to be dependent on
the number of available shoot apices on which they could become initia-
ted. The number of these apices increases each year and is dependent on

http://rcin.org.pl
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the position on the stock in which the scion is located (fig. 7). Thus in
order to be able to discuss the sexual development of ramets indepen-
dently of their size it is necessary to speak about the mean number of

strobiles per shoot. In figures 15, 16 and 17 results are presented of such
a conversion of the data.

Fig. 14. The effect of fertilization with ammo-
nium nitrate on the number of female strobiles
per ramet

From these graphs it can be seen that ,,male” scions (fig. 15) and
those grafted low on the stock (fig. 16) have started female strobile pro-
duction a year later (in 1966 as against 1965) than the ,female” scions
grafted high. In 1966 difference between ,female” and , male” strobiles
is most distinct as well as between the high and low position on the stock.
The ,,female” scions, even though they did not have any more shoots
(fig. 6) had more female strobiles per shoot (fig. 15). In the years 1967
and 1968 in which the crop of strobiles was relatively small there were
no differences in female strobile production between the different types
of scions.

Ramets in the high position as distinct from those grafted low on the
stock, have produced more shoots (fig. 7) as a result of which they have
had more female strobiles (fig. 13). Furthermore in the years 1965 and

Fig. 15. The effect of scion type on the Fig. 16. The effect of grafting position
number of female strobiles per 100 on the number of female strobiles per
shoots 100 shoots

1966 they have had more strobiles per shoot (fig. 16). In the years 1967
and 1968 when the strobile crop was low the number of female strobiles
was determined by the number of shoots and not by the position of the
scion on the stock.

Fertilization with ammonium nitrate in June 1966 did not affect the
number of shoots (fig. 8) but it has markedly increased the number of



81

female strobiles per shoot in 1967 (fig. 17) which explains the observed
increase in the number of female strobiles per ramet and in the percen-
tage of ramets with them. This fertilizer treatment did not affect the well

Fig. 17. The effect of fertilization with ammo-
nium nitrate on the number of female strobiles
per 100 shoots

flowering ,,female” scions positioned high on the stock but it has had an
effect on ramets in the other variants of the experiment (table 1). In
1968 the effect of the fertilizer treatment in June 1966 was still posi-
tive on the number of female strobiles on ,,male” scions but it was ne-
gative on ,,female” scions (table 1).

d) A comparison of the female strobile production in 1966 and 1967

Comparing the number of female strobiles in the years 1966 and 1967
on the scions growing in the high position it was observed that in the
individual experimental variants, the replicate in which the number of
female strobiles per shoot was high in 1967 it was also high in 1966 com-
pared with the other replicate. In order to capture this correlation nu-
merically, each mean number of female strobiles per shoot for each
experimental variant was given a value of 100 and the individual values
for the replicates were expressed as a percentage of this mean. These
values were then entered onto fig. 18. There is a distinct correlation be-
tween the strobile production in 1966 and in 1967 (r=0.94, significant at
99% level of confidence). In the replicates where the number of female
strobiles was accidentally higher in 1966 it was also higher in 1967. The

Fig. 18. A correlation between the female stro-

bile production in 1966 and in 1967 (in units

of the percentage of the mean for each experi-
mental variable)

experimental variability was eliminated here by comparing all the values
to the experimental means, the site variability was negligible because the
variance between replicates was non existant (F<1), and genetically the

6 Arboretum Kornickie t. XV
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scions were identical since they all came from the same mother tree, thus
it can be assumed that this correlation has been caused by differences
between the stocks or in the quality of the imion between the scion and
stock. This is one further factor influencing the rate of sexual develop-
ment of the ramets.

e) Cone mortality

The appearance of female strobiles on the ramet indicates the physio-
logical readiness of the organism for sexual functions, it does not ho-
wever indicate that the ramet is strong enough to nourish a developing
cone. From horticultural practice as well as from the experience in ten-
ding young seed orchards it is known that the first flowers appearing on
a scion are best removed in order to obtain a stronger vegetative develop-
ment of the ramet. The development of cones was not covered by the
present studies, however the percentage of healthy cones a year after
anthesis was recorded (table 2). The dashes in table 2 indicate that there
were no female strobiles the previous year (see table 1). ,,Female” scions
not only produced more strobiles in the year 1966 but also they were able
to rear some healthy cones from them, while on ,,male” scions there were
fewer female strobiles and all of them aborted during the year (fig. 12,
table 2). Also the strobiles of 1967 have had a lower survival to spring
of 1968 on ,male” scions than of ,female” ones. Fertilization with am-
monium nitrate in 1963 did not have any effect on the number of fe-
male strobiles that have emerged in 1966 (fig. 14) but the fertilization
performed on the 10th of June 1966, that is immediately ofter pollination,
has had a negative effect on the development of these strobiles with the
result that more of them aborted before May 1967 (table 2). At the -same
time this fertilizer treatment in 1966 has increased the number of female
strobiles in 1967 particularily on ,,male” scions (fig. 17, table 1). Of these
strobiles more cones have survived till spring 1968 (table 2) than on the
unfertilized grafts, though still less than on the ,,female” scions.

Table 2

Percentage of sound cones one year after strobile emergence for the various experimental va-
riables
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The abortion of cones in the low position on the stock could have
been caused by lower incidence of cone pollination, however considering
the poor development of these ramets (fig. 7) it can be assumed that re-
gardless of pollination, nutrition of the developing cones could have en-
countered difficulties.

f) Recapitulation

1° The origin of scions from various parts of the tree crown has an
effect on the initiation of female strobiles only in the first few years, and
already after 4 years from grafting these differences disappear.

2° The position of the scion on the stock has an effect on the deve-
lopment of female strobiles for three years after which this effect is only
indirect, though very substantial, through the rate of vegetative develop-
ment.

3° Fertilization with ammonium nitrate immediately before strobile
initiation has a favourable influence on the number of female strobiles
that will appear next year on ,,male” scions and on scions grafted in the
low position, but at the same time it increases the abortion of young stro-
biles already on the tree at time of the treatment.

4° The union between the scion and the stock is not always of equal
quality since it is dependent on the grafting procedure and on the phy-
siological compatibility of the stock and scion, and this also has an effect
on the development of female strobiles on the ramets.

DEVELOPMENT OF THE ABILITY TO PRODUCE MALE STROBILES

a) The occurence of male strobiles

The influence of the experimental variables on the percentage of
ramets with male strobiles is presented in figures 19, 20 and 21 and in
table 3. As can be seen from these data in the years 1965, 1966 and 1967
there were practically no male strobiles at all. None of the experimental
variables had had a significant influence in these years on their occu-
rance. Table 3 and figures 19, 20 and 21 suggest that the strobiles that
did appear in these years occur more frequently on the grafts not treated
with the ammonium nitrate fertilizer than on the treated ones and rather
on ,,female” scions than on , male” ones. However these differences are
not significant.

In the year 1964 male strobiles appeared relatively abundantly, this
anthesis however concerns only the strobiles that have developed on
shoots that were already in the bud on the scion at the time of grafting,

6*
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and therefore have formed already on the mother tree. Male strobiles do
not develop during the winter (Duff and Nolan 1958) as a result of
which the grafting procedure did not have such a deletirious effect on

Table 3

Percentage of ramets with male strobiles in various years and for the different experimental
variables

these strobiles as it had on the female ones. Where male strobiles were
present in a bud, there they have developed in the spring. This explains
the great difference between the ,male” and ,female” scions in this
respect (fig. 19). On the latter there simply were no male strobile ini-
tials in the buds at time the scions were cut from the ortet.

Presentation of separate data for the mean number of shoots with
male strobiles per scion or the mean percentage of shoots with male stro-
biles would be pointless for the years 1964 - 1967 since on none of the
ramets were there more than one shoot with male strobiles, and thus all
conversions of the data would be only a change of units for the data

Fig. 19. The effect of scion type on Fig. 20. The effect of grafting position
the percentage of ramets with male on the percentage of ramets with male
strobiles strobiles

already presented in table 3 and figures 19, 20 and 21, and would yield
no further information.

In 1968 somewhat more male strobiles have appeared (table 3, figs. 19,
20 and 21). These strobiles were observed only in the high position
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(fig. 20) on the stock. The fertilizer 'treatment in 1966 has slightly redu-
ced the number of scions with male strobiles but not significantly. The
type of scion however did have a significant effect. Namely ,,female”
scions had more male strobiles than the ,,male” scions (table 3, fig. 19).

Fig. 21. The effect of fertilization with ammo-
nium nitrate on the percentage of ramets with
male strobiles

b) Size of the male inflorescence

In the year 1964, when a larger number of male strobiles appeared it
was possible to subject the size of the male inflorescence to a closer
scrutiny.

Generally speaking the number of male strobiles on an inflorescence
(a shoot) was on the scions considerably smaller than is normal for pine
in natural conditions. The tiers of strobiles on a shoot were counted. Their
number varied from 1 to 9. Mean values are presented in table 4.

Table 4

Mean number of male strobile tiers on “male” scions as observed in 1964 in relation to the exper-
imental variables

From a statistical analysis of the data it appears that there is a strong-
ly significant interaction between the grafting position and the fertilizer
treatment. This interaction is caused by the strong negative influence of
the ammonium nitrate fertilization on the scions in the high position
while at the same time in the low position no significant effect was ob-
servable. This implies that the fertilization done in 1963 at the time of
grafting has had a negative influence on the development of strobiles in
buds of scions grafted high.

In 1968 the size of the male inflorescences was also recorded. There
were no differences in this respect between the ,,male” and ,female”
scions, but in the ramets that have been treated with the ammonium
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nitrate fertilizer in 1966 the inflorescences had on an average less tiers
of strobiles than in the unfertilized variant (3.8 vs. 5.2 respectively). Thus
it can be concluded that treating with an ammonium nitrate fertilizer
causes a reduction in the number of male strobiles developing on a shoot.

DISCUSSION

The results of the observations on vegetative development of ramets
that are presented in figures 6, 7 and 8 suggest certain conclusions about
the phenomenon of physiological differentiation of a tree crown. Grafting
inhibits the development of shoots for a period of about two years, after
which the vegetative development on a stock is no longer dependent on
the type of scion that was used noir on the nitrogen fertilization, it is
however very dependent on the position it has on the graft. Thus the de-
velopment is possibly controlled by the insolation or shading of the gro-
wing points or by an internal nutritional regulation within the whole
plant (or graft as in our case) but not by the external supply of nitrogen
nor by topophysis (the non-genetic physiological predisposition of plant
parts) of the apical meristem of the scion. If, as Wareing (1958) sug-
gests, the small number of side shoots on high order whorls well wit-
hin the tree crown is caused by ageing of the meristem, then this ageing
process is promptly reversed when the scion is grafted onto the top of
a stock and conversely strong ,,female” shoots (juvenile?) when grafted
low on the stock quickly age. Under ageing Wareing (1958) includes
such processes as reduction in growth and a reduction in the number of
side shoots on a whorl and interprets it as the effect of malnutrition of
the shoot by the main axis of the branch coupled with correlative inhibi-
tion of lateral buds by the main ones. In the light of the results presen-
ted here this interpretation seems likely, however | should hesitate to
refer to such easily reversible processes as belonging to gerontological
phenomena. In Pinus radiata it has been found that the vegetative growth
of scions from 35 years old trees is very much poorer (by about 45%) than
that of scions from young 10 years old trees (Sweet 1964). If this were
also applicable to P. silvestris than it must not be considered that ,fe-
male” and ,,male” scions are physiologicaly young and old respectively,
since their vegetative development is similar (fig. 6). In the process of
physiological ageing one should only include ontogenetic progression and
not the intensity of growth or vegetative development. In this sence the
»~male” scions appear to be somewhat younger physiologically than the
~female” ones since after grafting (and not counting the strobiles that
were already in the buds at time of grafting) they are slower to attain
the capacity for female (figs. 9, 12 and 15) and even male (fig. 19) stro-
bile production. This is in agreement with the theory that trees start

http://rcin.org.pl
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ageing from the apical meristems on branch tips (Schaffalitzky
de Muckadell 1956).

On the basis of the foregoing discussion | should suggest that diffe-
rent parts of the tree crown should not be treated as ,,0ld” or ,,young” but
as zones specialized for certain biological functions as for example growth
in height, nutrition of trunk and roots, formation of female strobiles and
nutrition of cones, and the formation of male strobiles. The shoots spe-
cialized for the production of male strobiles have few needles, do not
develop side buds and grow poorly, however all this does not mean that
they are physiologically older than other tree parts. In altered conditions
they can assume different functions.

The question of crown specialization is closely connected with the
phenomenon of apical dominance. One of the theories attempting to ex-
plain this phenomenon (Kuse 1961) is that the inhibition of lateral
buds takes place through malnutrition since the terminal bud picks up
bulk of the nutrients, among other ways also by a hormonal regulation
of the transport (Booth et al. 1962). The observed effect of the inter-
action between the grafting position and the fertilizer treatment on the
size of the male strobile clusters is in agreement with that theory and
with the observable effect of the main shoots on the poor growth and
vegetative development of laterals (Moorby and Wareing 1963)
since the fertilizer had a marked influence only on the scions grafted
high (table 4).

In this case the nitrogen fertilizer has had a negative effect on the
development of the Cluster of male strobiles, while in the year 1966 the
nitrogen fertilizer has had a positive effect on the initiation of female
strobiles and also a negative one on the size of male strobile clusters in
1968. Besides the percentage of scions with male strobiles was also re-
duced by this fertilizer treatment though this effect was not statistically
significant. This confirms the results obtained on Pinus resinosa (Gier-
tych and Forward 1966) and on Pinus radiata (Sweet and Will
1965), indicating that an external nitrogen supply stimulates the initia-
tion of female strobiles and reduces the number of male, while lack of
nitrogen has the opposite effect. The positive effect of nitrogen supply
on female strobile initiation in 1967 (table 1) has been observed only in
the lower part of the stock and on scions with a slower reproductive de-
velopment (,,male”), which would suggest that in ,,female” scions grafted
high the nitrogen supply in control conditions was not limiting for fe-
male strobile initiation. This is not surprising since the grafts grew on
relatively fertile soil.

Since fertilization with ammonium nitrate has had a negative effect
on the young developing strobiles already present on the shoots at the
time of treatment (table 2) the net increase in female strobiles as a re-
sult of fertilizer application may be obtained only at a time when the
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current crop of conelets is small. As Faulkner (1966) pointed out the
best fertilizer effects on seed yields are obtained if the treatment hap-
pens to precede a naturally copious strobile initiation. Since in pine on
the average every second year is a seed year, it may prove practical to
apply the fertilizer in the spring of a seed year, that is at the time when
there are many two year old cones, few young strobiles, and preceding
an expected rich initiation of new strobiles.

When discussing the factors controlling strobile initiation it is neces-
sary to comment on the question whether attainement by trees of a state
of sexual maturity (first strobiles) is the same phenomenon as the initia-
tion of strobiles on individual shoots. In other words, is the lack of stro-
biles on a young tree caused by a lack of conditions for their initiation
on all the shoots, and the first strobiles indicate that such conditions have
been attained at some of them or do the reproductive functions have two
prerequisites, a sexual maturity of the whole tree and appropriate Condi-
tions within a given shoot? In the second interpretation the first prerequ-
isit when met would be permanent and the second would depend on the
year, position in the crown and many external conditions. On the basis
of the results obtained in the present study one could assume that we
are dealing with one and the same phenomenon since for scions grown
in various conditions their entering into the state of physiological capa-
city for female strobile production (figs. 9, 10 and 11) and the intensity
of that production (fig. 12, 13 and 14) have been affected in the same way
by external conditions. Furthermore in the years 1967 and 1968 the num-
ber of female strobiles is dependent on the number of shoots and not on
the position of the scions on the stock (fig. 16), in other words the stro-
bile production was not determined by insolation or internal hormonal
regulation but by the state of ramet development. The number of scions
with female strobiles is also dependent on the quality of the grafting
unions (fig. 18). Since the grafting success has also an influence on the
vegetative development of the ramets (number of shoots) there does not
appear to be any difference in the mechanism controlling the percentage
of flowering scions and the intensity of that flowering.

This conclusion concerns scions and not seedlings. There is still the
possibility that the material used in this experiment was already physio-
logically mature and did not undergo rejuvenation as a result of grafting
onto young stocks, and that truly juvenile seedlings first require some
conditions for the attainement of sexual maturity and then specific con-
ditions for the initiation of strobiles.

The difference in the duration of sexual development of seedlings
and of scions is not particularily large in P. silvestris. In seed orchards
one can expect serious crops of cones after 15 years while in stands after
40 years, however it is not the age that is decisive here but the stocking
(Wright 1964). In the experiment described here the scions grew with



89

small spaces between them which provided a shade for the lower bran-
ches o,n which male strobiles were expected. Female strobiles started to
appear two years after grafting. On the same grafts but on shoots be-
longing to the stock female strobiles started to appear in 1966 that is
five years after seed sowing. As is known even two year old seedlings
happen at times to yield strobiles (Wright and Bull 1963), in other
words there is in this respect a considerable individual variation. Thus
it is not possible to treat a comparison of this one pine clone from the
forest range Zwierzyniec (near Kornik) with the seedlings from Nurzec
(in the Bialystok region) as being of particular significance. Generally
first male strobiles occur sporadically on younger pines than first female
strobiles (Wright 1964) but in greater numbers female strobiles occur
first in about the 5th vegetative season and male ones much later. In the
experiment described here until 1967 no male strobiles have been found
on the part of the graft belonging to the stock although some of the
6 year old seedlings from the same sowing as those used for the grafting
have sporadically had them. The scions have produced male strobiles spo-
radically until 1968 that is for 5 years. Thus no major differences were
observed in the age at which male strobiles were developed on the
scions and on seedlings.

Finally it must also be stressed that the results reported here concern
only one, not particularity fruitful clone of pine. Generalization of these
results may therefore be risky.

SUMMARY

Sexual development of pine grafts was followed for 5 years 1° on ra-
mets growing in a dominant position on the stock and in a supressed po-
sition among the stock shoots, 2° on ramets coming from scions collected
in the ,,male” and in the ,,female” zone of the crown (figs. 1 and 2), and
3° on grafts that have and have not been fertilized with ammonium ni-
trate. It has been established that in vegetative development and in sur-
vival the differences between ramets coming from different scions, and
those due to fertilizer treatments, quickly disappear, while the position on
the stock has a profound influence. In the lower part of the stock a ramet
is not able to develop while in the upper position it grows well.

Generative development of both the female and male fertility is de-
layed by a year or two on ramets coming from ,,male” scions compared
with those from ,female” scions. Fertilization with ammonium nitrate
increases the number of female strobiles in the year following treatment,
decreases the size of the male strobile clusters, and lowers the survival of
one year old conelets. The position on the stock has an effect on the gene-
rative development of ramets only, though very markedly, through its
effect on vegetative development.
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MACIEJ GIERTYCH

Rozwdj generatywny szczepow sosny pospolitej
(Pinus silvestris L.)

Streszczenie

Przez pie¢ lat $ledzono rozwéj szczepdw sosnowych — 1° na zrazach rozwijaja-
cych sie w pozycji dominujgcej i w pozycji przygtuszonej wsrdéd pedéw podkiadki,
2° u zrazbw z ,meskiej” i ,zenskiej” czesci korony (ryc. 1 i ryc. 2), oraz 3° na
szczepach nawiezionych i nienawiezionych saletrg amonowa. Stwierdzono, ze w roz-
woju wegetatywnym i w przezywalnosci réznice miedzy jakoscia zrazéw oraz wptyw
nawozenia szybko zanikajg, natomiast pozycja w koronie podktadki ma znaczenie ka-
pitalne. W dolnej czesci korony podkiadki zraz nie jest zdolny do rozwoju, podczas
gdy w pozycji gornej rozrasta sie dobrze.
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Rozwdj generatywny, czyli obradzanie kwiatéw zaréwno zenskich jak i meskich,
jest o rok lub dwa op6zniony na zrazach ,,meskich” w stosunkéw do zrazéw ,,zen-
skich”. Nawozenie saletrg amonowa zwieksza liczbe kwiatéw zenskich w rok po
nawozeniu, zmniejsza rozmiar kwiatostanéw meskich i ogranicza przezywalnos$¢ jed-
norocznych szyszeczek. Pozycja zrazu ws$rod pedéw podkiadki decyduje o rozwoju
generatywnym zrazu tylko posrednio (chociaz bardzo silnie) poprzez rozwéj wege-
tatywny.

MALEWM TEPTbIX

eHepaTVBHOE pas3BUTME MPUBMTLIX pacTeHWii
Pinus silvestris L.

Pe3rome

B TeyeHve nNATW NeT NPOBOAWAUCHL HAGMKOAEHUS HaL MPUBUTBIMU pPacTeHUsMM
COCHbI: 1) Ha MNpUBOSAX, pa3BMBAtOLLMXCS Cpean MnoberoB MNOABOA B YTFHETEHHOM CO-
CTOSIHWMKW, WM HAobopOoT, FOCMOACTBYIOLMX; 2) Ha MNPUBOAX W3 ,,MY>XCKON” W ) KEeH-
CKOI” vacTelh KpoH (puc. 1 n 2); 3) Ha pacTeHUsaX, YAOOPEHHbIX W He YA0OPEHHbIX
amMMUWayHOl CeNUTPON. YCTaHOBMEHO, YTO A/ BEreTaTMBHOrO pasBUTUS U ANS Bbl-
YKMBAeMOCTM TMPVBOEB VMEET CYLLECTBEHHOE 3HayeHMe WX PacrosiokeHne B KpPOHe
[lepeBbeB. B HVDKHe 4acTM KpOHbl MOABOA MPMBOA He CMNocobeH K pasBuTUIO, a B
EepxHeil pa3pacTaeTcs XOpowlo. B To ke Bpems pasnnuuvs, BO3HUKLUME MO BANSHU-
eM y[nobpeHus WM KadecTBa MPUBOEB, ObICTPO KCYHE3AHOT.

[eHepaTuUBHOe pa3BUTME, WM 00pa3oBaHME KaK MYXCKUX, TaK U >KEHCKUX
LBETKOB, Ha ,,MY>XCKMX" TPUBOSAX 3afepKMBaeTCA Ha rof WM Ha [Ba Mo CpasHe-
HUO C , KEHCKUMW”, Y[00OpeHne aMMUayHoi CenuTpoii MPUBOAUT 4epe3 roj K yBe-
NMYEHUIO YMCMA XKEHCKUX LIBETKOB, OAHOBPEMEHHO YMeHbLUAeTCA pasMep MY>KCKUX
COLBETWIA, OrpaHMyMBas BbDKMBAEMOCTb OLHOTOAMYHBLIX LWMLIEK. [MONoXeHUe MnpuBos
cpeau nobGeroB BAMSET Ha reHepaTMBHOE PasBUTME XOTA W CWIbHO, OHAaKo He
HernocpeACcTBEHHO, a Yepe3 BereTaTvBHOE pa3BUTHUE.



