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1. INTRODUCTION

The Finnish tree breeding programme
(cf. Anonymous 1966, 1975, 1978) aims at
the creation of about 3700 ha of clonal
coniferous seed orchards. The initial es-
tablishment of these first-generation seed
orchards has already been completed
through the planting of about 1.5 million
grafts originating from phenotypically se-
lected plus trees. Scots pine, Pinus syl-
vestris L., is the main tree species used in
this seed orchard programme, corresponding
to 85 9% of the seed orchard area. Norway
spruce, Picea abies (L). Karst., is the second
most important species (15 9 of the seed
orchard area). Other tree species such as
larch (Larix spp.) will be of minor importance
as far as the total effort is concerned.

As shown in a recent investigation
(BrumiBHAMON 1978), Scots pine grafts will
not flower abundantly until they reach the
age of about 20 years, under the conditions
prevailing in southern and central Finland,
where most of the seed orchards are located.
The grafts tend to flower irregularly,
particularly at a young age, and the pro-
duction of male flowers, in particular, is

poor during the early development of seed
orchards. This leads to pollination of grafts
by local tree populations surrounding the
seed orchards. Consequently, the utilization
of Scots pine seed originating from hy-
bridization between northern plus tree clones
in seed orchards and local southern Finnish
populations poses a difficult problem, since
no investigations are available concerning
the genetic value of such seed. Observations
on Norway spruce seed orchards in Finland
also indicate very low or irregular flowering
patterns.

All methods which improve or accelerate
flower production in seed orchards will
thus have a considerable immediate impact
on tree seed procurement in Finland. Owing
to the large investments associated with
the Finnish seed orchard programme this
also has considerable economical importance.
It is conceivable that many different
methods for improving flowering and seed
production can be used simultaneously in
seed orchards. Thus, for instance, soil
cultivation and fertilization, which are known
to have a favourable effect on the develop-
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ment of seed orchard grafts, can be suc-
cessful (PHARIS 1976, BHUMIBHAMON 1978).

Of the plant hormones which have been
used for promotion of flowering in conifers,
gibberellins (GA’s)! seem to be the most
promising. Although auxins undoubtedly
contribute to the development and dif-
ferentiation of wvarious organs in conifers,
treatments with exogenous auxins (such
as TAA or NAA) have generally had signifi-
cant flower-promoting effects only when
applied together with GA (PHARIs 1976).
Growth inhibitors (such as CCC) also seem
to be effective in promoting flowering
of conifer species only when used after a
GA application (BLEYMULLER 1978). Thus
the main emphasis in studies on the hormonal
treatments of conifers lies in finding optimum
methods of GA application.

The role of gibberellins in regulating
vegetative and reproductive growth in
conifers has been reviewed in considerable
detail by PHAris and Kuo (1977). These
authors concluded that endogenous gib-
berellins definitely control shoot growth in
all the conifers so far investigated. Ex-
ogenous GA’s are also known to affect
cambial growth, but no exact relationships
have been established between levels of
endogenous GA’s and cambial activity.

At least 50 different GA’s have been
identified chemically. Effects of exogenous
GA’s have been most thoroughly studied
in conifer species representing the Cup-
ressaceae and Taxodiaceae families. In such
species GA treatments have readily induced
abundant and precocious flowering even in
juvenile seedlings (KaTo 1959, PHARIS ef al.
1965, OuBA el al. 1971, PHARIs 1976). It
is already known that GA treatments are
not as successful in Pinaceae conifers.
However, considerable information about
the response of Pseudotsuga, Pinus, Picea,
and Larix species to GA treatments and the
occurrence of endogenous GA’s in these
genera has accumulated during recent years
(cf. Owens 1969, HasuizumMe 1973, Dun-
BERG 1973, 1974, 1976; OweNs and MOLDER
1975, PHARIs ef al. 1976, Ross and PHARIS

1) Abbreviations: CCC, (2-chloroethyl) trimethyl
-ammonium chloride; GA, gibberellin; IAA, indolyl
acetic acid; NAA, naphtyl acetic acid.
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1976, PHARIs 1976, CHALUPKA 1978, Ross
and GREENwooOD 1979).

The review by PuARrIis and Kuo (1977)
lists a total of 47 conifer species in which
the effects of GA’s or GA-like substances
has been tested by bioassay or gas chroma-
tography. As regards Scots pine, very few
earlier studies are available: effects of
exogenous GA on flowering in this species
have been reported by CuHALUPKA (1978)
only. Endogenous GA’s or GA-like sub-
stances have, however, been identified from
various organs and tissues of Pinus sylvesiris
(Ivonis 1970, MicuNIEwICz 1970).

As concluded in the review by PHARIS
and Kuvo (1977), the general result obtained
in experiments with various GA’s on
Pinaceae has been that the most commonly
available gibberellin GA, is relatively inef-
ficient at inducing flowering in these species.
This result is in striking contrast to the
abundant flowering which can be achieved
using GA; in mature trees or even juvenile
seedlings of Cupressaceae or Taxodiaceae
species (Kato 1959, PHARIs ef al. 1965,
OHBA el al. 1971, PHARIs 1976). In the
Pinaceae conifers, GA, seems to be effective
only when the application is followed by
treatment with the growth retardant CCC,
as shown by BLEYMULLER (1978) in Picea
abies.

In contrast to the polar GA; non-polar
gibberellins such as GA,, GA;, GA,, GA,
and GA,, clearly seem to promote flowering
in the Pinaceae conifers. A mixture of two
of these effective gibberellins, GA,,, sig-
nificantly increased flowering in Pseudotsuga
menziesii grafts and seedlings when used
alone or in combination with GA;, GA,,
or NAA (Ross and PHARris 1976, PHARIS
et al. 1974, 1976). These and later studies
with Pseudofsuga (e.g. Ross 1976) have
indicated that the GA treatments are more
effective when applied to grafts of mature
clones than to seedlings. Positive results
using GA,/, treatments (either GA,;, alone
or in combination with GA, or NAA)
have since been obtained with Pinus
conltorta seedlings (PHARIS ef al. 1975), and
P. conlorta or P. laeda grafts, as well as in
Picea abies, P. glauca, and P. sitchensis
grafts, as reported by PuaAris and Kuo
(1977) with reference to studies of several
authors.

As regards Pinus sylvestris, the results of
a recent investigation by CHaLupka (1978)
were also in good agreement with these
observations, showing that GA,,,, in par-
ticular, increased the number of shoots
bearing male inflorescences in 15-year-old
grafts of this species (from 239, in control
trees to 38 9, in treated individuals). There
was only a slight effect on female flowering,
the control level initially being very low.
The effect of GA/, treatments on female or
male flowering varied considerably among
the five clones included in this study.

The amounts of gibberellins needed to
induce flowering in conifers have varied
between 10 and 600 ug per shoot; smaller
amounts being wused in injections and
larger ones in foliar sprays. Ethanolic
solutions containing 100 to 600 ppm of GA
in 50—80 9% ethanol are widely used; if
gibberellin sprays are applied as aqueous
solutions, surfactants are needed to achieve
deeper penetration (cf. PHaris 1976,
Puaris and Kvo 1977). Several authors, for
instance CHALuUPKA (1978) when referring
to Pinus sylvestris, emphasize the importance
of proper timing of the treatments. It is
generally agreed that the most effective
time for GA treatments in Pinaceae conifers
is during shoot elongation one year prior to
flowering, when the flower buds are being
differentiated. Most investigators use re-
peated treatments, for instance weekly of
biweekly applications during the shoot
elongation period.

A wide wvariety of application methods

has been recommended. In addition to foliar
sprays and shoot injections, lanolin paste
application, hanging bottle injection, or
root drench has been used (PHARIS 1976).
It is obvious, however, that for practical
purposes in large-scale seed orchard man-
agement only simple methods such as the
spraying of whole grafts or shoots are
feasible.

The aim of the present study was to
establish whether hormonal treatments would
promote flowering in Scots pine or Norway
spruce grafts under Finnish conditions.
Furthermore, an attempt was made to test
the efficiency of different hormones as
well as the variation in response among
different clones.

The authors are greatly indebted to Professor
Richard P. Pharis, University of Calgary, Canada;
to Dr. W. Chalupka, Institute of Dendrology,
Koérnik, Poland; and to Dr. Armne Dunberg, Umea
University, Sweden, for suggestions and comments
concerning our choice of methods and for reporting
their own results. The Central Board of Private
Forests in Finland (TAPIO) has, through Mr.
Antti Pasanen and Mr. Esko Niittyld, provided
us with the experimental material as well as with
financial aid and assistance during the field work.
Financial support has also been obtained from the
foundations Niemi-Saitié and Metsitalouden Edis-
timisrahasto. Imperial Chemical Industries Ltd.
(ICI), Surrey, England, has through Mr. G. W.
Elson, kindly supplied the gibberellins used in our
study.

2. MATERIAL AND METHODS

In 1976, six Scots pine clones were
selected from among the material grown
in the clone archive managed by TAPIO
and located in Oitti, southern Finland.
The grafted trees were 12 years old (about
3—4 m in height) and planted in rows,
each row containing one clone, with a
spacing of 5.5 m. The selection of the
experimental clones was based on an earlier
report on flowering intensity and cone
production in this clonal collection (Tormi-
LAINEN 1972). Of the six clones, three

were among the best and three among
the poorest cone producers.

In a Norway spruce collection, managed
by the same organization in Hartola,
Jéddsjarvi (also in southern Finland), six
clones were similarly selected and the
treatments were carried out with this
material following approximately the same
methods applied to the pine material.
However, no information was available
about the previous flowering characteristics
of the individual spruce clones, except that
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most of the grafts had not yet reached
flowering stage. The spruce grafts were
considerably smaller than the pine grafts
mentioned above. The age of the spruce
collection was only six years (calculated from
the date when the grafts were transferred
to the field) and the height of trees only
about 2 m.

Table 1 shows the reference numbers of
the pine clones used in the present study as
well as the origin of these clones. Both
experimental sites received the type of
maintenance treatments which are normally
used in actual seed orchards as far as
fertilization (with acompound NPK fertilizer)
was concerned. In the pine collection
(which was established on alluvial soil
with a high clay and slit content, weeding
was done by repeated soil cultivation,
whereas on the site of the spruce collection
(on varying moraine soil) no weeding was
carried out.

The main hormonal treatments were
spray applications of gibberellins (with 50 9,
ethanol as the solvent) on the developing
shoots. The hormone mixtures applied
were as follows: Treatment 1, 400 ppm of
GA4/;; Treatment 2, 400 ppm GA,;, + 10
ppm NAA; Treatment 3, 300 ppm GA,
+ 100 ppm GA,; Treatment 4, 100 ppm
GAy; -+ 300 ppm GA;; and the control
with no spraying (Treatment 0) or spraying
with the ethanolic solvent only (Treatment
9).

Table 1. Reference numbers used in the present
study, register numbers, and origins of the experi-
mental Scots pine clones. Symbols for cone
production category indicate abundant (+) and
poor (—) cone producers, according to previous
observations.

Reference No.
and cone Plus tree o
production register No. Citigin
category

I — E 79 Heinola
II + E 708 Ruokolahti
IIT — E 710 D Ruokolahti
IV 4 E 724 Sulkava
v o+ E 726 A Sulkava
VI — E 732 Sulkava

A gas chromatographic analysis! carried
out on the gibberellin mixture GA,,
indicated that it contained gibberellins
GA,, GA,;, and GA, in the proportions
53: 41 : 6.

In the case of Scots pine, sprayings were
applied to 40 whorls of developing new
shoots in the upper and to 20 whorls in the
lower part of the individual grafts, so as to
study possible varying effects in different
parts of the tree crown. At the same time the
selection of the shoots was aimed at stan-
dardizing the shoot material consisting of
different grafts and clones — the proportions
of upper and lower branches fixed in the
present study were selected so as to reflect
the actual situation in pine grafts where
most branches represent the upper-crown
morphology associated with predominantly
female flowering (cf. BHUMIBHAMON 1978).
In the case of Norway spruce, no such
stratification of the shoot material was
possible; consequently an equal number of
shoots (40 developing whorls) was selected
from the middle part of each spruce graft
and treated with gibberellic solutions in the
same way as for the pine grafts.

Only one test solution was applied to
each graft. Four grafts in each clone
received the same treatment. Among the
controls, however, two grafts were not
sprayed and two were sprayed with the
solvent only within each clone; thus the
material consisted of 20 grafts per clone,
or a total of 120 grafts in the pine and
spruce clone archives respectively.

The four replications (blocks) were ar-
ranged linearly within each particular clone
row. Each block contained one graft per
treatment, the same order of treatments
being systematically repeated within the
block.

Between 1 and 2 ml of the spray solution
was required to achieve complete wetting
of each of the selected new shoots (smaller
amounts were applied at the beginning of
the experiments, whereas more was needed
to achieve the same degree of wetting at
the end of the experimental period). How-

1) We are indebted to Professor Richard P.
Pharis, Calgary, Canada, for the analysis of our
GA,), mixture.

ever, all clones received approximately the
same amount of solution at any particular
round of application. The spraying device
was a SPRAYMIST plastic bottle, equipped
with a nozzle which gave about 1 ml of fine
aerosol droplets each time the handle was
depressed. The GA solutions were prepared
immediately prior to the experiment and
once during the experimental period using
96 9% ethanol and were diluted to the final
concentration (double volume) when the
spray bottles were filled, by adding an
equal amount of distilled water. Spray
bottles and containers with the concentrated
solutions were kept at about 4° C in darkness
when not in use.

Hormonal treatments were carried out
four times (at intervals of 10 to 16 days)
on the selected shoots during the period
24 May to 14 July, 1976.

Air temperature and relative humidity
were recorded at both experimental sites
using shielded thermohygrographs placed
in the middle of the clonal collections (at a
height of 2 m in the pine collection and on
the ground in the spruce sollection). Shoot
elongation of the pine grafts was followed
through daily shoot length measurements.
Temperature and shoot growth data were
collected in order to make quantitative
phenological comparisons among the ex-
perimental clones and to synchronize the
hormonal applications with the annual
development cycle of the trees. This was
primarily done because earlier investigations
have shown that the temperature sum

(SArvas 1972) or the internal stage of
development (Harr 1972, 1976; HARI et al.
1970) are useful variables for explaining
genetic differences in trees. Flowering
phenology was also recorded so as to gain
more information about the variation among
the clones.

In 1977, one year after the GA treatments,
the numbers of male and female flowers on
the selected shoots in treated and control
trees were counted in the Scots pine collec-
tion. Flowering characteristics of the Scots
pine grafts were also analysed on the basis
of flowering frequency and the size of cone
crops in 1969 and 1970 (TORMILAINEN
1972) and 1975-—1976.

The variation in flowering intensity among
different treatments and clones was studied
using analyses of variance. The basic unit
used for expressing the results on flowering
intensity of Scots pine was flowering
frequency, or the number of flowers
(female strobili or male inflorescences) per
100 shoots; the shoot being defined as the
annual shoot of the flowering vear (bearing
one or several female strobili at the apex or
a male inflorescence at the basal portion of
the shoot).

Details of the method used in the present
study have been separately presented by
JoHANssoN (1979). Results on flowering in
1978, following a replication of the present
treatments on Scots pine, are also being
published elsewhere (LtvUkkanNEx and Jo-
HANSSON 1980).

3. RESULTS

31. General observations

None of the treated or untreated spruce
grafts flowered. No male or female flowers
were found in the whole spruce clone archive.
In 1977, extremely few flowers were also
found in natural spruce stands, which
indicated that the environmental conditions
during the previous years had not favoured
flower induction in spruce.

A distinct increase in flowering in Scots
pine was observed as a result of spraying
with  hormone solution. The effect of

various treatments on male and female
flowering in pine is shown in Figs. 1 and 2.
These figures illustrate the effect of different
compounds in each clone as well as the
average effects in the whole material
including six clones. Table 2 summarizes
the results for flowering characteristics in
the whole Scots pine material and shows
the average values for the flowering fre-
quency percentages and relative flowering
indices (control = 100).

The results show that treatments with
gibberellin had a distinct promoting effect
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Figure 1. Female flowering in 12-year-old Scots pine grafts after five biweekly treatments with
400 ppm of GA in 50 9%, ethanol during the shoot elongation period. Treatments: (0) and (9) control
(with no treatment or ethanol only, respectively); (1) GAy/7 (2) the same with 10 ppm of NAA;
(3) GA4j; and GAy in a ratio of 3 : 1; (4) the same in a ratio of 1 : 3. The six clones include those
with abundant (4) and those with poor (—) cone crops according to previous observations.
Flowering frequency equals the number of inflorescences /100 shoots, vertical bars correspond to
+s;.
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Figure 2. Male flowering in 12-year-old Scots pine grafts after five biweckly treatments with

400 ppm of GA in 50 %, ethanol during the shoot elongation period. Treatments and clone symbols
as those in Fig. 1.
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Table 2. Summary of average values for flowering characteristics of six Scots pine clones. Percentages
of flowering frequency equal the number of inflorescences/100 shoots; flowering indices are calculated
as compared to mean frequencies in control grafts, including those with no treatment (0) and those

sprayed with 50 % ethanol only (9).

Flowering characteristic

Control

GA treatment

0 9

Mean 1 2 3 +

Female flowering
Frequency, % ...ccoceovvnvennnnnn. 20.2 31.2
Index (control mean = 100) ...| — —

Male flowering
Frequency, 9% .cccovesvciisosvonses 6.7 6.8
Index (control mean = 100) ...| — —

25.7 38.5 38.0 36.5 34.9
100 150 148 142 136

6.7 251 28.4 28.5 23.1
100 376 426 426 345

both on male and female flowering in the
Scots pine grafts, although the responses
varied as far as different hormones or
different clones were concerned. The relative
promoting effect was also generally more
distinct in male flowering as compared to
the induction of female flowers. In general,
levels of male and female flowering also
varied in that a very small number of
male flowers was initially found in the
grafts as compared to the number of female
flowers.

32. Effect of different hormonal
treatments on female flowering

As indicated by Fig. 1 and Table 2, all
GA treatments increased the female flower-
ing frequency considerably in the Scots
pine grafts. The difference between the
mean control level and any one of the GA
treatments was also statistically confirmed.

No statistically confirmed differences were
found among the GA treatments. The
highest flowering frequency was reached,
however, using GA,;, alone (Treatment No.
1), and successively smaller frequencies
were obtained when 10 ppm of NAA was
added to this hormone (No. 2), when a 3:1
ratio of GA,;; and GA; was used (No. 3),
or when this ratio was 1:3 (No.4). The
mean flowering frequency in the control
grafts (Treatments 0 and 9 combined)
reached a value of 25.7 9, and the most
effective treatment (No. 1, GA,;; alone)

increased this value to 38.5 9%,. Consequently,
the flowering index in the most effective
treatment showed a 50 9, increase in female
flower production. The solvent used in GA
applications, 50 9% ethanol, also increased
the female flowering frequency from 20.2 9
in untreated grafts to 31.2 9, in treated
ones. This increase was not statistically
significant.

33. Effect of different hormonal
treatments on male flowering

All hormonal treatments caused a distinct
increase in the male flowering of the Scots
pine grafts. This variation was also sta-
tistically confirmed in all cases, as far as the
whole Scots pine material or individual
clones were concerned. On the other hand,
no statistically confirmed differences were
obtained among the hormonal treatments
when average effects in the six clones were
analysed.

The highest flowering frequencies were
reached in treatments with a mixture of
GA4; and GA; in a ratio of 3:1 or with
GA,;; combined with 10 ppm of NAA
(the flowering frequencies being 28.5 %
and 28.4 9, respectively). The smallest
increase in flowering frequency (from 6.7
% in control trees to 23.1 %) was achieved
using the mixture of GA,;; and GA; in a
ratio of 1:3.

The control level of male flowering was
very low (6.7 %), with practically no
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difference between untreated grafts and
those sprayed with 50 9 ethanol only.
Consequently, the flowering index (control
= 100) reached as high a value as 426 in the
two most effective treatments and the value
345 in the treatment with the smallest
response, on an average over six clones
(Table 2).

34. Variation of hormonal effects
among clones

Both male and female flowering varied
considerably among the six individual Scots
pine clones as far as responses to GA ap-
plications ‘were concerned. The promoting
effect clearly caused by gibberellins on
female flowering in the material as a whole
was not statistically significant in every
clone (cf. Fig. 1). This variation among
clones did not depend on clonal charac-
teristics, i.e. the tendency to produce high
or low cone crops or the ratio between male
and female flowering in control grafts. One
clone, identified as Clone I in Figs. 1 and 2,
seemed to produce predominantly male
flowers. The control level of female flowering
was only 3 9, in this clone, and the most
effective hormonal treatment (GA,;; and

GA,; in a ratio of 3:1) caused a large
relative increase in flowering (up to about
9 9%). A very distict increase in female
flowering after GA treatment (both in
terms of absolute and relative units) was
also found in Clone II, in which the most
effective treatment (GA,;; + NAA) pro-
duced 74 female strobili/100 shoots, vs. the
control level of 34 9%.

In contrast, male flowering also increased
statistically significantly in each individual
clone. The largest relative increases were
found in clones which had almost no male
flowers without the GA treatment but
nevertheless produced 10 to 30 male inflo-
rescences per 100 shoots after GA treatment.
In Clone I, the male flowering frequency
in control grafts was about 25 9, and the
increase caused by GA (up to about 40 9;)
remained small in terms of relative units.
The highest average male flowering fre-
quency after GA treatment was found in
Clone V, in which the treatment with GA;;
+ NAA resulted in 48 male inflorescences,
100 shoots vs. the control level of 2.5 9 in
this clone. Curiously enough, this particular
clone did not show any clear responses to
the GA treatment as far as female flowering
was concerned (cf. Figs. 1 and 2).

4. DISCUSSION

The positive results obtained in flower
induction of Pinus sylvesiris in the present
study are also in accordance with earlier
conclusions concerning the possibilities of
GA applications in the Pinaceae conifers
(cf. Puaris and Kuvo 1977). The negative
result obtained for Picea abies in the present
work can be interpreted as indicating that
a certain flowering tendency has to be
brought about by ontogenic factors or the
environment before a hormonal treatment
will increase the number of flowers. The
Picea abies grafts probably had not reached
the size necessary for flowering, although
they were made using scions from sexually
mature trees. Earlier observations on the
Picea abies clonal archive in question had
confirmed that virtually no flowers had
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been produced prior to the present ex-
periments.

Recent results have shown that such
Picea abies grafts which do not react to
GA treatment may show a positive response
to hormones when grown in a plastic green-
house (LUUkKkANEN 1980). Earlier studies
also indicate that GA applications may
increase flowering in this species under
field conditions (BLEYMULLER 1978, CHALUP-
KA 1979).

A combination of the auxin NAA with GA
did not result in any clear differences in
flowering when compared to the use of GA
alone. However, a slight (nonsignificant)
increase in male flowering was found,
when the whole material was analysed
(Fig. 2), to be due to NAA. Earlier in-

vestigations suggest that NAA alone or at
least in combination with GA promotes
flowering of Pinaceae conifers and generally
tends to enhance maleness (PHARIS 1976,
Puaris and Kuvo 1977).

The GA concentration used in the present
study (400 ppm in 50 9 ethanol) was
chosen on the basis of earlier experiments.
Since this concentration proved to be
effective, studies should be carried out in
the future to determine whether lower
concentrations could be used under similar
conditions. Ethanol is, perhaps, not the
best solvent for large-scale applications
owing to handling problems and health
hazards (e.g. if commercially available
denaturated ethanol is to be used). Ethanolic
solutions also seem to damage young shoots;
this was especially apparent in spruce
grafts and thin shade shoots of the pine
grafts in the present study. If aqueous
solutions are to be used, surfactants should
obviously be added in order to improve the
penetration of the solution into the shoots.

The present study suggests that at least
a part of the GA,;, found to promote
flowering can be substituted by GA,. In
the present work the combined results for
six Pinus sylvestris clones showed that a
mixture of GA,;; and GA; in a ratio of 1:3
still significantly increased both male and
female flowering, although the effect was
smaller than when using a ratio of 3:1 or
GA,;; alone. The highest male flowering
frequency was in fact obtained with the
mixture of GA,,; and GA; in aratioof 3:1,
but this variation (as well as all differences
between treatments including GA,;; alone
or GA,; in combination with GA;) was
statistically nonsignificant.

The possibility of a partial substitution of
GA,; by GA; has a considerable economical

inpact as far as large-scale treatments of
Scots pine seed orchards are concerned.
In the present study, about 400 ug of GA/
shoot was sprayed at each application,
which corresponded to 2.0 mg/shoot for a
total of five applications during shoot
elongation. The treatment of a whole 12-
year-old pine graft would require at least
0.41 of the GA solution at each application,
or 21/graft during the whole season. This
would equal 800 mg of GA/graft, corre-
sponding to an estimated cost of about 40
Fmk/graft during the season.

Many factors in this calculation are only
rough estimates. For instance, the produc-
tion costs of GA,; can obviously be lowered
if large amounts are to be produced by the
microbiological process used in the GA
manufacturing industry. Development of
the application technique alone will sub-
stantially reduce the costs. With proper
timing, only one or two applications will be
needed each year, and also lower concentra-
tions may be used as discussed above.
Finally it has to be emphasized that the
economic feasibility of GA applications
depends on the total genetic and economic
gain which can be achieved by using
improved seed from treated seed orchards.
The total gain is not dependent on the
increase in female flowering only but is
also affected by the significant increase
in male flowering shown to be one of the
main results of hormonal treatments in
Scots pine by the present work. Economic
considerations which still render hormonal
treatments in seed orchard management
rather difficult do not, however, prevent an
immediate application of hormonal treat-
ments to shorten the breeding rotation in
conifer breeding programmes.
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SELOSTE:

HORMONIKASITTELYN VAIKUTUS MANNYN JA KUUSEN VARTTEIDEN
KUKINTAAN

Keskusmetsilautakunta Tapion Oitin mannyn-
vartekokoelmassa ruiskutettiin kuutta (kdpysato-
tutkimuksissa  erityyppiseksi todettua) kloonia
edustavien 12-vuotisten vartteiden oksia hormoni-
livoksilla n. kahden viikon vilein verson pituus-
kasvuvaiheen aikana touko-heinikuussa v. 1976.
Kaisittelyihin sisiltyi kontrollin lisiksi gibberelliini-
sekoituksia (GA,/; yksindin sekd GA,n kanssa eri
suhteissa yhdistettyni). Lisiksi kokeiltiin yhta
auksiinia (GA,-liuokseen lisittiin 10 ppm NAA:ta).
Gibberelliinien kokonaisvikevyys oli kaikissa hor-
moniliuoksissa 400 ppm. Liuottimena oli 50 %
etanoli.

Vuoden kuluttua ruiskutuksista, kesilla 1977,
tutkittiin kisiteltyjen minnynvartteiden emi- ja
hedekukinta. Kaikki hormonikisittelyt lisasivat
selvisti sekd emi- ettd hedekukkien mairii, joskin
vaikutus hedekukintaan oli huomattavasti voi-
makkaampi. Tehokkain hormoniyhdistelma lisasi
emikukintaa 50 %:lla kontrolliin (kisittelemattd-
mien vartteiden ja pelkilli etanolilla ruiskutettujen
vartteiden keskiarvoon) verrattuna. Heikoimmal-
lakin hormoniyhdistelmalli (GA4); ja GA, suhteessa
1:3) saavutettiin 36 %:n lisiys. Eri hormoni-
kdsittelylld aikaansaatu hedekukinta oli 3.5—4.3-
kertainen kasittelemdttomiin ja pelkilld etanolilla
ruiskutettuihin vartteisiin verrattuna. My®és pelkka
50 9, etanoli lisisi emikukintaa tiysin kisittele-
méttomiin vartteisiin verrattuna noin puolitoista-
kertaiseksi; hedekukintaan ei liuottimella sen sijaan
ollut vaikutusta.

Vaikka eri hormoniyhdistelmien viliset vaikutus-
erot olivat vahiisid, ndytti ilmeiselts, etti GAy;
on tehokkaampi minnyn kukinnan lisiijini kuin
kaupallisesti saatavissa oleva GA,. Osa ensinmai-
nitusta, toistaiseksi vield kalliista ja rajoitetusti
saatavissa olevasta hormonista voitaneen korvata
jalkimmaiiselli halvemmalla aineella ilman etti
kukintaa lisidva vaikutus oleellisesti pienenee.
Auksiinin lisivaikutuksesta pelkkiin gibberelliini-
kisittelyyn verrattuna kokeet eivit antaneet selvii
vastausta.

Samanaikaisesti edellikuvatun mintyi koske-
van tutkimuksen kanssa kokeiltiin hormonien vai-
kutusta Kml Tapion Hartolassa sijaitsevassa kuu-
sen vartekokoelmassa. Periaatteessa Oitissa min-
nylld suoritettuihin kokeisiin verrattuna taysin
samanlaiset kisittelyt eivit aikaansaaneet kuusen
vartteissa minkainlaista nikyvii vaikutusta. Ky-
seiset (vasta 6-vuotiaat) kuusen vartteet eivit kui-
tenkaan vield ilmeisesti olleet kukkimisizissi, ja
ylipdatddn v. 1977 ei havaittu kyseisessi kokoel-
massa lainkaan kuusen kukkia. Timi vuosi oli
myds heikko kukintavuosi luontaisissa kuusikoissa.
Tamédn johdosta paiteltiin, etti hormonikisitte-
lyilld voidaan edistdd havupuiden vartteiden ku-
kintaa ilmeisesti vain silloin kun sisiiset ja ulkoiset
saitelytekijit muutoin luovat edellytykset varttei-
den kukkimiselle. Mannyn siemenviljelyksissi nimi
edellytykset lienevit yleisesti olemassa: sensijaan
kuusen vartteiden kukinnan lisiZminen saattaa
vaatia ymparistoolosuhteiden siitelyd esimerkiksi
muovihuoneiden avulla.

Nayttaa ilmeiseltd, ettd jo nyt voidaan gibberel-
liinik&sittelyja kiyttda hyvaksi havupuiden varttei-
den sukupolviajan lyhentimisessi kidytannon jalos-
tustydssi. Tehokkaan hormonin korkeat valmis-
tuskustannukset estivit vield menetelmin kiyton
méannyn siemenviljelyksilli. Mikili menetelmii
onnistutaan vield kehittimiin, esimerkiksi vihen-
timain tarvittavan hormonin miirii ja ajoitta-
maan kisittely tismilleen oikeaan ajankohtaan,
voidaan kustannuksia ehkid alentaa niin paljon,
ettd laaja-alaiset siemenviljelysten kasittelyt tule-
vat kannattaviksi. Nyt saadut tulokset osoittavat
joka tapauksessa, ettid hormoneilla pystytain lisai-
médn vartteiden kukintaa. Huomionarvoista on
my6s, ettd hormonikisittely lisia minnyn vart-
teissa kaikkein selvimmin hedekukintaa. Tuloksia
arvosteltaessa on siten otettava huomioon kukinnan
ja siemensadon méarillisen lisiintymisen ohella
siemenviljelyksen pélytyssuhteiden parantumisen
kautta saavutettava jalostushydty.
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