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Summary

Triple application d GA, towards the end & May 1977
significantly increased the percentage o grafts with male
flowersin 1978. A mid - June spray with CCC had no effect
but jointly the two treatments acted synergistically to
stimulate male flowering. The time interval between the
two treatments appears i mportant.
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Zusammenfassung

Durch dreimaliges Besprihen von Fichtenpfropflingen
einer Samenplantage mit Gibberellinsdure (GA,), gegen
Ende Ma 1977, konnte der Prozentsatz im Fruhjahr 1978
mannlich bluhender Pfropflinge signifikant erhoht werden.
Das Bespruhen mit Chlorcholinchlorid (CCC), Mitte Juni,
hatte dagegen keine bliuhférdernde Wirkung, jedoch die
Kombination beider Stimulantien zusammen. Der Zeitab-
stand zwischen den beiden Behandlungen erscheint wichtig.

Introduction

Studies in recent years have shown that gibberellins
may induce flowering in trees of the family Pinaceae
including Picea abies. Dunserc (1974) first indicated that
endogenous gibberellins participate in flower induction in
Norway spruce. The same author also obtained a positive
effect with gibberellin A, and a mixture o GA,;; on flow-
ering in Picea abies (Duneerc 1976, after Puaris and Kuo
1977). BueymiLLer (1976) treated grafts d Picea abies with
GA, and CCC which combination, in contrast to several
others, is claimed to have a positive effect on female and
a negative one on male flowering. On the other hand in
Finland GA,, with or without GA, had no effect on the
flowering of Norway spruce grafts (Luukkanen and JoHaNs-
soN 1979). The GA,;; mixture had a positive effect on the
flowering o Picea glauca (MoencH) Voss in the experiments
o Kiss and Puaris and in those & Rauter and Puaris (PHARIs
and Kuo 1977). Tomeserr (1977) studied the effect o various
growth regulators on the flowering d Picea sitchensis
(Bona.) Carr. grafts growing in a greenhouse or a poly-
thene tent. He obtained among others a positive effect o
gibberellin A, on female and male flowering. Also the GA,,
mixture gave a several-fold increase in female and male
flowering.

In 1976 experiments were begun at the Institute o
Dendrology U the Polish Academy U Sciences in Koérnik,
on the effect U growth regulators on flowering of spruce
and pine. The results o the pine study have already been
reported (CHaLurka 1978).

Materialsand Methods

In spring 1976 in a 9-year old seed orchard o Norway
spruce growing in Kérnik 4 clones were selected, each rep-
resented by 12 grafts. On individual grafts two branches
were selected in the same whorl, near to mid-height o the
crown. One branch was girdled at its base with afull girdle
4-5 mm wide. Both branches were sprayed with one o the
following combinations d growth regulators: GA, CCC
GA, + CCC or water as control. Thusthe individual spray-
ing treatments were replicated three times on three grafts
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within each clone (4 treatments X 4 clones X 3 grafts). The
growth regulators were applied in water solution at the
following concentrations: GA, — 100 mg/l, CCC —2000 mg/1
with 0,1% Tween 20 added. Spraying with GA, was per-
formed on the lIth, 18th und 25th May and with CCC on
the16th, 23rd and 30th June.

In the spring of 1977 the experiment was repeated on
the same clones and grafts, using the same growth regu-
lators, but spraying whole grafts. GA, was applied on 24th
and 28th May and on 1st June and CCC on 16th and 20th
June. In the spring d 1978 the male (Table 1) and female
flowers were counted on treated grafts. There were only 17
female cones in the whole experiment. Data on the obser-
vations were treated by analysis d variance (Table 2).

Table 1. — Number of male flowerson treated spruce grafts.

CLONES

01-16 [ 01-24 | 03-34 | 03-35
| 1 1 0 1 3
0 I1 o] 1 0 30 31
11T 0 0 0 0 0
1 2 o 31 34
| 5 49 16 0 70
A I 65 0 ¢] 9 74
3111 ) 3 0 4 7
70 52 16 13 151
I 123 0 0 1 124
CCC | 1T 0 0 0 0 0
III 0 ) 0 0 0
123 o} 1 124
ea |! 201 4 173 2 470
cod | 1T 0 1 0 13 14
III 11 0 234 52 297
302 5 407 67 781
496 59 423 112 | 1090

Results

A.The1976 experiment

The assessments made in spring 1977 showed that the
treatments had no effects. The branches did not flower.

B.The1977 experiment

Male flowering

The triple spraying with GA, at 4 day intervals towards
the end d May had a clear effect, significantly (Table 2)
increasing the percentage o grafts with male flowers from
29,4% to 64,5% (Fig.1). There was also a significant inter-
action between GA, and CCC (Table2), the effects o which
were o synergistic nature (Fig. 2). Clonal differences were
significant.

The number o male flowers on the treated grafts, in
spite of the considerable variability o this character
(Table I), was aso significantly influenced by the growth
regulators used (Table 2). Jointly GA, and ZCC substantially
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Table 2. — Results of analysis of variance.

% of grafts flowering &

Number of 3 flowers

Source of variance (after arc-sine transformation) per graft
DF MS F DF MS F
Total 15 281,25 47 3631,40
Growth regulators 3 740,62 8,47** 3 9785,31 3,12%
GA, 1 1701,56 19,46%* 1 12480,75 3,98
CcccC 1 14,06 0,16 1 10800,00 3,47
GA; X CCC 1 506,25 5,79* 1 6075,00 1,94
Clones 3 403,12 4,61* 3 3998,47 1,28
Growth reg. X Clones 9 3228,97 1,03
Residual 9 87,44 32 3133,25
* significant at 0.05 level
** significant at 0.01 levet-
stimulated male strobiles relative to untreated control (Fig.
3) and the effect appears to be synergistic. %
Female flowering = 60 -
The number of female flowers obtained (17 on 48 treated 5
grafts) was so small that no conclusion could be made about o
the effect of growth regulators used on these plants. o
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> Figure 3. — Effect of GA; and CCC on the number of male flow-
s ers per treated graft.
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Figure 1. — The effect of GA3 on the proportion of spruce grafts
flowering male.
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Figure 2. — The interaction of GA3 and CCC effects on the propor-
tion of spruce grafts flowering male.

126

The synergistic effect of GA,; and CCC on male flowering
observed in this study confirms the less obvious results of
BreymULLER (1976). The positive interaction of GA; and CCC
is interesting in view of the expected mutual antagonism
of these two growth regulators, since CCC is known to
retard the processes stimulated by GAs. It is difficult
therefore to explain why this combination of growth regu-
lators leads to flowering. BreymULLEr (1976) suggested that
CCC is a factor blocking the biosynthesis of gibberellins
and thus inhibiting GA activation of some genes. Possibly
the time of application is important here. Both in Biey-
MULLER’S experiments and those reported here, GA,; was
supplied at the time when shoot elongation was beginning
and could have acted positively on this process. CCC given
a few weeks later towards the end of height growth, could
have inhibited the increased growth activity causing a phy-
siological shock that resulted in flower induction.

The difference in sex of flowers stimulated by the GA,;
and CCC combination in BreymiULLER's wWork and mine ap-
pears of secondary importance. It happens that application
of growth regulators stimulates both male and female flow-
ers (eg. Tompserr 1977). These apparently contradictory
results can be explained by the probable sequence of events
leading to flower induction. It appears that flower formation
in spruce (and possibly other species) takes place in two



stages. First, in some of the apical meristems induction of
the generative state occurs leading to differentiation into
vegetative and generative meristems. In the second stage
male and female initials form and differentiate. This sug-
gestion finds confirmation in some reports. Owens and Mot~
DER (1976) have observed in Picea sitchensis differences in
apical domes before initiation of bud scales, that is before
the onset of formation of lateral organs. They found that
in pith cells of future domes of vegetative buds there ac-
cumulated more phenolic and ergastic compounds than in
pith cells of future domes of generative buds. These authors
also report that apical domes of generative buds show
greater mitotic activity during formation of the initials.

In 1978 I collected from Norway spruce grafts both male
flowers and shoots with needlés from analogous sites on
the branches. It turned out that the number of stamens
was twice as large as the number of needles. This obser-
vation confirms the greater mitotic activity of apical domes
leading to male strobiles, which also agrees with the sug-
gestions about the causal relation between rate of growth
of the apical meristem and the type of bud that will de-
velop from it (Romsercer and Grecory 1974, Tompesert 1978).
One suspects therefore that a difference in mitotic activity
in favour of generative apices is caused by earlier induction
of the generative state of these meristems.

Interpreting these results on the basis of this hypothesis
one can say that GA,; together with CCC favoured induction
of the generative state in meristems, while the fact that
male and not female initials were laid down was the result
of other factors. This would explain why Puaris et al. (1975)
were able to induce female flowering iii Pinus contorta
DoucL. when the GA,,; application was made during dif-
ferentiation of male flower initials. The reports in the
literature on the possibility of changing sex of initials under
the influence of growth regulators (Sarro 1957) represents
indirect confirmation of the explanation suggested above
concerning sequential induction of the generative state in
apical meristems.

In any case it appears that there already are distinct
differences between vegetative and generative meristems
at the initial stage of flower induction that is during initia-
tion of bud scales. These differences are much greater and
more difficult to alter than those occuring later between
female and male flower initials.
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Comparison of a Eucalyptus tereticornis X E. grandis controlled hybrid
with a E. grandis X E.tereticornis putative natural hybrid
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Summary

Species hybrids of a E. tereticornis X E. grandis con-
trolled cross FRI-6 and a E. grandis X E. tereticornis pu-
tative natural cross FRI-10, are compared with the parental
species. In more than half the total number of contrasting
characters studied, the hybrids were intermediate between
the parental species; in the rest, including lignotuber de-
velopment, flowering precocity etc. they were more like
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one or the other parent, inheritance apparently being domi-
nant for such characters. Hybrids of the putative natural
hybrid FRI-10, where E. grandis was involved as the ma-
ternal parent, were conspicuously heterotic in height and
diameter growth as compared to their pure E. grandis half-
sibs and non-sibs. The potential practical value of such
species hybrids in Indian Forestry, is discussed.

Key words: Eucalyptus tereticornis, E. grandis, Interspecific hy-

bridization.

Zusammenfassung

Arthybriden von Eucalyptus tereticornis X E. grandis aus
einer kontrollierten Kreuzung (FRI-6) und einer wahr-
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