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Abstract. An optimalized method of micropropagation of Douglas fir is described.
Seasonal changes were found in optima for nitrate and sucrose in the medium and in
the optimum for the light intensity during the culture of shoot initials. Differences in
morphogenesis were obtained from shoot initials that had been isolated from buds
in 10 topophysical positions on 2-year-old trees. These differences between the
shoots were influenced by the medium, the light intensity, and by forcing or topping
the mother trees or treating them with growth regulators. Shoots from each of the
topophysical positions had a characteristic photosynthesis.
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Introduction. In trees showing a basic growth programme, architecture can be used
to pin-point physiological gradients. The effect of these gradients is commonly re-
ferred to as topophysis. Both architecture and topophysis are thus closely related to
basic principles such as physiological ageing (Romberger, 1976); it is therefore ob-
vious that these properties of the tree will often determine the success of vegetative
propagation. Thus the growth and differentiation of a tree species have to be stud-
ied before methods of vegetative propagation can be developed (Durzan, 1982).
Using the technique of micropropagation offered the opportunity of studying mor-
phogenesis of parts of the tree and the consequences of tree physiology in a con-
trolled environment (Campbell & Durzan, 1976). In the in vitro system, the mor-
phogenesis of tree meristem products can be studied and thus the consequences of
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endogenous physiological gradients of the tree can be ascertained (Borchert,
1976); furthermore, in the in vitro situation fluctuating gradients are stabilized.

It is difficult to draw conclusions about the in vivo situation in the tree from the in
vitro experiments: not only is there genetic variation, but explants are taken during
the “flow’ of gradients in the transition from one architectural phase to the next, a
transition which, moreover, is modified by environmental factors. It is apparent
that the point of time during the development of the tree at wich the tissues are iso-
lated is crucial for the later behaviour of the tissues in vitro. Also, if the architectu-
ral phase is artificially changed, reaction patterns and physiological gradients of the
tree can be studied.

Douglas fir ( Pseudotsuga menziesii (Mirb.) Franco) was chosen to study the mor-
phogenesis of shoot initials in vitro for three main reasons: because it has a well-
known architectural model, Massart’s model (Edelin, 1977); because it was thought
that tissue culture could overcome problems in classic vegetative propagation; and
because the in vitro system enables endogenous physiological gradients in a gym-
nosperm species to be studied simultaneously.

Materials and methods. Buds were isolated from forced 2-years-old Douglas fir
trees, sterilized and cultured on Heller media. Optimum concentrations of medium
components and optimum pre-treatments of mother trees were determined for the
development of buds from 10 topophysical positions.

Results. The influence of the NaNO; concentration, the light intensity and the su-
crose concentration on the growth and morphogenesis of shoot initials excised from
vegetative buds of 2-year-old Douglas fir trees was studied in vitro.

The mean optimum NaNO, concentration for the extension growth in vitro of
shoot initials increased from 10.8 mmol/l in January to 15.3 mmol/l in April. The op-
timum light intensity for quantitative morphogenesis of the shoots increased from
36.4 W m~2 in January to a value above 43 W m-2 in March followed by a decrease
to 24.5 W m-2 in April. The optimum sucrose concentration for maximal absolute
increase in length of the shoots decreased from 37.5 g/t in January to 33 g/l in April.

The shoots were isolated from buds in 10 topophysical positions. Shoot initials
from axillary buds are smaller than those isolated from terminal buds. In some posi-
tions the optima for growth and development did not coincide with the mean optima
for all positions.

A high sucrose concentration in the medium generally inhibited the maximum
net photosynthesis (Py,,) and the photochemical efficiency (a,) of shoots cultured
in vitro; it also resulted in a higher compensation irradiance (/) except when the
initials of these shoots had originally been isolated from buds on the stem. Shoots
grown at a high light intensity (43 W m-2) demonstrated a lower dark respiration
(Ry) and Py, compared with shoots grown at a low light intensity (22 W m-2).

Shoots from all topophysical positions had their own characteristic parameters of
photosynthesis; this was especially clear when the shoots were cultured at a low
light intensity. Indications were found that in general shoots originating from buds
in the least exposed places in the trees had a higher P, and a, and alower I, which
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could be correlated with their high relative growth rates.

The optimum light intensity and sucrose concentration for growth and morpho-
genesis in vitro of shoot initials were 22 W m~2 and 15 g/l, respectively. A lower light
intensity and a higher sucrose concentration reduced extension growth, diameter
growth and needle development. Lowering the light intensity could not be compen-
sated by a higher sucrose concentration. However, shoots from the lowest buds on
the stem grew faster on a medium containing 45 g/l sucrose than on a medium with
15 g/l sucrose. Topping the trees only stimulated growth of the shoots at a low light
intensity (8§ W m-2) when compared with shoots from untopped trees; the devel-
opment of the needles was not influenced. In shoots from buds on the lower stem
part of the second flush of the second year, all the primordia developed into needles
but in those from other buds only some of the primordia developed into needles; the
lowest number of needles were produced on shoots that originated from the highest
bud positions. After the trees were topped the apical meristem extension of shoots
from terminal buds was stimulated.

BAP in the medium strongly inhibited the growth of shoots from untreated trees.
It stimulated organogenesis on 8.4 % of these explants. Applying GA, to the tree
followed by IAA in vitro stimulated the growth of shoots from the terminal buds of
the tree and of the highest branches, but inhibited the growth of shoots from axil-
lary buds near these positions. Applying IAA to the tree but not to the medium
stimulated the growth of shoots from buds on the middle branches. When GA; and
IAA had been applied to the tree and [A A to the medium the growth of shoots from
the terminal buds on the lowest branches was stimulated but the growth of shoots
from axillary buds near this position was inhibited.

In conclusion differences in morphogenesis of the buds in different topophysical
positions are influenced by the medium, the light intensity, by forcing or topping of
the mother tree and by treating them with growth regulators.
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