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Abstract. Growth, flowering, and fruiting of micropropagated ‘Jonathan’ apple trees
(Malus domestica Borkh.) transferred in Spring 1983 to the field from either a nursery,
cold storage, or greenhouse were compared. First-year shoot and trunk growth was
greatest for trees transplanted from the nursery and least for trees that were held in
the greenhouse before being transferred to the field. Trees pruned low (35 cm) at
planting time had more terminal shoot growth and less trunk cross-sectional area after
the first growing season than those pruned high (90 cm). The effect of preplanting
cultural practices on vegetative growth diminished in the 2nd year and disappeared by
the end of the 3rd year in the orchard. Flowering began in 1985 and was only slightly
affected by preplanting cultural practices and pruning treatments. Fruiting was not
affected by the treatments.
Micropropagation can be used to produce
self-rooted apple trees with relative ease.
Long-term field evaluations of vegetative
growth, flowering, and fruiting characteris-
tics are needed before such trees can be rec-
ommended for orchard planting. Such
experiments to evaluate these characteristics
have been established (Rosati and Gaggioli,
1987; Webster et al., 1985; Zimmerman and
Miller, 1985; Zimmerman and Steffens,
1989); however, a variety of cultural treat-
ments were used in producing the plants be-
fore being planted in the orchard. Moreover,
at that time, the micropropagated trees dif-
fered greatly in size among experiments and
in relation to the budded trees used for con-
trols. A comparison of the various reports
makes it clear that these early cultural prac-
tices can strongly influence later perform-
ance of the trees (Zimmerman, 1986). The
experiment reported here compared the ef-
fect of several cultural practices and two
pruning heights at planting on subsequent
vegetative growth, flowering, and fruiting of
micropropagated ‘Jonathan’ apple trees un-
der field conditions and was part of a pro-
gram to determine the most effective method
for field establishment of micropropagated
apple trees.

‘Jonathan’ apple trees were micropropa-
gated in 1982 using methods described by
Zimmerman and Broome (1981). Following
acclimatization, the plants were grown in the
greenhouse for varying periods. After 3
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months there, plants in one group [nursery
(N)] were moved to a nursery 6 July when
they were ≈50 cm tall and actively growing.
Plants in a second group [greenhouse + cold
(GC)] remained in the greenhouse for 4.5
months, until 15 Oct., when they were moved
outdoors for hardening and then were moved
to a common storage on 16 Nov. for the
winter. Plants in a third group [greenhouse
(G)] remained in the greenhouse all winter,
where they were maintained on long days
with a 2-h light break in the middle of the
night. Plants in groups GC and G were grown
in black plastic containers ≈10 × 10 × 35
cm until planted in the field. Trees from all
three groups were planted in an orchard 22
Apr. 1983, at a spacing of 4.3 m in row ×
4.9 m between rows. Immediately after
planting, all lateral shoots were removed to
make the trees more uniform, since all N
trees had laterals and almost none of the oth-
ers did. Half the trees in each group were
headed low (at 35 cm) and the other half high
(at 90 cm). Since the N trees were shorter
than 90 cm, they were headed at 60 cm at
planting and at 90 cm after the first flush of
growth in early June. Four-tree plots were
used and treatments were replicated four
times, giving 16 trees per treatment arranged
in a randomized complete-block design. Data
were collected annually on trunk diameter 30
cm above the ground, terminal and total shoot
growth, height, and spread in and across rows,
flowering intensity, and fruit yield. Data were
analyzed using the General Linear Model
(GLM) procedure of SAS (SAS Institute,
1987) and orthogonal contrasts were used to
compare treatments.

During the first growing season (1983),
trees pruned low made significantly more
H

terminal shoot growth and had significantly
less trunk cross-sectional area (TCSA) than
trees pruned high (Table 1). Trees from the
nursery (N) made significantly more shoot
growth than those from the other two groups
(Table 1). Nursery trees pruned high pro-
duced more shoot growth and had a larger
TCSA than trees in the other two groups (Ta-
ble 1).

After an additional year of growth (1984),
differences among treatments were less. Trees
pruned low still made significantly longer
terminal shoot growth but had less TCSA
(Table 1). Nursery trees generally had more
shoot growth than trees in the other two
groups, but otherwise did not differ from the
GC trees. Both N and GC trees had greater
spread and TCSA than G trees. Terminal
shoots were longer on G than on GC trees.
Mean shoot growth was longer on N trees
pruned high at planting than on the similarly
treated GC and G trees. Essentially, vege-
tative growth among treatments was similar
in the third and later growing seasons.

Flowering began in 1985. It was not af-
fected by initial pruning height except in 1986,
when trees pruned low had more flowers
(Table 2). The N trees had more flowers than
GC trees in 1985 and more than the G trees
in 1985-87; GC trees had more flowers than
the G trees in 1986-87. The N trees pruned
high had significantly more flowering only
in 1985 and 1986 than the GC + G trees
pruned high. Flowering intensity was lower
in 1988 and 1989 and there were no differ-
ences among treatments.

Fruit yields were very low and did not
differ among treatments. The mean annual
per-tree yields for 1985-89 were 0.2, 10.9,
6.1, 8.8, and 10.9 kg. The low yields re-
sulted in a cumulative yield efficiency of 0.27
kg.cm-2 TCSA at the end of the experiment.

The greater growth made in the first year
in the orchard by the micropropagated trees
transplanted from the nursery is probably at-
tributable to the more extensive root system
that these trees had at planting time. After 2
years in the orchard, the advantage of the
nursery-grown trees had disappeared and tree
size differences resulting from the initial
treatments no longer existed.

Initial flowering was somewhat more in-
tense on the larger trees, but this was not
reflected in any higher fruit yield. The ‘Jon-
athan’ trees in this experiment took at least
1 year longer from time of micropropagation
until flowering than micropropagated ‘Jon-
athan’ trees in another experiment located
nearby that were planted directly in the or-
chard in June while the trees were ≈50 cm
tall and actively growing (R.H.Z., unpub-
lished data).

One possible explanation for the light crops
of ‘Jonathan’ may be poor pollination. ‘Jon-
athan’ and ‘Rome’ are the last cultivars to
bloom in the orchards at Beltsville. Micro-
propagated trees of both cultivars have had
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Table 1. Effect of source of plants and pruning height at planting on growth of micropropagated ‘Jonathan’ apples during the first 2 years (1983 and 1984)
in the orchard.
lower yields than anticipated, as have bud-
ded trees of ‘Rome’, in all experiments con-
ducted at this location. Further testing at other
sites is needed to determine whether poor
fruit set and low yields are a result of mi-
cropropagation per se, or result from inter-
actions among propagation method, cultivar,
and site.

These results indicate that growth of trees
in the nursery or greenhouse and differential
pruning immediately after planting had little
effect on tree size, precocity, or productivity
despite initial differences in growth. Cultural
practices that avoid pruning and disturbance
of the root system might prove to be desir-
able in producing precocious flowering and
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fruiting in micropropagated trees (Zimmer-
man and Steffens, 1989).
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