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Abstract. Field performance in lingonberry (Vaccinium vitis-idaea L. cv. Sanna) was
compared in 1995–97 for plants produced by tissue culture (TC) vs. stem cuttings (SC). Pot
plants of about the same size were transplanted from the nursery to an infertile, sandy
moraine soil. Survival was 97% for the TC plants but only 83% for the SC plants. Fruit
yield was significantly greater for TC plants than for SC plants in both the second (+79%)
and third (+190%) years, but mean fruit weight was not influenced by propagation
method. Rhizome production and total plant weight were also greater for the TC plants.
Although micropropagation may give rise to somaclonal variation, no obviously variant
plants were apparent in the field.

Lingonberry is a small fruit species of
considerable economic importance in north-
ern Europe. Despite the fact that many fruits
are still harvested from the wild, urban en-
croachment, changes in forest management,
variable fruit quality from native stands, and
fluctuations in annual yield have stimulated
initiatives to domesticate and cultivate this
species. Commercial cultivation was intro-
duced in Germany during the 1980s, and more
recently in the United States.

Lingonberry can be vegetatively propa-
gated by tissue culture, stem cuttings, and
rhizomes. Reproduction by rhizomes is pre-
dominant in its natural habitat. Thus, collect-
ing rhizome-derived daughter plants is an easy
and often quite successful method of propaga-
tion. When daughter plants with visible roots
are placed in peat soil, they grow quickly to
marketable size. However, rhizome produc-
tion may be sparse in some varieties. For
large-scale plant production this method is
time-consuming and laborious. The resulting
plants generally differ in size.

In commercial enterprises, rooting of soft-
wood stem cuttings in peat has been the con-
ventional method of propagation. This is gen-
erally cost effective but success rates vary
among clones and years (Gustavsson, 2000).

Propagation of lingonberry plants by tissue

(WPM) (Lloyd and McCown, 1980) contain-
ing 30 g·L–1 sucrose and 5 mg·L–1 2-isopentenyl
adenine (2iP) before being rooted (in the same
medium as SC plants) in the greenhouse with
high humidity and artificial light (long day) in
Winter 1993–94. No rooting compound was
applied to either the TC or the SC plants. Well-
rooted and approximately similar-sized pot
plants from both propagation sources were
transplanted in Fall 1994 from the nursery to
an experimental field at Balsgård (56°7´N,
14°10´E). The soil in this field is a low-fertil-
ity, sandy moraine, pH 5.6. Plants were grown
in one row with three blocks of 10 plants each
for a total of 30 plants per propagation method,
at a spacing of 40 cm.

The field was mulched with 3–4 cm milled
peat 1 year after planting, and broadcast fertil-
ized each spring with 200 kg·ha–1 Complesal
(Hoechst, Lomma, Sweden) 12N–5P–14K.
Irrigation was provided only in periods with
prolonged lack of precipitation. Total fruit
yield and fruit weight were measured in 1996
and 1997. Data for accumulated plant growth
aboveground (g/plant) and number of rhizome-
derived daughter plants were obtained at the
end of the experiment (Fall 1997). Berries
were harvested from each plant together with
its rhizome-derived daughter plants. The ac-
cumulated growth was determined by destruc-
tive harvest of the whole plant (together with
daughter plants) at the soil surface. The
phytomass was weighed and the total number
of visible daughter plants recorded. Success-
ful field establishment was recorded after one
season’s growth as well as notes on visual
evidence of possible somaclonal variation and
identifiable winter injury.

For statistical analyses, Super Anova com-
puter package v. 1.11 (Abacus Concepts, Ber-
keley, Calif.) was used.

Results

On average, 97% of the TC plants survived
field establishment vs. 83% of the SC plants.
The leaves were generally larger on TC plants
than on SC plants (visual comparisons only).
The SC plants flowered during the first grow-
ing season after field planting, and some fruit
set occurred but yield was not measured (< 1 g/
plant). No TC plants flowered in the season
after planting. In the second year after field
planting, both SC and TC plants flowered, and
the berries were harvested for yield estima-
tions.

The fruit yield of TC plants was signifi-
cantly greater (P ≤ 0.05) than that of SC plants
in the second year after planting in the field
(Table 1). In the third year, TC plants pro-
duced more than twice as much fruit as SC
plants (46 and 22 g, respectively, P ≤ 0.001).
Variation in yield was greater among TC plants
than among SC plants (Table 2). Average fruit
weight did not differ between the two treat-
ments in either year (Table 1).

The TC plants produced significantly more
rhizome-derived daughter plants (P ≤ 0.001)
(Table 1). Rhizomes began to develop on the
TC plants in the first season after planting, but
shoots were not visible above the soil surface

culture (Gebhardt and Friedrich, 1986; Hosier
et al., 1985; Riechers and Bünemann, 1989;
Serres et al., 1994) is becoming increasingly
common commercially, since this is a reliable
and efficient method, especially for rapid in-
troduction of new cultivars. However, micro-
propagation has resulted in changes, some
positive, some negative, in the growth habit of
several fruit crops, including blackberries (Ru-
bus nigra L.) and strawberries (Fragaria
×ananassa Duchesne) (Damiano, 1980; Swartz
et al., 1981, 1983). Rooted stem cuttings of
lingonberry failed to produce rhizomes, from
which new shoots arise (Holloway, 1985;
Lehmushovi, 1975; Öster, 1976), and plants
are more expensive than those of other small-
fruit crops. We wished to determine to what
extent improved field performance (e.g.,
growth, fruiting, and regeneration) of micro-
propagated plants is able to compensate for the
higher initial costs involved.

This study compared initial field perfor-
mance of lingonberry derived by stem cuttings
with those obtained by tissue culture. Param-
eters monitored included: plant losses, winter
damage, weight and fruit yield, accumulated
plant growth, and number of rhizome-derived
daughter plants.

Materials and Methods

Terminal stem cuttings (SC) (5–8 cm long)
of ‘Sanna’ were collected from stock plants at
Balsgård in Summer 1993 and transplanted to
a propagation chamber for rooting. The cut-
tings were rooted in flats with 4 sphagnum
peat : 1 perlite under a sealed polyethylene tent
(to maintain high humidity) and natural
daylength. Plant material for tissue culture
(TC) was collected from the same source as for
SC and was grown on woody plant medium
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until the second year. In 1996, they produced
an average of 2.4 daughter plants, whereas
none had developed on any of the SC plants
(Table 1). In 1997, they produced 7.8 daughter
plants and the SC plants 0.3. Most SC plants
did not produce rhizomes, while most TC
plants produced between 1 and 15 daughter
plants (Table 2).

The TC plants had grown more than had
the SC plants (P ≤ 0.001) by the third year after
field planting (Table 1). No visible winter
damage on shoots or flower buds was noticed
during the 3-year study, although Winter 1996
was rather cold and devoid of snow-cover for
long periods. Also, no variant plants caused by
somaclonal variation (e.g., chlorophyll defi-
ciencies and morphological aberrations) were
observed in the field.

Discussion

In our study, plants derived from tissue
culture (TC) produced more rhizomes and
consequently provided a larger framework for
flower bud production during the experiment
than did those produced by stem cuttings (SC).
Field performance of micropropagated lin-
gonberries is similar to that of highbush blue-
berries (V. corymbosum L.). Grout et al. (1986)
reported more basal branches and lateral shoots
on micropropagated plants of highbush blue-
berry than on those propagated by stem cut-
tings, and Read et al. (1988) obtained more
flower buds and higher yields on micropropa-
gated highbush cultivars. By contrast, micro-
propagated lowbush blueberries (V.
angustifolium Aiton) generally produced fewer
flower buds than did conventionally propa-
gated plants (Morrison and Smagula, 1986).

In accordance with our results with lingon-
berry, micropropagated strawberry plants pro-
duce more runners than conventionally propa-
gated plants (Boxus et al., 1984), and micro-
propagated brambles (Rubus sp.) grow vigor-
ously and fruit precociously and heavily
(O’Dell, 1989). In apple (Malus ×domestica
Borkh.) (Webster et al., 1985) and cherry
(Prunus avium L.) (Rosati and Gaggioli, 1987,
1989), the juvenile period is longer in micro-
propagated than in budded trees, resulting in
delayed fruiting. Our TC lingonberry plants
also developed flower buds and started fruit-
ing later than SC plants, but lower initial yield
appeared to be compensated for by higher
yield in subsequent seasons. Because of their
greater vigor, TC-derived plants can be clearly
distinguished from SC plants visually after a
few years in the field.

Because the cost for individual lingon-

berry plants is rather high and significant re-
turns in fruit production are delayed, plant
losses must be kept to a minimum. In our
study, plant loss after field transplanting was
substantially lower for TC than for SC plants.
Similarly plant establishment was superior for
micropropagated raspberries (Rubus idaeus
L.) than for conventionally propagated plants
(Deng et al., 1993). In our study, some SC
plants were broken off at the soil surface,
presumably because most had only one stem,
which could be easily damaged during trans-
planting or by heavy snow. New shoots sel-
dom sprouted on such plants. By contrast, TC
plants branched more and were consequently
less vulnerable.

Genetic variation has frequently been ob-
served in plants regenerated from tissue cul-
tures (Larkin and Scowcroft, 1981). The de-
gree and type of variation is affected by sev-
eral factors, including genotype (Lee and
Philips, 1988). No obviously variant ‘Sanna’
plants were observed in our study.

Cuttings are generally collected from the
upper part of the stock plant, which is adult and
gives rise to adult plants with little or no ability
to produce rhizomes. Conversely, first genera-
tion cuttings from micropropagated stock
plants form many (personal observation). How-
ever, we do not know how long this phase can
be sustained in the stock plants, and whether
daughter plants from rhizomes will retain the
ability to produce new rhizomes in future
generations.

This study has clearly demonstrated that
TC lingonberry plants of cv. Sanna are supe-
rior to SC plants regarding fruit yield, rhizome
production, and vigor (accumulated plant
growth), at least for the first 3 years of field
cultivation. The TC plants yield better than do
SC plants because of their larger size. Plants
from stem cuttings can be grown only for fruit
production since they are unsuitable as stock
plants for further propagation. Growers who
wish to collect the rhizome-derived daughter
plants for division and further propagation
would benefit considerably from using TC
plant material. More lingonberry genotypes
need to be investigated, however, in order to
determine whether TC plants are cost effective
in all situations.
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Table 1. Field performance of stem cuttings (SC), and tissue culture plants (TC), of lingonberry.

Fruit yield Fruit wt Daughter plantsz Accumulated growth
(g) (mg) (no. per plant) (g)

Source 1996 1997 1996 1997 1996 1997 1997
SC plants 4.3 22 420 390 0.0 0.3 24
TC plants 7.5 46 430 370 2.4 7.8 43
ANOVA * *** NS NS *** *** ***
NS, *, *** Nonsignificant or significant at P ≤ 0.05 or 0.001 by ANOVA.
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60–79 5 2
80–99 6 0
SE 5.6 3.7
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