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Abstract

Ulenberg E., Martinussen 1., Samuelsen R.T. (2017): Effect of combined seasonal coverage on northern production of
strawberry (Fragaria ananassa Duch). Hort. Sci. (Prague), 44: 148-155.

Two field trials with five strawberry cultivars planted on a woven black polyfibre ground cover sheet with or without
translucent sheet plant coverage during winter and the growing season as combined treatments were started in 2004
and 2005. In total, nine different cultivars were included in the two fields. One early cv. ‘Polka’ and one late cv. ‘Korona’
acted as standard cultivars, while the other cultivars were new, named or labelled selections from Norwegian, Finn-
ish and Swedish breeding programs. Winter survival, spring vigour, earliness, saleable and total berry yield, berry size
and berry quality were registered for three years. The cultivars differed in earliness, berry size, yield (gram per plant)
and total production (sum of all years). A combination of fibre sheet winter and spring coverage and more open net
sheet harvest season coverage showed favourable results for overwintering, earliness and berry yield, and enhanced

the ripening process in all cultivars.
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The cultivated strawberry (Fragaria ananassa
Duch), a hybrid of Fragaria chiloensis and Fragaria
virginiana, is an important and very popular soft
fruit produced mostly in temperate areas world-
wide. The genetic background of the cultivated
strawberry suggests that it is not an optimal crop
for cultivation in Northern Scandinavia. Strawber-
ry production is limited by low temperatures dur-
ing the whole life cycle of the plants. Floral buds
are initiated under shorter photoperiods in autumn
(HEIDE 1977; SONSTEBY, HEIDE 2006). When tem-
peratures reach below 9°C floral bud initiation in
the cultivar ‘Korona’ eventually stops (SONSTEBY,
HEIDE 2006). Frost damage during winter, e.g. due
to lack of snow cover, damage crowns resulting in

poor spring growth while low spring temperatures
may damage flowers and delay anthesis and fruit
ripening (GAST, POLLARD 1989).

Most commercial varieties are physiologically
adapted to more southerly growth conditions than
Northern Scandinavia and need short days and
relatively high temperatures in autumn to pro-
duce flower buds/initials for next season’s flowers
(SonsTEBY, HEIDE 2007). Hence, the short growing
season with low temperatures in the north poses a
challenge for the growers when choosing cultivars
and growing methods. However, cultivars respond
differently to varying photoperiod and tempera-
tures, and some cultivars, like the Nordic ‘Zephyr’
and ‘Glima, are able to initiate flower buds even

Supported by the Interreg IIIA KOLARCTIC, The Norwegian Barents Secretariat, county governors of Troms and Nordland,

Troms and Nordland county councils and Bioforsk (Norwegian Institute for Agricultural and Environmental Research) as a

part of the project BARENTSAGROFORUM.

148



Hort. Sci. (Prague)

Vol. 44, 2017 (3): 148-155

under climatic conditions with long days and low
temperatures (HEIDE 1977; SAMUELSEN, NILSEN
1995).

Northern growth conditions with low tempera-
tures and 24-hour photoperiod during ripening
were shown to produce sweeter fruits in several
berry fruits such as bilberries (ULEBERG et al.
2012). An early Finnish study (HARDH, HARDH
1977) found that sugar and dry matter contents
were higher in strawberries grown in the northern
than in the southern part of Finland. Similarly in a
Norwegian study (DAVIK et al. 2006) the total sugar
content increased with decreasing temperature for
10 different strawberry cultivars, among them ‘Ko-
rona, ‘Polka) ‘Babette) ‘Carmen’ and ‘Hanibal’ — five
of the cultivars in our field trials.

In Norway, 50% of the primary value of the fruit
and berry industry originates from strawberry (Da-
VIK et al. 2000). However, strawberry production is
very low in Northern Norway. In order to increase
and stabilize commercial production and make
the production more predictable and profitable in
Northern Norway it is crucial to develop northerly-
adapted cultivars and cultivation methods that im-
prove the growing conditions. Frost-injured plants
are one of the factors that most strongly influence
strawberry fruit yield and size in Norway (NESTBY,
BjorcuM 1999). Frost injuries may occur during
winter as well as during the flowering period in
spring or early summer. Translucent sheet cover-
ing during the growing season increase tempera-
ture and enhance growth and development of the
plants. NEsTBY et al. (2000) reported promising
response of winter coverage on the traits overwin-
tering and berry yield. Differences between culti-
vars and selections for winter survival, earliness
and berry yield have also been reported previously
(FrRoM, Davik 2003). The aims of our trials were
to evaluate a combined winter and growing season
coverage to different cultivars and breeding selec-
tions under the climatic conditions of Tromsg,
Norway.

MATERIAL AND METHODS

Test fields. Two test fields were established at
Bioforsk Nord Holt, Tromss, Norway, 69°39'N
and 18°56'E in 2004 and 2005. The fields were po-
sitioned in a 20% westerly slope 20 m a.s.l. with
soil type mr saSI-siMS (3—-6% ignition loss, sandy
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silt/sandy loam). In 2004 fresh plug plants of five
cultivars (‘Hanibal’ (Norway), ‘Polka’ (Nether-
lands), ‘Carmen’ (Norway), PK97.62.2 (Norway)
and ‘Babette’ (Norway)) were planted on woven
black polyfibre ground cover sheet with or without
translucent sheet plant coverage during the winter
and the growing season as combined treatments.
The combination of cultivar and coverage had two
replicates. Each subplot consisted of 7 plants, and
observations were recorded on 5 of these plants. A
paralleled field trial with five cultivars (‘Kaunotar’
(Finland), ‘Polka’ (Netherlands), ‘Kulkuri’ (Finland),
Bfr.949603 (Sweden) and ‘Korona’ (Netherlands))
and the same treatment combinations was estab-
lished in 2005.

One early (‘Polka’) and one late cultivar (‘Ko-
rona’) acted as standard cultivars, while the other
cultivars were new, named or unnamed (labelled)
selections from Norwegian (DAvik 2003; DAVIK et
al. 2005), Finnish and Swedish breeding programs.
The cultivars were selected based on available in-
formation on earliness, berry size, disease resist-
ance and winter hardiness (FRoM, DAVIK 2003).

Plant and row distances varied between the years
with 0.325 x 0.95 m? and 0.325 x 1.20 m? for the
plants established in 2004 and 2005, respectively.
Surface area per plant was 0.30 m? in 2004 and
0.48 m? in 2005. Plants from additional cultivars
and selections (‘Korona, PL98.115, PK97.62.2,
‘Babette; ‘Hanibal, “Zephyr, ‘Glima’ and ‘Kulkuri’)
were planted as border plants in the fields.

Spring vigour, earliness, saleable and total berry
yield, berry size and berry quality were registered
in 2005, 2006 and 2007, while winter survival was
registered in 2006, 2007 and 2008.

Soil preparation and fertilization. The fields
were sprayed by glyphosate (Roundup ECO
Felleskjopet) and the soil was ploughed, harrowed
and fertilized (Fullgjodsel® 11-5-18 NPK micro
(Norsk Hydro, Norway) and Borax (Neobor — US.
Borax Inc., USA - Felleskjopet)) the planting year
to add the following amounts of macronutrients; N:
49.5 kg/ha; P: 22.5 kg/ha; K: 81 kg/ha; Mg: 8.1 kg/ha
and Ca: 11.2 kg/ha. No fertilizers were added in the
berry production years 2005-2007 and the fields
were not irrigated.

Establishment of the field. The planting dates
were July 27, 2004 and June 20, 2005, with one excep-
tion. Plantlets of the Swedish selection Bfr.949603
were received as late as August 31, 2005, but were
well rooted and planted in the field on 14 September
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Table 1. Overview of the field trial characteristics from 2004—2008

Year P WU SFC SFU SNC SNU WC FS-free Temp. (°C) Precip. (mm) Ann. precip. (mm)
2004 27 Jul - - - - - 28 Oct - - - -

2005 20Jun 10 May 10 May 13Jun 30Jun 12 Oct 27 Oct 1/5-21/10 9.46 480 1,044

2006 - 12May 12May 15Jun  10Jul 29 Sep 5 Dec 16/5-21/9 9.62 292 1,009

2007 — 14 May 14May 20Jun 12Jul 4Oct 6Dec 26/4-9/11 9.70 332 943

2008 - 2Jun - - - - - - - - -

P - planting; WU — winter uncovering; SFC — spring fibre sheet covering; SFU — spring fibre sheet uncovering;
SNC - season net sheet covering; SNU — season net sheet uncovering; WC — winter covering; FS-free — snow free season,
Temp. — mean temperature May 1-Sept 30; Precip. — precipitation May 1-Sept 30; Ann. precip. — annual precipitation

and covered with translucent fibre sheet for three
weeks at the end of the planting year season.
Covering. The ground was covered with woven
black polyfibre cover sheet (MyPex; LOG, Norway)
and the soil surface was kept flat. The plants on the
covering treatment plots were covered with fibre
sheet (Agryl P17; LOG, Norway) from field cleans-
ing at growth start in spring till flowering start, to
enhance both growth and flowering. The spring fi-
bre sheet replaced the winter cover and was kept
on average 34 days (min. 31 days in 2006 and max.
37 days in 2007). After spring the fibre sheet cov-
erage was removed and a period without coverage
followed to secure good pollination; on average
21 days (min. 17 days in 2005 and max. 25 days
in 2006). After the uncovered period a net sheet
(Agrocover; LOG, Norway) was applied and kept
during the harvest season in order to improve the
ripening temperature and protect the berries from
bird attacks (Table 1). The net sheet was removed
after the last harvest date, varying from Septeme-
ber 29 in 2006 to October 12 in 2005. The plots
were then kept uncovered until the winter season
coverage was applied with a thicker fibre sheet
(Agryl P30; LOG, Norway), from first autumn frost
till growth start the following spring. Winter sea-
son coverage aimed to protect the plants from frost
injury. Winter coverage was commenced in the end
of October in 2004 and 2005, and as late as the be-
ginning of December in 2006 and 2007. The winter
covering was removed earliest on May 10 (2005)
and latest on June 2 (2008). An overview of the es-
tablished field plots with dates and year of planting
and covering are summarised in Table 1.
Overwintering. Plant vigour (1-9, where 9 was
the best score) and the number of winter surviv-
ing plants (0-5, of the observed plants in each plot)
were recorded each spring and these recordings
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formed the basis for the plant overwintering index
(POI = (plants surviving winter/5) x (spring vig-
our/9) x 100).

Statistical analysis. Data were analysed by the
General Linear Model (GLM) procedure in Minit-
ab 17 (Minitab, USA) to evaluate the main effects
of variety, cover treatment, plant year and harvest
year and date, as well as their interactions, on the
evaluated traits.

RESULTS AND DISCUSSION
Earliness

Earliness is one of the main factors affecting
northern berry production. In these trials earli-
ness of flowering was strongly improved by the
cover treatment and enhanced the first day of flow-
ering (mean of all cultivars) with 7 days, 13 days
and 10 days in 2005, 2006 and 2007, respectively
(Table 2). All cultivars responded to the covering
treatment and there were no significant differenc-
es between cultivars. Covering increases both the
spring temperatures during flower development
and autumn temperatures (PIETILA et al. 2002).
Increment of autumn temperatures enables the
developmental stages of the flower initials to reach
a higher level (SonsTEBY, HEIDE 2007), and thus
accelerate flower development in spring. The cu-
mulative effect is reflected by significantly earlier
flowering. The positive effect of covering on the
first flower date was reflected in the date for 50%
harvested yield. In 2005 covered plants reached
50% harvest 11 days earlier than uncovered plants,
while the difference were 13 and 5 days in 2006 and
2007, respectively. PIETILA et al. (2002) did a study
on covering with non-woven fabrics from 18" Sep-
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Table 2. Earliness of the cultivars expressed by the flowering start dates and by the dates for 50% saleable berry yield with and without combined seasonal coverage

in 2005, 2006 and 2007. Flowering start and 50% harvested berries were not recorded in 2005 for cultivars planted in 2005

50% harvested

Flowering start

2007

uncovered

2006

uncovered

2005

uncovered

2007

uncovered

2006

uncovered

2005

uncovered
20 Jun
23 Jun
20 Jun
25 Jun
21 Jun
21 Jun

Cvs

covered
8 Aug

covered
17 Aug
16 Aug
14 Aug
17 Aug
18 Aug
16 Aug

covered
25 Jul

covered
26 Jun
12 Jun
14 Jun
29 Jun
18 Jun
19 Jun

covered
24 Jun
17 Jun
19 Jun
28 Jun
24 Jun

covered
11 Jun
19 Jun
11 Jun
18 Jun
17 Jun
15 Jun

13 Aug

30 Aug
27 Aug
30 Aug
29 Aug
27 Aug
28 Aug
22 Aug
29 Aug
30 Aug

2 Sep
30 Aug
28 Aug

13 Aug
13 Aug
15 Aug

57Jul
28 Jun

4 Jul

2 Jul
29 Jun

4 Jul
7 Jul
9 Jul

Babette

30 Jul
28 Jul
6 Aug

2 Aug

3 Aug

Carmen

9 Aug

8 Aug
29 Jul

Hanibal

9 Aug

8 Aug
13 Aug
12 Aug

8 Jul

PK 97.62.2

Polka
Mean

6 Aug

9 Aug

6 Aug

8 Jul

3 Aug
11 Aug

8 Aug

20 Aug

EEEY

EXTS

1 Aug.

EEEY

7 Jul 22 ]un***

#*

9 Aug
15 Aug
19 Aug
16 Aug
15 Aug
14 Aug

Bfr 949603*
Kaunotar*

4 Aug

10 Aug
13 Aug
10 Aug

8 Aug

Korona*

4 Aug

Kulkuri*

8 Aug

9 Aug
12 Aug

Polka?
Mean

7 Aug

ETTy

3 Jul 24 Jun

ETTY

25 Jun

7 Jul

flowering start and 50% harvested berries were not recorded in 2005 for cultivars planted in 2005; #B — different letters indicate that the values differ significantly at

P <0.05 *P<0.05, ***P <0.001
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tember to 27" May in North Finland (64°N) and
found that covering promoted early yields and
also concentrated the yield in a shorter season.
For the cultivar ‘Polka’ our results confirmed the
results reported by PIETILA et al. (2002), that
‘Polka’ is a cultivar that responds to winter cover
protection by producing an earlier yield. The time
of 50% harvest is determined both by early flow-
ering and by a reduction in time between flow-
ering and ripening. FERGUSON (1971) screened
for earliness in as many as 40 different strawberry
cultivars and concluded that earliness of flower-
ing and the rate of fruit development should be
considered as two independent processes. The
number of days between flowering and 50%
harvest were longer with cover than without it
(49.5 versus 46.5 days on average over all three
harvest years) for Field 1, while the number of
days were equal in Field 2 (46 versus 47 days on
average over all three harvest years). Thus, the
positive effect of covering on 50% harvest time
was mainly due to an earlier season start. These
results could however be shaded by the fact that
covered plants developed higher numbers of
flowers and berries and higher berry yields than
uncovered plants. As a result the covered plants
might have needed more time to complete berry
development, ripening and harvest, compared to
uncovered plants.

Yield

Number of berries, and saleable yield per plant.
The number of berries and the saleable berry
yield increased during the observation years
as the plants grew older (Figs 1 and 2, Table 3).
Coverage did not increase the yield the first har-
vest season, where the yield was equal between
treatments in Field 1 while uncovered plots
yielded highest in Field 2. Coverage showed a
favourable effect on yield the second and third
harvest year, and the differences in berry pro-
duction increased with plant age (Fig. 2). Both
fields showed a significant effect of covering on
berry yield the last harvest year (2007), and also
on total berry production over three (Field 1)
and two (Field 2) years (Fig. 1). ‘Polka’ produced
most berries the third year (Field 1) both without
(62.7 berries per plant) and with coverage (99.8 ber-
ries per plant), and was the cultivar that seemed
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Fig. 1. Berry production per cultivar expressed as number of berries per plant (a) without cover and (b) with cover for

the years 2005, 2006 and 2007

to be less affected by the northern climate. The Finn-
ish cultivar Kulkuri produced most berries in Field 2
after two years with cover (80.8 berries per plant),
while without cover all cultivars except Bfr.949603
produced equal berry numbers. Accumulated sale-
able yields (g/plant) for all harvest years (Table 3)
were the highest for ‘Hanibal’ and ‘Polka’ (Field 1)
the different cultivars respond differently to differ-
ent growing methods as expressed by earliness and
total yield, while the berry size is mainly determined
by the cultivar (genetic factors). Different cultivars
did not differ in percentage of saleable yield in any
of the production years. However, the total produc-
tion varied a lot between cultivars, and they also re-
sponded differently to the covering treatments.
Berry size. Berry size decreased with plant age
and increasing berry number per plant. The reduc-
tion was small between the first and second harvest
year for most cultivars, but profound between the
first and third year, indicating that also environ-
ment influenced the reduction. In general, berry
size is affected by environmental conditions like
temperature (D@VING, MAGE 2001), water status
(PENUELAS et al. 1992), UV radiation (TSORMPAT-
sIDIS et al. 2011) and nutrition (OPSTAD, SONSTE-
BY 2008) during berry development from flowering
to ripening, in addition to the genetic background
(OrsTAD et al. 2011). In addition, berry size will
also change during the season, and as the plants
develop and grow older from season to season, due
to increasing numbers of berries (HORTYNSKI et
al. 1991). The mean berry size was significantly re-
duced with plant covering, and the size reduction
was more or less obvious for all cultivars. The high-
est reduction between 2005 and 2007 was observed
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for ‘Carmen’ (39%) and ‘Hanibal’ (32%). ‘Carmen’
had very large berries (26.3 g) in the first harvest
year 2005, while the other cultivars had quite even
berry weights (between 15.8 and 17.5 grams). The
amount of small berries increased under coverage,
probably due to increased temperature, as reported
by several (HELLMAN, TRAVIS 1988; MIURA et al.
1994; WaNG and Camp 2000; JosuTTis et al. 2011).
Small berries are not included in our observations
of saleable yield, but the saleable yield proportion
of the total yield was equal with and without cov-
erage. This is explained by an increase in both the
saleable and total yield with coverage.

Overwintering

The plants developed satisfactorily during both
planting years, and all plants survived through
the relative mild first winter 2004—2005. Only two
young, uncovered plants of the late planted Swedish
selection Bfr.949603 died during winter 2005-2006,
and most of the plants survived until spring 2008.

Effect of covering and cultivar. Uncovered plants
had decreasing overwintering indices during the
three observation years, whereas covered plants
kept their high indices or increased them (Table 4).
This was clearest expressed in 2008, when uncov-
ered plants scored very low overwintering indices.
Among cultivars the highest overwintering indices
were achieved by the control cultivars ‘Polka’ and
‘Korona’ Low overwintering index for Bfr.949603 in
spring 2006 may partly be explained as a result of
late planting and hence a short plant establishing
period in autumn 2005 (Table 4). Late spring frost
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Table 4. Plant overwintering index (POI; 0—100 %) at Holt, Tromsg 2006—2008, POI = (plants surviving winter/5) x

(spring vigour/9) x 100

2006 2007 2008 Mean

uncovered  covered uncovered  covered uncovered  covered uncovered  covered
Babette 78 83 56 78" 33 81 56 81
Carmen 50 72 40 67B 44 89 45 76
Hanibal 56 78 39 78AB 18 83 38 80
PK 97.62.2 61 67 50 72B 33 83 48 74
Polka 67 89 74 94-A 42 84 61 89
Mean 62 78" 52 78" 34 84" 49 80
Bfr. 949603 29 39 46B 78 33 67 36 61
Kaunotar 61 72 50B 67 33 61 48 67
Korona 72 67 78A 72 44 89 65 76
Kulkuri 72 72 44B 78 39 72 52 74
Polka 61 72 61AB 94 42 84 55 83
Mean 59 64 56 78" 38 75 51 72"

ABdifferent letters indicate that the values differ significantly at P < 0.05; *P < 0.05 , ***P < 0.001

Covered plants had significantly higher over-
wintering indexes than uncovered for both fields
in 2007 and 2008 and totally for all years. In 2006,
there was a significant effect of coverage in Field 1,
but no effect in Field 2. The positive effect of cover-
age was the highest in 2008. In total over the three
years there were no significant differences between
the cultivars, but in 2007 covered plants of ‘Polka’
had a significantly higher index than ‘Carmen’ and
PK 97.62.2 (Field 1), while uncovered plants of
‘Korona’ had a significantly higher index than Bfr.
949603, ‘Kaunotar’ and ‘Kulkuri’ (Field 2).

CONCLUSION

A combination of a translucent fibre sheet win-
ter and spring coverage and a more open net sheet
harvest season coverage showed favourable results
for earliness of all cultivars, and for berry yield
of the three highest yielding cultivars. The culti-
var ‘Polka’ was the all-over best performing culti-
var. Covering treatment enhanced vegetative and
flower development and the ripening process in
all the cultivars. Optimal types of plant coverage
still have to be developed, and their optimal prac-
tical utilization has to be studied in future labo-
ratory and field experiments. The field trials dem-
onstrate that strawberries can be produced also in
northern Scandinavia when combining knowledge

154

about cultivars, growing techniques and market
demands.
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