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*  Berry production of bilberry, lingonberry and crowberry was studied after picking the berries
by plastic hand rake, long-handed metal rake, and powerful picking by long-handed metal rake.

*  Berry production was not affected by the damage caused by any of the picking method.

*  Current commercial picking methods do not endanger the berry production of the berry
species at least in short-term.

The effect of commercial wild berry picking on berry yields is under a strong public debate in
Finland. Especially high concern has been arisen over damages caused by metal rakes used in
commercial picking to subsequent berry production. We studied the berry production of bilberry
(Vaccinium myrtillus L.), lingonberry (V. vitis-idaea L.) and crowberry (E. nigrum ssp. herma-
phroditum (Hagerup) Bocher) after picking the berries by 1) plastic hand rake, 2) long-handed metal
rake and 3) powerful picking by long-handed metal rake, in northern Finland during 2010-2012.
In the powerful long-handed metal rake treatment the aboveground vegetation was raked twice
to the moss layer after berry picking. Biomass, which was removed from the vegetation by rakes
was collected and used as a measure of the damage. We assumed that picking by plastic hand
rake would result in lowest, long-handed metal rake intermediate and powerful picking by long-
handed metal rake highest biomass loss from vegetation. The amount of biomass loss should in
turn be reversely reflected into berry production. However, only the powerful picking by long-
handed metal rake removed higher amount of biomass than other picking methods in bilberry and
lingonberry. In crowberry, the amount of biomass removed by rakes increased from treatment to
treatment. Contrary to our assumption, berry production of bilberry, lingonberry and crowberry was
not affected by the damage caused by any of the picking method. We conclude that long-handed
metal rake used in commercial picking is comparable to hand rake in terms of berry production.
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1 Introduction

Wild berry picking and utilization has long tradition in many European countries (Seeland and
Staniszewski 2007; Turtiainen and Nuutinen 2012). In Finland, berry picking is a popular leisure
activity (Turtiainen and Nuutinen 2012). Wild berries may also have high economical significance
as additional incomes for households which collect berries for sale (Salo 1995; Saastamoinen et al.
2000; Jonsson and Uddstal 2002). Bilberry (Vaccinium myrtillus L.) and lingonberry (Vaccinium
vitis-idiae L.) are the most widely collected berry species in Finland (Maaseutuvirasto 2012).

In Finland, the average annual (1997-2008) yields of bilberry and lingonberry are approxi-
mately 180 and 260 million kg, respectively (Turtiainen et al. 2011). Despite the high between year
variation in wild berry yields (Miina et al. 2009; Turtiainen et al. 2011), the national utilization
rates of the berries are relatively constant between good and poor yields, being up to 6% of the
annual yield for bilberry and 10% for lingonberry in Finland (Salo 2008; Turtiainen et al. 2011).
These rates are based on data collected before migrant pickers were introduced into Finland in
2005 to meet the increasing wild berry demand and may underestimate the present use of wild
berries (Turtiainen et al. 2011). However, newer estimations tell that 3.1 million kg of bilberry
and 8.5 of lingonberry was bought by biggest berry companies in Finland in 2011, which are more
than average for the last three decades (Maaseutuvirasto 2012). The yield of crowberry (Empetrum
nigrum L.) is rather even between years (Wallenius 1999), but the annual purchase of crowberries
was only 0-0.4 million kg during last decade (Maaseutuvirasto 2012). As these numbers do not
include the current household use of wild berries, the actual use of berries is higher.

Nowadays, commercial berry picking relies on foreign labour in Finland and Sweden
(Richards and Saastamoinen 2010; Rantanen and Valkonen 2011). The phenomenon of foreign
pickers has raised numerous sociological and ecological questions. From ecological point of view,
the replacement of plastic hand picking rakes by long-handed rakes with metal tines has raised
concern over sustainability of berry picking. As flower buds of bilberry, lingonberry and crowberry
develop year before flowering, powerful autumn harvest may injure developing flower organs and
thereby decrease subsequent berry production. Apart from the direct damaging effect on flower
organs, biomass loss by rakes may reduce the number of reproductive units of the plant species
(Salemaa et al. 1999; Garcia and Ehrlén 2002) or enhance the vegetative growth which in turn
leads to lower investments to berry production in following years (Tolvanen et al. 1993; Hegland
et al. 2005; Stark et al. 2010).

Although current wild berry resources exceed their utilization in Finland (Turtiainen et al.
2011), strong public debate on possible negative effect of the commercial picking on the subsequent
berry production clearly indicates the need for closer examination of the issue. We conducted a
factorial experiment with two factors for bilberry, lingonberry and crowberry (E. nigrum ssp. her-
maphroditum (Hagerup) Bocher) in northern Finland. The factors were year (three levels: 2010,
2011 and 2012) and picking treatments (four levels: unpicked control, picking by plastic hand
rake, picking by long-handed metal rake and powerful picking by long-handed metal rake). In the
powerful metal raking treatment the aboveground vegetation was raked twice to the moss layer
to specify the vulnerability of berry production. To measure the damage caused by picking rakes
on the wild berry species, their biomass which was removed by rakes were collected with berries,
and the berry production was later monitored in two consecutive years. Berry production was
evaluated by measuring the number and fresh weight of the berries. We assumed that the level of
damage would gradually increase from hand raking to metal raking and to powerful metal raking,
which in turn should be reversely reflected into berry production.
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2 Material and methods
2.1 Study sites

The study was carried out in northern boreal forest zone in Rovaniemi, northern Finland during
2010-2012. The study was conducted at three locations: the bilberry study site was located at
Petdjavaara (66°19'N, 25°29°E), and lingonberry and crowberry sites at Kivalo (66°21'N, 26°39E
and 66°20'N, 26°40°E, respectively). The studies of bilberry and lingonberry were conducted in
closed coniferous forests, representing moist Hylocomium-Myrtillus forest type (Cajander 1949).
Location of the study plots within the study sites were visually determined based on the domi-
nance of the species, i.e. bilberry dominated the study plots in bilberry, and lingonberry in the
lingonberry study site. The study of crowberry was conducted at open heath habitat at the top of
a smooth hill where crowberry forms almost pure understorey vegetation. Nomenclature follows
Hiamet-Ahti et al. (1998).

Mean monthly temperature and precipitation are presented based on the measurements by the
Finnish Meteorological Institute (Apukka weather station, 66°58'N, 26°01E, Fig. 1). The weather
station is located approximately 35 km from the bilberry study site and 40 km from the lingonberry
and crowberry study sites. Mean monthly temperature during the growing season (May-September)
was higher in 2011 than in other years (Fig. 1). Mean monthly precipitation decreased towards
to the end of the growing season after July in 2010. Mean monthly precipitation was high in the
beginning of the growing season in 2011 and 2012 (Fig. 1).

2.2 Experimental design

The experiment was conducted in a factorial design with two factors for each berry species during
2010-2012. The factors were year (three levels) and picking treatments (four levels). Treatments
were applied in randomly assigned, permanent 1 x 1 m study plots, established at least five meters
apart in 2010. The plots were further randomly assigned to the piking treatments (n=28). Picking
treatments were (1) unpicked control, (2) picking by plastic hand picking rake, (3) picking by
long-handed metal rake and (4) powerful picking by long-handed metal rake. In the powerful metal
rake picking treatment, the aboveground vegetation was raked twice to the moss layer. These treat-
ments are referred to hereafter as control, hand raking, metal raking and powerful metal raking,
respectively. More detailed descriptions of the rakes used in the experiment are given in Fig. 2.
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Fig. 1. a) Mean monthly temperature (°C) and b) mean monthly precipitation (mm) in Rovaniemi during
2010-2012. Weather data for November and December are not available in 2012. Growing season is
represented by rectangles in the figures.
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Fig. 2. Picture of a) the plastic hand rake and b) long-handed metal rake used in the experiment. The width of
the plastic hand rake was 21.5 cm with flat, pointed, gradually widening plastic tines. The space between
the tines was 1 cm at the point and 0.5 cm at the base of the tines. The width of the metal rake was 20
cm and had evenly distributed round (diameter 2.5 mm) metal tines, located 0.5 cm apart.

In 2010, the biomass of the each species which was removed from the plots by rakes was
collected, dried at 80 °C for 24 hours, and weighed. The total undamaged biomass of each berry
species was measured by cutting aboveground biomass samples (n=8) at randomly selected 1 x
1 m areas outside the study plots at each site, and treated as the biomass which was removed by
rakes. Percentage values were calculated to determine the biomass which was removed by rakes
(= the biomass removed from the picking treatment plots by rakes in 2010/the total undamaged
biomass in 2010 x 100) for each berry species.

Prior to treatments in 2010 the berries in the control plots were counted without picking
them and berries in hand raking, metal raking and powerful metal raking plots were hand-picked,
dried at room temperature for two hours, counted and their pooled fresh weight was recorded.

In 2011, the number of berries in the control and picking treatment plots were counted in
the field without picking them. In 2012, the berries in all plots were hand-picked and treated as in
2010. After this, the aboveground biomass was collected by cutting from the plots, dried at 80 °C
for 24 hours, and weighed.

The treatments, biomass collections and counting the berries were carried out in the middle
of August, in the middle of September and in the late of August for bilberry, lingonberry and
crowberry, respectively.

Berry wholesalers generally freeze the stock material collected by berry pickers. This mate-
rial contains berries, litter and a mixed plant material. The first refining step of the stock material
is mechanical separation of frozen reject (= litter and mixed plant material) from the berries. To
estimate the amount of bilberry biomass which is removed during commercial picking, frozen
reject from berry refining plant was obtained from Korvatunturin Marja (Inc., Savukoski). From
the reject, six samples (50 g fresh weight) were taken and bilberry ramets, bilberries, litter and
other species biomass were separated. These fractions were kept at room temperature for five
hours, and their fresh weight was measured. Samples were later dried at 80 °C for 24 hours, and
weighed. The fresh weight and dry weight of bilberry ramet and bilberry biomass in reject samples
were later used to compare the biomass loss as percentage values due to the genuine commercial
picking to the results of this study.
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2.3 Statistical analysis

The difference between the amounts of biomass removed from the plots by rakes in 2010 was
tested using the one-factor ANOVA for each berry species. Differences between the number of
berries of bilberry, lingonberry and crowberry between years (2010, 2011 and 2012) and picking
treatments (control, hand raking, metal raking, and powerful metal raking) were tested using the
repeated measures ANOVA. Year was treated as a within-subject factor and picking treatments as
a between-subject factor in the analysis.

The mean fresh weight of the berries was calculated by dividing the pooled fresh weight of
the berries by their number in each study plot before the statistical analysis. Berries were left in
the control plots in 2010, therefore the differences between the mean fresh weights of the berries
were possible to test only between picking treatments. This was done by using the repeated meas-
ures ANOVA, using year (2010 and 2012) as a within-subject factor and picking treatments (hand
raking, metal raking, and powerful metal raking) as a between-subject factor. To test whether the
mean fresh weight of the berries differed between the control and picking treatment plots in 2012,
i.e. two years after the treatments, the one-factor ANOVA was applied. The biomass which was
collected from the control and picking treatment plots in 2012 was tested by the one-factor ANOVA.

In the repeated measures ANOVA, when Mauchly’s test of sphericity was significant, Huynh-
Feldt adjusted F values were used. The data were checked for the requirements of normality, and
homogeneity of variances was tested by Levene’s test before statistical analysis. Log-transformed
data were used to achieve the requirements of homogeneity when testing the amount of removed
biomass from the plots by rakes. Tukeys’ post hoc-test (significance level p<0.05) was used in
multiple comparisons between the control and picking treatments. Statistical analyses were carried
out using SPSS/PASW Statistics 17 for Windows (SPSS Inc. Chicago 2009).

3 Results

The biomass removed from the picking treatment plots by rakes differed significantly for all species
(Fig. 3). The removed biomass was lower in the hand and metal raking treatments than in the pow-
erful metal raking treatment in bilberry (F(221)=6.911, p=0.005) and lingonberry (F(221)=47.577,
p<0.001) (Fig. 3). In crowberry, the removed biomass was lowest in the hand raking treatment,
intermediate in the metal raking treatment and highest in the powerful metal raking treatment
(F(221)=31.795, p<0.001) (Fig. 3). The total undamaged biomass of bilberry, lingonberry and
crowberry was approximately 143.17+17.3, 196.51+20.5 and 308.92+22.0 (dry weight m2,
mean+ SE), respectively, at the study sites in 2010. Bilberry lost approximately 0.03%, 0.16%
and 1.15% of its biomass in the hand raking, metal raking and powerful metal raking treatments
in 2010, respectively. Corresponding values for lingonberry are 0.08%, 0.07% and 2.20%, and for
crowberry 0.34%, 2.28% and 6.79%, respectively.

Number of the berries of bilberry, lingonberry and crowberry varied between years in the
plots, however, no differences were found between the picking treatments as revealed by the
repeated measures ANOVA (Table 1). The number of berries of each species was highest in 2010
compared to other years (Fig. 4). The number of bilberry was lowest in 2011 compared to other
years, whereas the number of lingonberry and crowberry decreased year by year during the study
period (Fig. 4).

The mean fresh weight of the berries in the treatment plots in 2010 were significantly higher
than in 2012, however, no differences were found between the picking treatments as revealed by
the repeated measures ANOVA (Tables 2 and 3). In 2012, two years after the treatments, both the
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Fig. 3. The amount of the biomass of bilberry, lingonberry and crowberry (dry weight g/m2, mean + SE)
which was removed from the picking treatment plots by rakes in 2010. Different legends indicate
significant differences between the treatments as revealed by the one-factor ANOVA followed by
Tukey’s post hoc-test at the significance level p<0.05.

Table 1. Results of the repeated measures ANOVA analyzing the effect of picking treatment on
the number of the berries of bilberry, lingonberry and crowberry during 2010-2012. Picking

treatment and year df=3 and 2, respectively, and error df=28 and 56, respectively. Year x
picking treatment df=6.

Year Picking Year x Picking
F P F P F p
Bilberry 79.080 <0.001 0.384 0.766 0.835 0.548
Lingonberry 43.517 <0.001 0.139 0.936 1.947 0.089
Crowberry® 14.957 <0.001 2.179 0.113 0.528 0.753

a) Huynh-Feldt adjusted F values were used in the analysis.

Table 2. Results of the repeated measures ANOVA analyzing the difference between picking
treatments on the fresh weight of the berries of bilberry, lingonberry and crowberry in 2010
and 2012. Picking treatment and year df=2 and 1, respectively, and error df=21 and 21,
respectively. Year x picking treatment df=2.

Year Picking Year x Picking
F p F P F P
Bilberry 115.271 <0.001 1.017 0.379 2.893 0.078
Lingonberry 297.142 <0.001 0.854 0.440 2.374 0.118
Crowberry 5.428 0.030 0.162 0.851 0.349 0.710
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Fig. 4. Mean number of berries (x SE)/mZ of bilberry, lingonberry and crowberry in the control and the
picking treatment plots during 2010-2012.

mean fresh weight of the berries (Table 3) and the aboveground biomass of the berry species were
similar in the control and picking treatment plots (one-factor ANOVASs, statistics not shown).

The amount of dry biomass of bilberry which was removed in the powerful metal raking
treatment (approximately 2 g m—2, Fig. 3) coarsely corresponded to 4 g m~ fresh weight biomass
loss in 2010. In the same year, the average pooled fresh weight of the bilberries in the hand rake,
metal rake and powerful metal rake treatments (values are shown in Table 3) was approximately
34 g m2. The total fresh weight biomass loss of bilberry, i.e. the fresh weight of the biomass which
was removed by rakes and the fresh weight of the bilberries, was therefore approximately 38 g
m2 in the powerful metal rake treatment in 2010. This means that the amount of bilberry ramet
biomass expressed as fresh weight was approximately 10% from the total fresh weight removed
by rake in the powerful metal rake treatment in this study in 2010.

4 Discussion

Contrary to our assumption, the berry production of bilberry, lingonberry and crowberry was not
affected by damage caused by any of the treatments during the study period. Even the powerful
metal raking did not result to diminished berry production. Corresponding studies on the effects of
picking methods on wild berry production are missing. However, the response in berry production
to picking may be similar to those found for herbivory given that both berry picking and grazing
by herbivores remove certain amount of biomass of target species (Brathen and Oksanen 2001).
Both natural and artificial herbivory experiments suggest that herbivory reduces the berry produc-
tion of wild berry species, especially in bilberry (Fernandez-Calvo and Obeso 2004; Hegland et
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Table 3. Pooled fresh weight of the berries (g/m?) and mean fresh weight of the berry in treatment plots in
2010 and 2012.

Bilberry Lingonberry Crowberry
Mean + SE Mean + SE Mean + SE
Pooled fresh Fresh weight of ~ Pooled fresh Fresh weight of  Pooled fresh Fresh weight of
weight the berry weight the berry weight the berry
2010
Control not measured not measured not measured not measured not measured not measured
Hand rake 37.32+4.6 0.31+£0.01 49.38£7.5 0.27+0.01 22221+20.8 0.28+0.01
Metal rake 31.25+4.7 0.21 £0.01 52.01 +£8.3 0.28+0.01 212.24+31.1 0.27+0.01

Powerful metal  32.31+5.6 0.27 £0.02 68.93+75 0.27+0.01 28794+256 0.28+0.01
rake

2012
Control 16.45+3.3 0.17 +£0.02 18.37+3.1 0.21 £0.00 91.00 +£24.3 0.30 +0.03
Hand rake 13.38+£2.5 0.17+0.02 20.19+4.0 0.21+0.00 122.66+26.8 0.26+0.02
Metal rake 1470 £2.5 0.18 +£0.01 17.57+6.6 0.20+0.01 91.76 £ 16.6 0.25+0.01

Powerful metal  13.28 £2.4 0.18+0.01 1721 £4.8 0.19+0.01 128.46+25.9  0.27+0.01
rake

al. 2005, 2010; Mathisen et al. 2010 but see also Pato and Obeso 2012). Biomass loss caused by
herbivory directly decreases the amount of reproductive units of plant, decreasing thereby future
reproduction (Garcia and Ehrlén 2002; Cote et al. 2004). Moreover, biomass loss may indirectly
enhance the allocation of resources to vegetative growth at the expense of sexual reproduction,
postponing the berry production of plant (Tolvanen 1993; Hegland et al. 2006; Stark et al. 2010).

The fact that damages caused by picking did not affect the berry production of wild berry
plants in this study may be explained by the small amount of biomass removed by treatments, and
the timing of the damage. In this experiment, the most severe picking treatment (powerful metal
raking) removed the biomass of bilberry, lingonberry and crowberry approximately 1, 2 and 7%,
respectively. Berry production of bilberry has been found to decrease for two years after 20%
biomass loss (Stark et al. 2010), suggesting that the intensity of the damage in this study was not
severe enough to affect negatively the bud number even in the most powerful picking treatment.
Contrary to the investigation of Stark et al. (2010), in which 20% biomass loss corresponded 5-10
cm cutting from the top of the bilberry ramets, Pato and Obeso (2012) reported that cutting 5—8
cm did not affect the number of flowers, berry production nor berry weight of bilberry. Moreover,
it has been shown that damages occurring early in the growing season have the most detrimental
effect on several plant species, whereas the biomass loss occurring late in the growing season is
more easily compensated (Tolvanen and Taulavuori 1998; Salemaa et al. 1999; Whigham and Chapa
1999; Garcia and Ehrlén 2002). Taken together, it seems that both low intensity as well as timing
of the damage buffered the possible negative effect of picking on the berry production in this study.

Mechanical separation of litter and a mixed plant material from frozen berries is the first
refining step before berries are delivered to markets. Typically, share of bilberry ramet biomass
is about 4-8% fresh weight in unrefined mass (Jari Huttunen, manager of Korvatunturin Marja,
pers. comm. in 2013). This falls below the share of bilberry ramet biomass which was removed
(10%) in the powerful metal rake treatment in our study. This suggests that the current commercial
picking methods do not endanger berry production, as the most powerful raking in our experiment
did not decrease berry production.

Biomass loss may change the competitive balance between plant species in long term.
Mathisen et al. (2010) reported that long lasting simulated herbivory increased the sexual repro-
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duction in the understorey in boreal forest in general. However, the change in the understorey
vegetation structure due to the competitive interactions decreased the cover and sexual reproductive
units of bilberry. Generally, deciduous species such as bilberry are resistant for moderate biomass
loss due to their relatively fast growth rate and effective utilization of reserved carbohydrates
(Tolvanen 1994; Tolvanen et al. 1994; Hegland et al. 2010). Evergreen species such as lingonberry
and crowberry express slow growth rate (Ruiz-Robleto and Villar 2005 and references therein)
and are therefore more sensitive to biomass loss than deciduous species. In this study, we did not
measure the biomass of wild berry species one year after picking. However, plant species biomass
exhibited full recovery in second year after raking, suggesting that biomass loss of wild berry spe-
cies caused by rake picking have no long term influences on vegetation structure and competition
balance between the species in this study. Furthermore, the finding that the mean fresh weight of
the berries was similar in the control and picking treatment plots two years after raking supports
the results that picking treatments had no effect on berry production. This is in accordance with
the results by Pato and Obeso (2012), which showed that simulated herbivory by clipping did not
affect the fruit mass of bilberry during the similar time period as in this study.

Berry production of wild berry species varies greatly between years (Wallenius 1999; Kudo
and Suzuki 2002; Miina et al. 2009; Turtiainen et al. 2011) as also revealed in this study. In this
study, between year variation in berry production was similar in the control and picking treatments,
suggesting that other than picking method determined the berry production. According to generally
accepted view, the variation in wild berry yields result from climatic conditions, such as temperature,
precipitation and frost injuries during different stages of berry production (Raatikainen and Vian-
ninen 1988; Tolvanen 1997; Wallenius 1999; Selas 2000; Krebs et al. 2009; Gerdol et al. 2013). In
this study, wild berry production was highest in 2010 compared to other years. This result disagrees
with the nationwide announcements of wild berry yields by Finnish Forest Research Institute in
2010-2012, and describes the difficulty of yield estimation of wild berry species due to the high
regional variation. The yield of bilberry suffered from drought in July in Finland in 2011 (Finnish
Forest Research Institute) which probably explain the low number of the berries of bilberry in our
experiment in that year. Contrary to bilberry, the number of berries of lingonberry and crowberry
decreased year by year in this study. Different between year variation in berry production suggests
that the response of berry yields to climatic variables may be species specific (Krebs et al. 2009).
Moreover, both current and previous year’s climatic variables may affect the berry production
of long-lived wild berry species (Raatikainen and Vénninen 1988; Wallenius 1999; Selas 2000;
Krebs et al. 2009). It has been observed that weather conditions during flower organ development
in the autumn are equally important for berry production than weather conditions during the other
stages of flower and berry development (Selds 2000). Climatic variables also affect indirectly
through pollinator activity to the berry production (Jacquemart and Thompson 1996). It also has
been suggested that the berry production of Vaccinium-species may fluctuate regularly (Vander
Kloet and Cabilio 1996; Wallenius 1999; Selas 2000). For example, Seléds (2000) reported peak in
the production of berries at intervals of 2—5 years for bilberry, and this periodicity was dependent
on previous year’s berry production and weather conditions.

In summary, plastic hand rake and metal rake removed equal amount of bilberry and lin-
gonberry biomass except when the metal rake usage was exceptionally powerfully. Crowberry
was more sensitive to picking by metal rake than bilberry and lingonberry measured by biomass
loss. However, even the powerful usage of metal rake did not decrease berry production of any
of the wild berry species in this study. Therefore we conclude that long-handed metal rake used
in commercial wild berry picking seems to be comparable to plastic hand rake in terms of berry
production. However, in this study picking treatments were conducted only once, and although their
effects were monitored in two consecutive years, the study provides only the short-time insight on
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the issue. If same areas are continuously under high picking pressure, repeated biomass loss may
affect negatively the berry production of wild berry species for example through deleterious effect
on plant resource level (Froborg 1996; Kudo and Suzuki 2002; Strengbom et al. 2003) or through
plant competitive interactions (Mathisen et al. 2010).
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