Scientific Papers. Series B, Horticulture. Vol. LXVII, No. 1, 2023
Print ISSN 2285-5653, CD-ROM ISSN 2285-5661, Online ISSN 2286-1580, ISSN-L 2285-5653

BIRCH SAP HARVESTING IN CHANGING SPRING CONDITIONS
AND ITS IMPACT ON TREES GROWTH

Cristina MANESCU!, Miruna TUDORACHE!, Gabriel DANILAZ, Paul ILIESCU?,
Valerian SIMIONIUC?, Elisabeta DOBRESCU!

'University of Agronomic Sciences and Veterinary Medicine of Bucharest,
Faculty of Horticulture, 59 Marasti Blvd, District 1, Bucharest, Romania
2«Stefan cel Mare” University of Suceava, Faculty of Silviculture, 13 Universitatii Street,
720229, Suceava, Romania

Corresponding author email: cristina.manescu@horticultura-bucuresti.ro

Abstract

The collection of birch sap in spring has become, in the past decades, a regular practice in Romania, because of its
multiple health benefits. Over the years, many collectors experienced unsatisfactory results in terms of the amount of
sap harvested, usually attributed to the unpredictable spring weather of some years, with large variations from a day to
another. The results of this study revealed that independently of weather conditions in spring, the best period of sap
harvesting in North-East of Romania was between 25" of March - 5" of April, when the air temperatures did not exceed
15°C. Trees higher than 20 m were most productive. At the end of the growing season, tapped trees were smaller than
those untapped. These results suggest that in time, the tapped trees are less productive due to loss of vigour rather than

spring weather conditions.
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INTRODUCTION

European countries are affected by global
warming, which has a significant impact on the
climate (Anders et al., 2014). Seasons are
frequently abnormal in terms of both
temperature and precipitation’ regimes, with
implications on vegetation (Sukopp & Wurzel,
2003; Gloning et al., 2013; Loupian et al.,
2017; Liu et al., 2020). Climatic changes affect
woody plants communities all around in
Europe. Various effects were observed, from
forest scale, such as distribution of species
(Heuertz et al., 2010; Czucz et al., 2011; Silva
et al., 2012; Matias & Jump, 2014) and
biodiversity/composition (Ruiz-Labourdette et
al., 2013; Morin et al., 2018; Vacek et al.,
2021) to individuals, for instance, species
interactions (Kleinbauer et al., 2010; Gonzalez-
Muioz et al., 2014), drought-induced dieback
(Martinez-Vilalta et al., 2012), and changes in
growth (Vieira et al., 2020; Zhirnova et al.,
2021). Climate change have an essential impact
on the non-wood forest products (Kirilenko &
Sedjo, 2007; Murphy et al., 2012; Gurung et
al., 2021), because their quantities and qualities
depend on the ability of trees to manage with
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the new conditions. In case of silver birch
(Betula pendula), which is a common species
in Europe, it revealed an excellent acclimation
capacity to light and temperature (Rousi et al.,
2012). However, although the outset of spring
bud burst is controlled by photoperiod and heat
sum (Hanninen & Tanino, 2011; Hawkins &
Dhar, 2012), birch trees’ survival and
adaptation to climate changes seems to be
dependent by nitrogen soil availability (Possen
etal., 2021).

In Romania, the collection of birch sap in
spring has become, in the past decades, a
regular practice, mainly because of its benefits
on different organs such as kidneys, liver,
lungs, stomach or skin (Svanberg et al., 2012;
Papp et al., 2014). Birch sap can be harvested
from both rural and urban trees, without but it
may have a different composition when those
experience environmental stress (Grabek-Lejko
etal., 2017).

The birch sap harvest begins in March and ends
in May, before the foliage state (Papp et al.,
2014). Over the years, in Romania, many
collectors experienced unsatisfactory results in
terms of the amount of sap harvested, usually
attributed to the unpredictable spring weather



of some years, with large variations from a day
to another. Therefore, the present research
identifies the ability of birch trees to deal with
climate change in terms of sap production and
the impact of this practice on trees growth.

MATERIALS AND METHODS

Investigations were carried in 2020 and 2021,
on twenty silver birch trees (Betula pendula
Roth.) growing in a forest near Rasca village
(47°21'25"N, 26°14'4"E, 399 m altitude),
Suceava County, Romania. Birches grow here
on a podzolic soil of normal humidity.

During the two years of studies, the weather
conditions in the region were quite different.
Thus, the mild winter of 2019/2020 was
followed by a spring with a cold start,
recording 13 days with minimum negative
temperatures in March and eight days in April.
Also, during March and April, warm days were
frequently followed by intense cooling. At the
end of March, the last snowfall covered the soil
with 8 cm of snow and after that, April was
completely dry. In contrast, winter 2020/2021
was colder, with frequent episodes of frost and
snow. First part of spring was also cold, with
17 days of minimum negative temperatures in
March and the last snowfall was recorded in the
second decade of the same month. After that,
spring was warm and relatively dry.

Birch sap was harvested from the same marked
trees during March-April of the two years.
Trees were tapped on 10" March, prior to the
start of sap flow. In each trunk at a height of 50
cm above soil surface, a single hole was open
in the same position on each tree, with the
diameter of 10 mm and 3-4 cm depth, using a
drill. Then a plastic tube was inserted into the
hole and the other end attached to a plastic
container. Sap was collected and measured for
each individual, daily.

Growth of the tapped trees was evaluated by
measuring their height, using a Hagl6f Vertex 5
Hypsometer and diameter at breast height
(dbh), using a tree caliper. Data were recorded
in March, before extracting the sap, and at the
end of growing season, in November. For
comparison, the same measurements were
made simultaneously for non-tapped birch
trees. Also, the age of every tree was
determined, using a Pressler borer.
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Statistical analysis were applied to evaluate the
influence of trees parameters (tree height,
crown height, diameter at breast height and
age) on the sap production, using linear
regression and Pearson test. The impact of sap
harvest on trees growth was analysed using
one-way ANOVA test, which was applied on
the data representing the differences among
height and dbh of both tapped and untapped
trees, before and after growing season, then
statistical differences between means were
estimated with the Least Significant Difference
(LSD) test at 5% level of significance.

RESULTS AND DISCUSSIONS

Sap started to flow in the second decade of
March, independent of spring weather
conditions in 2020 and 2021(Figure 1). The
highest average amount of sap was harvested
between 25" of March and 5% of April,
representing 65% of the total sap collected.
Even if in 2020, a few warm days in March
initiated the sap flow a week earlier (on 19"
March), the sudden cooling that followed,
stopped it.

The sap harvesting takes place in almost same
period also in some other European countries
such as Denmark (Sancho et al., 2022),
Germany (Westhoff et al., 2008), Finland
(Harju and Huldén, 1990), Lithuania (Mingaila
et al., 2020), Latvia (Kika et al., 2013), Poland
(Zajaczkowska et al., 2019; Staniszewski et al.,
2020), and Ukraine (Zyryanova et al., 2010).
Although Europe has a varied -climate,
continental weather experienced a similar
warming trend in recent years (Van
Heerwaarden et al., 2021). Therefore, higher
temperatures in Northern Europe accelerated
the springtime phenological evens of birch
trees (Emberlin et al., 2002; Ahas et al., 2002;
Olsson & Jonsson, 2014; Minin et al., 2016)
and sap can be collected around the same
period as in Eastern Europe.

Values of air temperature at the time of
harvesting had an important impact on the sap
flow rate. At negative temperatures during day,
complete cessation of sap flow was observed
for all trees.
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Figure 1. Mean quantity of sap (1) collected from silver birch trees, during the spring of 2020 and 2021
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Also, sap flow decreased when maximum
temperatures exceeded 10°C. The relationship
between sap flow and air temperature was
reported by other researchers (Harju and
Huldén, 1990; Westhoff et al., 2008; Holttd et
al, 2018).

Low precipitation rate or drought do not seem
to affect sap flow in birches (Gartner et al.,
2009; Baumgarten et al., 2019; Sullivan et al.,
2021). Still, silver birch trees (Betula pendula)
are sensitive to prolonged drought (Beck et al.,
2016; Dox et al., 2022).

The exudation period lasted 35 days in spring
0f 2020 and 43 days in 2021. Birch trees exude
even longer, up to 47 days in northern Europe
(Essiamah, 1980). This variation depends on
temperature.

Although the sap flow lasted longer in the
spring of 2021, the total quantity of sap was not
greater than in 2020.

Total quantity of sap harvested from each silver
birch was positively correlated (Figure 2) with
tree height (r = 0.5562; r* = 0.3094; p =
0.0108). Thus, much more sap was collected
from trees taller than 20 m. Moreover, sap
quantity was strong positive correlated with
crowns height (Figure 3).

The highest quantity of sap was harvested
during spring of 2020, totalling 47.7 liters,
from a tree of 21 m in height and with a crown
height of 12 m. From the same tree was
collected the highest quantity of sap as well in
the following year.

For most of the investigated birches, the
amount of harvested sap was lower in 2021.
Thus, the total sap production in the spring of
2021 represented only 80% of that of 2020. A
decrease in sap production of trees exploited in
consecutive years has also been reported by
Maher (2005).

No significant relationship was found between
total sap harvested and dbh or tree age (Figures
4 and 5).

Some authors remarked a corelation between
sap quantity and dbh (Shi et al., 2001; Mabher,
2005; Mingaila et al., 2020) and other, did not
(Ganns et al., 1982; van den Berg et al., 2013).
Generally, dbh is one of the most used
parameters that guide collectors to select trees
for tapping, but sap yield proved to be more in
relation with several other factors, such as birch
species (Zyryanova et al., 2010), position of
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tree in the forest stand (Zajaczkowska et al.,
2019) or soil type (Mangaila et al., 2020).
Anyway, the cardinal location of the boreholes
in the tree trunk does not affect the sap quantity
(Kope¢ et al., 2020).

Sap harvesting in the spring of 2020 and 2021
had a negative impact on trees growth. Trees
height were significant reduced comparative
with untapped trees (Table 1) at the end of
growing season.

Table 1. Comparative growth parameters at the end of
2020 and 2021 at untapped and tapped trees

Untapped Trees | Tapped Trees
2020 2021 | 2020 | 2021

Parameters LSD

Average height

* *
differences (m) 0.61 043 | 0.39% | 0.26* | 0.16

Average dbh
differences (cm) 0.38 0.60 033 | 039 | 023

LSD — Least Significant Difference
Asterix indicates a statistically significant difference (P<0.05, LSD
test) from untapped trees.

Although the values of dbh were also smaller at
tapped trees, these were not found statistically
significant at P<0.05.

Springtime phenological events relies on xylem
sap. In both years of studies, sap harvesting
delayed the budburst. Moreover, drought
restrict bud development and growth (Kukk et
al., 2015). Consequently, although birches have
indeterminate growth habit (Hara et al., 1991;
Pothier & Margolis, 1991; Weih, 2000;
Zarnovican, 2000), shoots extension period was
shorter in tapped birch trees, and recorded
lower heights in autumn. Our findings are
confirmed by Rousi and Pusenius (2005),
which concluded that the best predictor of
silver birch growth is length of the growing
period.

CONCLUSIONS

Climate warming changed the phenology of
many tree species. In case of silver birch, our
investigations in North-East of Romania
revealed that sap exudation occurs at the same
period every year, independent of weather
conditions. Almost 65% from total quantity of
sap was harvested between 25" of March and
5" of April, as in other European countries,
including some northern and central ones. Sap
yield was significantly correlated with tree
height but not with dbh or age, parameters that



usually sap collectors take as indicators of a
higher harvest.

The tapping of silver birch trees in consecutive
years, induced a significant loss of vigor that
reduced productivity with 20%. Tapping trees
must be done without compromising their
growth and health over time. Therefore, it is
essential to exploit the trees in the forest with
responsibility, avoiding sap harvest in
consecutive years and limiting the collection to
one week.
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