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Abstract

There are only a few studies on the reaction of stands after a group shelterwood cutting.

The research tasks were to find out whether an additional increment is formed in the retained part of the stand
after group shelterwood cutting; after how many years following cutting the gaps does the additional increment of the
retained part of the stand begin to form; if there are differences in additional increments for trees located at a variety
of distances from the gap edge; if the storm of 2005 has affected the additional increment of trees.

The study was done in five Scots pine (pine) stands, each roughly 110 years old and located within Myrtillosa forest
type. In each stand, 2-3 gaps were selected. Around each gap four plots were measured in the uncut part of the stand.
In each plot pines were sampled with an increment borer. At least 40 trees in 5 control stands were sampled with an
increment borer as well. An additional increment method elaborated by I. Liepa was used in order to determine the
response of trees to the gaps. In the uncut parts of the stand additional increment was found to be positive in the first
years after group shelterwood cutting for trees closer than 7 m from the gap edge. Six years after cutting the cumulative
additional increment in the parts of the stand closer than 7 m from the gap were 2 to 5 times greater compared to the
parts of the stand at a distance greater than 7 m, and the differences were significant (at the 95 % confidence level) in
4 of 5 stands. There was a trend that in the year 2005 after the storm, additional increment and tree ring width decreases.

However, this trend was not significant (p > 0.05), and independent to the distance from the edge of gap.
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Introduction

Different researches done by many authors indi-
cate a different pace in the reaction of trees to stand
thinning. It has been concluded that during the first
three years after thinning Scots pine — Pinus sylves-
tris (L.) (further pine) stands show negative growth,
and afterwards they show a positive growth (Liepa and
Drike 1979). Similar tendencies are observed after shel-
terwood cutting in pine stands (FOpxeBuu and l'omon
1969). Another study shows that thinning in older
stands has no effect or has a negative effect on addi-
tional radial stem increment, but this effect is positive
in younger stands (Donis 2013). PomanoBckuii and
Kouanosckuit found that moderate thinning can sig-
nificantly increase the current increment of growing
volume (1972). The stem growth after stand thinning
increases only after several years (Niemisto et al. 1993,
Varmola et al. 2004). However, there are also studies
indicating that the annual ring growth of pines can
start within the next year after cutting (3Buenpuc and
Kamueas 1968). Growth culmination fluctuates from 7-

11 years (Jakobsson 2005) up to 15-20 years (Niemistd
et al. 1993). J. Donis (2013) found that thinning had a
short-term effect.

It should be pointed out that the majority of stud-
ies on stand reaction to thinning have been done in
middle-aged and pre-mature stands. Only a few stud-
ies have been done in mature conifer stands and most-
ly they have been done with the aim to find out the
additional increment of retained trees after the first stage
of uniform shelterwood cutting (Latham and Tappeiner
2002, Holgen et al. 2003) or as a result of seed tree
cutting (Niemisto et al. 1993, Jakobsson 2005). Howev-
er there are no extended studies on the effect of group
shelterwood cutting on additional increment in retained
trees. It is usually assumed that the ability of trees to
react to changes decreases as its age increases (JIuemna
1980, CronspoB and Ky3nemnosa 1972), yet other stud-
ies show that the tree’s age does not affect its ability
to react after stand thinning (Jonsson 1995), and pines
after 200 years (Jakobsson 2005) and spruces after 140
years are able to react to improvement of growth con-
ditions (Naslund 1942, cited from Holgen et al. 2003).
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In Latvia, shelterwood cuttings are usually prac-
tised in forests, where clear-cutting is forbidden or
there are a high proportion of mature stands, as well
as in private holdings. In Latvia between 2006-2014
shelterwood and selective cuttings were done in
~1450 ha per year of pine stands or ~12.2% from the
total final cutting areas (Anon. 2015). Knowledge
about how retained shelter trees grow after gap crea-
tions in mature stand will be useful for shelterwood
management guidelines and help to provide reliable
predictions on the economic return from the addition-
al increment of retained trees.

The research tasks were to find out whether an
additional increment is formed in the retained part of
the stand after group shelterwood cutting; after how
many years following cutting the gaps does the addi-
tional increment of the retained part of the stand be-
gin to form; if there are differences in the additional
increment for trees located at a variety of distances
from the gap edge; whether the storm of 2005 has af-
fected the additional increment of trees.

Materials and Methods

The study was carried out in five sites which are
located in the Piejiiras (AKM19; AKM77; KNP; 604) and
Kursas (ABA) lowlands (elevation 15—45 m a.s.l.) in the
western and central part of Latvia (Figure 1). The cold-
est month is January (mean temperature is ~ -4 °C) and
the warmest month is July (mean temperature is ~17 °C),
with a vegetation period lasting ~135-155 days. Annu-
al precipitation is 700—800 mm (Anon, 2011).

Research sites were located in mature pine dom-
inated stands (comprising at least 70% pine) with an
average tree age of 104—-125 years at breast height
(Table 1). All stands were with an understorey of
spruce on mesic average fertility Myrtillosa forest type
(classification by Buss (1976, 1997) on well drained
mineral soils. The dominant ground vegetation spe-
cies were Vaccinium myrtillus (L.), Vaccinium vitis-
idaea (L.), Calamagrostis arundinacea ((L.) Roth) and
Pteridium aquilinium ((L.) Kuhn).

200 Kilometers

Figure 1. Geographical location of the re-
search stands in Latvia (grey circles — group
shelterwood; black circles — control stands

From 2001 until 2003, group shelterwood cutting
has been implemented in these stands by cutting rel-
atively evenly located, round gaps with the diameter
of 20-30 m, and cutting all trees within those gaps. The
remaining parts of the stand between cut gaps were
not thinned, except the object (ABA) where the sec-
ond storey of spruce was cut. In each stand 2 or 3
gaps were measured. At the beginning, each selected
gap had its centre determined, and from the centre to
the four cardinal directions (N, E, S, W) of 18 m dis-
tance circular sample plots with a radius (Figure 2) of
12.62 m (500 m?) were established.
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Figure 2. Sampling plot layout in stand

Table 1. Research stand parameters
Site Composition y:a{rs (I::)m ':1 V\{%F T:ﬁ?tirnﬁ s\a(Snaprl i?] fg NSL%EEEC? ' b
ABA 10P 125 36.7 252 n/d 2001 2008 67
604 7P3S+B; Il storeyS 107 37.2 28.3 n/d 2002 2011 32
KNP 10P+S; Il storey S 114 37.7 292 108 2002 2011* 71
AKM19 9P1S+B; Il storeyS 104 46.8 30.6 45 2003 2008 42
AKM77  10P+S; Il storey S 108 404 259 1.5 2003 2008 57

Notation: A — average age at 1.3 m height; D — average diameter; H — average height;
W-F — wind-felled trees, % from total basal area; P — Scots pine; S — Norway spruce;
B — Silver birch; * — stand first measuring year 2006; n/d — no data
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In these sample plots, the tree diameter at breast
height, azimuth, and distance to the plot’s centre were
measured for all the trees with a diameter above 6.0 cm
at breast height. Trees with a diameter from 2.1 cm to
6.0 cm at breast height were measured within a radius
of 5.64 m (100 m?). The height of the trees was meas-
ured for subsample of each forest element separately,
and for at least 9 trees from each forest element in each
object. In three sites (KNP, AKM19; AKM77) within
the sampling plots wind-fallen trees with a diameter
above 6.0 cm at breast height were measured. In or-
der to determine the age of the stand and for addi-
tional increment calculations, samples of radial incre-
ment at breast-height to the pine trees (from six trees
in the sample plot or if there was a lower number — all
pines) were collected with an increment borer.

In the laboratory, increment cores from trees were
mounted on a wood strip and sanded with grit sand-
paper (graininess 120-200) until the rings were clearly
visible. The width of annual rings was obtained by
using LINTAB IV. For the initial data processing, TSAP
Win Scientific 0.55 software was used. In order to
calculate the additional increment, the methodology
developed by I. Liepa (1996) was used. When analys-
ing the additional increment of the stand, the average
tree method was used (Liepa 1996). In order to calcu-
late additional increment, initially 5 control stands (age
at breast height 85-107 years) from the materials of
LSFRI “Silava” archive were selected. Within each
control stand radial increment samples from 40-74
trees were obtained. The retrospection period used for
calculations was 10 years. In the control sample plots
trees were selected whose radial increment showed a
statistically significant correlation r; .= 0.6319 (crit-
ical value of Pearson correlation coefficient at n=10
and a=0.05) with valuation stand average radial incre-
ment in retrospection period. Control stands with the
largest number of selected trees, as well as with the
highest calculated determination coefficient (for power
regression equation between affected and control
stands) was used for further calculations. The deter-
mination coefficients of power regression used in fur-
ther calculations were from 0.64 to 0.96 (Table 2) within
the retrospection period. In order to evaluate the ef-
fect, annual (Tp,,) and cumulative (Kp, ) additional
tree volume increment per unit of stand basal area m?
m-~2was used (Liepa 1996). Tp_,was calculated as the
cumulative increment difference between consecutive
years. Kp  was obtained by recalculating the additional
cumulative increment per 1 m? of the stand basal area.
Cumulative additional stem volume increment calcula-
tion was done by using the equation (Liepa 1996):

20 = 12732.4¢ (GHDP'H+ v-2 — GHZDf ' +7-2), (1

where: Z]:Z — cumulative additional stem volume incre-
ment m* ha'!; ¢, @, B, ¢— empirical coefficients depen-
ding on tree species (for pine: y =0.00016541; a =
0.56582; B =10.25924; ¢ =1.59689); ¢t — evaluation pe-
riod of environmental influence (1 =< ¢ < 20), years;

G, G, — basal area of stand and predicted values
at the end of t period, m? ha':

DZ

6= @)

D, D, — stand average diameter at breast height
with bark and predicted value at the end of t period,
cm:

D, =D- 0,12Z", 3)

i . .. .
VA Dp — cumulative additional increment of the stand
average diameter, cm;

7o' = 2u (i iy — Zyy ), 4)

u — empirical coefficient of the thickness of the
bark depending on tree species (for pine — 1.103);

t’ — the interval of retrospection, years;

i;— average width of evaluated stand annual ring
data at period ¢ + ¢’, mm;

i; — adjusted width of annual ring of evaluated
stand, mm:

=i, (5)

ir — width of appropriate control annual rings, mm;

p, n— calculated equitation coefficients from each
pair of evaluated and control stand according to the
width of annual rings at period ¢’.

H, H, - stand average height and predicted value
at the end of period ¢

H=H- 7], (©)

Z,kf — cumulative additional increment of stand
average height, m:
,_ HZp (ad+b) 7)

H " ueDb+100) °

a, b, c — empirical coefficients depending on tree
species (for pine: a = 0.00016541; b = 0.56582; ¢ =
0.25924).

The total Tp_, and Kp_, of trees in sample plots
established in the uncut parts of the stand was calcu-

Table 2. Relation be-

Number of

tween control and eval- Valuation ~ Control selected R2
ted stand th i stand stand adequate
uated s an. S grow mn control trees

retrospection period

604 S1 10 0.64

ABA u2 16 0.96

AKM17 S1 24 0.92

AKM77 u2 17 0.76

KNP u2 20 0.92
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lated. In order to compare whether the additional in-
crement in uncut parts of the stand is similar regard-
less of the tree’s distance from the gap edge, the trees
were divided into two groups — trees located closer
than 7 m from the gap edge, and trees located further
than 7 m from the gap edge. The distance from the gap
edge that divides the borders of the two groups was
selected as per the impact zones determined in other
studies of 5 m (Donis 2007) and 8 m (Zdors and Donis
2012), as well as the possible impact zones 0.3-0.6 from
the average tree height within the stand (Epmoxun and
Cynauk 2001). Additional increment was calculated for
each group separately. In order to calculate the upper
and bottom 95% confidence limit of Kp,_,, 2 standard
errors were added and subtracted from the average
annual ring width value of the affected stand and a
recalculation of Kp , was done. Hereinafter in the text,
the Tp, , and Kp,, of the uncut part of the stand and
the Tp,, and Kp_, of the trees located closer than 7 m
and further than 7 m from the gap edge are mentioned.
However, by taking into account the fact that sample
plots in the stands were not arranged in a transect
manner or in another way that would allow us to fully
describe the stand, the calculations do not represent
the full Tp,, and Kp,, of the particular stands, rather
they describe the Tp,, and Kp, , of the sample group.

Taking into account the fact that the analysed
stands were cut, as well as the fact that the radial
increment samples were obtained in different periods
of time (Table 1), the analyses were done by evaluat-
ing the total development of Tp_, and Kp_,. The ef-
fect of the storm of 2005 was evaluated by using Tp,_,
and the width of the annual rings. When evaluating
the effect based on the width of annual rings, the
widths of annual rings from 2004 and 2005 were com-
pared using univariate analysis of variance.

Results

It was found that Tp_, and Kp, 6 was positive
during the first years after cutting in all five stands
where group shelterwood cutting was performed
(Figure 3; 4). The increment develops differently for
each stand; nevertheless, it was found that the larg-
est Tp_, was observed 4-6 years after cutting in four
out of five stands. However, the evaluation period for
two stands (AKM19; AKM77) was only six years so
the mentioned correlation must be considered with cau-
tion because the largest Tp,_, for the stand (604) with
the longest evaluation period (10 years) was found
within the last year of evaluation. Six years after cut-
ting, the Kp_, of stands ranged from 0.063 to 0.321 m?
m?(Figure 3). The lowest Kp_, was observed in the
stand AKM19.
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Figure 3. Cumulative additional volume increment (Kp_ )
of research stands (AKM19; AKM77; KNP; ABA; 604) in
uncut parts
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Figure 4. Annual additional volume increment (Tp ) of
research stands (AKM19; AKM77; KNP; ABA; 604) in
uncut parts

Kp, . for trees located closer than 7 m from the gap
edge was positive already during the first years after
cutting (Figure 5), and after six years it was two to
five times higher than for trees located further than 7
m from the gap edge with Tp_, reaching 0.146 m’m™
per year (KNP). Tp_, fluctuates around zero but did
not exceed 0.046 m3> m™ per year, and was practically
insignificant at a distance further than 7 m from the
gap edge (Figure 6). In the ABA stand where a sec-
ond stage was done six years after the first stage by
thinning the uncut parts of the stand, a small posi-
tive Tp, ,was monitored during the following years,
yet it was unsubstantial.

In the stand KNP, the Kp_, for trees closer than 7
m from the gap edge and further than 7 m from the gap
edge with 95% confidence does not differ during the
first two years after cutting. In the other three stands
at the end of the first year of evaluation, the Kp_, is
significantly higher for trees located closer than 7 m
from the gap edge in comparison with Kp_, for trees
located further than 7 m from the gap edge. In one of
the stands (604) the difference between Kp_, for trees
located closer than 7 m from the gap edge and further
than 7 m from the gap edge, was not statistically sig-
nificant (with 95% confidence).
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Storm felled trees were observed from 1.5 to 10.8%
of the total basal area (Table 1). However, in the year
2005, Tp,,, for trees located closer than 7 m from the
gap edge decreased in two stands (604; ABA) where
storm felled trees were not measured. In the rest of
the stands, Tp,  decrease has not been registered - in
the following years Tp, , was either similar to previ-
ous years, or Tp_, continued to increase (Figure 6).
For trees located further than 7 m from the gap edge,
Tp,., decrease was registered in only one of the stands
(ABA). The average annual ring width for trees locat-
ed closer than 7 m from the gap edge reduced in three
stands (604; ABA; AKM19) in the following growing
period after storm at 17 — 21% in comparison with the
average annual ring width of the previous year

Years e Years

(Figure 7). At a distance further than 7 m from the gap
edge in the same stands the average annual ring width
was reduced in the same three stands at 4 — 24%. The
greatest reduction was in stand ABA, however, in no
cases were these differences significant (p > 0.05).

Discussion and Conclusions

3Bueapuc and Kanusiae (1968) also found that the
annual ring widening process for pine starts in the next
year after cutting. Other observations of different
conifers, however, indicate that even though immedi-
ate root growth reaction has been monitored (Urban
et al. 1994, Kneeshaw et al. 2002, Vincent et al. 2009),
the stem volume usually does not increase during the
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first years after cutting (Youngblood 1991, Kneeshaw
et al. 2002, Niemistd et al. 1993, Holgen et al. 2003,
Varmola et al. 2004, Thorpe et al. 2007). This period
usually lasts two to four years (Jakobsson 2005).
Moreover, old-growth conifers have been found to
delay their growth response for 5 to 25 years (Latham
and Tappeiner 2002). Following cutting in pine stands
in Myrtillosa forest type where the age of the stands
does not exceed 50 years, negative stand reaction has
also been observed, where the additional volume in-
crement is negative during the first three years after
cutting (Liepa and Drike 1979).

In our research, Tp, , peaked mainly 4-6 years af-
ter cutting. Other studies have found that that the cul-
mination of the increment reaction for spruce is ob-
served 5—7 years after cutting (Holgen et al. 2003). Ja-
kobsson (2005) found that the culmination on pine
occurs 7—11 years after cutting, but Niemisto et al. (1993)
found this happened later at 15-20 years after cutting.

The total stand Kp,_, six years after gap cutting
differed between stands by about 5 times. The stand
which had the lowest Kp_, (AKM19) differed from the
other stands with a larger average diameter (46.8 cm)
and height of trees (30.6 m), and it was also the young-
est stand. It is possible that it corresponds with a more
fertile Hylocomiosa forest type. The gap size was also
the smallest at around 25 m. The largest Kp_, was
observed in the stand KNP whose stand parameters
were similar to other stands. Unfortunately, the stand
parameters representing the basal area and density of
stands covered by this research were not available,
as they could explain the differences in additional in-
crement. If the competition among trees had been small
prior to thinning, then thinning might have had a small
effect because the tree growth did not depend on
competition (Plauborg 2004). Research done by J.
Donis (2007) found that in the case of uniform shel-

terwood cutting, the increment is significantly depend-
ant on the basal area of the first storey of the retained
stand. Research in Sweden has found that the annual
basal area increment of seed trees retained in clear-
cuttings is 20% larger than prior to cutting (Rosvall
et al. 2007, cited from Simonsen 2013).

Six years after gap cutting the additional cumula-
tive tree volume increment for trees located further
than 7 m from the gap edge fluctuates around zero and
in four of five stands was significantly smaller than
for trees closer to the gap edge. Similar results were
obtained in studies on the edge effect of pine stand
thinning in Myrtillosa forest type, with the effect close
to the edge of the technological corridor being posi-
tive, however this gradually decreased towards the
middle of strips (Liepa and Drike 1979). Mikinen et al.
(2006) found that after thinning in middle-aged pine
and spruce stands the edge effect progressively di-
minished when moving deeper into the strip and end-
ed at a distance of about 3-4 m from the corridor edge.
Consequently it can be that the distance we chose as
our distance from the gap edge to divide the selected
group borders (up to 7 m and further than 7 m) was
somewhat imprecise. However, we had much greater
gaps in the stand compared with the strip roads which
are usually only 3-4 m wide.

Our results show that when evaluating the stand
increment after group shelterwood cutting, it must be
taken into account that the additional volume incre-
ment will only be observed around gaps, and the long-
er the distance between the gaps, the larger the area
where the additional volume increment will not be
observed. Additionally, if thicker trees are retained
(such as thinning trees around gaps), then their re-
sponse reaction will be relatively small (JIuena 1980).

The reason there was no significant difference in
growth response between trees closer and further than
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7 m from the gap edge in one of the stands (604) could
be due to an indistinctive difference in the growth of
cored sample trees at a distance closer than 7 m from
the gap edge, and a smaller number (14) of sampled
trees also.

Storm felled trees during period of first 5-6 years
after gap creation were 1.5-10.8% of basal area. It
shows that gap creation in pine forests on well drained
mineral soils in short term could have generally no
effect on mortality of surrounding trees. Similarly Gray
et al. (2012) found that gap creation in mature and old-
growth Douglas-fir dominated forests in USA gener-
ally had no effect on mortality of surrounding trees.

The additional increment decrease in 2005 and in
some of the years following could be explained by the
impact of the storm in 2005, which swayed the trees
and disrupted the roots, thereby leaving an impact on
tree growth. The greatest reduction was in the stand
ABA where the decrease can be explained by the in-
fluence of thinning (cutting all second storey spruc-
es). Thinning is known to reduce the wind firmness
of stands (Lohmander and Helles 1987, Donis 2006,
Albrecht et al. 2012, Zubizarreta-Gerendiain et al. 2012).
Furthermore, leaving the second storey spruces in the
stands appears to have reduced the loading on the
main canopy trees as this has been found by a wind
impact simulation on two storey stand done by Gar-
diner et al. (2005). Even though there was a tendency
of a decrease in additional increment and width of
annual rings in some stands in the year 2005 and in
some of the years following, no significant effect of
the storm in January 2005 was observed, regardless
of the distance of the trees to the gap edge. Taking
into account the possibility that the storm of 2005 had
affected the growth of the control stands as well, and
to some extent that the additional increment calcula-
tions only show the differences in the intensity of the
effect of the storm, it was assumed that the storm ef-
fect could be found out more precisely by using the
average width of annual rings. Nevertheless, it was not
confirmed. Additionally, taking into account the indis-
tinctive impact per stand, it is possible that the de-
crease of annual ring width and additional volume
increment has been caused by other factors as well.
It is possible that 2005 in general was a less favoura-
ble year for tree growth, and that the storm just en-
hanced this tendency. Albrecht et al. (2015) conclud-
ed that there have still been no studies carried out to
compare the growth reduction and the growth increase
as a reaction of the remaining trees to the release
caused by storm damage. Furthermore, future studies
should investigate whether there is a positive or neg-
ative net effect on growth (Albrecht et al. 2015).

Conclusions

1. In mature pine dominated forests growing on
mesic average fertility Myrtillosa forest type gap for-
mation during group shelterwood cutting initiates
positive additional tree volume increment of pines in
the uncut part of the stand close to the gaps.

2. Positive additional stem volume increment in the
uncut part of the stand located closer than 7 m from
the gap edge was already positive just two years af-
ter group shelterwood cutting.

3. Six years after gap cutting the additional cumu-
lative tree volume increment for trees located closer
than 7 m from the gap edge was two to five times larger
than for trees located further than 7 m from the gap
edge. In three out of five stands, the difference in the
additional cumulative increment of the volume was
significant (with 95% confidence) within the first year
after gap creation in group shelterwood cutting. In
another stand, the additional cumulative tree volume
increment significantly differs starting from the third
year after cutting.

4. Even though we observed a tendency for the
width of annual rings and additional increment to de-
crease after the storm of 2005, no significant effect re-
gardless of the distance of trees to the gap edge was
observed.
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