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Introduction

Norway spruce is the most economically
important tree species in the Baltic Sea re-
gion, due to its relatively large share in the
total forest coverage (Brus et al. 2011), high
value of coniferous tree saw logs, and no-
tably shorter rotation period and higher
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Norway spruce is a relatively fast-growing tree species that is primarily regen-
erated by planting, which requires significant investments. The formation of
lammas shoots (i.e., second flushing in late summer) have been proven to af-
fect the quality and productivity of Norway spruce stands. The aim of our
study was to assess the proportion of trees with lammas shoots in young stands
of Norway spruce and to investigate the factors affecting their formation. Data
have been collected at the end of 2011 in 102 three- to seven-year-old Nor-
way spruce plantations randomly selected across different forest types in the
central part of Latvia, and a subset of 21 stands were inventoried again at the
end of 2012. In each stand, 20 sample plots were systematically established
where trees with and without lammas shoots were counted and micro-environ-
mental factors (moisture, competition, and browsing) were assessed on a
three-grade scale. On average, the proportion of trees with lammas shoots was
6.5%. There was no significant effect of the stand age (from 3 to 7 years) on
the proportion of trees with lammas shoots nor was there any age-related
trend. The effect of forest type on the presence of lammas shoots was not sig-
nificant. Micro-environmental factors had an important influence on the pro-
portion of trees with lammas shoots. The proportion of lammas shoots in
stands with no competition was significantly higher (14.5%) compared to
stands with medium and high competition (6.0% and 2.2%, respectively). Simi-
larly, a significantly higher proportion of trees with lammas shoots (11.7%) was
observed in sites with normal moisture regime than in sites with slight or no-
table excess moisture, reaching 4.8% and 1.7%, respectively. Although the in-
fluence of browsing damage was not statistically significant, its trend was simi-
lar to that observed for competition and moisture regime. Overall, the propor-
tion of trees with lammas shoots was highest in stands showing the most suit-
able micro-environmental conditions for Norway spruce.

Keywords: Second Flushing, Vegetation Competition, Tending, Moisture Excess,
Browsing Damage

productivity compared to Scots pine (Ek6
et al. 2008). In Latvia, Norway spruce is the
dominant tree species in 18% of the total
forest area (Gadskarta 2016). Most stands
(83%) are regenerated by planting, which
requires notable investments, starting
from tree breeding programs and seed or-
chard maintenance up to plant production,
soil preparation, and the planting itself
(Jansons et al. 2015). Norway spruce plan-
tations in Latvia are mainly established in
forest types with fertile mineral soils, with
normal moisture regime (Hylocomiosa and
Oxalidosa) and drained soil (Myrtillosa mel.)
accounting for 34%, 39%, and 9%, respec-
tively, of the total annual planted area by
this species (Buss 1976, Gadskarta 2016).
Changes in climatic conditions might se-
verely affect the survival and development
of forest stands (Kenina et al. 2018). Long-
term phenological observations across Eu-
rope have indicated a trend towards an
earlier and longer vegetation period (Sto-
ckli & Vidale 2004), which is predicted to
continue in the future. By the middle of
this century, the length of the vegetation
period in Latvia could increase by two to
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three weeks in comparison to the mean in
1961-1990 (Klavins & Briede 2012). The re-
sponse of trees to longer periods of fa-
vourable growing conditions might include
an increased frequency of formation of
lammas shoots (i.e., the second flushing in
late summer) after the end of the forma-
tion of the predetermined height incre-
ment. Formation of lammas shoots has
long been studied; however, the underly-
ing physiological mechanisms are not well
understood yet (Cline & Harrington 2007).
It has been previously reported that the
formation of lammas shoots is significantly
affected by both meteorological conditions
(Dormling et al. 1968, Aldén 1971, Von Wiih-
lisch & Muhs 1986) and genetic factors
(Hoffmann 1965, Rone 1975, Ununger et al.
1988, Danusevicius & Persson 1998, Danu-
seviius 1999, Spgaard et al. 2011).

Genetic determination of lammas shoot
formation has been established by analysis
of provenance trials. For example, Danuse-
vi¢ius & Persson (1998) reported that the
proportion of trees with lammas shoots
ranged from 4% * 2% for provenances from
northern Sweden to 17% + 3% for prove-
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nances from Austria at the age of five years
in an experiment in Sweden. Significant
provenance effects and similar trends (but
higher mean values) were reported based
on a trial at the same age in Norway. The
proportion of trees with lammas shoots
was lowest for Scandinavian provenances
(18%), followed by Latvian provenances
(28%) and Slovak and Czech provenances
(54% - Segaard et al. 2011). Eriksson (2010)
reported that, in Austria, the high-altitude
provenances do not form lammas shoots,
while such shoots are formed by valley-bot-
tom provenances. Provenance and family
were significant factors affecting the oc-
currence of lammas shoots, according to
Steffenrem et al. (2008), based on an anal-
ysis of open-pollinated progeny trials. How-
ever, the family (genetic) contribution to
the total variance was relatively low (4%).
Lammas growth is often among the traits
included in the selection index due to its di-
rect effect on or correlation with the stem
and wood quality traits (Jansson et al.
2013). For example, Skrgppa et al. (1999),
based on the evaluation of 15 provenances
from Finland, Denmark, Germany, and Po-
land, reported a significant association be-
tween the occurrence of lammas shoots at
juvenile age and the wood density at the
age of 29 years.

Meteorological conditions of the previ-
ous year influence the predetermined
growth, but conditions of the current year
may affect the second flushing (Dormling
et al. 1968, Junttila 1986, Von Wihlisch &
Muhs 1986). The increased frequency of
lammas shoots for Norway spruce due to
the rise in temperature has been proven in
laboratory conditions (Johnsen 1989, Kvaa-
len & Johnsen 2008). This increase has
been observed in the field in recent years
and has been attributed to changes in cli-
matic conditions (Kvaalen et al. 2010, Sg-
gaard et al. 2011).

The second flushing of Norway spruce
and other conifer species has been linked
to the increased frequency of trees with
double leaders and/or spike knots (Gabrila-
vi¢ius & Danusevicius 2003, Pallardy 2008,
Segaard et al. 2011). In some cases, the oc-

currence of these stem defects might be
caused by several lammas shoots compet-
ing for dominance, as well as by insuffi-
cient frost hardiness of the apical shoot
(and consequently damage) due to lammas
growth, at least partly linked to maladapta-
tion of the studied material. Some studies
have indicated that most of the spike knots
formed in this way disappear in a few years
without causing permanent stem damage
(Jansons et al. 2016). Formation of lammas
shoots is linked to a faster tree growth,
thus contributing to increase the produc-
tivity of plantations. Indeed, correlations
between the mean tree height and the pro-
portion of trees with lammas shoots at five
to 13 years of age have been reported in
several countries: Germany (r = 0.93, p <
0.01), Sweden (r = 0.3, p < 0.01), and Latvia
(Hoffmann 1965, Rone 1975, Danusevicius
& Persson 1998).

A systematic inventory of the frequency
of second flushing in Norway spruce has
not previously been conducted in Latvia,
though lammas shoots are demonstrated
to have an increasing frequency and impor-
tance in the determination of the produc-
tivity and quality of spruce stands. There-
fore, the aim of the study is to assess the
proportion of trees with lammas growth in
young stands of Norway spruce and to
identify the environmental factors which
affect their formation. The following hy-
potheses are tested: (i) optimal growing
conditions have a positive effect on the
formation of lammas shoots in young Nor-
way spruce trees; (ii) tree age has a nega-
tive effect on the formation of lammas
shoots. This knowledge could be further
used in the preparation of recommenda-
tions for forest management.

Materials and methods

Data have been collected at the end of
2011 from 102 Norway spruce plantations
located in the central part of Latvia (56°
37-56° 57" N, 23° 37-24° 49' E - Fig. 1).
Three- to 7-year-old stands (in 2011) were
randomly selected across different forest
types (Tab. 1). A subset of 21 stands was
further surveyed at the end of 2012. All the
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selected stands have been established us-
ing reproductive material from local seed
orchards. The area of each stand was at
least 0.5 ha and their elevation ranged
from1oto 40 ma.s.l.

The climate in the study area is predomi-
nantly characterised by western winds
bringing warm and moist air masses from
the Baltic Sea and the Atlantic. According
to the Latvian Environment, Geology, and
Meteorology Centre (LEGMC 2012), the
mean annual temperature in the region is
+5.9°C. The average temperature of the
warmest month (July) is +17.0°C (mean
maximum temperature +21.5°C), and the
annual precipitation is 667 mm. Data from
the three nearest meteorological stations
(Riga, Dobele, and Skriveri) were used to
analyse the possible influence of meteoro-
logical conditions on lamma shoot forma-
tion (Fig. 1).

In each stand, 20 sample plots (radius
2.82 m, area 25 m*) were placed at regular
distance along its longest diagonal. The
number of trees with and without current
season lammas shoots was recorded in
each sample plot. A lammas shoot was de-
fined as the second flushing of the apical or
lateral buds of the top shoot, reaching at
least 1 cmin length.

The growing conditions of trees in the
plots were quite different and not always
favourable, due to recent changes in habi-
tat characteristics (e.g., the presence of a
beaver dam across the melioration ditch)
and browsing pressure (according to the
State Forest Service, the density of roe
deer, Capreolus capreolus L., was 30-40
inds. per 1,000 ha on average). Thus, for
each plot the suitability of micro-environ-
mental factors was assessed in a subset of
70 stands (56 in 2011, 14 in 2012) using a
three-grade scale which considered the fol-
lowing factors:
competition by the surrounding vegeta-
tion (within a radius of 0.5 m from the
spruce tree), including herbaceous plants,
shrubs, and sprouts of other tree species;
a score (grade) was assigned to each plot
based on the ratio between the mean
height of trees and that of the surround-
ing vegetation (Grade 1: < 0.75; Grade 2:
0.75-1.25; Grade 3: > 1.25);
moisture regime: Grade 1 was assigned to
plots showing normal conditions, Grade 2
to plots with periodic excessive moisture,
and Grade 3 to those showing permanent
excessive moisture (e.g., due to clogging
of a drainage system);
browsing damage was recorded for trees
with damaged tops and/or more than 50%
of lateral shoots; a score was assigned to
each plot based on the proportion of
trees affected by browsing (Grade 1: < 1%;
Grade 2: 1%-10%; Grade 3: > 10%).

The proportion of trees with lammas
shoots (i.e., the number of trees with lam-
mas shoots out of the total number of
trees) at the stand level was calculated as
the mean value (+ 95% confidence interval)
of sample plot proportions. The proportion
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Tab. 1 - Number of plots sampled in the Norway spruce stands considered in this study, according to stand age and forest type.

Forest type Year °f. No. Age (vears) Total
observation stands 3 4 5 6 7 8

Hylocomiosa 2011 26 118 153 208 18 - - 497
2012 5 - 20 20 59 - - 99

Oxalidosa 2011 9 - 20 74 54 17 - 165
2012 4 - - 20 38 19 - 77

Myrtilloso-sphagnosa 2011 13 83 76 43 16 - 218
. . 2011 5 - 56 39 95
Myrtilloso-polytrichosa 2012 1 ) i 19 ) ) ) 19
Myrtillosa mel. 2011 24 69 39 19 191 116 - 434
2012 4 18 37 20 75

Mercurialiosa mel. 20 6 | >7 > ) | 12
2012 1 - - - 20 - 20

Myrtillosa turf. mel. 2011 15 39 72 106 10 37 - 264
2012 5 20 20 57 - - 97

. 2011 4 37 - 39 - 76
Oxalidosa turf. mel. 2012 1 20 20
Stands of all types 2011 102 346 416 546 328 225 1861
2012 21 - 78 79 154 76 20 407

of trees with browsing damage was calcu-
lated in the same way. Spearman’s correla-
tion analysis was used to assess the rela-
tion between the proportion of trees with
lammas shoots and stand density. To as-
sess the effect of the above factors on the
proportion of trees with lammas shoots, a
binary logistic generalised linear mixed-ef-
fects model (GLMM) was implemented in
software R ver. 3.4.3 (R Core Team 2017)
using the library “Ime4” (Bates et al. 2015).
Three models were developed using the re-
lation between trees with and without lam-
mas shoots at the plot level as the re-
sponse variable. In all models, the stand ID
was set as random effect to account for
possible correlation (repeated measures)
among sample plots within the same
stand. The first model included stand age
and forest type as predictors using the
whole set of 102 stands inspected in 2011.
The second model included the three mi-
cro-environmental factors (competition,
moisture and browsing damage) and the
year of observation as predictors, which
were tested on the subset of 70 stands de-
scribed above. Using the same data subset,
a third model was developed which in-
cluded the suitability of growing conditions
as predictor, which was calculated as the
sum of scores (grades) for all three micro-
environmental factors, ranging from 3
(best) to 9 (worst). Generalised linear hy-
pothesis tests, as implemented in the R li-
brary “multcomp” (Hothorn et al. 2008),
were used as post-hoc tests after GLMM
when the interaction of the factor or fac-
tors with more than two levels were signifi-
cant compared to the mean proportions
between levels.

Results

The proportion of trees with lammas
shoots across the sampled stands ranged
from 0% to 25% and was 6.5% on average. It
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was slightly higher in 2012 than in 2011 (in
stands sampled in both years, the propor-
tion was 12.9% and 9.1%, respectively), but
differences between years were not statis-
tically significant (3* = 0.5696, p = 0.450).
Initial spacing in all stands was similar, but
due to the differences in survival, the den-
sity at the age of assessment ranged from
800 to 3600 trees ha’. The differences in
stand density had no statistically significant
relation to the proportion of trees with
lammas shoots.

There were no notable differences in air
temperature in the period of formation of
lammas shoots (end of July to the begin-
ning of August) between 2011 and 2012.
The mean diurnal temperature in the last
week of July and the first week of August

225

20.0

17.5

Mean daily temperature (moving average of 5 days), °C

at the Riga meteorological station was 20.4
and 20.7 °C, respectively. In Dobele, it was
18.6 and 19.3 °C, respectively, and in Skriv-
eri it was 19.4 and 19.4 °C, respectively.
However, a sharp temperature increase by
the end of July 2012 in comparison to the
slight decrease in the same period of 2011
was observed (Fig. 2). Temperature differ-
ences between the third and fourth weeks
of July were 5 to 5.8 °Cin 2012, but only 0.3
to 0.5 °Ciin 2011.

Minor changes in precipitation in the first
week of August were observed in 2012 as
compared to the last week of July (a slight
increase in Dobele and decreases in Skriveri
and Riga). In contrast, in 2011 (with a lower
frequency of trees with lammas shoots), a
sharp decrease in the amount of precipita-

— Dobele 2011 — Riga 2011
- - Dobele 2012 - - Riga 2012

Skriveri 2011
Skriveri 2012

July

August

Fig. 2 - Mean daily temperature (moving average of five days) at three meteorological
stations (Riga, Dobele, and Skriveri) in July-August 2011 and 2012 (data: LEGMC 2012).
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Fig. 3 - Weekly amount of precipitation in July-August 2011 and 2012 (average of three
meteorological stations — Riga, Dobele, and Skriveri; data: LEGMC 2012).

tion in the first week of August in compari-
son to the last week of July was observed
(from 29 mm to o mm in Skriveri, from 46
mm to 3 mm in Riga, and from 106 mm to
14 mm in Dobele). In the second and third
weeks of August, there was a lower
amount of precipitation in 2012 than in
2011: 0.3-5 mm and 31-80 mm per week, re-
spectively (Fig. 3).

There was no significant effect of stand
age on the proportion of lammas shoots

Fig. 4 - Mean
proportion of
trees with
lammas
shoots
(x95%Cl)in
spruce stands
of different
ages.

0.08 1

0.06 1

Mean proportion of trees with lammas shoots

(3% = 0.2175, p = 0.641) nor was there an
age-related trend. The highest mean pro-
portion of trees with lammas shoots was
reached in 7-year-old stands, while the low-
est value was observed in 6-year-old stands
(Fig. 4). Notable variation in the proportion
of trees with lammas shoots was detected
for stands at different ages within a partic-
ular forest type; for example, in Myrtillosa
mel. the proportions were 12.7%, 4.0%, and
10.8% at the ages of 4, 6, and 7 years, re-

Fig. 5 - Mean
proportion of
trees with
lammas
shoots
(x95% Cl)in
spruce stands
of different
forest types.

o o o o
o o s e
> ® =) N

Mean proportion of trees with lammas shoots
o
o
R

] 6 7
Age of stands, years
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Forest types

spectively. The effect of the forest type on
the presence of lammas shoots was not
significant (y* = 3.6892, p = 0.815). The high-
est and lowest proportion of trees with
lammas shoots was detected in Mercuri-
aliosa mel. and Oxalidosa turf.mel., respec-
tively (Fig. 5). Also, the nteraction between
forest type and stand age did not signifi-
cantly affect the frequency of lammas
shoots (y = 5.0154, p = 0.6581).

Micro-environmental factors had an im-
portant influence on the proportion of
trees with lammas shoots (Fig. 6). The ef-
fect of competition from the surrounding
vegetation and moisture regime was statis-
tically significant (%> = 45.0218, p < 0.001).
The proportion of trees showing lammas
shoots in stands with no competition
(Grade 1) was significantly higher (14.5%) in
comparison to stands with medium (Grade
2) and high (Grade 3) competition (6.0%
and 2.2%, respectively), being the differ-
ence between the two latter grades not
significant (p = 0.066). Similarly, there was
a significantly higher proportion of trees
with lammas shoots (11.7%) in sites with a
normal moisture regime (Grade 1) than in
sites with periodic (Grade 2: 4.8%) or per-
manent (Grade 3: 1.7%) excessive moisture.
Similar to that observed for competition,
the difference between Grade 2 and Grade
3 of moisture was not significant (p =
0.184). Although the influence of the
browsing damage was not statistically sig-
nificant (p = 0.094), the observed trend
was similar to that detected for competi-
tion and moisture regime. The proportion
of trees with lammas shoots was 11.3%,
8.2%, and 7.7% in Grade 1, Grade 2, and
Grade 3, respectively. The effect of the in-
teractions (of the second or third level)
was not significant, suggesting that each
factor had independent influence on the
formation of lammas shoots.

Finally, the combination of the scores for
all micro-environmental factors (moisture,
competition, and browsing pressure) re-
vealed a clear significant trend (Fig. 7). The
highest proportion of trees with lammas
shoots occurred in the most favourable
conditions (lower score). If at least one of
the factors scored 3 in any stand (a notable
negative influence), the proportion of
trees with lammas shoots in that stand did
not exceed 10%.

Discussion

The average proportion of trees with lam-
mas shoots in our study (7% + 1%) was simi-
lar to that found for Norway spruce prove-
nances from Baltic States at the age of five
years in an experiment in Sweden (Danuse-
vi¢ius & Persson 1998). An even higher pro-
portion of trees with lammas shoots was
found in Norway, based on the analysis of
the national forest inventory sample plots
(located at an elevation up to 200 m a.s.l.).
Moreover, Kvaalen et al. (2010) reported
that as many as 80% of trees had lammas
shoots in two of the 58 sample plots ana-
lyzed.

iForest 11: 809-815
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Fig. 6 - Mean proportionof , A B [
trees with lammas shoots ’g 0.181 0.18 0.18
el 5 (.76 0.16 0.16
with different micro-envi- @
ropmental factors cha'tr.ac- € 0141 0.141 0.14
terised by (A) competition £
of surrounding vegetation, ﬁ 0121 0.12 0.12
(B) excessive moisture, §
and (C) browsing damage. g, 0.10 0.101 0.10
Each factor was assessed 3
in a three-grade scale, = 0.081 0.081 0.08
where (1) the negative g
effect of the factor on __g 0.061 0.06 0.06
growth of the spruce was 5 | ]
not observed, (2) the mini- & 0.04 0.04 0.04
mal negative effect of the g- 0.021 + 0.024 0.02
factor was observed, and
(3) the notable negative % 0.001 0.001 0.001
effect of the factor was " " ;
1 2 3 1 2 3 1 2 3

observed.

The formation of predetermined and ad-
ditional height increment is defined by me-
teorological conditions, such as tempera-
ture and precipitation, in combination with
the photoperiod (Dormling et al. 1968,
Aldén 1971, Von Wiihlisch & Muhs 1986, Ga-
brilavi¢ius & Danusevi¢ius 2003). Skrgppa &
Steffenrem (2016) described the negative
relationship between the presence of lam-
mas shoots and the timing of shoot growth
for full-sib families in a provenance trial of
Norway spruce in the fifth growing season,
pointing out that the occurrence of lam-
mas shoots is generally positively associ-
ated with a favourable climate and soil fer-
tility. Analysis of different coniferous tree
species, such as red pine (Pinus resinosa
Ait.), white pine (Pinus strobus L.), Califor-
nia red fir (Abies magnifica A. Mur.), and
white fir (Abies concolor (Gord. and Glend.)
Lindl.), suggests that abundant precipita-
tion at the end of the vegetation period
can stimulate the formation of lammas
shoots (Bisgen 1929, Carvell 1956, McCabe
& Labisky 1959, Hallgren & Helms 1988).
This is in contrast to our results, where a
lower proportion of trees with lammas
shoots was observed in 2011 — a year with
higher amounts of precipitation in the mid-
dle part of August in comparison to 2012,
but only slightly higher than the long-term
average and with an increase of precipita-
tion only two weeks after the end of the
predetermined height growth. After the
completion of the predetermined height
growth (second part of July), a sharp tem-
perature increase was observed in the year
2012, along with the highest proportion of
trees with lammas shoots. The results sug-
gest that a relative change (not necessarily
the mean values of any of the meteorologi-
cal parameters temperature and precipita-
tion) at the right period of the annual cycle
of tree growth could trigger the formation
of lammas shoots. In addition, there might
be some indirect influence of spring tem-
peratures since previous studies have sug-
gested that earlier flushing trees are more

iForest 11: 809-815

Grades

likely to form lammas shoots (Neimane et
al. 2015, Skrgppa & Steffenrem 2016), pre-
sumably due to the longer period between
the end of the predetermined growth and
the drop in temperature in autumn. How-
ever, the observations in the current study
were conducted in autumn, and the spring
phenology data were not available.

A decrease in the frequency of formation
of lammas shoots with tree age was ob-
served in a number of studies (Biisgen
1929, Ehrenberg 1963, Aldén 1971, Rone
1985, Von Wiihlisch & Muhs 1986, Ununger
et al. 1988, Sggaard et al. 2011). For exam-
ple, in a Norway spruce trial in Norway, 38%
of 5-year-old trees had lammas shoots, in
contrast to 22% at 6 years and 17% at 7
years. This trend was similar in almost all

0.20
0.181
0.16
0.14
0.12
0.10
0.08
0.06
0.04

0.02

Mean proportion of trees with lammas shoots

represented provenances (Sggaard et al.
2011). In contrast, no age-related trend was
observed in our study. Prolonging or ex-
panding the study (adding one more inven-
tory or older stands) could further improve
our understanding of this phenomenon. Af-
ter analysing the genetic and environmen-
tal variation of internodal and whorl
branch formation (including whorls formed
by lammas growth) for open-pollinated
families of Norway spruce at the age of 27
years, Steffenrem et al. (2008) pointed out
that, the effects at the juvenile stage might
be confounded with the year (meteorologi-
cal) effect. Retrospective study has also
demonstrated higher frequency of the oc-
currence of extra whorls formed by lam-
mas growth in sites with higher soil fertility

3 4 5

6 @ 8

Microenvironmental conditions (sum of scores)

Fig. 7 - Mean proportion of trees with lammas shoots (shown by the black line) with
the 95% Cl (grey band on both sides of the line) in the Norway spruce stands analyzed
in relation to the suitability of the growing conditions (x-axis), expressed as the sum
of grades (scores) for three micro-environmental factors (competition, moisture, and
browsing). For each factor, its negative effect on Norway spruce growth was quanti-
fied as: (1) not observed or negligible; (2) minimal; (3) notable.
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(assessed in terms of site indices). In other
studies carried out on Norway spruce in
south-eastern Norway, the forest type (i.e.,
availability of nutrients) was one of the ma-
jor factors determining the proportion of
trees with lammas shoots: by height index
H4 =11 and H,, = 23, the proportion of trees
with lammas shoots was 5%-25% and 30%-
90%, respectively (Segaard et al. 2011). We
did not find significant differences in the
proportion of trees with lammas shoots
between forest types representing grow-
ing conditions for more than 90% of the
spruce-dominated stands in Latvia (data:
NFI 2010). However, the range of site in-
dexes included in our study (roughly corre-
sponding to H, = 8-22) was smaller than
that of the aforementioned study (H, = 8-
26 - Sggaard et al. 2011).

Our results showed that differences in
the proportion of trees with lammas
shoots (even within forest types or stand
ages) were strongly linked to micro-envi-
ronmental factors like moisture, competi-
tion, and browsing pressure. For example,
in a 5-year-old stand belonging to the Hylo-
comiosa forest type with little evidence of
tending and therefore a high competition
of herbaceous plants and shrubs, as well as
visible browsing damage on 22% of trees,
only 1.8% of the individuals had lammas
shoots, while the proportion was 25.5% in
another 5-year-old stand of the same for-
est type with visible signs of regular tend-
ing and no browsing damage. Similar to
our results, Roth & Newton (1996) found a
notable increase in the occurrence of lam-
mas shoots for the Douglas fir after weed
control.

Sporadic observations gathered during
our study (conducted in 2011 and 2012) also
suggest that an increase in frequency of
lammas shoots might be linked not only to
differences in weather conditions between
the years but also to the effect of tending
conducted in 2011. For example, in a 3-year-
old Oxalidosa turf. mel. forest type stand,
where vegetation control was done in the
second part of the vegetation period of
201, the proportion of trees with lammas
shoots increased from 10% in 2011 to 26% in
2012. Similarly, in a 5-year-old Hylocomiosa
stand, it increased from 18% in 2011 to 33%
in 2012.

Browsing damage could notably reduce
carbon accumulation capacity and growth
of Norway spruce trees. However, it did
not show as much pronounced effect on
the formation of lammas shoots as the
other two micro-environmental factors as-
sessed in this study. Low average browsing
pressure (average share of damaged trees
10.7%) and the intensity of damage - a no-
table effect on height increment was only
observed in a few cases - could be the pos-
sible reasons for the limited influence of
this factor.

For the preparation of recommendations
for forest regeneration and tree breeding,
further studies should address the issue of
actual risks (mainly the formation of long-
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lasting stem defects) and the long-term
positive relationship to growth which
could be associated with the formation of
lammas shoots.

Conclusions

The proportion of trees with lammas
shoots in juvenile (from 3 to 7 years) Nor-
way spruce stands ranged from 0% to 25%
and was 6.5% on average. Improvement of
micro-environmental conditions (intensive
forest management) increased the propor-
tion of trees with lammas shoots in juvenile
Norway spruce stands, but there was no
clear link between the occurrence of lam-
mas shoots and the age of stands or the
forest type.
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