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A needle trace method was used to reveal the chronology of needle retention on Scots
pine Pinus sylvestrid..) in southern Finland (two stands) and northern Estonia (two
stands). The average annual summer needle retention along the main stem varied from
2.2 t0 3.1 in Estonian stands and between 3.4 and 4.2 in Finnish stands during the period
1966—1990. The 23-year-mean needle age was 3.0 and 2.1 years in Finland and Estonia,
respectively. In all stands, the mean needle age decreased sharply in 1980s.
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1 Introduction loss were not sufficient to draw border between
healthy and damaged trees (Blank 1985). The
In the early 1980s, a severe and rapidly increasecond problem was the missing data about long-
ing decline of coniferous forests attracted publiterm variation in needle retention. So it was im-
attention in Central Europe. To obtain a cleapossible to compare the extent of defoliation
picture of the extent and severity of damagewith the past thinning of crowns (Blank et al.
forest health surveys were carried out in mang988). Thirdly, the available methods for forest
countries. According to the percentage of needlgealth assessments were highly subjective. There
loss and the discoloration of the foliage, the danwere reports that if the same methods were used
age category of forests was assessed. Howevby, the different researchers on the same trees,
the methods of damage assessment had beébe results were often very different (Innes 1993).
heavily criticised. It had been suggested that In the beginning of the 1990s, a new method
knowledge about the natural variation in needléor a retrospective assessment of needle reten-
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tion on pine trees was developed (Kurkela andelonged to the main storey not dominated by
Jalkanen 1990). The needle trace method (NTM)lder trees. They had straight, unbroken stems,
allows quantifying the long-term variation in nee-and their crowns were regular-shaped (Table 1).
dle retention on a single tree. It has been used forStands in Ruotsinpyhtd& and in Tuusula, in
revealing a past needle-cast epidemic (Jalkansouthern Finland, and in Lehtmetsa, in northern
et al. 1994a) and a long-term negative impact dfstonia, were naturally seeded; Kose had been
air pollution on needle retention (Jalkanen 1996keeded by man. The stands in southern Finland
Additionally, the NTM has produced the chro-had been regularly thinned with the interval of
nology of needle retention in two pine stands irl0 years while Estonian stands had grown with-
England (Jalkanen et al. 1994b) and in numerowsit interference during the studied period. The
stands in northern and southern Finland (Jatrees from the stands in southern Finland were
kanen et al. 1995). the same as were previously investigated by Jal-
The aim of the present study was to obtain thieanen et al. (1995).
long-term data about needle retention in Scots Prior to the felling of the trees, the compass
pine Pinus sylvestrid_.) in northern Estonia, direction was marked on the east side of each tree.
and to compare those data with the long-termfter felling, the compass direction was extended
needle retention of pine trees grown in southeralong the whole length of each stem. On every
Finland. tree, the number of needle sets was assessed in 25
per cent classes for the main stem and also for 3 to
. 5 branches from the 10th whorl from the top of the
2 Material and Methods tree. Discs from each tree were obtained at breast
height for subsequent measurements of radial in-
Two Scots pine stands were chosen in southeonement. The parts of the stems above breast
Finland in 1990, and in northern Estonia in 1998height were sectioned into bolts, corresponding to
In Finland the stands were located in Tuusulannual shoots, by omitting the branch whorls as
and in Ruotsinpyht&d, in Estonia the locationmstructed by Aalto and Jalkanen (1998). Howev-
were in Kose and in Lehtmetsa. In each stand ten, the youngest (the most recent 5-9 years) sec-
pine trees were felled according to guidelinesions of the stems were kept intact while they were
provided by Aalto and Jalkanen (1998). The treesansported to laboratory.

Table 1. Basic information of the sampling sites.

Southern Finland

Location N E Altitude, Thermal sum  Forest Age, yr Height, m d.b.h., cm Trees no.
ma.s.l. deg. days site

Ruotsinpyhtdaa 602" 2627 30 1320 sub-dry 45 15.1 16.3 10

Tuusula 6021' 2457 60 1290 sub-dry 53 16.3 16.0 10

Mean 45 1305 49 15.7 16.15 10

Northern Estonia

Location N E Altitude, Thermal sum,  Forest Age, yr Height, m d.b.h., cm Trees no.
m a.s.l. deg. days site

Lehtmetsa 5912' 2535 60 1650 sub-dry 65 18.7 14.9 10

Kose 5919 2732 45 1700 sub-dry 40 17.7 14.9 10

Mean 52.5 1675 52.5 18.2 14.9 10

" Treshold value +5C.
Vaccinum vitis-idaeavas the dominant species in ground vegetation in all stands.
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In the laboratory, each annual bolt was planed Results

along the marked east side, tree ring by tree ring,

towards the pith of the shoot, and the number &.1 Needle Retention

needle traces in the planed surface of the 5-6

innermost tree ring was recorded. Thus, it waghe period during which the data from both coun-

assumed that the age of the oldest needles woutées were comparable was 25 years long, from

be no more than six growing seasons. The rd:966 to 1990. During that period, annual average

cordings of the needle trace data were used faeedle retention values for summer time varied

calculating annual needle retention, annual neéom just above 3.1 to 2.2 needle sets in Estonia,

dle loss and mean needle age. The needle retemd between 3.1 and 4.2 in Finland (Fig. 1a). The

tion (NR) value was calculated as the sum oR5-year-mean of 20 trees in Estonia (me&D

percentages of needles on each shoot intyear = 2.8+ 0.2) was significantly lower (p < 0.001)

than in Finland (3.% 0.2). The long-term differ-

Z[Xt (X=Tp...(x = )] ence_in _n_eedle retention_ within study areas was

R = : not significant for both Finland and Estonia (0.1

100 needle sets between Tuusula and Ruotsinpyhtaa,

wherey; is the percentage of needles on shootand 0.0 between Lehtmetsa and Kose). As the

present in yeat, (x— 1) is the percentage of trees from Finnish study stands had a typical long-

needles in yeatr on the shoot initiated the yearterm pattern best described by a convex trendline

before shook, and so on. Consequently, annua{R%=0.53, p <0.001), the trees from Estonian

N

needle loss (AN)) was calculated by: stands were with less obvious concave pattern
(R?2=0.09, p < 0.05) (Fig. 2). However, the short-
ANL; = (NR{ —NR+1) +1 term pattern was quite similar: the peaks up and

down happened parallelly in needle retention
where the term 1 represents the new flush ahronology (Fig. 1a).
needles in yeatt ¢ 1). The formula for comput-
ing mean age of needles (NA) born in a certain
year was following: 3.2 Needle Age

_J m [ Average standwise needle age varied annually
NA'EEXV _X"“l)%_“EEB between 2.6 and 3.4 years in Finland, and 1.5
and 2.3 years in Estonia from 1964 to 1986 (Fig.
wherex, is the relative number of needlesn 1b). The 23-year-mean needle age was signifi-
annual ringr in the bolt,m is the number of cantly higher (p <0.001) in Finland (310.2)
months between the birth of new needles and thikan in Estonia (2.% 0.2). The average mini-
yellowing of oldest needles (this was taken asum occurred in Kose in 1980 (1+40.3), and
three months in present study). Both the planinip Lehtmetsa in 1981 (1.8 0.5); these values
procedures and calculating procedures followedere significantly lower (p <0.001) than the
the instructions compiled by Aalto and Jalkanetong-term average of mean needle age. In Finn-
(1998). Data were analysed by the NTM proish experimental stands the minima were achieved
gram, which was specifically constructed for then 1980 (2.7+ 0.4 and 2.# 0.6 in Tuusula and
needle retention research at the FFRI. in Ruotsinpyhtéd, respectively), which differed
The statistical differences between the Estonsignificantly (p < 0.05) from long-term value of
an and Finnish study stands were investigated lmgean needle age.
means of pairedt-test at significance level
p =0.05. The trendlines describing long-term
changes in needle retention with time were estB.3 Needle Shed
mated by non-linear transformation, multiple re-
gression analysis (Statistica 1998). The average (within country) amount of annual
needle loss varied between 0.6 and 1.5 needle
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Fig. 1. Needle chronologies dPinus sylvestritn Kose and Lehtmetsa in northern
Estonia, and in Tuusula and Ruotsinpyhtda in southern Finland, a) needle
retention; b) needle age; c) needle loss.

sets in Estonia, and 0.7 and 1.4 in Finland (FigRuotsinpyhtda, 1.3 needle sets) and in 1979—
1c). The pattern of needle loss was quite similat983 (Tuusula, 1.2 needle sets). Needles were
within country. The 23-years (from 1967 to 1989%hed younger in Estonia than in Finland (Fig. 3).
means of needle loss did not differ significantlyrrom 7.3 to 8.4 % of all needles lived only one
between countries (p = 0.8). There had occurregrowing season in Estonia, whereas there were
a strong shedding in Estonia in 1980-1982 (botbnly 0.3 to 1.1 % of needles in this class in
stands) when up to 1.5 needle sets was lost. TRnland. Correspondingly 14.9-15.3 % of the
in 1980-1988&eedles lived five years, some (0.5-1.0 %) even

same happened
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w Estonia: y = 0.0004%- 2.5x + 2506.5, R= 0.09, p < 0.05
w, Finland: y = 0.001%— 4.2x + 4179.7, R= 0.53, p < 0.001

Fig. 2. Long-term changes in needle retention with time.

@ 50 1 4 Discussion

3 _

§ 40 Expectedly, the number of needle sets was great-

o er in southern Finland than in northern Estonia.

= 30 1 This is in good agreement with the latitudinal

2 variation in the number of needle sets as shown

g 20 1 by Pravdin (1964) in Russia, and by Jalkanen et

3 al. (1995) in Finland. The correlation between

2 10 7 the number of needle sets and latitude is related
0 | | to the latitudinal variation in thermal sums (Jal-

1 2 3 4 5 6 kanen et al. 1995). The impact of thermal sum
on the number of needle sets indicates an impor-

Needle age, years tant role of climate (summer temperatures) in

mm Ruotsinpyhtdaa — Kose determining the level of needle longevity. Varia-
EE Tuusula 1 Lehtmetsa tion in the mean needle retention among the
studied stands was the same in both countries.

Variation in needle retention with time showed
two types of temporal variation. The first type of
variation was connected to entire period under
examination, from about breast height age to the
present. In Finnish experimental stands the nee-
dle retention increased at first, then it reached its
six years in Finland, but only 0.8-1.2 % of themaximum and in the last stage it began to de-
needles lived five years in Estonia (Fig. 3). Mecrease. As have been shown in earlier reports,
dium age for needle shedding was three and fosuch pattern of needle retention was found also
years in Estonia and in Finland, respectively. in southern England (Jalkanen et al. 1994b) and

Fi

g. 3. Distribution of needle-shed percentage accord
ing to needle age.
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in northern Finland (Jalkanen et al. 1995). Howsharp decrease in mean needle age in the first
ever, in Estonian study stands the trees had opalf of 1980s can hardly be explained only by
posite pattern — the needle retention decreasedvegather conditions. The decline of mean needle
first, then it began to increase. The factors hawage was prevailing 2—3 successive years but there
ing influence on long-term pattern of needle rewas not such a steady trend in weather condi-
tention are unknown yet, but the difference betions either in Estonia or in Finland at that time.
tween Estonian and Finnish stands allows to supdthough, if considering the circumstances for
pose that there is not a general way how thearbon assimilation, the totally different sum-
needle retention varies over the lifespan of Scoteers — drought in 1976 and extreme rainfall in
pine. The explanation could rather be sought978 and 1979 (and therefore a low level of
from the differences in silvicultural proceduresirradiance) — might cause the rate of net photo-
As the stands in Finland were regularly thinnedynthesis to be dropped. This in its turn might
with the approximate interval of 10 years, théhave influenced the state and hardiness of the
stands in Estonia had grown undisturbedly frormeedles born in those years and soon after. Nev-
the very beginning until 1996 in Lehtmetsa ancertheless, the decrease of mean needle age in
1997 in Kose. Thus in Finland the trees grevearly 1980s observed in this study was nearly
under better light conditions than in Estoniasimultaneous with the widespread damage of co-
which might induce the needle retention to inniferous forests in western Europe, so it is likely
crease until the canopy closure of the stands. that in both cases there was the same reason. In

Interestingly, the number of needle sets as wellestern Europe the forest decline was thought to
as the mean needle age began to increase in bbtha direct consequent of air pollution. The far
stands in Estonia in 1990s. Due to the absent spreading of air pollutants in combination with
data about southern Finland, it was not possibigdimate might also give rise to the decrease in
to compare trends of 1990s between Estonia ameéedle longevity in areas under discussion.
Finland. Thus it is unclear whether this is a re-
gional or merely a local phenomenon.

The second type of variation included short-
term changes in the level of needle retentiorACKnowledgements
which was notable in all experimental stands. To
find out the reason for this variation, it is necesThe authors are grateful to Mr. Tarmo Aalto and
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7 years intervals, which caused correspondingn Science Foundation (grant no. 3776), the Finn-
variation in needle retention and in needle losish Forest Research Institute, and Tartu Univer-
(Fig. 1). This short-term variation can not besity Foundation in Canada. Also the support of
caused by silvicultural practises because the if=C Directorate-General for Agriculture to the
tervals between repeated peaks are too short, gmwject 97.60.SF.005.0 is greatly acknowledged.
in Estonia the stands had not been thinned before
the mid 1990s. The simultaneity of the pointer
years in needle age chronology suggests that the
factors causing short-term variation are regionaRefe rences
rather than local. One drastic decrease in needle
age occurred at the beginning of 1980s. In aMalto, T. & Jalkanen, R. 1998. Neulasjalkimenetelma.
study stands the needles born then lived signifi- The needle trace method. Metsantutkimuslaitok-
cantly less as compared with the long-term aver- sen tiedonantoja — Research Papers 681. 36 p. +
age life duration of needles (Fig. 1b). append.
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