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Short Note

Characteristics of Spruce [Picea abies (L.) Karst] Latewood
Formed under Abnormally Low Temperatures

By W. Gind! and M. Grabner

mstitute of Bolany, University of Agricultural Sciences, Vienna, Ausria
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growth of trees near their altitadinal iimit in Alpine areas 1%
primarity limited by the temperature and the length of the
prowing season (Tranguiliin 1979}, the formation of Hight
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Microphotographs of i cross section showing the 1911

Fig, L.
reference and the 1912 increment with Heht latewood: a) entire
1911 and 1912 inerements (bar = 200 pm), by Iatewood of 1911
{har = 100 wm), ) latewood of 1912 (bar = 100 um).

ized by particularly adverse growing conditions in Austria:
from August to October, the monthly mean temperaiures
were well below tae long term mean, and September 1912,
with a mean temperature 5,2°C below the 1790-1992
mean, was the coldest in (he history of instrumental tem-
perature records in Austria (Bohm 1992). Ir is generally
assumed, thal these oulstanding meteorological conditions
were at least in part caused by the eruption of Novarupta
(M. Katmai) in southwestern Alaska, USA, in June 1912
(Bradicy and Jones 1995). The aim of this study was (0
determine, whether the cell properties, particulacly the
lignin content of LW tracheids were affected in a similar
way by the prevailing low temperatores, as it is known for
tensity.
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Material and Methods

A stem dise was taken from an approx. 2530 vears old amberline
spruce | Picea abies (L) Karst] at an akitude of 1750 m at the
Rlasencck mountain in the Ansirian Bastern Alps. Samples for
image analysis, radiodensitometry and UV spectioscopy  werc
faken from immediately adjacent locations on the disc. Special
care was taken (o seleet a non eccentric dise, free of compression
wood, to exclude mechanical siress as a potential canse for varii-
tions in lignin content (Ckuyama et al. 1998).

Cross sections 20 wm thick were taken on a sliding microtome,
stained with Methylene Rine and mounted permanently in Malino}
(Chroma-Cies., Kongen, Germany). Hadial cell wall thickness,
radial limen diamerer and tosal cell wall area without rays and
resin ducts were measured nsing a digital camera attached 1o a
microscope and the image analysis software NIH-Tmage. Mea-
surements were taken in 20 radial files from the 8% to the 12" ear-
fywood (EW) cell and in the last 5 cells {representing LW) of the
1911 and 1912 vine. Tracheid diameier was calewlated by adding
25 cefl wall thickness to the respective lumen diameter.

A cross section 1.2 mm thick was taleen with a dovhle bladed
cireninr saw, pisced on an %-ray sensitive fiim and axposed o an
sray sowrce, The x-ray micrograph was mnalysed on FHCTO~
densitometer (WALESCH DENDRO 2003, WSL Birmensdorf,
Switzerland) and density was determined in reference to a cellu-
fose acetate calibration wedge (Lenz ef al. 1974).

A small block 0.5 nun wide in tangennial dircction containing
the entire 19711 and 1912 increment was embedded in Spurrs resin
(Spurr 19681, Cross sections 1 wm thick were taken on an ullrami-

erolome using glass knives, The sections were mounted on guartz
slides and ebedded in giycu_zﬂ. UV absorption spectra were
determined using the microspectrophotomeser £EISS WMIPMEOO.
The diameter of the measuring spot was 1 {um, monochromator
handwicih was set 1o 3 nm, magaification was 100, Two meas-
nrements were taken in the 82 layers of 12 adiacent cells in the 10
(FW) and the fast bul 27 (1.W) tangeniiat cell file of the 1911 andl
1912 ring. Lignin concentration was estimaied accordimg o Pergus
et al. {1969) using the Beer-Lambert law:

Amex(Cxd

where A is the logarithmic absorption at 280 nm, £ s the exiine-
fion coeflicient, C s the lignin concentration and d is the section
thickness.

Resulis

Mean
piled

salues of all investigated tracheld propertics are com-
in Table 1. All analysed BW properties do not vary
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Table 1.

Setected plm:u&ms of )psuac tracheids formed in 1911 and 1912

1611
Earlywood

1912

Lalewood Barlywood Latewood

Radial cel) wall thickness ((m)

Radial racheid diameter (im)

Cell wall area {%0)

Density (g o)

UV absorption of 82 at 280 nm

Mean Lignin concentration in 82 (g ¢

much between the 1911 and the 1912 ring. Contrarily, all
LW properties, with the exception of radial tracheid diame-
ter, differ greatly, Radial cell wall thickness in 1912 is
recyced (o one third of the 191 1 reference and cell wall area
s reduced to the half, The radiodensiiomenic density corve
{Fig. 2 reveals a high LW density in 1911, and a drastical-
Iy reduced LW density in 19120 s minimum s even lower
than the BW density of the respective vear,

Exarnples for UV ahsorption spectra of the 52 layer
of LW tracheids are displayed in Figure 3. Absorption
shows a distinet peak at 280 nm and approaches near zero
values at approx. 400 nm. The estimated ligain contenf is

0.4

- :
Abpu IAJ = Foa

EW

Fig, 2. Density profiles of the 1971 (tnangles) and 1912 (squares)
tree rings. BEW = earlywood, LW = latewood.
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Fig. 3. UV absorprion spectra of S2 lavers of latewood tracheids

formed in 1911 (iangles) and 1912 {squarey),
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56: :
104+ 4, : ‘ 357
854 43,4 374+ 418 £38
0,81 0,31 0,24
0,54 + 0,04 0,37 + 003 0.31£0,03
0,35 3,24 6,21

reduced in LW tracheids formed in 1912 compared o the
1911 LW

Discussion

Cell wall thickness, tracheid diameter, cell wall area and
density ol the 191 increment are in the magnitude expect-
ed for spruce (Trendelenburg 1939 Wageafibe and Schei-
ber [985). Therelore it is reasonable to choose this year as
a reference. While EW propertics of hoth years do not dif-
ter, cell wall synthesis was obviously slowed down o a
great extent by the low temperatures during LW production
in 1912, as indicated by the greally reduced cell wall thick-
ness, cell wall area and densily. rding lonitication,
lignin content of the 82 of EW tracheids of both years iy
comparable o valoes from 0,22 10 024 g g7 for spruce
given hy other authore (Fergus er ol 1969; Takano e ol

FOB3), The intra-annval pactern of hegnin distribution in
comifers consists of a decrease from the frst EW cell (o the
EW-LW boundary and a rise towards the end of the annual
merement, with high valoes and variation in the last LW
cells (Fukazawa and Imagawa 1981 Takano ef af 1983},
Mean lignin concentrations in conifers are slightly higher in
EW than in LW (Fukazawa and Imagawa [981; Takano e
al. 1983}, which does not exclude the possibility of highly
lignified cells in the werminal LW as indicated by the esti-
mated concentration of 0,35 g g in the last bt 3 cell of
the 1911 ring. While radial growth at the timberline is com-
pleted at the end ol Augast (Miiller 1981), photosyathesis
{and as a consequence lignin biosynt 11‘%15) can operafe at
B
li

Reg

iigh rates into late antumn (Piselk and Winkler 1958). Thus,
ignin concentration in the Tast few cells of an annual incre-
ment in timberline spruce should depend on the late season
temperatures, when mechanical stress can be excluded as a
potential cause for variations, Because September (o Octo-
ber temperatures were above the long term mean in 1911
and well below in 1912, it is concluded, that the prevailing
late scason temperatures in the respective years caused the
difference in lignin conteni between the last but 2™ LW tra-
cheids of the 1911 and 1912 increment.
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