INTRODUCTION

Resin duets wre normaf Teatures of the wood and bark of many conifors,
pavlticularly of Pinas, Pieva, Prevdotsugie and Lariv (P, 5.0, LaPasha and
Wheelor, 19940y These species develop resin ducts axinlly as well us horizontally,
forming an inferconneciing sysfomy, the extent ol thiy systorm varying between
genera. I addition, wounding tpressere wounds, frosi winddy may resulUin the
formation of trawmatic resin ducts, even i Alies or Tsaga where ducts are nod
presentin-healthy tissues, ghvivg the pofentiaf Tor further resin prodaction in
the injured area. Reshe diets never oceur in the wood of seme conifors, o.g.
Jenmiperas and Cugrressas {Fahn and Zamski, 19700 The duct dinmeters are
targest in Pinns species (60- 300 ey and smalior in Loviv (4080 pm). Pieea
{4671} FRERTY) and f’.\‘t’H!!zJM‘H{[{F {15 wind tharrson, O Both vertieat sl
radial resin ducls are found in these penera, and hoth bypes ocour in lagmatic
aswelb as normal duct sysioms,

The freguency ol resin duets in tree rings, fheir position within ree rings
and their borizontal and verGeal variability wlhin a frec ave poorly irvestigated,
Beidund Watson (1960 report that verticat ducts form during the latler hall of
the seasonal growth period. According to their resalts, resin ducts are localed
mainly in the litewood portion of tree rings. For lodgepele pine it was Tound (hat
8% ol the resia ducts arean the last A0% of the tree ring. Bol namber and
pasition ol vertical resin dects might also be influenced by externad condilions
tWodzicki, 196 1: Larson. 19940 In o fabornfory experiment using 2-yenr-old
Pimes halepensis ML Zamiski (197 21 showad that temperature and photoperiod
chanpes ifluence resin duef formation with a tinwe lng ol several months, T
study also proved lemperidure to be of higher importanee than ihe photoperiod,

G CAB interrational 19949, Troe-Ring Analysis
(s RO Wimmer amd B8 Vorten {7



Fig, 5.1, Cross-soctionat SEM-tmage of vertical rosin duets in 4 SPPGCE e ving,

Faden {198 7) measured rinng width and resin duet frequencies in Seots pme and

was able to show (hat both variables are refited to olimatic data, Wimmer ard
Grabner (1997 demongtrated with mature spruce troes Lhal | he number of
resin ducty per unit area in Uree rings iy positively linked 1o Snmer tempera-
tres. The current study presents bwo now aspects ol resin ducets in Spruce tree
rings: first, o complele resin duct stem-analysic and, second. the periodicity of
resin ducet series.

MATIRIAL AND METHODS.

The first sampling site is ocated inthe Lachforst, Ransholen, Uppoer Austrin,
approximalely 60 ki north from the ity of Salzburg, Austria, The site is focaied
on alhuvial-icrrace of the Inn River ai about 380 m s L The natgra! forest
commmunity is submontane mixed oak-beech and aak-hornheam. The actual
forests are dominated by even-aged conifers with spruce as the dominant
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[l'é!lif»;)(li"lt':g lo i]n_' I;ulm;‘:lm Sorthe prepseation ol continnrons series of hlock
from pith 1o fma"f\.'§’!‘;ms\.-‘{_'|.\v siechions 20 ihack woere caf from Hhese Blocks
using o sledge microtome and seclions were delpdinted, stained with
e h\ ene blue and sroumted permancn ity in Madinel on slidos fGerleeh, pasg,
The free rings formed betweerr 1991 and T987 were analvacd. Three radi
lacing to nerth, south and cast were propared from cach dise ind seetions were
observed through o transmitting ol rieroscope with o CCP-camera
connected to o stupdard video system. Resin ducts woere counferd By each
individual ving frony pith 1o birk. Numbers were also relatod to an aron that was
oblatined by multiplying the given fartgentiol window by the ving width, We
tricd o differentinte hetween regulior o travmatic resing doet Formadions and
exciuded the lutter from the investigation. The fival rosin duct density s
substantial and containg 55 series.

The Eastern Brvgebirge s focaled in e transition rom atbantic to condhnental
climate types. This arca expericnees espectally bigh Ructuations i lemperal ure
with cold wmm. s Titte precipitation. Total nnmug) precipitafion for lhvw sHes
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5965 mum, 8% of !\!m Bois snow. Aual mean (¢ mpvr‘;r!mv s ‘S

cwith

represeniative fm‘ the .‘s‘v\"llc' arcawere used (Denlscher Wetterdienst, \h e
Dresdent.



Swmples from both sites were crossdated according te the procedure
outiined in ‘wm.lmma el m’ FTO85) and ring widths were measured Lo the
nearest O.O1 mm estng a vegudar incremental measuring machine Dala were
furthier chocked for diing ard mcasirement errors using COFLRCHA (Holhes,
FOB3). Figure 5.2 demonstrales tat the paraneters vesin duct density and rig,

y

widths are independent and Pipe 5.3 Huasteates hal ving widlhs generally
folow a negative exponential curve while redin duct de nsiby rend is basically
Tnear Theretore, the resin duct data set rom the ezgebirge site was 1ol
detrended, only o horizontal line was Bted through the mean. To imvestigade
the lrequency properiics of the restn duct densily series over Gime, o specird
anadysis was performed using he SPSS 11997 compuler soflware, Wilh o
power spectrol analvsis the vartance of eieh wavelenet b is estimaied thr ouph
Fourier ransformation of the autocorrelation funetion (Frills, 197 4,

RESUILTS ANDY DISCIISSION

Resin Duct Stem Analysis

The resin duct densitios are shown in Fig, 5.4 [y tolal, 1280 tree rings are
included in cach figure. Two trends can be exiracled me !I"w free. First, the

resin duct densities [or cach year are averaged and plotied in Fig, 5.5, Second.
the series are sorfed by their cambinl age and re-plotied in 1y ‘f.ﬁ Particular

vears show extremely high resin duet densifies, suehas the diy vear 1976 Higs
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Fig. 5.2, Scaiterplat of ring widths and resin duct clensity, There is ne significant

refationship Between these two parameiers.
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Fig. 5.3 Radial trends ol ring swidilin and resio dhicl densary, R sick v ioflow
hasic (nll\' a negative exponendin corve saeinfo soady dioe U dfensity Tolows el
horizontal ine throuah the mean

Sobaand 5,51 These yeurs show continuens binbe adone the stesn CH10r yoars

hivwe dow vesin duct densitios which mighd be due to regiona iy Bvaneahie
chinmatic condiions, Fionre 5.6 shows the frend cosesd] By canbiad aeeing, Fhe
Fyears around the pith have numerons resin duct e 5ob0h Tree rings with
acambial age above 1O show o shioht but constan? increase Tor resin dued
doensity Trendelenborg assd Maver-Wegelin (19551 have adready reported soch
an increase of the proportion of resin duets froen pith to hark,

Resulls Tor (the relative positions of resin ducts see shown in P, 5,00

v b

According to this fignre the matority af the vesin duct ! .
brssition between carlywood and foteweond. iy Fig, 5.7 E% e positon” frends
averaged over the troe Deight throseh Hme are shown, In (he o arly part
PO 3050 resin ducts are muore likely 1o ocenrin the ?;1!('\»\.'(:”{“ bt sinee T950)
they Huctizaie sround the carlywood-latewond transition. In Fig, 5.8 the resin
cduct pasitions are plotted against (heir cinnbial age and i igure is showing
hasically the same tendency: the resin ducts in troe rings of yvoung cambiod ave
arc more likely in the Tutewood. then they slay constant in the carlywond
tatewood transition up o an age of 60 vears, and then shift later shglytiy
towards the carlywond. Trom Figs 5040 it cin be seen thal Bigher up in the steams
restn ducts are located move Troquently in carbywood. Comparisons witl
Hicrature are dilticeit because only o fow reports were focusing on the posifion
of resin duets in conilorons trees. A penerad statement was made by Reid and
Walson (19661 montioning that vertical resin ducts are localed preferentially
in the latcwood of free rings. Their resubis were based on VOLTL experinenda
rees. I matuee sprice free vings e position of resin ducts is most Hkely the
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Fig. 5.5, Radial prolfile of resin duct density it resin ducts cm™ 2 The curve is
anaverage-over all profiles measured in cach annual sheot

transition from carlywood (o lalewood Due to environmental stresses that
aceur carlier in the scasen, resin ducty could be formed even in the guickiy
differentiating carlywood. Werker and Fabn H1969) and Fohn (1979 found
resin duets concentraled mainly in the earlywood-latewnaod ransition whereas
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Fig. 5.7. Rosin duct position profile. The cusve s an averase aver 4l posilion
profifes determined in cach annual sheot, Relative duct posilion seales © = miial
2= carbywood, 3= ransilion carbewood- Latewoodd, 4 - Lateweoewl, 5 = tomvinal,

Stephan {19671 Affieri aod Bvert {1968 and Zamski (1972 concluded i
resin ducts are conceniratod in the lafewood, A reviow of Hie liernl e sives (e
impression that vertical resiv ducts are more Hlely tr be confined 1o the
stewood i Phrns tham i Picea and Lariv,
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Fig. 5.8, Resin dadt position profile and cambind age. The curve is an ANVOFARE OVET
alb position profifes determined iy cach anniad ool wihich woere sorted by their
cambial age. Relative duct posifion scale: 1 - et 2w carbywond, 3 = ransition

earfywond-lalewood, 4 = latewood, 5 = lenminal.

Periodicity and Climate Signal in Resin Duct Serjes

The Bragebirpe data sef with 58 resin duct series coming from 20 spruce {rees
was anabysed carlicr by Wimmer and Grabner (19977 Resin duct density daty
v hioh mean sensitivity s

wore syimmetrically distriboted with relative

standard devistion but lower signai-lo-noise ratio than the corresponding
srowth rate. The power specirom anadysis estinietes the varianee ol cach
wavelength (power) and expresses # as o contmuous distribution of wavelength
throughout the entire spectrum, Figure 5.9 shows a peak af a period of
approximalely 3 vears, which means (hat the resin ducts belhaye Hike o sine wave
al this period length. This basic wavelength scems to be the ontly significant one
as ne other peak ol wavelengths corresponding to one or more higher har-
monics of the basic wavelength are soen.

I the previous study (Wismer and Grabnes, | G977 a correlation analysis
between monthly climatic daty and resin duct density in tree rings showed
sighilicant positive relutionships with Tuse and puly wemperature of the currend
year I contrast, ring width showed a significans negative response 1o ahove-
nornial precipitation from fune to August bur no response with temperalure,
This was also found by others such as Reid and Walson 119665 who supgested
circumstantial evidence Tor o direes relationship between high summer
temperatures and large numbers of vertical ducts, Ruden (19871 used resin duet
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frequency and ring width of seven old Seots pines to reconstrue! ofimate Tor o
certair period. He also Tound resio duct Trequency correlaled Iigidy with
summer droughi.

I o eross-power spectrim analvsis, the covarianee expressed in the
Frecquency domain belween the resin duel series and fhe Tane-July temperatire
wats computedl Colicreney corves are obiained e o nrcasire of stinibarity
between e two series ol cach freguaency. In Fig, 5. 101he highest coliereney of
0.8 0w at e period of ahout 3 yvears, which indicaies that (here s a cousal
refationship between resin ducts and summer teraperature. A smalter peak can
be seen ataround 12 vears (coherence = 0,61, Most spectral analyses in past
dendrochronalopical resenrch have dealf with radial inerement as, for exige,
Stockion (F9750 Fritis 119761 Stahle and Cleavelund tTOEN). Cook and
Kairivkstis (1990) and Cook ef ¢/ 11998 Thne series of various frec-ring
paramelers (density. anatomical features, .y should be ivestigated for Their
frequency domain as an insight inlo biolopical and statistical relationships with
regard (o possible peviodicities ol factors contralling tree growth,

CONCLUSIONS

This study deals with Lwe sspeets of resin dicts in free rings, First, o restn dues
stem analysis demonstrates the wihin-tree variahility and the effeers of
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spoctral for resin duet density from e Fast Errgeliipe, Germany (58 serios from 70
breesy and June/fuly wmperatire means,

cambium age on resin duct dersity. Sceond, the periodicity ol resin duetl series
sre explored statistically ushing o set ol saumpies oxteacted from 20 SPrUCe trees,
The parameter "resin duet dunsity is independent of ring: widihy, Particular YOS
show extreme ligh resin duet densities, suchas the dry vear 1975, and these

e ries with o cambinl

yesrs show conlinnous bands throughout the stem, T
ageabove 10 years show o stipht but constant increase inresin duct densitios,
Themajority of the resin ducts e locited af the ransition between carlywon
and futewood. The resin ducts ol ree rings ol young cambial age are imore fikely
to be tn falewonod. Summer temperalure alfects the formation of vertical rosin
duets maost. ALa bigh reguency ol about 3 vears in e resin duct series a cansal
rebetionship cin be seen with summer temperature. Phe current resulis should
crrcourape reseiirchiors (o inw::;ii;z:n!u vertics! resin ducts in tree rin;_{s of other
conilerous specivs neross dilferent site and clnate conditions, Although
measurement procedures of resin ducts e much more time consuming than
measuring ving widths, e resuits will provide new covironmental informition
v i sdditional paremeter neeti) i dendroclinniic reconstruclingss, Noew
mnsights into the biologheal reliationsihips can be pelieved by Investipating
fectors that confrol tree prowth,
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SUMMARY

Avesinduct stememalvais demonstiates the within free varishility and e
elfects of cannbitm age on resin diogt density. Particolar vears show extrome
Istph resin duet densifios, such ae the dvv vear 1970 it theae vears show
conliuous bhands hrouehout the stem, Stummer temperabure affects the
formation of veriical resin duels most. The petiodicily ol resing duet serics are
explored statistically using o oset ofsamples extraeted from 20 sprove frecs, At a
Bigh fregoeney of ahont U vears by e resin dint seories o cininl relationship can
be secen with summer femperature. The correns resulis shondd cncourige
rescare ers (o investpat e verfical resin dnets in free v
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