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CELONAL AND SITE VARIATION OF VESSELS IN 7-YEAR-OLD
FUCALYPTUS GLOBULUS

by

Sofia Leat’, Helens Pereira’, Michae! Grabner? & Rupert Winnmer?

SUMMARY

Pith to bark variation of vessel anatomy was stadied in 17 clones of
Teyear-old Fucalypius globulus rees grown on two sites in Portogal. Ves-
sels were measured by image analysis on tu-mwu se microsections cut
fram madial strips sampled at 25% wree height, The mean vesgel area in-

creased gradually from pith fo bark, w}c*ezm the vesse! frequency
(numb@r of vessels per unit area) decreased outwards from the inner-
most ring on and levelled off towards the barle. The proportion of vessels
relative Lo other #issues remained constant across the radius, The vessel
variables showed cyclic variations defined by minima (vessel area and
proportion} of maxima (oumber of vessels). The effect of site and clone
on vessel variability was sigiificant. Clonal variation aceounted for 30%
and site explained 67% of the total variance of vessel proportion. At the
least water atressed site, vessels appeared to be generally larger and oo
capied a greater proportion of total cross-sectional area

Key words: Eucalyptus globulus, vessel anatomy, clone, site, radial

variation.
INTTRODUCTTION

Structure and size of anatomical elements influence wood properties in various ways. In
hardwoods, vesse! proportion and vesse! size atlect the papermaking process (Amidon

FO81). High vessel percentage facilitates penetration of the pulping Hquor into wood
and increases bulk, while paper sasface quality is lowered since vessel elements may
pick out from the paper surface during the printing process (vessel picking), leaving
ink-free spots on e printed page (Colley 1973).

Despite extensive research about relationships between fibre morphology and polp-
ing quality, only a few studies are concerned with vessel sizes and their variahility.
This is aizo frue for encalypt wood, particularly for Fucalyptus globulus, where vessel
picking 15 a serious concern due to the large vessel size and to the extensive industrial
ufilisation of eucalypt pulp for goality printing-paper.

The wood of young E. globuius has a diffuse-porous vessel arrangement. Tree rings
are generally difienlt 1o recognise, with a frecuent occurrence of dengity Huctuations
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(false rings) close to the pith. Vessels are exclusively salitary with a rounded outline ang
are grouped in tangential zones with no specific pattern. The mavber of vessels/mm?
is fow and aronnd 46 vessels per sauare millimetre (Carvathe 1007).

Vessel size increases with cambial age, while the mumber of vessels § per umt are
rapidly decreases, levelling off sraduatly towards the bark (Carvatho 1962 Hadson et zzl.
997, [998). Malan (1991} reports commonly large Is for eucalypis at lower ves-
sel frequency. Carvatho (1962) has observed a decrease in vessel area from nith fo bark,
tndson et al. (1997, 1098) reported a gradual increase.
ronmentsl variability of vessel charac-

PSS

whil

Also, little is known about genetic and envi
sampled frees s the most llmmm facior in the e
wml}cz!;l!

feristics and the low pumber of
studies. Malan (1993} hag shown for several evcalypt ‘«‘!)E:‘u{;‘ that site hadno g
effect on vessel propordon and distribution, and only 2 minor effect on vesse! size.

The present work reports on the pith o bark t,:cumlwi ity of cross-sectional vessel
terence {0 thelr genefic

characteristics of different Eucalypius globulis clones, with re
and environmental variability.

MATERIALS AND METHODS

s prown attwo clonal trinfs:

Samples were collectad from Eucabvpius globuins Labil. rees
NogueirGes (407 44" N, 8° 26" W, 200 m) i1 the north-wests
(377 25T N, 8% 28" W, 150 m) in the south-westem resion of Port ugal. The clopal trials
were established in December 1992, with clones selected for growth during mass selec-

noregion and Carvalhinho

tion in Porluguese plantations, vsing one tree plot and four replications. Trees were
planted at 3> 3 m spacing with harrowing and initial fertilization at planting, accordin g
to the usual management practices of eucalypt foresiry in Portu gal. Seventeen clones
were common 1o both sites and coded from 1 through 17, From each site two trees
were randornly chosen from each clone and harvested in December 1999, at 1 com-
mon tree age of 7 years. The total number of investigated frees was 68. Tree heishis at

Carvalhinho ranged between 9.9-18.5 m, and between 13.8-22.2 m al Nogueirdes.
Stem ciameters af breast height (DRH) were between 5.8-16.2 em and £.1-16.1 o,
respectively. One disk was taken from each tree stem at 25% of the total wee height
m order o ensure that wood samples from different trees would have been formed by
cambia with approximately the same age. Tree age at this height level was estimated
using the dominant height srowth mode {GLOBULUS model v2. 1) developed for plan-
tation grown K. globufus (Tomé et al. 2001).

Although both sites show well-defined dry periods, the climate at Carvathinho has
amore Mediterranean character with 535 mm annual rainfall and a longer dry season,
with almost zero precipitation during summer (Fig, 1). At Nogueiries average annual
precipitation was fwice the one at Carvathinho (1108 mm), with significantly higher
rainfall during the summer months. The sites had different growth indices for encalypis,
Atthe age of 7, the average estimated volume (Tomé & Tomé 1994} ar Carvalhinho
was 0,058 m3/tree and 0.088 m¥/ wee at Noguendes,

Radial strips running from pith to bark were cut from each disk. The 2 cm wide strips
were splitingo 2, 3 or 4 blocks, depending on its radius. The wooden blocks were sof-
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Fig. 1. Climatic diagrams of the study sites. Monthly averages over 29 years for Anadia (near
Nogueirtes) and 18 years for Zambujeira (near Carvalhinho),

tened for 24 hours 1 a mixtore of water, 96% cthanol and glyeerine. Transverse 20 pm
thick microsections were cuf from each biock, using a sliding microflome. Sections were
stained with methylene blue, mounted permanently in Fuparal on glass slides.
Microscopic images from the wood cross sections were collected uging a Zeiss
Fhotometer-Microscope MPM 800 (Zeiss Axiotron). With a total magaification of = 10G,
each image covered 1730 ym in the radial direction. The microscope was calibrated with
micrometer. Consecutive images were captored starting at the pith vntl the bark
was reached, Images were stored in TIF graphic format using the image analysis soft-

a4tage

ware, PC-Tmage (Scion Corporation). The average number of acquired images per tree
was 20,

Images were converted (o binary format (black-white) and inverted o distinguish
vessels as black spois, to be measured by the system, against a white background. With
threshold and minimum size settings, vessels were clearly identified as separate objects
(Fig. 2). In each measuring frarne the number of vessels, individual vessel area, major
and minor individoal vesse! diameter were measured, The mean vessel area (um?), the
number of vessels per nun* (vessel frequency), and the percentage of the total cross-
sectional ares covered by vessels (vessel coverage) were caleulated. To compare treey
with different diameters, the relative distance from pith was recorded for each frame,
caleulaied as a percentage of the total radios. Vessel variables have shown a very high
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Hig, 2. Microscopic image Trom o transverse wood section, of clone 10, showing thresholded
ed part of the Image, within which measiurements were

vessels and the frame, on the inverte
parformed,
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Fig. 3. Pith 1o bark variation in cross-sectional vessel area from twe Fucalypius globilus ttees
of clone 4 from Carvalhinho and Nogueirdes.
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Fig. 4 Pith to hark variation in cross-sectional vessel foguency from two Eucalypins giobulus

trees of clone 4 from Carvalhinho and Nogoewdes.

hetween-tree variability on the innermost 209 of the radins ander the influence of the
near-to-the-pith gr e tree averages were obtained from the arithmetic
mean of all the ¢ ik n.c:d.su.md excloding this 20% of the radius. ANOVA
wag made, using bza{smca v 6.0 soltware, to test the vanance of the vessel variables
with site (precipitation) and clone as main effects (fixed) after checking normality and

eqgual variance assumptions.

RESIILTS

Vessel anafomy

The pattemn of pith-lo-bark variation of vessels was similar for all wrees. Vatiabie
trends of clone 4 are Hustrated in Figures 3 to 5 for both sites. Mean vessel area éulcrdlly
increased [rom pith o bark starting with small and constant vessel areas (2000 4000
2y, Further onf vess ; ack (1200020000 pm?) and reached its maximum
close to the bark (Fig. 3). 1hc: number of vessels per unit area generally declined from
pith to bark. For the between-tree range of varation, the vessel frequency started with
20--40 vessels/mm? ground the pith, was reduced to around 1020 vessels/mm?
within the first halt of the radius, then it levelled out with & minimuom of 35 vessels/
mm? cloge tothe bark (Fig. 4). Vessel coverage varied from pith (o bark between 4% and
16%, without obvious trends (Fig. 5).
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Fig. 5. Pith to bark variation in cross-sectional vessel proportion (coverage) [rom two Eucalvpnis
& proy I
glohulus trees of clone 4 from Carvalhinho and Nogueirbes.

Mean vessel area und vessel proportion showed a pith-to-bark periodicity defined by
sudden value changes. Mostly, five periods were identified for mean vessel aren. Within
sites, radial positions of these periods, Le. maxima and minima, were similar in both
trees for about hadf of the clones (Fig. 3--5). Figure 6 shows the pith-to-hark variation
ol the two trees from clone L7 from Carvalhinho, showing the feast coincidence of the
vessel featares. Vessel shape, given by the ratio between diameter on the major and
minor axis (dM/dm), changed from elliptical {dM/dm > 1}, close to the pith, to more
circular (dM/dm = ) with digtance from pith {Hig 7).

Site and clone effects

Between clone and site variability was evaluated by comparing mean tree values
{Table D), On each site vessel characteristics varied across ¢loy at Nogueirbes
vessel area ranged from 6677 pm? o 10670 pm?, vessel frequency from 9.2 to 13.4
vessels/min? and vessel coverage from 7.6% o 12.7% For most of the 17 clones, ves-

s
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sels at Nogueires were farger and less numerous than at C

carvalhinho, With two ex-

ceptions (clones 6 and 7) vessel coverage wag higher at Nogoeirdes, compared to Car-

valhinho tor all clones.
Sipnificant diffe

54

ing res

)

rences were found for vesse! coverape with site

and clone account-

pectively for 67% and 30% of the mtal variation (Tahle 23
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Fig. 7. Ravio between the vessel diameter on the major (dM) and minor {dm} axis from wo mees

of clone 15 from Nogueir

Table 1. Mean ves

clones from two sites (Nogueirdes and Carvalhinho).

o1 area, number of vessels and vessel cover

se of 17 Encalypius globulus

Nogociries

Carvalhinhs

Clone Arei Number Nurnbsr

{um?) (0 /aun®) () (n®/mm?)
I 0670 1.9 12,7 RExS! 12.4 10.3
2 6853 183 7. 5775 1.6 6.7
3 B2T1 121 1.0 8708 [} 2.6
4 0502 10.4 16.0 7802 [1.5 9.0
k) 8674 LA 0.0 10354 9.2 9.6
G BGRG 153 7.6 7843 HLG 3.2
7 9315 9.6 8.7 7837 1.3 8.9
8 8393 0.5 8.9 7201 1.3 8.0
g 9222 1E3 L4 H645 135 8.8
10 H677 {16 77 GOYY 12.3 7.5
' aB46 12.1 1.8 10468 o iha
12 9651 1.9 105 004 115 0.5
13 1287 .8 10 TRT2 122 9.6
14 9023 9.2 8.2 4470 8.3 7.8
15 9024 12.0 [P BOGG 1.8 2.5
16 G139 133 121 H264 154 PEd
17 T8 13.4 .4 P 7.8
Mean R784 i1.3 9.4 7003 .6 5.0
St Dev, 1212 .1 1.6 1425 P 1.2
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Table 2. Aneii}'ﬁ‘q of variance of vessel proportion in Fucalypins slobutus in relation to sie,
cione and site xclone.

Bource of variation df effect MS error i % variation
Site i 6GR2TT) (0.000042 606,49
Clone 16 HRITIO 0.500000 25.69
Site xclone 16 G277 0.4057 68 0.7
Ervor 318

LHSCUSSION

Wood anutomy

Pith-to-bark variation found for £, elobulus in this study confiring earlior reports by
other anthors on the vessel anatomy of eucalypt species. Vessel dimensions increased
from pith to bark in £ regnans (Dadswell 1958), £ grandis {Taylor 1973), . pilularis
(Bamber & Curtin 1974). K. nitens (IMeXKimm & Hic 1987 and also for F elobulis
(Hudson et al, 1997, 19983, A decrease with the radius lor vessel frequency was seen
in F. pilularis (Bamber & Curtin P74y, B mirens (MceKimm & e 199 7Y and in £
globulus (Carvalbo 1962; Hudson ef al. 1997, 1008),

In this study, the average vessel area wag less than 11 5000 um? reported for a
Veyear-old tee by Hudson et al, (1997, 19983, Vessel fre mes wrcd here wag

close to vaines moasured by Hudson ef al. (1997, £998), who reported [7--40 vessels/
mm? for the mermost ring and & vessels/mm? af the bark side, all ;11@;1&1‘1{(:{5 at 20%

height of 7-year-oid trees.

Vessel coverage remained rather constant for all trees across clones, and was similar
o that reported by Hudson et al. (1997) (8-124%).

smaller vessels were reported 1o appear in associalion with the anrual ring border
while vessels in the middle of the ring were more numerous and far ger {Carvatho 1962;
Hudsonetal. 19954, b, 1997, In this sind v the perrodicity of vessel arez may be related
to an annual ring structure but it was not recoenised as such from the digks. Number
of observed cycles was generally five, which could correspond to the age at 25% tree
height level using estimzates from the GLOBULUS model v 2.1 {Fomé et al. 2001,

Becanse of d ent growth rafes, variable maxima and minima did not appear at
the same radial distances from the pith. The example in Figure 6 showin ¢ the two trees
of clope 17 from Carvathinho, that differed largely in total growth, 9.9 mvs. 141 mof
total height (data not shown), clearly demonstrates the difference in the variation pat-

21

terns of vessels area, frequency and coverage.

Site and clone effects
The variation in vessel characteristics was assigned to clonal and site effects {Tabies
, D). However Malan (1993) stadied Four encalypt hybrids and found that site had only
4 mm!,a,d effect on vessel size and distribution, Huber (1993) reporied for vessel area
it juvenile emlywood of Quercis species that within-tree variability and cambial age
explain 67% of the total vanation. Sass and Fcksiein (1 YY5), studying Fagus svivarica,
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reported that the formation of vessels during the beginning of the cambial activity was
controlled by interpal factors (not specified), while adult wood formation was affected
by external ones {e.g. rainfalll.

The stles dilfered in clhimate, especially regarding rainfall. At Carvathinho, annual
precipitation in some years was low and could have cansed water stress to the growing
trees, while at Nogneires water was a less Hiniting factorn, The lower vessel coverage
found at Carvalhinho may be 2 response to Himitations in water eupply. Several authors
have claimed that water availability is one of the most imporant enviropmental sources
of variation of the vesse! anatomy. Belsreln and Prisse (1979 pointed out that a sipnif-
agus pylvatica was expiained by climare, with

cant portion of the vessel variability in F
precipitation being the most inlluential factor, Fritts (1976) stated that the cambium
produces narrower cells under water streas conditions. Carlquist (1975) related number
and diameter of vessels to the vulnerability caused by waler stress, Knigge and Schulz
{1961y have studied Fagus yvlvarica, F moesicca, and Quercos robur and showed that
vessel size iz controfled by waler supply.

CONCLUSIONS

The presented work suggests some general trends about the variahility of vesse] charac-
teristics irs Fucalyptus globulis. As reported in previous studies using a smaller aumber
of trees, mean vessel area increases with cambial age, while vessel frequency decreases,
Vasgse ge Huctuates along the radivs within o given range (4 16%), Water avail-
ability had a major effect on vessel anatomy, the lower rainfall site was associaied with
an inceease  vessel frequency and a decrease in dimensions and vessel coverage. The
clonal effect on the variability of vesse! charactenistics was relatively small.
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