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SUMMARY

Secondary succession was monitored on an abandoned hayfield that was planted with black cottonwood
(Populus trichocarpa) in 1990. This paper reports the changes in species composition, vegetation cover
and leaf area index (LAI) that took place between 1991 and autumn 1996.

The number of speciesfound at the site increased from 42 to 68 from 1991 to 1996. A rapid change was
observed in cover, with cryptograms and mosses covering the bare soil, followed by an expansion of
grasses and herbs, building alow canopy. By 1994, the cottonwood had formed a second canopy layer that
increased to 50% cover by autumn 1996, without a decrease in understorey cover. The maximum site-LAl
had already reached a relatively stable value of about 1.5 by 1993, but increased to 2.7 after fertilisation
in 1996. The trees constituted only 10-40% of the site-LAI throughout this period.

Estimates of leaf area in tree stands can give valuable information about potential production and are
key parameters in calculating the fluxes of carbon and water from forest ecosystems. Two non-destructive
methods were used to estimate LAI: (1) the measurement of light interception of all foliage using the LAI-
2000 Plant Canopy Analyzer, and (2) a regression relationship between crown volume and leaf area for
the LAI of trees only.

Key words: forest plantation, Iceland, LAI, Populus trichocarpa, secondary succession, vegetation
cover.

YFIRLIT
Breytingar a tegundasamsetningu, pekju og laufflatarmalsstudli i ungum aspar skogi

Alaskadsp var grodursett i pokuskorid tan i Gunnarsholti sumarid 1990. | pessari grein verdur fjallad um
nidurstddur madinga & tegundasamsetningu, grédurpekju og laufflatarmalsstudli (LAI) sem gerdar voru
4 drunum 1991 til 1996.

Tegundum haplantna fj6lgadi Ur 42 i 68 & timabilinu og orar breytingar urdu a grédurpekju. Mosar og
adrar lagpléntur héfou nad ad pekja naar allan 6gréinn jardveg innan priggja ara, en haplontur, mest gros,
fylgdu fast i kjolfario og myndudu jurtalag. Aspirnar foru ad mynda laufpak upp Gr 1993, og 1996 poktu
paar 50% yfirbords, an pess pé ad pad drasgi Ur pekju undirgrodurs. Hamarks laufflatarmal sstudull
svaisins breyttist |itido milli 1993 og 1995, var ndlaggt 1,5, en jokst upp i 2,7 eftir dburdargjof & svadio,
vorid 1996. | lok timabilsins var 4aetlad ad adeins 40% af heildarlaufflatarmali svasdisins vagi & trjanum.

Madingar & laufflatarmali er med mikilvaggustu upplysingum sem parf til Gtreikninga & fleedi kolefnis
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og vatnstil og fra skograektarsvasdum. Hér er fjallad um tvaa adferdir til 6beinna madinga alauf-flatarmali:
(1) notkun svokallads laufflatarmésmadis (LAI-2000), sem reiknar laufflatarmal Gt frd madingum &
lj6sorkuupptoku, og (2) med adhvarfslikingu milli rammdls laufkronu og laufflatarmals.

INTRODUCTION

It isimportant to understand how changesin
land use affect the ecosystem. In Iceland, ex-
tensive deforestation has taken place (Krist-
insson, 1995) and a significant effort is now
put into afforestation of treeless landscapes
(Bragason, 1995). The planting of atree stand
on atreelesssiteinitiatesagradual changein
environmental conditions (Chapin, 1993) and
community succession. The community changes
will in part be mediated by the trees as they
grow and changetheir environment and in part
by other factors such as the conditions at the
site, and the existing community and migra-
tion of organisms.

The Gunnarsholt experimental siteisablack
cottonwood plantation that was established in
1990 on an abandoned hayfield. The main
objectivesin establishing the plantation were
to study the changes that take place as trees
grow on aflat and treelesslandscape, includ-
ing (1) the long-term modification of the mi-
croclimate, (2) the effects of the microclimate
on tree physiology and growth, and (3) com-
munity development. Early results detailing
the biometeorol ogical site characteristics, en-
ergy balance conditionsand tree growth at the
Gunnarsholt site are presented by Aradéttir et
al. (1997a). The soil physical and chemical
characteristics and soil hydrology of the
Gunnarsholt experimental plantation are dis-
cussed in two companion papers by Strachan
et al. (1998ab). Community development at
the site has been studied by baseline sampling
of the soil and surface fauna (Sigurjonsson,
1998; Gudmundur Hallddrsson and HOlmfridur
Sigurdarddttir, unpublished data) and by meas-
uring cover and species composition of the
vegetation.

Thispaper reports changesinthe plant com-
munity between 1991 and 1996, in terms of
species composition, vegetation cover and leaf
areaindex. Regular measurement of the cover

of different plant groups givesinformation about
the rapid succession at the site and makes it
possibleto scale up leaf-level processesto the
plantation scale. Different species will con-
tribute varying amounts to plantation-scale
fluxes (e.g. carbon dioxide and water vapour)
dependent upon their relative abundance at the
siteand the arrangement of these specieswithin
the canopy and understorey. Cover estimates
provide information crucial in summing the
individual contributionsto thetotal sitefluxes.

The amount and distribution of leaf area
may be the single most important variable
determining plant productivity (Ceulemans,
1990). Biomass production in agricultural crops
has been directly related to the radiant energy
intercepted by the foliage (Monteith, 1981).
Such a relationship has also been shown to
exist for tree stands with different productiv-
ity (Cannell et al., 1988; Linder, 1985; Mc-
Murtrie et al., 1994). Leaf areaindex (LAl =
the amount of leaf area per unit ground area)
is therefore a key variable needed to scale
leaf processes to the canopy or site level, fa-
cilitating an understanding of how the envi-
ronment may limit the productivity of the site.

METHODS
Experimental site

Theexperimental siteislocated in Gunnarsholt,
S. Iceland (63°51' N and 20°13' W, elevation
78 m). It was established in co-operation be-
tween I celandic and Canadian research teams
in 1990. A 14.5 ha abandoned hayfield, from
which the sod had been stripped off in 1989,
was planted with propagated cuttings of asin-
gle cloneof black cottonwood (Populustricho-
carpa Torr. & Gray; clone Idunn) and a per-
manent micrometeorological station wasbuilt
near itscentre. In 1990, the surface was essen-
tially bare soil, however, some narrow strips
of grass had been left in the process of strip-
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ping sod off the field and after a subsequent
herbicide application. Mortality of the black
cottonwood cuttings was 16% during the first
year andin 1991 all dead plantswere replaced
(Eyjolfsdottir et al., 1994). After the initial
mortality, tree survival at the site has been ex-
cellent (98.4% through 1995). In 1993, perman-
ent fertilisation trials were established at the
site, which were supplied with solid fertiliser
each spring (60-150 kg N ha?, and other macro-
nutrientsin appropriate proportions). In May
1996, the whole site was fertilised with 80 kg
ha of solid NPK fertiliser, which lead to rapid
changesin vegetation cover and leaf area. Fur-
ther details about the experimental set-up can
befoundin Thorgeirsson et al. (1993), Eyj0lfs-
déttir etal. (1994) and Aradéttir et al. (1997a).

Plant colonisation and vegetation cover

In August, 1991, all vascular plants found at
the site were recorded (Eyjolfsdéttir et al.,
1994). This was repeated in 1994 and 1996.
Plant namesare according to Kristinsson (1989).
The vegetation cover was determined by a
point quadrat frame in August 1993, close to
the time of the seasonal peak leaf area. Two
10x10 m permanent plots were established at
random locations in each quarter of the site
for atotal of eight plots. A 50x50 cm frame
was laid out at 10 random locations within
each plot. Plant cover within the frames was
measured with aregular array of 100 pinsthat
were lowered vertically through the vegeta-
tion, recording all hitswith each pin. The use
of apoint quadrat assumes an infinitely small
point, but as the pins used do have a finite
diameter the technique may give an overesti-
mate of cover (Greig-Smith, 1983).
Vegetation cover was also estimated visu-
aly in July 1995 and 1996. Sixteen 4x50 m
plots were laid out so that each quarter of the
site contained four plots. Both position and
direction of plotswere chosen at random. Veg-
etation cover was estimated in a 20x50 cm
frame that was placed at 50 randomly chosen
points within each plot. The vegetation was
dividedinto five categories: black cottonwood

trees, grasses, other vascular plants, mosses
and crust. The frame was placed on top of the
vegetation and percentage cover determined
as the proportion of the frame area filled by
each class. In 1995, all vegetation wastreated
as asingle layer, giving aresult comparable
to the cover measured by the first hit of the
point quadrat method. In 1996 the vegetation
cover was estimated separately in each of two
layers: trees and understorey (grasses, other
vascular plants, mosses and crust).

Leaf area index measurements

Total leaf areaindex of trees plusunderstorey
(site-LAI) was measured with the LAI-2000
Plant Canopy Analyzer (LI-COR, Inc., Lin-
coln, Nebraska), which determines an appar-
ent leaf areaasall light-blocking elementsare
included. LAl isestimated by integrating gap
fractions obtained from above- and below-
canopy readings of diffuse sky radiation at
five zenith angles simultaneously (Wellesand
Norman, 1991). Thereader isreferred to Welles
and Norman (1991) for further information
on the theory of operation of the instrument.

In 1993 and 1994, LAl measurementswere
done at approximately 1.5 m intervals along
eight 100 m transects at an angle of 22.5° to
the rows. Each time, two new transects were
choseninall four quartersof thesite. In 1995
and 1996 the transects were reduced to four
100 m permanent ones (one in each quarter),
with fixed measurement points. Row crops,
such as a plantation forest, present an extra
difficulty in sampling LAl asone must ensure
that the transect readings are representative
and are not biased towards or away from rows.
Diagonal transects are the preferred method
inthissituation.

On each sample day, the operator walked
the transects making above and bel ow canopy
determinations of sky brightness. Below canopy
readings were made at the surface and there-
foreinclude both trees and understorey. Care
was taken to ensure that the sensor head was
facing the same direction (North) both above
and below the canopy. Astheinstrument meas-
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uresthe attenuation of diffuse radiation, meas-
urements were made during periods of uni-
form overcast (total diffuselight) to minimise
the effects of changing sky brightness. A 90°
view lens cap was used to restrict the view of
the sensor when taking readings. This proce-
dure reduces the chances of viewing canopy
gap and full foliage in the same location when
the instrument is used in a sparse canopy
(Strachan and McCaughey, 1996).

Growth- and harvest measurements

Tree growth was measured both at annual and
within-season time scales. Non-destructive
growth measurementswererecorded routinely
for 100 trees, randomly distributed over the
site, and included measurements of tree height
and crown diameters (maximum diameter and
diameter perpendicular to the maximum; Ara-
déttiretal., 1997a).

In September 1993 and 1994, 20 treeswere
chosen at random and harvested, after meas-
uring them in the same way as the 100 moni-
tored trees. In 1995 and 1996, the number of
harvests was increased to four per growing
season, harvesting 20 trees each time. Trees
were also harvested from the permanent ferti-
lisation plots at the sitein 1995 and 1996. At
harvest, all leaveswereremoved from thetrees
and the total leaf area was measured with a
leaf area meter (L1-3000, LI-COR, Inc., Lin-
coln, Nebraska). In addition, measurements
of crown shape were made on trees at sel ected
harvests during 1994 through 1996. The dis-
tance from the stem base to the edge of the
tree crown wasmeasured at 5 cm height inter-
valsinthe cardinal directions (1994) and later
at 10-30 cm height intervals in eight direc-
tions (1995 and 1996). These data were then
used to construct rel ationshi ps between dripline
area, crown volume and leaf area and simple
non-destructive measurements of height and
canopy dimensions.

Calculations of tree cover and crown
volume

Dripline crown area, A, was calculated from

the measurements of crown shape of the har-
vested trees as;

(1)

whered, _ isthe maximum distancefromthe
stemto the crown edge (m) measured at agiven
direction at any height and n is number of
directions measured. Along with information
about stand density (10000 trees ha™) thiscan
easily be converted into tree surface cover by
multiplying A, by 100.

Crownvolume, V_ . was calculated from
the measurements of crown shape of the har-

vested trees as;

(2)

where d. is the distance from the stem to the
crown edge (m) measured at agiven direction
and over agiven heightinterval, h, (m), andn
isnumber of directions measured. Foliage den-
sity (FD) was calculated by dividing the meas-
ured leaf areawith V

crown”
Inter-seasonal cover- and LAI curves

By comparing measured A, with non-destruc-
tive measurements of crown diameters that
were obtained from the same harvest trees, it
was possible to use a simple geometric for-
mula (ellipse) to describe the dripline area
(thentermed A), thus;

3)

where a isthe maximum crown diameter (m),
b is the maximum diameter perpendicular to
a, and f is a correction factor for asymmetry
equal to 0.88. Thecrownswerenot truly ellip-
tical in cross-sectional shape probably dueto
stress caused by the dominant southerly winds
(Aradottir et al., 1997b). Equation (3) was
used to estimate changes in tree cover by us-
ing the repeated non-destructive growth meas-
urements from the 100 monitored trees, as-
suming that therewere no vertical gapsinthe
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tree crowns, that would decrease the actual
cover.

Similarly, ageometricrelationship wasfound
to estimate the measured crownvolume, V__ ~,
of the harvested trees. The crown shape of the
cottonwood trees was best described as an el-

liptic cone;

(4)

where h is the tree height (m) and A;" is the
estimated dripline area according to Eq. (3).
A simplelinear regression was used to estab-
lish the relationship between the estimated
crownvolume, V_ _ “, and measured | eaf area
of the harvest trees, which then was applied to
estimate annual and inter-seasonal changesin

averagetree-L Al from the 100 monitored trees.

RESULTS
Changes in species composition

Forty-two species of vascular plants were re-
cordedin 1991 (Table 1). In 1993, 25 species
were recorded in the eight 10x10 m plots es-
tablished for cover measurements, three of
which had not been found before (Table2). In
1994, all except three species, Rorippaisliand-
ica, Violatricolor and Poa annua, werefound
again and 23 new specieswere added. In 1996,
three new specieswereadded tothelist, bringing
the total number of species at the siteto 68.

Vegetation cover

Threeyearsafter planting, |essthan 1% of the
surface was bare ground, 38% was covered by
mosses, 40% by grass and 9% of the surface
was categorised as covered by crust, a thin
organic layer formed by mosses, lichens and
litter remnants. At that time, the grass Agrostis
capillaris was by far the most abundant spe-
cieswith 60 hitson the averagein each frame
(Table 2). Other common grass species were
Poa pratensis and Festuca richardsonii. The
most abundant forbs were Rumex acetosella,
Leontodon autumnalis and Cerastium font-
anum (Table 2); al three are commonly found

at disturbed sites. The black cottonwood
saplings only covered 4% of the surface in
1993.

By 1995, the crust layer had largely disap-
peared and vegetation covered 98% of the sur-
face. Moss cover increased by 9% between
1993 and 1995 and vascular plants other than
black cottonwood increased only by 4%. The
black cottonwood began to form the primary
canopy and more than tripled its cover from
4% to 14% (Table 3). The site was fertilised
in the spring of 1996 and subsequently the
trees more than doubled their canopy cover to
32%. Inthisyear, grass cover was nearly dou-
bled and moss cover decreased by athird (Ta-
ble 3).

Thederiveddriplinearea, A", wasfound to
describe the measured A quite adequately for
the 86 harvest trees (r? = 0.95, P<0.001; Fig-
ure 1a). Maximum tree cover calculated using
A, was5, 13, 16 and 50%, in 1993 to 1996,
respectively (Figure 2). Thismethod gave simi-
lar cover values as the traditional cover esti-
matesin 1991 and 1995, but aslightly higher
valuein 1996 (Figure 2). This could indicate
that the assumption of no gapsin thetree crown
getsmorecritical asthetreesgrow larger.

Leaf area index and foliage density

The crown shape of the cottonwood was best
described asan elliptic cone. Equation (4) gave
asignificant estimate of crown volumesfor 86
harvest trees (r>=0.96, P<0.001; Figure 1b). A
significant relationship (r>=0.94, P<0.001; Fig-
ure 1c) wasfound betweentheV,_ " and meas-
ured tree leaf area (LA);

| - ®

There was no significant difference in the
relationship between crown volume and | eaf
area for trees growing at high and low nutri-
ent availability. This made it possible to use
Eq. (5) to construct a time series of tree-L Al
from non-destructive growth measurements
for the whole period. For the 1993 through
1996 growing seasons, the maximum tree-
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Table 1. Vascular plants recorded at the site in 1991, 1994, and 1996. (x) indicates plants presented but

not recorded at the time.

1. tafla. ZEdplodntur skradar & svasdinu 1991, 1994 og 1996. (x) eru pléntur sem med vissu fundust a
svaadinu en voru ekki skradar.

Species—Tegund 91 '94 '96 Species—Tegund 91’94 '96

Forbs Senecio vulgaris X X X
Achillea millefolium X X X Sleneacaulis X X
Alchemilla alpina X X X Spergula arvensis X X X
Alchemilla vulgaris X X X Stellaria media X X X
Armeria maritima X X X Taraxacum spp. X X X
Botrychium lunaria X X Thymus praecox X X X
Capsella bursa-pastoris X X X Viola palustris X X
Cardamine nymanii X X Violatricolor X
Cardaminopsis petraea X X X
Cerastium alpinum X X Woody species
Cerastium fontanum X X X Betula pubescens X X X
Chamomilla suaveolens X X X Populus trichocarpa X X X
Coeloglossum viride X Salix alaxensis (x) X X
Epilobium angustifolium X X Salix borealis (x) X X
Epilobium collinum X X Salix callicarpaea X X
Epilobium palustre X X X Salix herbacea X X
Equisetum arvense X X X Salix lanata X X X
Erigeron borealis X X Salix phylicifolia X X
Galium normanii X X X
Galium verum X X Grasses and rushes
Leontodon autumnalis X X X Agrostis capillaris X X X
Lupinus nootkatensis X X Agrostis stolonifera X X X
Lychnisalpina X X Agrostis vinealis X X X
Matricaria maritima X X X Alopecurus geniculatus X X X
Melandrium rubrum X X Deschampsia beringensis X X
Minuartia rubella X X Deschampsia caespitosa X X X
Oxyria digyna X X Elymus repens X X
Polygonum aviculare X X X Festuca richardsonii X X X
Potentilla anserina X X X Festuca vivipara X X X
Potentilla crantzii X X Juncus arcticus X
Ranunculus acris X X Leymus arenarius X X
Ranunculus repens X X X Luzula multiflora X X X
Rhinanthus minor X X X Luzula spicata X X
Rorippaislandica X Phleum pratense X X X
Rumex acetosa X X Poa annua X
Rumex acetosella X X X Poa glauca X
Rumex longifolius X X X Poa pratensis X X X
Sagina procumbens X X Trisetum spicatum X X

LAI was 0.1, 0.3, 0.3 and 1.1, respectively.
These values are only 10-40% of the maxi-
mum site-LAI measured with the LAI1-2000
for the same period (1.4, 1.7, 1.4 and 2.7,

respectively; Figure 3). The difference can be
interpreted asthe LAI of the understorey.

The cottonwoods seemed to reach a stable

foliage density after forming tree crowns, ir-
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Table 2. Vegetation cover measured with point quadrat method on 6—12 August 1993. Numbers for each
plot show average no hits in 10 quadrats with 100 points each, x’s indicate species that were found in

plots but were not recorded in point quadrats.

2. tafla. bekja metin med oddamedingum 6.—12. &gust 1993. Tolur fyrir hvern reit eru medaltél 100
ramma, sem hver er med 100 odda, og x merkir ad tegund fannst i reit en ekki i neinum ramma.

Species Plots—Reitir Mean
Tegundir 1 2 3 4 5 6 7 8 Medaltal
Lichens X

M osses 81 85 36 59 52 77 76 26 61
Achillea millefolium X

Agrostis capillaris 81 27 88 40 38 50 32 123 60
Agrostis vinealis 0.1 X 0.4 X X 0.1
Alchemilla alpina X X

Alchemilla vulgaris X

Alopercurus geniculatus 0.4 0.1
Cerastium fontanum 4 1 0.3 1 0.5 0.2 X 0.9
Chamomilla suaveolens X 0.1 X 0.1 0.1 0.0
Epilobium sp. X

Equisetum arvense X X

Festuca richardsonii 0.2 2 3 0.4 14 2
Festuca vivipara 0.1 0.4 X 0.1
Leontodon autumnalis 6 2 1 0.5 0.1 0.4 1 X 1
Luzula multiflora 0.1 X 0.2 0.4 0.2 0.3 X X 0.2
Luzula spicata X

Matricaria maritima X

Poa pratensis 3 5 3 4 0.5 7 3 9 4
Polygonum aviculare X X

Populus trichocarpa 13 10 7 11 3 4 13 4 8
Rumex acetosella 5 10 4 0.3 0.1 X 4 3
Salix callicarpaea X

Salix lanata X X X X

Salix phylicifolia X X X X

Spergula arvensis 0.1 0.0
Taraxacum sp. 0.1 X 0.0
Bare ground 0.3 0.1 0.8 1 0.2 0.3
Litter 16 9 51 10 18 21 11 73 26
Crust (cryptogramic) 1 6 13 29 29 2 12 0.2 11

respective of tree size and nutrient treatment
(Figure 1d).

DISCUSSION
Records of plant colonisation

Thevegetation at the Gunnarsholt site hasgone
through substantial changessince 1990. At the
time of plantation establishment, the surface
was essentially bare ground with narrow strips

of grass, but already in 1991 cryptograms
(mostly mosses) had started to rapidly colo-
nise the bare soil, and 42 species of vascular
plantswererecorded (Eyjolfsdattir et al., 1994).
Not all the specieswere new colonisers, some
had survived in the narrow strips left in the
process of removing the sod, others might have
regenerated from roots or from active seed
bank remaining in the soil. Two species, Salix
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Table 3. Average cover (%) of different plant groups measured by point quadrat method in August 1993,

and estimated visually in July 1995 and 1996.

3. tafla. Medalpekja (%) mismundi grodurs madd med oddamadingum i agust 1993 og metin med sjonmati

i julf 1995 og 1996.

Y ear Cottonwood Grasses Forbs M osses Crust and litter
Ar Osp Gros Bl6mpl éntur Mosar Grot
1993? 4 40 4 38 14
1993Y 8 66 5 61 26
1995 14 37 1 47 2
19969 32 69 1 30 0

a) First hit at each point (canopy surface, 100 hits)—Fyrsta snerting.
b) All hits (total cover measurements, average of 177 hits)—Allar snertingar.
c) In 1996 the trees and understorey were measured as a separate canopy layers—Tré og undirgrédur

voru madd sem tvo adskilin laufpok 1996.

alaxensis and S. borealis, were accidentally

only 25 specieswere recorded, of which three

introduced at the time of planting.
In the point quadrat measurementsin 1993;

Figure 1. Relationships between (a) measured and

had not been found before, two willows (Salix
callicarpaeaand S. phylicifolia) that arefound
growing naturally inthelocal area, and arush,
Luzula spicata (Table 2). The relatively low
number of species recorded in 1993 can be
explained by the limited extent of the study,
i.e. only speciesfound in the eight permanent
cover plotswererecorded. Thethree most fre-
guently listed grass speciesin 1993 (Agrostis
capillaris, Poa pratensisand Festucarichard-
sonii) are common in natural grasslands and
old hayfields in Iceland, and probably repre-
sented the dominant vegetation of the old hay-
field.

Twenty-three new species were found in
1994, and three specieswere not found again,
Rorippa islandica, a relatively uncommon

estimated dripline area (A, vs A;), (b) measured
and estimated crown volume (V__ vsV__ “) of
86 young black cottonwood trees ranging in height
from 0.3 to 2.5 m. Also shown are: (c) the rela-
tionship between V__ * and leaf area on fertilised
and unfertilised trees and (d) foliage density in the
crowns of trees growing at limiting (e) and high
(o) nutrient supply.

1. mynd. Samanburdur & (a) maddri og aesetladri
trjabekju (A, vs A;), (b) maddu og asetludu ram-
mali laufkronu (V__ vsV__ ) 86 aspartrjaa sem
voru & hadarbilinu 0,3 til 2,5 m. Einnig eru synd:
(c) tengsl V__ " og laufflatarmals og (d) péttleiki
laufkrénu trjaa sem uxu vid takmarkad (e ) og

nawgilegt (o) frambod nagingarefna.

lower that grows mostly in wet areas, Viola
tricolor, which is not commonly found in the
vicinity (Kristinsson, 1989), and an annual grass,
Poa annua (Table 1). In 1996, only three new
species were recorded. A rapid immigration
of species seemsthereforeto havetaken place
thefirst yearsafter plantation, but after 1993,
when the soil was more or less covered by
vegetation, the rate of immigration decreased
dramatically.

Vegetation cover

The bare soil wasrapidly colonised by mosses
in the first years (Eyjolfsdéttir et al., 1994),
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mainly Polytrichum spp, which were then re-
placed by grasses and forbs (Tables 2 and 3).
The grass, which formed a low canopy, was
still increasing in cover by 1996. Asthe black
cottonwood saplings grew larger, a second
canopy layer developed, increasing light com-
petition that eventually is expected to lead to
changesin speciescomposition and understorey
cover at thesite. In 1996, however, therewere
no signsof that thetrees had begun to limit the
survival of understorey species. In total, vas-
cular plants were covering 48% of the surface
in 1993, 52% in 1995, and more than 70% in
1996 (Table 3).

Although tree cover hasbeenincreasing rap-
idly since establishment, it had only reached

Considering the current rate of increase, it is
estimated that it will be at least three years
before the site reaches canopy closure. Itisat
canopy closurethat the largest changesin en-
ergy balance and the water relations of the site
are expected to take place (Aradéttir et al.,
19974), biological processes such asoverstorey
competition may begin and management prac-
tices such as thinning may be considered.
Theinter-annual cover estimates are valu-
able in the construction of time series show-
ing the seasonal development of tree cover,
which arean essential component of many simu-
lation models which calculate stand evapo-
transpiration, light interception and canopy
photosynthesis (e.g., McMurtrie et al., 1994;

at the end of the 1996 growing season.

Figure 2

e series of tree cover development for 1993-1996, estimated from changes A’ 0

Shuttleworth and Wallace, 1985).

black

C wood trees randomly distributed over the site (o) and direct measurements of tree-cover (@ ).

2. mynd. Breytingar a triapekju 1993-1996, reiknad Gt fra endurteknum vaxtarmedingum (A" ) a 100

aspartrjam (@) og beint mat a trjapekju (o).

Figur

~Time series for leaf area index (LAI) development of the Gunnarsholt experimental p

ation,
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(®), and tree-LAIl was estimated from non-destructive growth measurements on 100 trees randomly
distributed over the site (o). Error bars represent one standard error from the mean.

3. mynd. Breytingar & laufflatarmalsstudli (LAI) 1993-1996. Heildarlaufflatarmél (tré og undirgrodur)
madt med LAI-2000 takinu (e ), og laufflatarmal aspar metid med sambandi milli rammals laufkrénu og
laufflatarmals fyrir 100 tré sem endurteknar vaxtarmadingar voru gerdar a (o ).
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Leaf area index

The point quadrat measurements donein Au-
gust 1993 also can be used to estimate site-
LAI at that point in time, since the method
records all hitswith apin of afinite diameter
over apoint of the same size. When converted
to site-L Al values, the different plots ranged
from 0.53 to 1.49 with an average of 0.80
(data not shown). Corresponding LAI-2000
values, measured for much larger areas during
the same period, ranged from 1.18 to 1.53,
with an average of 1.35. This difference is
significant (t-test, P<0.001) Differences can
be expected between those two estimates be-
cause: (1) thesite-L Al variesquite much within
the site, (2) the two methods measure differ-
ent areas, and (3) the number of plots meas-
ured by the point quadrat method was limited
because of thelabour intensive nature of these
measurements.

The understorey was the dominant compo-
nent of site-LAI prior to 1996. Understorey
LAI was not directly measured, but could be
estimated as the difference between site-LAl
and tree-LAIl. Some information about the
understorey at the site is needed if carbon,
water and nutrient cycles of the ecosystem are
to be studied. Understorey species are more
important in productivity and nutrient cycling
than their biomasswould suggest, becauselarger
proportions of their biomassand nutrient pools
turn over annually than in trees, which have
greater allocation to long-lived woody tissues
(Chapin, 1993).

Black cottonwood has a long and mono-
cyclic leaf production, which makestherela-
tionship between crown volume (V) and
tree-LAI valid for ailmost the entire growing
season. Including a covariate of day-of-year
to the regression did not lead to significant
improvements of the estimate. Cautionishow-
ever warranted when using these rel ationships
tocalculate LAl very early or latein the grow-
ing season. If a large portion of the canopy
consists of leaves that are not fully expanded
or if leaves have been | ost through senescence,
thisrelationship will overestimatethetrue LAI.

Leaf areaindex for the plantation lies well
below values reported for similar plantations
in the literature. Barigah et al. (1994) in a
clonal study in France (48°50' N) with 0.8 m
spacing, found that two black cottonwood clones
reached thefive-year Gunnarsholt LAl values
after only two years. They also found that clones
with the largest leaves and highest LAI’ shad
the highest productivity. Dunlap et al. (1995)
found that four black cottonwood clonesgrown
at 1.2 mspacingin an extensiveclonal trial in
Washington, USA (47°10' N) reached |eaf area
indices of 3.9-9.5 two years after plantation.
Ceulemans et al. (1990) found that northern
clones had lower leaf areas and production
than more southern clones. The Idunn clone
originates from Copper River Delta, Alaska,
whichiscloseto the northern growth limit for
black cottonwood (Ceulemans, 1990). How-
ever, the slow growth observed in Gunnars-
holt can not solely be attributed to northern
genetic origin, but is possibly related to the
shorter growing season in I celand or some com-
bination of unfavourable site or environmen-
tal factors. It is clear that the actual leaf pro-
duction for the Gunnarsholt site has been far
lower than the growth-potential of the species
alows.

In most temperate environments the major
limiting factors for forest production are wa-
ter and nutrients (Linder and Flower-Ellis,
1992). Both water- and nutrient status greatly
influence the amount of |leaf area produced,
directly affecting the amount of radiation in-
tercepted and hence production. At the Gunn-
arsholt site, alack of water isnot likely to bea
limiting factor in the site’s productivity
(Strachan et al., 1998b). Nutrients, onthe other
hand, seem to have strongly limited produc-
tivity of the site during the first five years
after establishment. The fertilisation caused
thelargeincreasein the site-LAl in 1996. In
early September 1996, L Al-2000 measurements
were taken on both fertilised and unfertilised
parts of the southwest quarter of the site. The
fertilised part showed a significantly greater
site-L Al (t-test, P<0.001) of almost threetimes
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(data not shown) after the spring fertilisation.
A typical response to reduced availability of
nitrogen is increased allocation of photo-
synthates to roots, with consequently slower
leaf production (Ericsson, 1995). The slow
cover- and |eaf areadevel opment of the black
cottonwood, compared to results obtained el se-
where can at least partly be explained by poor
nutrient status of thelocal volcanic soils. Fur-
ther studies will reveal if additional factors
limit tree growth at the Gunnarsholt site.
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