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Swmnmary

The work deseribed in this article forms part of an exploratory study? whose aim was to determimne
the main aspects of the autecology of ash {Fraxinus excelsior L), syeamare {Acer psewdoplatanus L)
and cherry {Prusss v 1) i Wallonia (Sourhern Belgiom),

The potential productivicy of these species was studied wsing the sie index approach {the height a
crap achieves at a piven age} which is the most widely accepred means for estunatng site gualicy. As
a firsr atep, a sof of site index corves were conarructed from stem analysis and semi-permanene plors
data using the Johuson (1935} and Schumacher (19390 model lor ash and the Duplac and Tran-Ha
(1986) model 11 for sveamore and chervy. For ash, dommant height achieved at age 50 iz related o
various soil-site characrers (through adequate multiple regression analysis) in order to make the
predictions of site quality applicable to both lorested and non-forested land. Furthermaore the sites
expressed throuph soil arrribures are classified in *a site caralopue’ for each species acearding ra

their productivity level.

Introduction

Mowadavs, the forest policy in several Eoropean
countries s to encourage the production of
indigenous high qualiry hardwoods on the mast
favourable site conditions. In this respect, a
thavough lenowledge of tree growth on different
soils and sires i= cencial as an aid o successful
forest managemenl and silviculture, Ecolopical
preferences and performances of hardwoods have
tor be known o encourage the species that mighe
be grown on a particular sice, This study deals

with the estimation ol the productivily and e
ecologr of ash (Prexintes wecelsior L), sycamore
iAcer psendofplatonns L) and cherry [ Prases
avtupr L) in Wallonia (Southern Belgium). Pre-
dicrion equarinms linking sire index wirh ecologi-
val factors are derived from data oo sl climace
and physiographic variables (Blyth and Macleod,
1981; Harminpron, 1986; Green et al, 19579
Elinka and Carter, 1990; Wang, 1995), The
results might help forest manapgers to choose the
besr species o plant or regenerate in specific
locations.

Conducted in che trame ot the FIT Praject Mo ATR1-CT22-0a08, "Productian of OQualite Wand beam Droadleaves'

st o Chaersl Fonesiers, 1994

Faresirse Mol A5, B, 5, 199
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The study arca

Wallonia is divided, fram north to south, oo five
BCOTEEIOMNS:

& The ‘Region imonenss” is a fertile ares because

of the large amount of ldam deposits due to the
last glaciation.

o The *Condroz’ is a region of medium evation
[200=300 m) and s characterized by aleer-
nate belts of mounds (micacenus sandstone
strarum) and hollows (limestone and dolomite
stratum) from west o east. Borh give very
fertile souls.

= The *Fapne-Famenne’ is a long schistose clay
basin, the elevation of which is 100=200 m. In
the south, a caleareons hill the ‘Calesticnne’,

= The ‘Ardenne’ lies in a rather homid climate on
silicenus rocks. 'Lhe site characreristics vary
gradually aceording to the elevation [250-654
m) and geomorphology.

¢ The ‘Region jurassique’ inclndes from north to
sourh: a marly hollow, @ set of hills of calcare-
ous sundstone and ‘macieno” hille, Mear the
French border, there are the hills of the *bajo-
cien” limestone,

The maps derived from a regional forese
resource mnvenrory (Rendenx, 1983) in Wallonia
were used to locate the plots where ash, sycamare
our cherry were measured.

bdost of the 33 940 ha of ash stans are located
in the Condroz {44 per cent), m the Region
limoneuse (23 per centd and the Famenne (15 per
cent). Ash is rare in the Ardenne where the eleva-
tion is higher and the soils poorer, More than
two-thirds of pure ash atands of Walloniy are
found in Condroz which is why the autecology of
ash has been studied in that region,

The areas covered by syeamore and cherry are
more difficult to estimate because these species
are very often scattered in the srands.

Sycamore is commoen in the hardwood forest of
the Region limoneuse, Condroz, Ganme and
Famenne and it also appears in Ardenne, espegi-
ally along the rivers,

Cherries are concentrated in the Condroz and
Famenne, bur they are also found in the Region
Timoneuse and Gawne and exceprionally in the
valleys of the Ardenne bue they are uncommun on
the tableland of Ardenne where the climate and
rhe aoils are not suitable for chew growth,
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bdost of rthe ash srands are established on former
aprienlrural land, sycamore and cherry groups, by
contrast, are mostly scarrered in old forests,

Methods
Site index curves

A widely used means lor estimating the site
guality lor tree species growth is to measure the
dominant heighr of rrees that have not been dis-
rrhed by past culling, silviculture or old apri-
cultural practices. This dominane height at a
chosen reference age, such us 50 years, is gener-
ally considered as an interesting and cansistent
index, which is, according ro some well-knewn
assumprions, often nsed to evaluate site qualiry
for vven-aged stands of single species (Hamilton
and Christie, 1971; Rondeux, 1993}

Site index curves are calculated from rwo rypes
ol inlormation thae will he called “wtatic® and
‘dynanic’ dara. The static dela are dominant
heightfage measurements in temporary plots,
which are not relevanr if their distribution does
not cover equally the lull range of age and sire
classes lound. 'They provide remporary inbor-
mation abaur stands or groups of tees. Lach
measurement is therefore a powmr in a dominant
lieight versus age diagram. Dhnamic data provide
wformarion abour the cvolution of dominant
height growth in stands or groups of rrees, Domi-
nant heights were measured several limes at
abour 3-yearly intervals i permanent plots. Stem
analyvses were also used o derermine the height
development of single trees. Such data are repre-
senred by segments of lines in a dominant height
over age diagram,

The Johnson (1935} and Schumacher (1934}
model for ash and the Duplar and Tran-Ha
{1946) model for sycamare and cherry were lilied
ta the heiphtfage data, Due to its mathematical
form the non-linear Johnson—Schumacher maodel
was preferred for ash because ouly lew stem
analyses were available, and because of the low
age ol the analysed stems. The dynamic data were
nseful to indicare rhe general direclion of the
growth curves while the static data fix the level of
Lhe different fertilivy curves.

The sample consists ol 85 ash plots, 87
sycamore plots and 97 cherry plors in which trees
vary from 25 o 50 years ol ape,
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Relutionskijy betireen site factors and site index

The relationship berween site conditions and
stand productivity is determined by the site index
which corresponds ro the dominant height® esti
mated ul age J0 years. The aunmeology was
studicd in three stages. The first involves deter-
mining the ecalapical facrors or hagic site attrib-
utes that probably influcnce producriviry, rhe
second 18 the development of a model that can
forceast the siee’s produocriviry, and rhe lase step
results in a site cataloeue,

Ecological factors influencing productivity Tn
order to correlate tree growth with site lactors, a
study was made of the relationships between the
site index and several gualicative {*duommy van-
ables”) and quantitative ecological leatures in all
the sample plors. Analyses of variance provide an
indication of the relative wsefulness of cach vari-
able in the stepwise regression procedure,

Productivity  forecasting  wode! The major
factos rhar explain productivity are pointed out
and a relativnship between them and the sire
itndlex 18 established. The resulting model lor lore-
vasting productiviry nses quanritanive ecalagical
factors related to each site group as well as gross
ecological primary qualitative variables,

Site catalogue The site catalogue is a classifi-
carion af sires hased both on site indexes and eco-
logical site factors, The key facrars thar idenrify
the site are linked to their effects on the site index
and to its cocfficient of variarion. The different
sites are grouped according to the species so thar
the resnlting catalogue 1s particularly suitable for
e specivs studied.

The data

Sannialing wnits

The sclection of stands or tree gronps was hased
upon:

» the information derived from the regional forest
resource inventory o Wallonia [concerming

530 000 ha based upon one plot per 50 ha ol
wooded areas);

= a questionnaire [illed in by the Forest Service to
lacare rhe groups ot the stands of ash,
sveamore and cherryg

= an aerial survey when the cherry trees were
florwrering.

Knowing the stand characteristics (structure,
diversiry) 15 important m order to define the tvpe
ol sampling unity {plots or trees) and o appraise
the relevancy of measurements. The broadleaves
studicd often form small groups thar are penerally
mixed and nol exactly even-aged (except for ash
which iz often in homogencous monospecific
stands).  Therefore, cither well seocked  pure
stands apparently undisturbed by past cutting
(principally for ash) or homogeneous prowth
sites, in which groops of at least ten crees, suf-
ticiently pure (species basal ares 2 66 per cent ol
the toral hasal area corresponding o all the
species) have been chosen. Those almost cven-
aged proups of trees that form part of regular
groups in closed srands were considered in 2
uniform silvicultural context,

Dara were collected from chree types of investi-
gation [Figure 1):

= rempotary plots (only some trees without area
consideration),

= semi-permanent plots® (area ranging from 0.01
o 0.1 ha),

* slenn aualysis,

Dara feom all rhese methods provided: cireum-
lerence ul 1.3 m, total heighe, bole heighe, age,
dinmeters and ring count at various heights (stem
analysis).

Evalogical comes

For ash, sampling was restricted to the ccologi-
cal zone of Condroz owing to the great concen
tracion of ash growing cthere. For sycamore and
cherry, the study included a wide range of sites
in each of the five natural regions in Wallonia,
Fur cach species the distribution of the sampling
units in each ecological region is shown in
Fignre 2,

L Inthis sty the dominane height is the mean heighe nt the ren bipgest trees pee hectare (et o oioimuom of twe trees),
* Establislued by Thill around 1970 [Thill 1970; 19732; 1973k THED; 1986; TO87; Thill and Machy, 19800 and measured

EVERY 3 VEaTA.
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Figure 1. Number and type of dara used for studying ash, sycamare and cherty autecalopy.
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Fippre 2. Distribution of sampling unies m the ecological regions for ash, sycamare and cherry,
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Table T: Site data collected foe ash, sveamore and checry autecology study

Silvicaloural history

= formal land vze (agriculice, meadow, forest)

= origin of the stands (narural regeneracion, plancing)
« silvicultural treatmene {elozed or open cven-aged srand, plancation)

General enviconment ® parural region

v eeelogical area based npon climatic and lichaological tactors (Cinclink of al, [987)

» penlopical srraca

v poomarphelogy (elevarion, moarphalomy, slope, exposure)
» climare {annual mean remperatire and precipitation, growing season)

Yol 8 pIl {only for ash)

o humns type according to the Delecour's classification (1920)
@ moisture (occnrrence and depeh of gronnd water-table, gleyed layer and mottled

laver|

® compactness, [oad, rexmee and soil seractire

= soil deprh

Phytosociol gy

& [ist of plants (lower vegetation)

s phyrosociological diagnostic

& proups af indicaror plants

Veofogical data

The ecological data collected lor the study arc
presented in Table 1. Numerous soil and site
characteristics were first sereened by plotting
rthem apainst estimated site index. Nevertheless,
hecause of pracrical considerations, only basic
site attributes that could easily be collected by the
foresr manapers were selected,

Data analysis and resulis
Site index corves

Asb A large nuimber of equations was tested to
derermine which was best suited to the collected
data. Several equations adequarely expressed the
patterns of height growth, Nevertheless the non-
linear Johnson-Schumacher maodel firred the data
Lor all age classes best.

T'he corresponding equation used in this study is:

7.

HIMOM = &y exp L

T
A —IEJ;._/L

where HDOM is dominant height ac any age A,
by is a coefficient expressing the asvmptotic tree
huight growth, #) is a cocfficienr derermining the
rate of tree height growth, by is a coelficient
expressing the position of the curve on the x-axis,

All the growth curves were forced o starr ar a

comnon point: 0.2 m height at 1 year of age. The
parameter &y can then be written as follows;

0.2
—
e (725
The parameters b, and b3 depend on the site
index [H50):

by =

by =-872 + 0,199 H50

(50 byb (1= b) [1.1( 1:]152‘3 )]

by = R

49

Four productivity levels that represent all the
different site conditions have been defined at
suceessive 3 mointervals from 29 o 20 m of domi-
nant height at 50 years. The harmonized poly
marphic height proweh curves toperher with the
data they were calewlated from are shown in
Figure 3,

Sveamore and cherry A ser of growrh models
was tested including Mitscherlich [Richards,
195%), Gauss modified (Grosenbauch, 1965),
Juhnson [1935) and Schumacher (1939}, Gom-
pertz (Amer and Williams, 1957), Duplat and
Tran-Ha {1986, and Logistic {Verhualst, 18380,
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Table 2: Equations and paramerers for sycamors and cherry

Sycamore Cherey
Equarion Mol T of Chaplat and 'I'L:Jn-l-l,.Jl.r 1198a)
r -
HDOM = (a7 + ) | 1 -L-xp[ ] “ Vs
| Vi )
H30-50a; ]
b= RN T S0
1- - (_ |.-£n k]
¥ PR
Paramelers ap = LELRIGR = 0125655
a2: = HLasonG? = 17148141
a2, = 1055419 = 120349
az;:—‘:l.ﬂfr?ﬁ“l Wy = [LO16035
40

Carminant height (m)

B (yoar)

Fignre 3. Ash site index curves together with the dara from which they were caleolared.

Model 1T of Duplat and Tran-kla offered the best
precision for deseribing che deminant height
growth ol sycamore and cherey, The distribution
of residuals was wnbiased and the quadraric
mean square of helght is low (about 0.5 m). The
resulling equations are shown o lable 2. The
levels of praductivicy were established ar 3-m
intervals between 29 and 17 m ol dominant
height at age 50. These curves can be used i
Wallania for rrees whose ages are between 20
and 80 years.

'T'he growth curves together with the data they
were caleulated from are shown i Fligures 4
ancl 5.

Eealagical factors affecting the productivily

The ecological variables that moest likely aliect
the site mdex and which are sipnificant ar the
alpha = 0.05 level were rhoroughly studied.
Topography, geology and seme soil physical
properties including depth and mosture were
found to be the mosr significant to forest growth,
The results are summarized in the Tables 3, 4
and 5.

Productivity forecasiiig model

Ash The ash productivity forecasting model ¢al-
culates the HA0 using seven qualitative variables.
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Figuere 4. Sycamere site index curves together wich che dara from which they were caleulared,
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Fignere 3, Cherry site index ourves togecher with the dara from which rhey were caloulated,

l'or practical application not more than seven ur
vight variahles should be included in any equa-
Liva, These variables are cqual to 1 or O depend-
ing on their presence or absence,

The resulting medel is:

VIO = 23.% 4+ 3.6 5TA + 1.3 STC + 0Le 5TB
+ A0 NPT + 0.9 MPA + 1.6 ER —2.5 PR
[RE = 0.5€]

where

LEAD:
STA:
STB:
STC;

NPT
NIA:

dominant height at 50 years (in m)
alluvial ar enlluvial sites (proup A)
plateaux loam sites [proup B)

stomy slope sites {group ), only on
limestone

plateaus water-table (linked with 5TB)
alluvial water-table (hnleed with S1A)
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Table 3: Ash productivity factors in Wallonia (H50 = height at age 50 years)

Ash

Ifacrors

Favourable

Intavourable

Tapopraphy
{sites without permanent water-table)
Seil depeh

Yol odstore
iplateaux loam)
Creological strata

WValleys and hollows
H50 =275 m

= 100 em

[L50 = 26 m
Permanent water-table
Hilb= 275 m
Alluyvium

Platesux and slope = 107
Hi0=242m

< 4% cm

Hi0=22.6m

Wirhout waree-cable
T3l =245 m

Famenne, Dinang, Lovss

Hi=281m [1E0 =248 m
Table 4: Sycamore productivice taccors m Wallonia
Sveamore
Faclors Favourable Unfavouralble
Annual mesn lemperature Eo At P R
FLED) = 236 m H3 =203 m

Macural region
H3i = 23.1m
Hydric balance?
trmeso-hydrocline)

The 'Kegion Limeneuse? and *Condroe’

Intermuediate hydvic regime

The “Ardenne’

Hi0 =202 m

Slightly moist oc slightly dry
thydeocline or meso-xecocline)

Hit=242m Hid=21.7m
Topography! Bottom of slope and alluvial bank Plateaux

H50=239m Hi0 = 206 m
qoil deprh = 120 cm < 40 cm

Hi0=231m HAD = 206 m
Presence of peeadogley > 70 e o e pacudogley < 4ilem

FIA0 = 23.1 m

FIS0 = 20L& m

# Theee levels of moistuce ndex were derermined by oo different methods which give the same resules: the
method described in the aflorestation guide (Weissen et af., 1994} which is based upon physical properties of
the site, and the phytossciological rypelogy of Belgium (MNoirfalise, 1984) which takes mdicaror specics inle

comsideration,
t S topowraphic classes were determingd.

TR0 superficial soils (depth < 40 cm)
ER: shade-loving aveas (phyro-association
of Tilic-Acerios).

The percentage of total variadon in H30
accounted for in the abowve equation is 36 per
cent. The relalionship was not significantly
improved by taking into account another
eacily recorded variable. The residual srandard
duviation is lower than 1.5 mon 6.0 per cent of

cases and exceeds 3 min 5 per cenr of cases, Con-
sidering the complexiry of the sites and cheir
relationships with the stands, the forecast given
by the site equation is acceptable. This maodel can
be used reasonahly in Condroz, in lorests as well
as in agricultural areas,

Sveariore and cherry  For sycamore and cherry,
the study failed Lo create a satisfactory productivity
torecast model for use in Wallonia, The reason bor
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Tabln 51 Cherry producovity factors in Wallonia

17y

Cherrr

Factors

Favourable

Unfavourable

Annual mean comperacuare =97

Marural region

Hrdric balance”

Topography!

Soil depeh

Hi0 =227 m
The ‘Region Limeneuse” and “Condroe’
Hi0 = 228 m

= 9°C

H3i0=21.5m

The ‘Tagne-Famenng
FEA = 1ha m

Slightly modst e inermediate bydreic tegime Slightly dry

thvdrocline and meso-hydrocling)
S = 22,7 m

Barrom of slope and alluvial banlk
H50 =241 m

=4l om

Hi =222 1m

Presence of pseadogley = 70 em

Hail=255m

i mestexerocling)

15 =21.3m

Top of slope

Hath = 20,8 1

= 40 cm

Hib=2021m

-2 70 e or wo psendogley
H30=2Ym

* Three levels of moistnre mdex were determined by two different methads which give the same resulls: the

method described in the afforescadon guide (Weissen of af., 19941 which 15 based upon physical properties of

the site, and the phytasociological trpology uf Belgium (Noirfalise, 1984} which takes indicator species into

comsideratinn.

T Biw tnpographic classes were determined,

Tubrle 2 Nite classificarion for ash in Wallooa

Ash
Yite rvpe (soil arcributes) H50 {m)
Humid allnvinm with warcr-table 2H.4
Allgvinm and colluvium 175
Deep ‘peammir’ soils (micaceous sandstone) 13,5
Calcareous loamy soils 154
ecp loam {loess) 4.5
Shade-loving arcas 4.5
Stony ‘psammitic’ soils (micaceoms sandsrone) i
Stony calvareous soils 213
Tabla T Site classificarion for sycumore in Wallonia
hycamaore

Site tepe (soil arcribues) H50 im)
Deep loam {loess) 241
Mon-caleareaus scony soils 3.3
Clalcarcons stony soils 224
Hydromaorphic loam 2.6
Superfivial suils Ve S
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Tabde &; Site classification for cherry m Wallenia

Cherry

Sire type {soil attribures)

Dleep loam {loess)
Dreep calureons soils
Avid clas
Mesotrophac soils
Fresh loamy snils

Sandsconv-schistose soils ot *Ardenne

Superhcial caleareons soils

Clavey or schistose somls of “Famenne’

Hakgm)

L] "'I"'!l'l

this is the huze number of combinations of
paramerers, The dara did nor include the reperition
ol these combinations, Although the maode] could
caleunlate the productivicy in a satistactory way, it
wionld use variables thar appear in oo few samples.

The model approach has therelore been aban:
dened. Instead, the sites were classified to gather
information about che expected potential prodoe-
EIvIEY.

Site catalope
For cach specivs, the sires have heen elassified inm
several Lypes which are sununurized in the Talles
h, ¢ oand B

The classibcation for ash [Clacssens ef al.,
19493 1994 is detailed in Table %, The sites are
linked to producrivite and waond quality infor-
mmation, The iness ol each sibe s then cvaluated.

Discussion and conclusion

The ash sites have been classificd inco three hom-
ogenous proups, which are included as indepen-
dent variahles for a madel thar esrimares sire
productivity, This model can be used in lorests as
well as in apricultural areas especially, for che
latrer, in the afforcscacion of abandoned felds.
Far sycamore and cherry, the factors that inllu-
eace  productivity are not easily  determmed
because the means of che sice indexes have a high
coefhicient af variation ranking from 10 o 15 per
cene, This is prahahly due ra the wide sample and

the huge number of combinations of parameters.
The models praduced do nor fie the dara from
which they were derived very well; nevertheless,
this study strengehens the knowledge of che under-
lying impartance of che moisture and remperacore
Balances for the broadieaved species growth, Inche
range of the sites sampled the sail chemistry does
not scem to affect site index. Meanwhile, ash,
svcamore, and cherry are very nncommon on acid
snils {represented by pH < 51, The anteenlogy of
the three Droawdleaves wonder mvestigalion s
mostly similar Their optimun sites ace deep and
maderarely drained soils. Sycamore and cherry
seenn o be moee Lolerant ol a lack ol maisture i
the sonl than ash which prefers slightly muoist sites
[alluvial and colluvial sites with wacer-table). The
tavourable sites for sycamaore are characterized by
deep sails withour hydenmorphy. Cherry does
best in warm elimates with moderately dreained
soils.

This stady describes differenr site rypes on
which groups of sycamore, ash or cherry are
gronving and it classifies them according to their
wite index. Yet, the variability of the sice index
within each site is also quite important, especially
for sycamare and cherey, Therefore, the site rypes
are upt well dilferentiated. Meanwhile o decreas-
g tendency in productivity from moist loams to
superficial stony snils has heen painred our, All
this information can be wsed 1o help forest man
agers m choosing the most smtable species to
prow in specific site conditions, This s the first
step towards o production of guality wood from
broadleaves,
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