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Abstract — At a local scale, forest trees and stands have a marked influence on climate; thus it is possible to define microclimates.
These effects depend on local climatic characteristics and stand type. All climatic parameters should be considered)dsut partic
attention should be paid to temperature, light and water. From a silvicultural point of view knowledge of the interadiiogs exis
between microclimatic conditions and stands, in conjunction with information now available concerning tree ecophysiolagy make i
possible to produce viable applications which are useful for silviculture during stand formation, and for applying silvi@atura

ments. Whitout a doubt, taking forest cover interactions into account (climate and ecophysiological potential of speckesiss th

of sustainable management in forests. Based on the current knowledge about young stands, it is possible to use existing vegetat
cover, in a more or less modified form, to improve temperature conditions especially in relation to spring frost damage, and to
improve water conditions for both plant uptake and plant growth for a variable period depending on the species, but foma minim

of 4 to 5 years. For clearing and thinning, the effects of microclimatic changes created by this type of forestry manaderoent, a
sequently the response of trees in terms of photosynthesis and growth, are now well defined.

forest stands / microclimate / ecophysiology / silviculture

Résumé — Interactions entre peuplements forestiers et microclimat : aspect écophysiologique et conséquences pour la sylvicul-

ture. Les arbres et les peuplements forestiers exercent, au niveau local, des influences notables sur le climat ; on petit alors défin
des microclimats. Ces influences sont dépendantes des caractéristiques du climat local et des types de peuplement. ésensemble d
parameétres climatiques sont a considérer, mais une attention particuliere doit étre portée a la température, a la liemierdet a

plan sylvicole la connaissance des interactions existant entre conditions microclimatiques et peuplements, coupléestansinforma
maintenant disponibles concernant I'écophysiologie des arbres permettent de déboucher sur des applications fiablepantiisables
sylviculture pour la création des peuplements et la mise en oeuvre des traitements sylvicoles. Incontestablement lanmise en co
des interactions couvert forestier - climat et potentialités écophysiologiques des essences est a la base d'une geg&m durable
foréts. Sur la base des connaissances actuelles et pour ce qui concerne les jeunes peuplements, il est possiblealiuéliser le c
végétal préexistant, plus ou moins modifié, pour améliorer les conditions thermiques notamment au plan des risques dpetégats de
au printemps et pour améliorer les conditions hydriques tant pour ce qui concerne la reprise que la croissance des miams penda
période variable selon les espéces, mais d’'une durée minimale de 4 a 5 ans. Pour les dégagements et éclaircies I'dftet-des modi
tions microclimatiques induites par ces interventions sylvicoles et en conséquence la réaction des arbres au plan pleoitactivité
synthétique et de la croissance sont maintenant bien précisés.

forét / microclimat / écophysiologie / sylviculture
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1. INTRODUCTION
The dynamic behaviour of forest trees and stands @
being changed constantly by interactions between co\
biotic and abiotic conditions, and especially climatic ar
microclimatic conditions. In forestry, the concept ¢
interaction between forest stand and climate is defin

by:

— exchanges of energy and mass;

— changes in the nature, structure, composition and e
physiological behaviour of cover and the different «
the stand components;

— microclimatic conditions created by the physical che
acteristics of the cover;

— and finally for the forester the effects on survival, tre
growth and stand development.

The presence of vegetation cover in general and for
cover in particular modifies the climatic parameters a
creates a microclimate whose characteristics depend
the general climate itself and the physical characterist
defining the nature and structure of the cover. These p
nomena have been studied from various angles by m: Metabolism
authors, notably [6, 16, 25, 26, 42, 46, 62, 92, 96]. Phenology and growth
fact, cover, i.e. the trees and vegetation in which it cc
sists, adapts to these new microclimatic conditions
modifing its specific architectural and functional compc
nents. Thus, it is really an interactive and even a retro  Figure 1. Interactions between climate and forest stand.
tive system: any change in one of the components res
in an adjustment of the others, and so(ligure 1) In
reality, for a forest tree it is the overall ecophysiologic
behaviour which is affected by these interaction phe- (LAl); natural modifications (windbreaks or the death of
nomena, as much in terms of photosynthetic processespne or several trees) or artificial intervention by the
transpiration, translocation, transport and storage offorester, (clearfelling, clearing, strip felling, shelterwood,
assimilates, as growth, flowering or fruiting phenomena. feed fellirtlg, thirlming) motdif>t/ tge clin&atic ch%actgristics f

. . 0 a greater or lesser extent, depending on the degree o

In this paper, aﬂ‘?f a short presentation of the_ effegtLAl r%duction and canopy openirr:g. Var%ous studiesg car-
that cover has on climate, and the influence of microcli- ;i\t “ashecially at INRA Nancy have resulted in the
trﬂzt?y%g fggeiﬁtf:r?xgigga\fviﬁieﬁlsgfr?’bvgeomgi% dS?:OOr:]thugntificgtion pf these ir_lflue.nces and the definition of
understanding these interaction phenomena for use | typical microclimatic profiles in terms of the nature and

forest management, especially in terms of stand estab-P¢ Pf land use. o
lishment and thinning practices, by using a few examples With reference to solar radiation, the presence of

which take forest tree ecophysiology into account. cover results partly in a reduction in the amount of radia-
tion and partly in modifications in the spectral composi-

tion. The decrease in solar radiation depends both onf
2 THE INFLUENCE OF FOREST COVER LAl and the characteristics defining the position and dis-
ON THE MICROCLIMATE tribution of leaves in the cover [19, 23, 54, 82, 84]. For
more open coverdigure 2[92] shows the changes in
All variables defining climate: solar radiation, air and SOlar radiation (as a percentage of solar radiation of open
soil temperature, rainfall, air humidity and wind, are '@nd) in clearings and in strip fellings of increasing
greatly modified by forest cover which creates a micro- width.
climate. The greatest changes are brought about by adult The study of light distribution in forests has been the
stands with closed canopies and high leaf area indexesubject of numerous works and many models have been

FOREST STAND
TYPE

Topography
Species, age, composition and

structure

( ECOPHYSIOLOGICAL )
BEHAVIOUR

Morphology and anatomy of leaves

Architecture of shoots and branches
Photosynthesis and transpiration

Water relations

\Flowerlng and seed production y
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Figure 3. a) Leaf area index (LAIl) against the type of forest
stand, HF: High broadleaved forest, SC: Simple coppice, CS-:
poor Coppice with standards, CSo: medium Coppice with stan-
dards, CS+: rich Coppice with standards, CSHF: Mixed stand
with coppice under standard and high forest, MS: Mixed stand
with coniferous species, b) Example of inter annual variation of
Leaf area index (LAI) in an oak stand (from Bréda 1998).

Clearing diameter or strip width / Forest height ratio

Figure 2. The increase in relative solar radiation as the size
the clearing or strip increases (Clearing ratio diameter or st
width/Forest height) (Redrawn from Roussel 1972).

formulated; in general, the decrease of solar radiation is Light distribution within and under the cover is highly
expressed according to Beer's law. The level of solardependent on LAl [82] which is itself depends on stand
radiation near the ground is a variable related to LAI [31, type (figure 3a)[22] and is strongly influenced by differ-
93], crown structure [59] and canopy openess as a resulent factors, especially climatic factors and notably water
of forest management. With reference to quality, light availability; also, depending on the year, large differ-
under cover is lower in (PAR) photosynthetic active ences in leaf area index can be sgéigure 3b)[22],
radiation (blue, orange and red ranges),and this is mordesulting in microclimatic variations.

pronounced under broadleaved trees than coniferous In the forest, as is the case above bare soil, tempera-
trees [17]. The ratio between red radiation and long waveture distribution is different during the night and day, but
red may play a photomorphogenic role in growth and in a forest stand the temperature profile is more complex,
competition in seedlings and plants [87]. because the vegetation masses which absorb and emit
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radiation have variable distributions, depending on theate between clearfelling areas and stands with more
situation In general, forest cover buffers the daily and closed cover.
seasonal temperature differences compared to open

ground and notably the clearfelling areas. Lastly, a composite parameter exists which charac-

terises the hydric microclimate within and below the

It can also be observed that soil temperature is affectcanopy which is highly influenced by forest cover: this is
ed by the nature and density of cover. In general, soilsPotential evapotranspiration, which defines the degree of
under forest cover are warmer in the winter and colder in€vaporation capacity of the air at the level under consid-
the summer than clearfelling areas; these phenomena ca@fation. It is a function of available solar radiation, tem-
be detected down to depths of 80 to 100 cm, and temperPerature of the air and evaporating surfaces, air humidity
ature differences may reach 4 to 5°C [6, 30, 55, 64]. Inand wind speed. In general, this parameter will be lower
fact, soil temperature is a microclimatic parameter which to a greater or lesser extent than in open ground, depend-
is often forgotten when studying the ecophysiological ing on the density of the cover considered: in a clearing
behaviour of forest stands. This is in spite of the fact (H/D = 0.5 see below) a 40% lover potential evapotran-
that, depending on the species, autors demonstrated corgPiration value, has been observed compared with an
siderable if variable effects on photosynthesis, respira-oOpen ground situation [6]. This parameter is highly
tion, transpiration and growth. Soil temperatures below important because it defines the level of water stress of
7°C reduce photosynthesis and transpiration, probab|yatm08pherlc origin to which the trees are SUbJECted. Itis
due to an increase in water Viscosity1 while a reductionWE” known that an increase in the air water deficit has a
in growth could be due to a reduction in the hormone depressing effect on stomatal opening, and therefore on

supply combined with an increase in ABA production the gas exchanges related to transpiration and photosyn-
[70]. thesis [51, 52].

In general, forest stands have higher evapotranspira-

In forestry shelter phenomena should be taken into . tes th ther t f tation: and
account, especially in the spring when there may be latd'O" rates than other types of vegetation; and any open-
ng in the cover results in a reduction in the amount of

frosts. These can be accentuated by a meteorological sit! ‘ a1 lation to this ph di
uation characterised by clear skies with no cloud cover, V&€l consumed. in refation fo this pnénomenom and in
low humidity and low wind speeds. In addition, topo- clearfelling areas of forest sites on hydromorphic soils, it

graphic conditions, i.e. depressions where dense cold aif2" be observegl long Iafstlng ZUt \r’]?’?{ near SL(erface te?'
accumulates, give rise to situations where there is a highPorary water tables are formed which can endanger the
er risk of frost. survival of plantations or natural seedlings. In shelter-

wood, seed felling strip and clearing the presence of

Rainfall is also strongly influenced by the nature and trees limits this near surface rise in the water table
structure of cover, as much with regard to interception (figure 4). Conversely, this water table is limited in
phenomena as, to its distribution on the ground [6, 11].depth and therefore not partularly harmful to seedlings
Rainfall interception is considerable in stands with and plants, represents an additional water reserve which
closed cover and may reach 30 — 45% of annual precipifeeds the soil water reserve.
tation; the grass layer alone can intercept up to 4 to 5%
[94].
3. MODIFICATIONS IN FOREST COVER
CHARACTERISTICS RELATED
TO MICROCLIMATE CONDITIONS

Forest canopy influences and reduces wind speed in
relation to the size and spatial distribution of the bio-
mass. In fact, in certain cases, an opening in the cover
may generate turbulence which can damage the sur- . . o i
rounding trees, especially where very dense stands are As a reaction to the microclimatic conditions they
concerned. The wind also acts directly or indirectly on Nave caused or which have been imposed on them by the
transpiration and photosynthesis. By reducing resistanci‘OreSt manager, the architectural, anatomical, morpho-

to water transfer and accelerating exchanges, it facilitatesC9ical and physiological components of trees are influ-
evaporation and in certain cases leaf drying inducingeﬂced and adapt to these microclimatic modifications.

stomata closure which reduces photosynthesis [101]. Depending on the parameter considered, these modifica-
tions are more or less favourable for tree development;

Absolute air humidity in the forest is not very differ- this also depends on the state of development and on
ent from that observed in the open. However, relativeage, since a young seedling has different requirements
humidity is generally higher in conjunction with the from other trees. Below, we give some examples of
lower temperatures within the forest. In clearings, adaptation and the effects of microclimatic conditions on
thinned stands and strips, relative humidity is intermedi- trees.
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Clearing water saturation level and fresh foliar area) show signifi-
Beech grove (D/H=2) cant variations in relation to light. All these differences
West East make it possible to define sun leaves and shade leaves
with intermediate types (half shade leaves) between the
two [4].

Due to their small size and very limited effect on cli-
matic parameters, seedlings and young plants only have
one type of leaf which adapts to the microclimatic condi-
tions resulting from the influence of the existing vegeta-
tion and neighboring trees: sun leaves in clearcut areas,

o

-
m
I

Depth of water table (cm)
8
I

LA 0ceverieTo and shade leaves under the cover of shelterwood with a
s T N relative light level of less than 10 to 15%, or intermedi-
_________ =~ 20may 1970 .~ zmay_‘m\\\~ ate I_eave_s in clearings, strip felling or forest edges v_wth
60 O NG relative light levels of between 15 and 50%. In relation
Water table floor to growth dynamics and the size growth of trees, and

thus canopy closure, crowns progressively develop sun
Figure 4. Local variation of water table in the soil in relation leaves and then shade leaves which better utilise the
with opening canopy (from Aussenac 1975). reduced radiation. In fact there is a continuum between
shade and sun leaves related to the genetic potential of
each species to adapt to a reduction in light levels.

Depending on their anatomical and morphological
3.1. Architectural adaptation characteristics, crown leaves have different photosyn-
thetic activity: the shade leaves are characterised by
In general, especially in young trees, it can be higher photosynthesis rates than sun leaves in low light
observed that branches adapt architecturally dependingonditions, and conversely in strong light conditions. In
on the available light level [6]. The inclination angle of beech depending on the stage in the vegetation season,
branches is greatest when they grow in the shade. Armaximum photosynthesis (as a function of dry weight)
increase in light as a result of the removal of the shadeof shade leaves can be higher, lower or equal to that of
layer for example, leads to a rapid modification in the sun leaves [95]. Therefore, in general the cover is
architecture of the tree [7] during the following year. “organised” in such a way as to optimise carbon fixation;
At the top of the crowns, where overall radiation and When canopy homogeneity is disturbed by gaps due, for
radiation useful for photosynthesis reach a maximum, €xample, to clearing, some of the crown leaves will ben-
the leaves are erect and their inclination angle from the€fit from light stimulation: these are the intermediate
horizontal is very high: it declines, i.e. the leaves 29N€ leaves, half shade leaves and half sun leaves, but

approach the horizontal, further wirthin the crown and asthe shade leaves in the 'OWef p.arts-of the crown will not
overall radiation and active photosynthetic radiation P& @dapted to the new microclimatic conditions created
decrease. A study [50] showed that the inclination anglePy an increase in light, both in terms of transpiration and
of leaves with respect to canopy thickness Fagus sil- p_hotosynthetls and will disappear if light intensity is too
vaticaandQuercus petraedpllows Beer’s law, and also high.

that beech adapts better to excess and very low radiation

than oak. This type of tropism can also be seen in
conifers. 4. REGENERATION AND GROWTH

OF YOUNG STANDS

3.2. Leaf adaptations Natural or artificial regeneration is an essential phase
of sustainable forest management; an understanding of
In general, can also be observed changes, in the anat@limate-cover interactions and their effects on ecophysi-
my and size of leaves at the base of the crown, which ar@logy is extremely useful to help the forester to optimise
thinner and larger than at the tofibfes alba Abies the environmental conditions (water status of the plants,
nordmannianaPicea abiesPseudotsuga menziesii4], temperature conditions, light) and adapt them require-
Fagus sylvaticaQuercus petraed8], Larix leptolepis ments of the species or provenances. For natural regener-
[60], Abies amabilig97, 106]. Other characteristics, ation, it is well known that natural (windbreak) or planed
such as the degree of succulence (relationship betweethinning of the cover by the forester (seed felling) is
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more or less beneficial for germination and the develo
ment of seedlings, depending on the size of the openi
(D/H ratio), ecophysiological characteristics (shade to
erance, drought and late frost sensitivity, etc.) and tt
species concerned [47].

T T T T T
——o—— salal unfelled
12 | —e—— salal felled -

1.0 |

08 |

4.1. Artificial regeneration e

With respect to artificial regeneration, the regrowth o *
plants after planting, especially plants with bare root:
depends on the general water conditions, notably clime 00
ic and microclimatic conditions; the regeneration an s s p 0 2 m m e
growth of new roots, which are vital for supplying wate Time of day (hrs)
to the plants, requires about fifteen days. During th 400 - -
critical period, the water potential of the plants decreas
even further if the water conditions, defined by loca
potential evapotranspiration, are unfavourable. It i
known that the regrowth of plants is endangered if the
reach a predawn water potential of about —1.7 MPa [1
44, 45]. Regrowth conditions will also be more difficult
in clear felled areas than in clearings or strip fellings, a
other factors being equal.
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Stomatal conductance (mm s-1)

salal unfelled
350 ~——®—salal felled b

300+

N
<1
(=]

N

(=]

=]
T

Y

o

(=3
T

iy

(=]

=]
T

4.2. Water supply and interactions
with the light microclimate

Net photosynthesis (1L gm-2 s-1)
o
o

o

8 10 12 14 16 18
Controling grass and shrub layers to reduce compe Time of day (hrs)

tion for water may be necessary in very young stan

and under water deficit conditions. Partial or total clea figyre 5. The effect of vegetation removal on stomatal con-

ance of the grass or shrub layer reduces rainfall interce ductance and net photosynthesis of Douglas fir (Redrawn from

tion and transpiration thus reducing competition fo Price et al. 1986).

water during water deficit conditions [89, 110]. Work

has been carried out on the role of bracken in a 45 ye

old Pinus sylvestristand [91] and on the influence of

Gaultheria shallonPursh in Douglas Fir stands [57]; in

another work [108] transpiration in the undergrowth rep-

resented 50% of the total evapotranspiration Riraus

radiata stand and in a maritime pine stand the impor-  Apart from aspects related to the planting period, the
tance ofMolinia coeruleal. Moench transpiration  yse of more or less dense canopy can improve the gener-
(Table I) is demonstrated by others authors [69]. The | growth conditions of young trees. Work carried out by
results of all these works [70] clearly demonstrate andgeyerals authors [63, 66, 67, 68], [9, 10, 38, 92] and
confirm the potential for the forester to improve the 105] has shown that, in general, in humid temperate
water supply and thus water potential in trees if neces-ggions, young trees (except for some species such as
sary [78]. Improving water potential has positive effects pines, larches and aspens) have optimum growth under
on photosynthesis as shown in a work on Douglas Firrg|ative light conditions between 25 and 7¥igure 6)
[87] (figure 5) depending on the species and ecological conditions.
Competition phenomena related to herbaceous andrhese light levels correspond to the situation in
semi-woody vegetation can severely limit the growth or clearings strip fellings or forest edgedigure 7[9]
even the survival of young trees, as shown by severakhows the cumulative heights observed in shelterwood
autors [27, 28, 41, 63]. With respect to valuable and clearing in comparison with clear fellings, for 9 year
broadleaved trees, the use of mulch as in horticulture orld plants of European Silver Fir, Caucasian Fir, Norway
viticulture can be highly efficient. It is also known that Spruce and Douglas Fir. In this example higher growth

H
(=24

the risk of late frost damage depends on trees height, so
the forester should initially encourage growth in height.
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Figure 6. Annual shoot growth against solar radiation, evolu-
tion with tree age (from Aussenac and Ducrey 1978).

was observed in the clearings than in the other tre
ments. Diameter growt{figure 7) depended on the
species considered, and was highest in the clearir
(Abies albaand Abies nordmannianaor clearcut areas
(Picea abiesand Pseudotsuga menzigsiiAt first sight,

improved growth under lower light conditions than in th
open could be interpreted as being entirely due to t
influence of moderate lighting. In fact, it is the overa

400

350+

Height growth (cm)

1004

50 4

Diameter growth (1/10mm)

293

300+

250

A. alba
74 A.nordmanniana

2 P.menziesii

200+

1504

Abies alba

Abies nordmanniana
Picea abies
Pseudotsuga menziesii

Treatment

Figure 7. Effect of microclimatic conditions on height and
diameter increments of several conifers (from Aussenac 1977).

Table I. Evapotranspiration of understorey and transpiration of treesPinws pinasterforest stand during a dry summer (1989)

(from Loustau and Cochard 1991).

Date 13 June 2 July 21 July 6 September 28 September
Evapotranspiration (Ev) 1.09 1.09 0.89 0.36

From the understorey (mm/day)

Transpiration from pines (T) 2.10 1.21 0.45 1.20
(mm/day)

PTE (mm/day) 3.20 3.54 6.20 1.93
Ev/IPTE 0.34 0.31 0.14 0.19

Ev/IT 0.51 0.90 1.97 0.30
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water conditions which are improved; in shaded areas,Table Il. Influences of forest opening on night time minimum
low light levels correspond to a reduction in local evapo- temperature (°C) (04/05/1967) in Lorraine near Nancy, and
transpiration potential: light, temperature and wind are frost damage (% of total treesjbies alba(1), Abies nordma-
reduced, compared to open land. This reduction in poten-ggﬂﬂgs(2(])‘;0%‘323522;%%?’1)929? Pseudotsuga menzieg#)

tial evapotranspiration improves the water status of the '

plants (higher predawn water potential and minimum Clearcut Shelterwood OpeninB/H = 2)
water potential) [32, 72] and thus improves photosyn-
thetic activity and growth, as shown by experiments in air temperature (°C)
forest but under controlled conditions [9]. —2.5 1.0 0.5
frost damage (% trees)

In fact, after the establishment phase and juvenile(1) 86 0 17
growth which lasts from 5 to 10 years depending on the(2) 6 0 0
species and the ecological conditions enabling an ade(3) g 8 8

guate rooting system to develop trees require maximum(
light conditions which should be provided by the forester
by clearing the cover. Certain species, suchlass alba
require shade for longer periods of time than other
species such &icea abiesAs a general rule, the more

favourable the water conditions in the site, the shorterfelling gives limited protection against late frosts if the
the period of shade will be. width is over twice the height of the surrounding stand,

and if the wooded bands in between are narrow. When
they are perpendicular to the dominant winds they may
4.3. Temperature interaction phenomena accentuate the risk of damage near the intermediate
related to late frosts bands, due to the reduction in wind speed [3]. The effi-
ciency of shelter depends both on the characteristics of

The temperature interaction phenomena described irf1€ €Xisting cover and the climatic conditions. In

the previous section, related to the amount and structuré-anada, [48] it can be observed thato fdo/a ratio of
of cover, become particulary important during late frost ©V€r 0-95, frost damage affected 50%Riea glauca

situations. It is well known that the risk of damage by planted in §trips and C'ef’”ings’ co_mpared with 2% under
late frosts is higher in humid temperates and evenCOVer and in clearings with@/H ratio = 0.47.

Mediterranean climates, particulary in Western Europe  For shelterwood, the cover should be removed in the
and France than in other climates. The risk of damagewinter to allow development of new leaves, which are
varies depending on the species [98]. It is also knownmore adapted than existing shade leaves as well as for
that, for certain SDECiES such as the European silver ﬁr,transpiration as photosynthesis' Rather than |arge
increasing the lateness of bud break by genetic modifica-clearcut areas, the opening of clearings with a more
tion is not possible, due to the very low variability of this favourable microclimate is recommended. Under these
characteristic. Thus the use of forest or low vegetationconditions, the trees recently exposed to light do not
cover may be an efficient solution for protecting certain undergo a shock effect after clearing and exhibit an
species such as European silver Fir and Douglas fir withincrease in diameter growth as of the first year. The
early bud break from frost damage [5]. increase in height growth only occurs as of the second

Table Il compares the temperatures and damageyear, as shown in a work [6] on Douglas fir, Norway
observed during a late frost in Lorraine (France) with Spruce, European silver fir, and Caucasiarfigure 8)
those of a clearcut area [6]. It shows the role of late budThese results show that the cambial function is greatly
break in some species and the beneficial effect of coveraffected by the climatic and microclimatic conditions of
whether vertical in the shelterwood or lateral in the clear-the current year, whereas the apical meristem function
ing. In fact, in the latter treatment the effect depended on@lso depends on the conditions of the current year, but
cover size relative to the height of the surrounding stand@bove all on those of the previous year.

(Diameter/height ratio) [42]. Above[a/H ratio of 3, the It should be remembered that topography can be an
protective effect disappears. Furthermore, it can begycerhating factor with regard to late frosts, as it
observed that the net radiation balance in the centre of &,,,4.rs the accumulation of cold dense air espeéially in
clearing becomes negative fob&H ratio of over 2 [62]. valley bottoms [37, 76, 79]. Therefore, Wh,en preparing

In a shelterwood or seed cutting for regeneration, plots for re-afforestation, one should try to avoid hollows
cover should be considerable (relative light less than orand swaths as far as possible as they down or stop air
equal to 50%) to reduce the effect of late frosts. Strip flow.
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10 5. THINNING

Thinning is an essential operation in silviculture.
Depending on the type and intensity, it results in greater
or lesser changes in the environment of the remaining
trees. Thinning is usually defined in terms of stand den-
sity at a given age, but now progress in forest ecophysi-
siology means that thinning problems can be resolved on
a functional basis, taking into account the physiological
behaviour of the trees and physical environmental con-
straints (light, temperature, water, wind). Removing
some trees from a stand results in changes in the micro-

Diameter increment (mm)
¢

0 i i : Canopy removal climate which lead to major changes in the ecophysio-

1966 1968 1970 1972 1974 1976 logical behaviour of the trees: with respect to photosyn-

400 thesis and transpiration phenomena [1], but also to
e ~—————— growth, form and size of the remaining crowns.

A. nordmanniana
—LF— P. abies

300 |—O— P. menziesii

5.1. Improvement in soil water availability

Canopy removal

Apart from an increase in light intensity, the direct
effect of which is increased photosynthesis [56, 101],
thinning also produces a marked improvement in soil
water availability [29, 33, 74, 99, 100, 104]. This
reduces the intensity and duration of summer water
stress as shown biable IIl [13] for a 19 year old
Douglas fir stand, anfigure 9for an oak stand [20, 21].

200

Shoot growth (mm)
=
o

0 ; : . : . Improvement of soil water availability, linked to a reduc-
1966 1968 1970 1972 1974 1976 1978 tion in transpiration (21% lower), has also been reported
Year by [75] in aChamaecyparis obtusstand after thinning

which removed 25% of the trees. An improvement in the
Figure 8. Influence of canopy removal on diameter increment \ater supply, linked to a reduction in the interception of
and shoot growth of several conifers (from Aussenac 1977). precipitation and transpiration, disappears more or less
rapidly, depending on the speed at which the area is
recolonised, whether aerial or underground, by the trees
of the thinned stan@figure 10) It should be added that
[2], for the soil water level to improve, thinning must be
intense. Otherwise the slight increase in soil humidity
will be consumed very quickly without any measurable
@ffect on the trees.

Microclimatic analysis and the ecophysiological
responses of different forest species show the importanc
of using the shade from existing cover (clearing, strip
felling, shelterwood) when planting new stands and for
periods of between 5 and 10 years depending on th
species and ecological conditions. Thus, when establish:

ing a plantation or seeding a clearcut area, depending .OITabIe [Il. Number of days during whitch the predawn water

the circumstances, one should let the plant develop inpgtential was lower than —0.5 MPa (a) and 1.0 MPa (b) in two
competition with the surrrounding vegetation which pro- stands, control and thinning (1980), $eudotsuga menziesii

vide a useful shelter against late frosts. This shelter(from Aussenac and Granier 1988).

should be remoyed as soon as the tr_ees begin to emer¢ 1980 10981 1982 1983 1984

from the vegetation layer so as to avoid late frost damage A b a b a b a b a b

and benefit from higher water availability. For valuable

species, one should also envisage the use of mechaniccontrol 0 0 32 20 79 37 54 31 41 15
. . . . Thirned 0 O O O 23 0 40 22 39 8

or chemical hoeing or even mulching to increase growth.

Reduction in summer water stress has a very positive
eeffect on stomatal conductance and photosynthetic
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Julian days (1992) that, in a stand, shade species tend to intercept all the

radiation, to the detriment of the undergrowth.

Figure 9. Influence of thinning on evolution of soil water An increase in circumference growth is the result of

reserve and predawn water potential in two oaks stands (fromseveral phenomena:

Bréda et al. 1995). — firstly, the increase in light in the lower parts of the
crown which favours photosynthesis throughout the
crown [43, 85, 102]. It is also well known that photo-
synthesis in closed cover [109] is at a maximum in the
narrow zone situated between the leaves in full light
and those in the shade. Thinning also results in a sig-
nificant increase in the foliar mass of the remaining
trees. Thus, in a 19 year old Douglas fir stand, a 15%
increase was reported linked to reduced needle fall
from the base of the crowns with improved light [13],
thus showing an improved carbon budget; these nee-
dles contributed to the increase in total photosynthesis

. ) ) o evaluated for the tree;
An increase in photosynthetic activity generally L . . .

results in an increase in the rate of tree circumference™ ten, a rgduptlon in duration and intensity of water
growth as shown by severals authors who observed an stress which influences photosynthesis but also direct-
increase of: 51% foRinus taede§43], 50% for Douglas ly effects growth; it is known that circumference
fir [11, 13] and 34% for sessile oak [21]. This phenome-  9rowth stops when predawn water potential is about
non of maintaining stand productivity after thinning has —0.4 MPa, while he|ght.growth is possible with a
been verified for beech [34] and shade species but seems Prédawn water potential of — 1.0 to -2.0 MPa,
to be less of a rule for the sun species, which is probably depending on the species [18jure 11)

related to the differences in LAl and the capacity of — furthermore, improved light under the cover and an
these species to intercept light. It must be remembered increase in the temperature of the soil surface, result

capacity [21]. In a 49 year oldinus contortastand, a
work [35] showed a difference of 0.3 MPa above the
minimum predawn water potential which gave rise to a
21% higher in net photosynthesis of the thinned stand
compared to the control.

5.2. Influence on tree growth
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Shoot growth (maximun % ) With respect to thinning and the greater or the lesser
120 . . . . : degree of canopy opening, the problems of stand stabili-
O Fraxinus excelsior ty and risks to certain species, especially conifers on

—LDO— Quercus robur

100H —&—  Pseudotsuga menziesii
—®— Cedrus atlantica
—U— Eucalyptus camaldulensis

hydromorphic soils, should also be mentioned. Work
7 carried out by several authors [77] show that:

— stand instability increases with crown development
and tree height;

— with the same dominant height, unthinned stands are
more stable than thinned stands, especially in the case
of systematic thinning. A criterium for critical domi-
nant height has been defined for certain species,
notably Sitka spruce. One or two years after thinning
the risks of windbreak are greater in the case of heavy
thinning and a higher initial stand density;

— very early thinning results in progressive crown and

80

60+

40

20

0 N N/ , rooting system development, at an age when the trees
-3.0 25 -2.0 15 1,0 05 0.0 are not particularly vulnerable, and improves stand
Predawn water potential (MPa) stability.

For silviculture, all these results, especially the
Figure 11.The effect of increasing plant water stress on shoot improvement in water availability, humus mineralization
growth of several forest trees. and stability problems, recommend the use of early,
heavy thinning, while controlling the development of the
surrounding vegetation.

in faster humus mineralization [81, 86], which
releases nitrogen compounds, a phenomenon compa- 6. CONCLUSION

rable to fertilisation. )
Forest trees and stands have a marked influence on

Depending on the ecological conditions and the climate; thus, it is possible to define microclimates.
species considered, one or more of these phenomena wilThese effects depend on local climatic characteristics
have a determining influence on growth. and stand type. All the climatic parameters should be

considered, but particular attention should be paid to

With respect to height growth, various authors [36, temperature, light and water.

43, 53] have reported that thinning has a negative effect

\r/1virr]1|0h ;]c?rr?%terlggz ?gf\éytéhfmggrtsha_?hﬁrclj'ghgg's?r'] interactions existing between microclimatic conditions
9, y y ' P Yand stands, in conjunction with information now avail-

e o S An o 28 able concerning ree ccophysiology make it possile o
; ’ . produce viable applications which are useful for silvicul-
latter component, it must be remembered that slight

water stress (see above) results in a reduction in circumEure during stand formation, and for applying silvicultur-

ference growth, probably to the benefit of apical growth al treatments. Without a doubt, taking forest cover
ence growtn, p y P 9 interactions into account (climate and ecophysiological
which is inhibited only at much lower water potentials.

potential of species) is the basis of sustainable and opti-
This phenomenon may also explain why an improve- mised management in forests. Whith respect to research,
ment in the water status of trees in thinned stands meanE]UCh progress h?‘$ to be made’ firstly in terms of
that circumference growth is less limited, to the detri- 'MProving the definition of microclimates especially in
ment of height growth, compared with stands of denserclimatic zones character_lsed by large water d¢f|C|ts such
cover. It is also known that in stands, situations exist @S the Mediterranean climate; and secondly, in terms of
where for the same dominant height and all other factorsMProving understanding of the ecophysiology of forest
being equal, trees may have lower circumference growthSPeCi€s, especially their response to light and water
rates. The effects of temperature stress or photoinhibitiord€fiCits under natural conditions.
phenomena may also occur in the case of a stand which Based on the current knowledge about young stands,
is initially very dense and then heavily thinned. it is possible to use existing vegetation cover, in a more

From a silvicultural point of view, knowledge of the
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or less modified form, to improve temperature conditions  [9] Aussenac G., Influence du couvert forestier sur la crois-
especially in relation to spring frost damage, and to sance de quelques résineux dans le jeune age, Can. J. For. Res.
improve water conditions for both plant uptake and plant 7 (1) (1977) 8-18.

growth for a variable period depending on the species [10] Aussenac G., Ducrey M., Etude de la croissance de
and stand density, but for a minimum of 4 to 5 years. quelques especes forestiéres cultivées a différents niveaux

. - . . . d’éclairement et d’alimentation hydrique, E0Bongrés des
For clearing and thlnr_ung, the effects of microclimatic ¢ sias savantes Nancy | (1978) 105-117.
changes created by this type of forestry management,

andconscquenty e response of e  erms o o (1) Asenee & Cranr A, e . e gune

synthesis and grow’Fh, are now well dEﬂnEd_' ) ~ plement de DouglasPéeudotsuga menziegiirb) Franco),
Furthermore, with reference to possible climatic Can. J. For. Res. 12, 1 (1982) 222-231.

changes, likely a plausible increase in water deficit in [12] Aussenac G., El Nour M., Evolution du potentiel

certain regions, it seems necessary to better adapt stan@gdrique et du systéme racinaire de jeunes plants de Cedre, Pin

and forest management. In particular, with respect to thearicio de Corse et Pin noir plantés & I'automne et au printemps,

behaviour of adult stands, limitating the leaf area index Ann. Sci. For. 43 (1) (1986) 1-14.

[22] of the overstorey, as well as controling the amount [13] Aussenac G., Granier A. Effects of thinning on water

of undergrowth, could be efficient ways of adjusting the siress and growth in douglas fir, Can. J. For. Res. 1, 18 (1988)

water availability and water requirements of trees. 100-105.
Acknowledgement: The author express his greatest  [14] Aussenac G., Guehl J.-M., Granier A., Kaushal P.,
thanks to Christine Aussenac for her excellent help. Grieu P., Critéres physiologiques pour I'évaluation de la qualité

des plants forestiers avant plantation, Rev. For. Fr., n° spécial
(1987) 131-139.
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