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The effects of acclimation to sunlight on the xylem vulnerability
to embolism in Fagus sylvatica L.

H. COCHARD*, D. LEMOINE & E. DREYER

INRA, Unité d’Ecophysiologie Forestiére, 54280 Champenoux, France

ABSTRACT The mechanism of dehydration-induced xylem embolism
has been identified (Sperry & Tyree 1988). Air enters the
lumen of water-filled vessels through pores in the pit mem-
brane of the walls when the xylem pressure potential
exceeds the maximum capillary pressure sustainable by the
pores. Xylem tension, measured by its water potential,
Y,iem is therefore the triggering variable for embolism
induction. Xylem dysfunction can then be characterized by
‘vulnerability curves’ (VC) which represent the changes in
embolism level with increasing tension in xylem sap.
Xylem VCs have been established for a large number of
woody species and we now have a better idea of its variabil-
ity. VCs were first shown to differ considerably between
species (e.g. Sperry, Tyree & Donelly 1988b; Cockasd
1991; Cochard 1992), or genotypes (Neufelical 1992;
Borghetti et al. 1993). Significant differences were also
found between organs of a same plant (Tytes. 1993a;
Sperry & Saliendra 1994; Hacke & Sauter 1995) or similar
plants growing under contrasted soil water conditions
(Jackson, Irvine & Grace 1995; Alder, Sperry & Pockman
1996). It has also been shown that petiole vulnerability var-
ied according to their vertical position in a crown of
Fraxinus excelsio(Cochardet al. 1997).

However, the question of whether the xylem vulnerabil-
INTRODUCTION ity of a tree can acclimate to modifications in ambient con-

Since the introduction of reliable techniques to measure cav-dltlons remains largely unexplored. For instance, forest

itation events (Tyree & Dixon 1983) and air embolism in tree species experience very contrasting light conditions

. during their life-time, especially shade-tolerant species that
xylem (Sperry, Donnelly & Tyree 1988a), considerable . . . . : S .
p)r/ogres(s Eas 3t/)een madgin theyknowledge)of species vulnerl-mtlate their growth in the understory. As light is a major

> : . factor determining plant water relations, the degree of
ability to water stress and in the understanding of whole . . ;

. . xylem tension and therefore the risk of xylem embolism
plant water relations. We now have evidence that xylem con-may change with the growing conditions of the tree. Xylem
duits are exposed to cavitation events and that many woody I, o2 . . o

. . . vulnerability acclimation to new irradiance conditions
species are operating very close to the point of xylem dys_might then determine tree survival. This may also be an
function (Tyree & Sperry 1988). Therefore, it has been sug-. . ) ' .

ested that the maintenance of xylem integrity may impose important issue in the context of a global climate change
gestec . ylem integ y Imp %ecause the increasing likelihood of drought may interact
limitation to maximum plant transpiration rates (Jones &

Sutheriand 1993, Cochard, Bréda & Granier 1096wl vy = S80S 0 VAT S GRS O TR
1996). This hypothesis has recently been verified for a Y 9

. . - Matthews 1993) but there is no information available on
mutant ofPopulus trichocarpdacking efficient water loss the effect of liaht on xvlem vulnerability to embolism
regulation (Cochard, Ridolfi & Dreyer 1996b). g y y .

The objective of this study was to assess the plasticity of
xylem vulnerability inFagus sylvaticanduced by differ-

We assessed the effects of irradiance received during
growth on the vulnerability of Fagus sylvatical. xylem
vessels to water-stress-induced embolism. The measure-
ments were conducted on (1) potted saplings acclimated
for 2 years under 100% and 12% incident global radiation
and (2) branches collected from sun-exposed and shaded
sides of adult trees. Both experiments yielded similar
results. Light-acclimated shoots were less vulnerable to
embolism. Xylem water potential levels producing 50%
loss of hydraulic conductivity were lower in sun-exposed
branches and seedlings than in shade-grown ones (-3-0
versus —2-3 MPa on average). The differences in vulnera-
bility were not correlated with differences in xylem
hydraulic conductivity nor vessel diameter. Resistance to
cavitation was correlated with transpiration rates, midday
xylem and leaf water potentials in adult trees. We con-
cluded that vulnerability to cavitation in Fagus sylvatica
may acclimate to contrasting ambient light conditions.

Key-words Fagus sylvatica Fagaceae; acclimation; cavita-
tion; hydraulic conductivity; light; water relations.
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shoot internodes VCs (1) of saplings grown under two dif- were established for saplings. Saplings’ root systems were
ferent irradiance levels and (2) of branches in different light cleaned from their soil in the nursery and brought to the lab-
conditions from the same adult trees. Xylem safety was oratory as described above. In the laboratory, the samples
compared to xylem anatomy and xylem hydraulic conduc- were bench dehydrated for a few hours to a few days, then
tivity to examine if a gain in hydraulic safety was associated enclosed for at least 4 h in an black airtight plastic bag to
with a loss in hydraulic efficiency. We also analysed leaf stop transpiration and remove water potential gradients
gas exchange and leaf water potentials to find out if differ- between the leaves and xylem vessélg,.,, was then cal-
ences in VCs had some impacts on branch water relations. culated from the leaf water potential measured on four ran-
domly chosen leaves with a pressure chamber. Xylem
tension was then returned to zero by immersing the
MATERIALS AND METHODS branches in tap water for 30 min before hydraulic analysis.
Plant material When the saplings were large enough, one or two branches
were cut under tap water from the main axis and the remain-
Two mature, 70-year-oldfagus sylvaticd.. trees were cho-  der of the saplings allowed to dehydrate anew to lower
sen in the Arboretum of Amance, near Na.ncy, in the easterm,uxylem values. After rehydration, eight to 15 shoot intern-
part of France (48°45' N, 6°20" E, elevation: 255 m). The odes were excised under water from different growth units
trees were growing on the periphery of the Arboretum, with of each branch. The initial hydraulic conductivit,;
southern branches exposed to full sunlight (=light branches),(mmo| m s* MPa?) was measured by forcing distilled
and northern ones heavily shaded by upper crown branchegyater with 5 kPa pressure difference through each sample
and surrounding trees (= shade branches). and measuring the resulting flow rate (mmd) svith five
The experiments on potted saplings were conducted ingecimal place analytic balances connected to a computer.
1994 after the plants were grown for two consecutive yearsajr embolism was then removed by successive 0-1 MPa
under contrasting light environments. In spring 1993, 80 1- water pressurization until the conductivity no longer

year-old plants were transplanted in 5-L pots containing aincreasedK,,,). The percentage loss of hydraulic conduc-
mixture of sand and blond peat and fertilizer (Nutricote tjyity (P) was then calculated as:

100 N/P/K 13/13/13; Nutril, Paris, France). The plants

were randomly allocated to each of two treatments: full P=100 (1 Kinit/Kmax) @)

light (control) and shade. In the shade treatment, the inci-The following sigmoid function was fitted to the experi-
dent irradiance was artificially reduced by shade screens.mental vulnerability curves:

The microclimate under the screens was continuously

monitored for several weeks with a portable weather sta- P(Wsyiem) = Po + (100 =Po)/(1 + (Hyiend ¥s0)) )

tion and correlated with the nearby weather station of yherep, is the native state of embolist#yopis theW,yiem
Champenoux. On average, the global radiation () for that induces 5@ ands is a slope parameter. Equation 2
the shade treatment was 0-12, the air temperature (°Cyas inverted to compute the value ¥, e, for which P
0-86, and the air vapour pressure deficit (hPa) 0-9 that ofincreased by 1094, 5. ¥;opWas a rough estimate of the
the ambient values, respectively. The shade treatment wagoint of runaway embolism, i.e. a threshold water potential
close to the light environment ifagus sylvaticaforest  pelow which any slight increase in leaf transpiration will
understory (Aussenac & Ducrey 1977) with the difference |ead to 100° and shoot desiccation (Tyree & Sperry 1988).
that the red/far red ratio was not modified by these neutral  To characterize the xylem hydraulic efficiency to water
screens (data not shown). Plants were well wateredyansport (Tyree & Ewers 1991), we assessed Xylem
throughout the experiment. Six full-light, and seven shade- anatomy (see below), segment cross-section area specific
grown saplings were sampled for hydraulic analysis. hydraulic conductivityK, mol m™*s™MPa® and leaf area
specific hydraulic conductivityk|, mmol m* s MPa™?).

K¢ was computed by dividing,,.x by the segment cross-
section (nf, bark not includedX, is an integrative parame-
Vulnerability curves (VCs) are plots of degrees of xylem ter determined by vessel diameter and vessel nukheas
embolism versugt, .., that induced the embolism. They calculated by dividind(xby total leaf area distal to xylem
are constructed by dehydrating different excised branchesinternodes () one side counted).

to different ¥, ;e Degrees of embolism were assessed as

descnbgd by Sperrst al (1988a) bY measuring _Iosses of Water potential and stomatal conductance

hydraulic conductance caused by air blockages in the xylem
conduits of short (2-3 cm) shoot internodes. We establishedMinimum midday leaf water potential&/(y) of the adult
VCs for current-year and previous-years shoot internodes.trees were assessed with a portable pressure chamber
In August and September 1993, we collected branches from(PMS, Coravalis, Oregon, USA) on two sunny days during
the mature trees in the morning with a 6-m-long pruning the summers of 1993 and 1997. Midday xylem water poten-
pole, enclosed them in an black airtight plastic bag to tials (¥yer) were estimated in 1997 by measuring the mid-
reduce water loss through transpiration and brought them today water potential of leaves that were previously enclosed
the laboratory for hydraulic analysis. In August 1994, VCs in an aluminium foil early in the morning. During the 1994

Vulnerability curves
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growing season, we measured sapling midday leaf stom-The effect of irradiance levels on xylem embolism was
atal conductance, (mmol s*m™), and transpiration rate, ~ experimentally confirmed on saplings grown in a nursery.
E (mmol s m~) with a portable porometer (Li-Cor 1600; Higher light intensity corresponded to lower vulnerability
Lincoln, Nebraska, USA). This was measured on four to embolism. However, the differences %, between

plants per treatment on 7 d. In 1997, we measgyaddE treatments were lower (about 0-4 MPa) and for older
for adult trees on leaves randomly taken from representa-shoots the differences were not significant. Overall, a
tive sunlit and shaded branches. linear relationshiprf = 0-97) was found betwee#,p of

current year shoots and LMA (see also Fig. 5b).

On Fig. 2 we expressed the hydraulic conductivity after
embolism dissolution,,,) as a function of stem diameter
Vessel diameters were measured for saplings and adulfor saplings and adult trees. The relationships were linear
branches on four representative 1-year-old shoots. Thin(on a log-log scale) but slopes were greater than two sug-
cross-sections were obtained by hand with a fresh razorgesting that segment cross-section area specific hydraulic
blade and observed with a light microscope (400x). On conductivity Kg) was increasing with stem diameter. For a
each cross-section we chose a sector delimited by twogiven segment diameté,,,, was significantly higher for
radial rays and measured at least 50 conduits larger tharihe internodes of shaded saplings (compare open and closed
10 um with an micrometric ocular (resolution one um). For symbols on Fig. 2 lower panel) biit,., were identical for
each conduit, we measured the minimum and maximumdifferent branches in the same mature tree (Fig. 2 upper
lumen diameters and computed their geometrical means. panel). Within each treatment, leaf specific conductivities

(K,) were significantly higher for current year apical shoots
RESULTS than older shoot internodes (Fig. 3, compare different

symbols with same colour). For a given adult tree stem
Shade- and full-light-grown branches differed in their diameterK, values were much higher for branches accli-
anatomy and water relations (Table 1). Leaf mass per unitmated to full light (Fig. 3 upper, open versus closed
area (LMA) was higher for leaves grown under high irradi- symbols) but irradiance had no effect iépfor saplings
ance, but the LMA values for light-acclimated saplings were (Fig. 3 lower). The frequency distribution of vessel diame-
much lower compared with light-acclimated adult branches. ters were comparable in 1-year-old shade and light
Midday leaf W) and xylem () water potential val- branches of adult trees (Fig. 4). In saplings, the vessels were
ues were significantly lower for full-light branches than wider, especially in the full-light treatment. The fact tat
shaded ones. Lower water potential values were associateevas lower in full-light saplings although vessels were wider
with higher stomatal conductance and transpiration rates inwas probably caused by a lower vessel density or a higher
adult trees. However, saplings of both treatments exhibitedproduction of late wood in this treatment.
similar stomatal conductanagy) values. On Fig. 5 we expresse#; pas a function of the mean

On mature trees, branches developed under full-light con-K, for each treatment. This graph expresses a safety
ditions were clearly less vulnerable to water-stress-inducedversus efficiency trade-off for xylem vessels. Within the
embolism (Fig. 1a & b and Table 2). The differenc&/jp same branch system, there was a tendency for an increase
and¥,,pwas about 0-8 MPa for both branch age classes andn vulnerability with segment age and therefdke
highly significant. Older branches (Fig. 1b) exhibited a (compare data connected by a dotted line) but the
higher degree of native embolism (about 40%) because ofincrease in xylem vulnerability under low light condi-
an incomplete removal of embolism accumulated during tions was not correlated with change&ir{compare data
the previous winter (Cochard & Lemoine, unpublished). with same symbol and different colours).

Xylem anatomy

Table 1. Anatomy and water relations of shade and light gleagusbranches or saplings. Leaf characteristics included leaf mass per unit area
(LMA) and individual leaf ared= represents leaf transpiration ragsstomatal conductance to vapor water 8gler, and e, xylem and leaf
water potentials, respectively. Data are means + SEnfitt number of replicates. Water potential values were not available for saplings

Adult trees Saplings

Light Shade Light Shade
LMA(gm™) 79-20 £1-6 n=54 39-27 £0-52n=54* 58-00+1-9 n=300 34-70+1  n=300*
Leaf area, cth 24.27 £+0-9 n=54 36-82 £+1-8 n=54* 9-56 +£0-48 n=300 4.15+0-48 n=300*
vessel diametegfn) 17-66 £0-28 n=218 17-86 +0-24n=203 27-42 £0-34 n=208 20-06 £0-27 n=204*
E (mmol s'm™) 366 +0-10 n=21 0-55 +£0-27 n=20* 4.17+0-19 n=28 5.03+0-44 n=28*
gs(mmol s™*m~) 21820 +28-5n=20 33.60 £5-6 n=21* 183.90+8-41 n=28 234.00 +20-5 n = 28*
W,yiem (MPa) -1.12+0-14n=9 —0-64 +0-07 n=9* - -
Wear (MPa) —-2-37+0-16n=19 -1.39+0-18n=19* - -

*,P<0-001.
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Figure 1. Vulnerability curves ofagus sylvaticahoot % T © o) ::
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(upper a and b) and potted saplings (lower ¢ and d). Error bars E 4 2 = °I>ﬂ =) B ‘\I‘
represent one standard deviatiar@ forx, n = 4-8 fory). Solid 30l & | <
and dashed lines are logistic regressions for light and shade %g °©
treatments, respectively. In all treatments, full-light condition was 0 %® o
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In this study we showed that the irradiance level received % E 5 S @ I
during growth had strong impacts on the xylem vulnera- S8 n o
bility to water-stress-induced embolism Fia Ivat- =2 2.8
ility to water-stress-induced embolism fagus sylva S5 ¢ g8
ica. Branches developed under shaded conditions were g-g = o S
more vulnerable than sun-exposed ones. These patterns 'ﬂ f% 5 < o M -
were reproduced experimentally by growing saplings s _%‘_' § a 2 g 2
under two different light regimes. However, saplings @ “'E = g x> % g i c\ln
acclimated to full irradiance levels were more vulnerable 2 3}1; ® A ®
than branches from adult trees. These saplings also exhib- § =35 %
. . 2SS E =
ited lower leaf LMA values so we do not know if these o382 = 9
. . = o =
patterns were age-related or due to differences in growth %Eé’ Z3 o585
. 5 > 9
conditions between 1993 and 1994. S2§% 229
Differences in xylem vulnerability were correlated with £5°8 o| H9%0
the differences in¥c,s and ¥, e, measured at midday % g % < B ™ (\II o? °_°|
. =2 =
during sunny days for the two types of adult branchés. £920 a| I
values were higher in the shade because the air evaporative = % % 2
demand, and thus transpiration rates, were much lower. 28 % 2 Eﬁ
. 229 o
The most negativ,;values were very close to thg op Z5 g S § = E o
values for both shaded and full-light branches. However, it g g LE ‘3 S H A & <
did not signify that xylem conduits were operating close to £oo g 5| 8| = '“j c‘}‘j '; g
. . . . = 0 <
their point of dysfunction becau$g,e,, was much higher ; ssc | 2| 2|2 A
than ¥4 This result occurred becauseFagus(Tyree & 1o} § 3 3
Cheung 1977; Cochard & Lemoine, unpublished) and = E.E
other species (Tyrest al. 1993b), most of the branch resis- NG S s
tance to the sap pathway is extra-vascular and located in 2 f{ S £ & 8
the leaf blades. Under adequate water availability, most of SESH = °F 6T
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Figure 2. Xylem hydraulic conductivityl{,, mmol m §*

MPa™) versus segment diameter (bark excluded). Xylem
segments, 2-3 cm long, were excised from current year (squares)
and previous year (circles) shoot internodes of adult branches
(upper) and saplings (lower) grown in full light (open symbols) or
shade (closed symbols). Note that scales are logarithmic. For a
given stem diameter, saplings acclimated to shaded conditions
exhibited higheK,,, but shade- and lightgrown branches on
mature trees did not differ.

the leaf water potential drop will then be in the leaf blade

itself. However, when soil resistances are high and transpi-

ration rates low because of a soil drought,: may match
W, yilem more closely and¥, . is more likely to approach
W, op(Cochardet al. 1996a; Liet al. 1996).

Our results suggest that within a crown, branch xylem
vulnerability correlates with branch leaf transpiration

rates and prevailing xylem water potentials. We were sur-

prised to find comparable and highandE-values (and

stomatal densities, data not shown) for saplings accli-

Light and embolism in Fagus 105

individual leaf and total branch leaf areas were much
higher for shaded tree branches than saplings so that tran-
spiration rate may not have been very different for
branches versus saplings of comparable xylem areas.
Schultz & Matthews (1993) suggest that in grapevine
acclimated to low light, the xylem transport capacity was
uncoupled from leaf area. This was the case only for adult
F. sylvaticabranches in this study, where shade grown
branches exhibited lowd«, values. However, the xylem
transport capacity was uncoupled to a lesser extent from
water loss capacities because IEadind g, were greatly
reduced in the shade. Uncoupling leaf area from leaf
transpiration rate might be a strategy to maximize light
interception and water use efficiency in the shade.

I T T T T T 1
- Adult trees E
102 o E
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N
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Figure 3. Xylem leaf specific hydraulic conductivitK(,

mmol m s*MPa) versus segment diameter for adult branches
(upper) and saplings (lower). Same symbols as in Fig. 2. For a
given stem diameter, adult branches acclimated to shaded

mated to shade or light because these parameters wergonditions exhibited lowek, values but shade- and light-grown

very different for the branches of adult trees. However,
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50 T T T T T T T T induced by higher xylem resistances in lower branches.
45 0O light O®  saplings | Altogether, these results indicate that vulnerability to cavita-
BO® shade O®  adults tion can exhibit a high degree of plasticity and can respond
© 40 [ ] . to light (present study), soil water availability (Aldsral.
£ 35 L - _ 1996) or vertical position in a crown (Cochatchl. 1997).
= These variations can actually be as large as between species
é 30 - 7] or genotypes. From a methodological point of view, this sug-
2 95 | _ gests that, for comparisons of VCs of species or genotypes,
a plants must have experienced strictly similar ambient condi-
5 20 7 tions during growth.
% 15 - An important issue of this work is the mechanism by
S which xylem vulnerability acclimates to irradiance lev-
R (O 7] els. The mechanism of water-stress-induced embolism
5 - has been largely documented (Sperry & Tyree 1988;
0 Cochard, Cruiziat & Tyree 1992; Jarbeau, Ewers &

© ~ Davis 1995) and, according to the current understanding
0 5 10 15 20 25 30 35 40 45 of the phenomenon, differences in vulnerability originate
Vessel Diameter, pm from size differences in inter-conduits pit pores. This
explains why xylem vulnerability was clearly not related
to vessel size in this study and many others (see Btree
al. (1994) for a review). However, the mechanism by

Figure 4. Frequency distribution of vessel diameters in xylem of
1-year-old shoots from shade and light branches. Higher xylem
vulnerability in shade grown branches was not correlated with a
difference in vessel size.

K, mol m' s MPa!
Low xylem vulnerability might be advantageous for full-

light branches because they experience higher and more 0 ? 110 1|5 20 25
variable transpiration rates than shaded branches, which -a- increasing efficiency
can result in lowete,rand W,y em. The lower susceptibil- 2.0 | - = .

T

4
ity to cavitation was not correlated with a decrease in
xylem hydraulic efficiency (Fig. 5). There is no tradeoff of é
hydraulic efficiency for vulnerability to embolism in 25k @‘
Fagusbranches acclimated to different light conditions.
Tyree, Davis & Cochard (1994) came to the same conclu-
sion when comparing the hydraulic properties of many %_{
woody species. A lower efficiency would have enhanced
the water potential drop along the sap pathway which
would have lessened the gain in cavitation resistance. A
benefit associated with an increase in the vulnerability for 35 25 50 75 T
shaded branches is less clear. However, because xylem
conduits can acclimate to new environmental conditions

&

(=]

T
increasing safety

¥s50pLc, MPa

probably only over the long-term (until new vessels are 40 b g N
. -“. L

formed), we can predict that shade-grown branches or > 3

saplings suddenly exposed to full light (after forest thin- -b-

ning for instance) may experience xylem embolisms if . | 1

transpiration rates are not efficiently regulated (Tognetti, -4.5 '

Michelozzi & Borghetti 1994). Figure 5. a, Xylem efficiency versus xylem safetyragus Xylem
We know from other studies that, within a species, plants hydraulic efficiency is estimated by the cross-section area specific

ap_climate_d to different habitats may differ in their vulnera- hydraulic conductivityK, mol s *MPa ) and xylem safety by
bility. For instance, Aldeet al (1996) found that root xylem  the water potential inducing 50% loss of conductivitid MPa).

in Acer grandidentaturwas more vulnerable for plants in a Closed symbols: shade; open symbols: light; dotted symbols:

wetter site. However, vulnerability to drought-induced saplings; squares: 1-year-old shoots; circles: two- or more year-old
embolism ofRhodendendron maximumas not affected by shoots; Error bars represent one standard error. The increase in xylem
the light environment (Lipp & Nilsen 1997). Cochatdhl. efficiency was associated with a slight decrease in safety within a

. . . . branch system (symbols linked by a dotted line) but there was no
(1997) established that raxinus excelsiothe leaf rachis tradeoff of hydraulic efficiency for safety between shade- and light-

from upper crown branches was more vulnerable in compar-acclimated branches Wpversus leaf mass per unit area (LMA,
ison with lower crown branches. In their study, the decreaseg ni for 1-year-old shoots. Same symbols as in Fig. 5a. Xylem

in xylem vulnerability correlated with a decreaseéHgem, safety was increased for shoots with more xerophytic leaves.
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which the light environment could induce microanatomi- Cochard H. (1992) Vulnerability of several conifers to air
cal modifications in vessel walls remains to be _ embolism.Tree Physiologyl,73-83. _
explained. Because mature vessels and tracheids contaifrchard H., Bréda N. & Granier A. (1996a) Whole tree hydraulic
10 cyoplasm, the pit pore dimensions are probably  Siiraree i waer ot ovdence fo somat
determined during conduit maturation. This suggests that  197_06. ' ’
when vessels differentiate during spring, the size of the cochard H., Ridolfi M. & Dreyer E. (1996b) Responses to water
pores in the pit membrane is already adapted to the stressin an ABA-unresponsive hybrid poplar. 2. Hydraulic prop-
W,yiem the vessel will experience days or weeks after. It _ erties and xylem embolisthlew Phytologist34,455-461.

is well-known that light availability can affect plant Cochard H., Cruiziat P. & Tyree M.T. (1992) Use of positive pres-
growth through feedback mechanisms involving water sures to establish v_ulnerablll_ty curves further support for the air-
transport or internal carbon balance (Kaufmann 1990). Zﬁiﬁ;gngﬁoFmiz:zlog;doo ';norg'_cgggns forpressure-volume
Shoot morphogenesis is also known to be changed by aochard H., Bréda N., Granier A. & Aussenac G. (1991)
modification in the far red : red ratio (Ritchie 1997). In  vulnerability to air embolism of three European oak species
the present study we found that under neutral shade (Quercus petraea, Q. pubescens, Q.robAnnales Des Sciences
(saplings) there were differences in the diameter distri- Forestierest9,225-233. _

bution of vessels, whereas under natural shade and thu§ochard H., Peiffer M., Le Gall M. & Granier A. (1997)
altered far red : red ratio there were no differences. So Developmental control of xylem hydraulic resistances and vul-

- . . . . nerability to embolism iffraxinus excelsiok. impacts on water
the possibility exists that light quality or quantity may relations Journal of Experimental Botar8, 655-663.

have an E‘ﬁePt on pit membrane structure. _ Hacke U. & Sauter J.J. (1995) Vulnerability of xylem to embolism
In conclusion, our study suggests that xylem conduits in relation to leaf water potential and stomatal conductance in
of Fagus sylvaticgrown under different light conditions Fagus sylvatica f. purpureandPopulus balsamiferalournal of

are functionally adapted to contrasted xylem water Experimental Botang6,1177-1183. o
potentials and transpiration rates. The high plasticity we Jackson G.E., Irvine J. & Grace J. (1995) Xylem cavitation in two

. oy . mature Scots pine forests growing in a wet and a dry area of
found inFaguscorrelates with its shade tolerance and its =~ 5. Plant, Cell and Environmen8, 1411-1418.

ability to maintain living branches in different light cli-  j5rpeau J.A. Ewers EW. & Davis S.D. (1995) The mechanism of
mates. We believe that these findings represent a new water-stress-induced embolism in two species of chaparral
step in the understanding of tree—water relations. Studies shrubsPlant, Cell and Environmerit3, 189-196.

on plant cavitation have already revealed that xylem dys- Jones H.G. & Sutherland R.A. (1991) Stomatal control of xylem
function was a critical phenomenon and plant water loss embolismPlant, Cell and Environmerit4, 607-612. _

must adjust to plant water transport vulnerability (Jones Kaufmann M.R. (1990) Ecophysiological processes affecting tree

. growth: water relationships. IRrocess Modelling of Forest
& Sutherland 1991; Cochast al. 1996a). We now have Growth(ed. R. Dixon) pp. 64—76. Timber Press, Portland.

evidence for an adaptation of xylem vulnerability to |5y c.C. & Nilsen E.T. (1997) The impact of subcanopy light
changing water loss intensity. The change in vulnerabil-  environment on the hydraulic vulnerability &hododendron
ity with growing conditions might be an important maximumto freeze-thaw cycles and droughlant, Cell and
parameter to consider in order to understand plant adap- Environmeng0,1264-1272.
tation to its habitat. Lu P., Biron P., Granier A. & Cochard H. (1996) Water relations of
adult Norway spruceR(cea abieqL) Karst) under soil drought
in the Vosges mountains: whole-tree hydraulic conductance,
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