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ABSTRACT

Midday depressions in stomatal conductance (gs) and pho-
tosynthesis are common in plants. The aim of this study was
to understand the hydraulic determinants of midday gs, the
coordination between leaf and stem hydraulics and whether
regulation of midday gs differed between deciduous and
evergreen broadleaf tree species in a subtropical cloud
forest of Southwest (SW) China. We investigated leaf and
stem hydraulics, midday leaf and stem water potentials,
as well as midday gs of co-occurring deciduous and ever-
green tree species. Midday gs was correlated positively with
midday stem water potential across both groups of species,
but not with midday leaf water potential. Species with
higher stem hydraulic conductivity and greater daily
reliance on stem hydraulic capacitance were able to main-
tain higher stem water potential and higher gs at midday.
Deciduous species exhibited significantly higher stem
hydraulic conductivity, greater reliance on stem capaci-
tance, higher stem water potential and gs at midday than
evergreen species. Our results suggest that midday gs is
more associated with midday stem than with leaf water
status, and that the functional significance of stomatal
regulation in these broadleaf tree species is probably for
preventing stem xylem dysfunction.

Key-words: leaf phenology; midday depression in photosyn-
thesis; stem hydraulic capacitance; stem water potential;
stomatal regulation.

INTRODUCTION

Midday depression in photosynthetic gas exchange is com-
monly observed in plants (Tenhunen, Pearcy & Lange 1987;
Koch, Amthor & Goulden 1994; Kosugi & Matsuo 2006;

Tucci et al. 2010), and down-regulation of stomatal conduc-
tance (gs) is one of the major contributing factors (Schulze
et al. 1974; Raschke & Resemann 1986; Iio et al. 2004; Grassi
et al. 2009). Although the trigger of stomatal closure is not
fully understood, leaf water potential (YL) is one of the
major factors in stomatal regulation because stomatal aper-
ture directly responds to guard cell turgor (Franks et al.
1995). However, the interspecific relationship between
midday YL and midday gs has not been well established, and
the mechanism by which stomata respond to and control YL

is unclear (Brodribb & Holbrook 2003; Meinzer et al. 2009).
Notably, the ability of a plant to maintain high YL during
active transpiration is related to the plant hydraulic system:
those species with high water transport would be able to
replace transpirational water loss more quickly and there-
fore maintain higher YL (Brodribb, Feild & Jordan 2007;
Campanello, Gatti & Goldstein 2008; Zhang & Cao 2009).
Consequently, a positive relationship between water trans-
port and maximum photosynthetic rate has been found in
different plant taxonomic groups and different ecosystems
(Brodribb & Feild 2000; Santiago et al. 2004; Brodribb et al.
2007; Campanello et al. 2008; Zhang & Cao 2009). The
midday gs of a plant could also be related to plant hydraulic
characteristics: plants with higher water transport at midday
can maintain better leaf water status during this daytime
period, and consequently experience less depression in
midday gs. However, this hydraulic determinant of midday
gs has not been well investigated.

Stomatal regulation is responsible for controlling the
stem xylem water potential (YST) during the day (Meinzer
et al. 2009). Decreased gs at midday slows down further
water loss, consequently, it has an adaptive significance in
protecting the plant vascular system from xylem dysfunc-
tion. Recent studies have shown that diurnal depression in
leaf hydraulic conductance is common in many plant
species (Bucci et al. 2003; Brodribb & Holbrook 2004a;
Zhang et al. 2009; Johnson et al. 2009a, 2011a; Zufferey et al.
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2011), while a diurnal decrease in stem hydraulic conduc-
tivity has been observed only in very few species (Zwien-
iecki & Holbrook 1998; Melcher et al. 2001). Since leaf
hydraulic conductance decreases and recovers diurnally in
many species, the major function of stomatal regulation is
not likely to be protection of the leaf hydraulic system from
dysfunction in those species. Rather, the significance of
diurnal stomatal regulation is probably to maintain YST in
the range that will avoid stem xylem embolism during the
day (Meinzer et al. 2009). In fact, midday depression in Kleaf

itself is thought to be a mechanism to magnify the signal
triggered by water deficits, resulting in rapid stomatal
closure (Brodribb & Holbrook 2004b), which slows down
further dehydration of stems and roots. Under the assump-
tion that the down-regulation in Kleaf and gs is mainly to
prevent stem xylem dysfunction, we suggest that midday gs

should be more related to YST rather than to YL.
The relationship between gs and YST could be mediated

by stem hydraulic capacitance (Meinzer et al. 2008, 2009).
Stem water storage plays an important role in mitigating
diurnal water deficits caused by transpirational water loss
(Goldstein et al. 1998; Scholz et al. 2007), and may reduce
diurnal fluctuation in YST (Meinzer et al. 2008). Stem
hydraulic capacitance strongly determines the midday stem
and leaf water status (Meinzer et al. 2003, 2008; Scholz et al.
2007), and consequently trees with higher water storage
capacities are able to maintain maximum transpiration
rates for a longer period of time during the day (Goldstein
et al. 1998). Therefore, stem hydraulic capacitance needs to
be considered in analysing the relationship between midday
gs and leaf/stem water potentials. Notably, two deciduous
species were reported to have higher stem hydraulic capaci-
tance than two co-occurring evergreen species in an Aus-
tralian dry forest (Choat et al. 2005). If this difference in
hydraulic capacitance between deciduous and evergreen
species reflects a general pattern across other types of eco-
systems, deciduous species with potentially higher hydraulic
capacitance may maintain higher midday leaf and stem
water potentials, and consequently higher midday gs than
evergreen species.

We studied leaf and stem hydraulics, midday stem and
leaf water status, and midday leaf gs of 14 co-occurring
broadleaf tree species (10 evergreen and four deciduous
species) in a subtropical cloud forest with abundant
moisture in Southwest (SW) China. The objectives of the
present study were (1) to determine the hydraulic determi-
nants of midday depression in photosynthetic gas exchange,
(2) to clarify the hydraulic regulation of midday stem and
leaf water potentials and (3) to characterize the difference
in midday hydraulic and stomatal performance between
deciduous and evergreen broadleaf tree species.

MATERIALS AND METHODS

Study site

This study was carried out in an evergreen broadleaf
forest at the Ailaoshan Station for Subtropical Evergreen

Broadleaf Forest Ecosystem Studies (24°32′N, 101°01′E,
elevation 2460 m), located on Ailao Mountain, Jingdong
County, Yunnan Province, SW China. The station is a
member of the Chinese Ecosystem Research Network
(CERN), and a member of the Chinese National Ecosystem
Observation and Research Network (CEORN). Average
annual temperature at the study site is 11.3 °C and average
annual precipitation is 1931 mm (Qiu & Xie 1998). Because
of abundant moisture and persistent cloud cover, this forest
has also been described as a subtropical cloud forest.
The soils of the study site are loamy yellow-brown soils.
The surface soil layer (0–15 cm) contains 12.15% organic
matter, 0.42% total N and 0.16% total P (Qiu & Xie 1998).
The physiological measurements were carried out at the
end of the rainy season (September to early November) in
2011, when the deciduous species were about one to
2 months away from leaf shedding. We performed the mea-
surements in this time period because soil water potentials
were still close to zero, while sunny days were frequent
enough to complete the measurements. Sunny days are rare
in the middle of the rainy season owing to frequent rain and
fog events. Fourteen co-occurring broadleaf tree species
were selected, including 10 evergreen species and four
deciduous species (Table 1). Sun-exposed trees (2 to 3 m
high) at the forest edge were used to perform the physi-
ological measurements to avoid shading effects.

Leaf and stem water potentials and
stomatal conductance

For each species, six newest fully developed mature leaves
from sun-exposed terminal branches of six different indi-
viduals were selected to measure leaf water potential (YL)
and stomatal conductance (gs). Leaf water potential was
measured with a pressure chamber (PMS, Albany, OR,
USA). Stem xylem water potential (YST) was estimated by
measuring the water potential of a non-transpiring (bagged)
leaf (Begg &Turner 1970;Nardini,Tyree & Salleo 2001;Sack,
Cowan & Holbrook 2003; Bucci et al. 2004). Six sun-exposed
mature leaves per species were pre-bagged at late afternoon
of the previous day for YST measurement. Pre-dawn samples
were collected from the tree in the field at 600 to 700 h, while
midday samples were collected at 1230 to 1430 h.

Daily maximum and midday leaf stomatal conductance
(gs) was measured with a portable photosynthesis measure-
ment system (LI-6400, Li-Cor, Lincoln, NE, USA) under
ambient conditions on typical sunny days. Daily maximum
stomatal conductance was measured at 900 to 1100 h, while
minimum/midday gs was measured at 1230 to 1430 h.
Ambient temperature was around 19 °C in the morning,
and was around 22 °C during the midday period. Ambient
atmospheric vapour pressure deficit (VPD) was around
0.9 kPa in the morning, and 1.4 kPa at midday.

Stem relative water content and capacitance

For stem relative water content (RWC) measurement, stem
sections about 15 cm long (n = 6) were cut from different
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individuals in the field, immediately sealed in a plastic bag
and then transported to the laboratory. Stem samples were
collected between 600 and 700 h and again between 1230
and 1430 h. A segment about 5 cm long (with a diameter
about 1 cm) was cut from the middle of the stem section and
used to determine the RWC. After determining the fresh
weight (FW), the segment was submerged under water for
48 h for rehydration. After determining the saturated
weight (SW), the stem segment was oven-dried for 48 h to
determine the dry weight (DW). Stem RWC was then cal-
culated as

RWC FW DW SW DW= − − ×( ) ( ) %100 (1)

Stem hydraulic capacitance over the YST range during the
day (Cday) was determined as

Cday p m ST-p ST-mRWC RWC RWC= = − −Δ ΔΨ Ψ Ψ( ) ( ) (2)

Where RWCp is the pre-dawn stem RWC, RWCm is the
midday stem RWC, YST-p is the pre-dawn stem water poten-
tial, and YST-m is the midday stem water potential. Since all
the midday YST-m were quite high, and more positive than
the typical stem tissue turgor loss point of trees (Meinzer
et al. 2008), it was assumed that stem tissue did not lose
turgor during the midday. Stem Cday was then normalized to
weight of water per volume per MPa (kg m-3 MPa-1) by
multiplying the weight of water at saturation per unit
sapwood volume. Since stem Cday used in the present study
is measured over the range of YST during the day, it is a
measure of daily reliance on capacitance, and not necessar-
ily comparable to the hydraulic capacitance as determined
in other studies (e.g. Meinzer et al. 2003).

Wood density

Wood (sapwood) density of terminal branches was mea-
sured for six individuals per species. Stem section samples
were taken from the terminal branches, sealed in plastic
bags, and transported to the laboratory immediately. After

removing the bark and pith with a razor blade, the cores
were weighed, placed in water in a small graduated cylinder
to determine the volume and then oven-dried to a constant
mass and weighed again to obtain the dry mass. Density was
then determined by dividing the dry mass by the volume of
the sample.

Stem hydraulic conductivity and leaf
hydraulic conductance

Stem hydraulic conductivity was measured using a hydrau-
lic conductivity measurement system (Tyree & Sperry
1989). Branches about 1.5 m long were cut from the trees
(n = 6) in the early morning, placed in black plastic bags and
then transported to the lab for measurements. Maximum
vessel length in the studied tree species ranged from 50 to
131 cm. Immediately after arriving at the laboratory, stem
segments about 70 cm long were re-cut under water and
attached to the hydraulic conductivity measurement system
(Tyree & Sperry 1989). An attempt has been made to use
stem segment as long as possible with branch junctions and
leaf scars avoided. The downstream ends of the stems were
connected to measuring pipettes and the flow rates were
volumetrically monitored. Following a short equilibration
period, water flow generated by a constant hydraulic
head of 70 cm, was measured. Distilled/de-gassed water
was used as the perfusion fluid. Hydraulic conductivity
(kg m s-1 MPa-1) was calculated as

K J P Xh v= ( )Δ Δ (3)

Where Jv is the flow rate through the stem segment (kg s-1;
converted from mL s-1) and DP/DX is the pressure gradient
across the stem segment (MPa m-1). Specific hydraulic con-
ductivity (Ks; kg m-1 s-1 MPa-1) was obtained as the ratio of
Kh and the cross-sectional area of the active xylem. Active
xylem area was distinguished from heartwood by pushing
dye through the stem sections.

Midday leaf hydraulic conductance (Kleaf) was measured
with the in situ evaporation method (Sack et al. 2003; Sellin

Table 1. Fourteen broadleaf tree species
studied in the present study, their species
code used, family and leaf phenologySpecies Code Family

Leaf
phenology

Lithocarpus jingdongensis Y. C. Hsu & H. J. Qian LJ Fagaceae Evergreen
Symplocos sumuntia D. Don SS Symplocaceae Evergreen
Schima noronhae Reinw. ex Blume SN Theaceae Evergreen
Vaccinium delavayi Franch VD Vacciniaceae Evergreen
Manglietia insignis Blume MI Magonoliaceae Evergreen
Lithocarpus hypoviridis Y. C. Hsu, B. S. Sun &

H. J. Qian
LH Fagaceae Evergreen

Ternstroemia gymnanthera Sprague TG Theaceae Evergreen
Lyonia ovalifolia Drude var. lanceolata Hand.-Mazz. LOv Ericaceae Evergreen
Hartia sinensis Dunn HS Theaceae Evergreen
Illicium macranthum A. C. Smith IM Illiciaceae Evergreen
Betula alnoides Hamilt. BA Betulaceae Deciduous
Populus yunnanensis Dode PY Salicaceae Deciduous
Lyonia ovalifolia Drude var. ovalifolia LO Ericaceae Deciduous
Clethra brammerianaHand.-Mazz. CB Clethraceae Deciduous
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& Kupper 2007) at 1230 to 1430 h. Leaf transpiration rate
(E) was measured with the portable photosynthetic mea-
surement system (LI-6400, Li-Cor) under ambient condi-
tions. Measurements were done within 1 or 2 min after
leaves were enclosed in the cuvette to minimize the differ-
ence in environmental conditions between the cuvette and
ambient atmosphere. The driving force was the difference
between stem water potential (YST) and leaf water potential
(YL), measured as described above. Midday Kleaf was then
calculated as

K E Eleaf ST L= = −ΔΨ Ψ Ψ( ) (4)

Leaf hydraulic conductance was then corrected for the
effects of temperature on the viscosity of water by standard-
izing to 20 °C (Yang & Tyree 1993; Sack et al. 2002; Brodribb
et al. 2007).This method may have a disadvantage because
the environmental conditions of the enclosed cuvette could
be slightly different from the field conditions (Sellin &
Kupper 2007), but it also has an advantage in avoiding the
effects of detaching the leaves from the plants.

Data analysis

The differences between maximum and midday gs, between
midday YST and YL, and between pre-dawn and midday
stem RWC were tested by the one-way analysis of variance
(anova). The differences in mean stem capacitance, Ks,
midday stem or leaf water potential, as well as midday and
maximum gs between evergreen and deciduous species
were tested by the Mann–Whitney U-test. Linear or expo-
nential regressions were fitted to the relationships among
functional traits (as shown in the Figures).

RESULTS

Eleven of the fourteen broadleaf tree species significantly
down-regulated leaf stomatal conductance (gs) at midday,
while three species did not show a significant midday
decrease in gs compared with daily maximum gs (Fig. 1a).

Deciduous species had significantly higher maximum and
midday gs, compared with evergreen species (Fig. 1a;
Table 2). Midday leaf water potential (YL) of the 14 tree
species ranged from -0.55 to -1.84 MPa, while midday stem
water potential (YST) ranged from -0.12 to -0.50 MPa
(Fig. 1b). The deciduous tree species had significantly lower
midday YL, but significantly higher YST than the evergreen
species (Fig. 1b; Table 2). Midday YL was significantly more
negative than YST in all the species (Fig. 1b). All 14 species
showed midday declines in stem RWC, but these were only
significant in eight of the species (Fig. 1c).

No significant correlation was found between midday gs

and midday YL across species (Fig. 2a). In contrast, a sig-
nificant, positive correlation was found between midday gs

and midday YST (Fig. 2b). Midday YST and midday YL were
not significantly correlated (data not shown). Midday gs and
daily maximum gs were positively correlated with stem
xylem area specific hydraulic conductivity (Ks; Fig. 2c,d).

Deciduous species had significantly higher Ks than the ever-
green species (Fig. 2c; Table 2). The relationship between
maximum gs and Ks (Fig. 2c) was not significant if the data
of BA was not included (r2 = 14, P = 0.21).

Midday YST was positively correlated with stem hydraulic
capacitance over the YST range during the day (Cday;
Fig. 3a), negatively correlated with wood density (Fig. 3b),
and positively correlated with Ks (Fig. 3c) across the 14
tree species. The relationship between midday YST and Ks

(Fig. 3c) was not significant if the data of BA was not

Figure 1. (a) Daily maximum and midday leaf stomatal
conductance (gs); (b) midday leaf water potential and midday
stem water potential; and (c) pre-dawn and midday stem relative
water content (RWC) of 14 broadleaf tree species from Ailao
Mountain. *P < 0.05; **P < 0.01; ***P < 0.001. Species codes are
in Table 1.
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included (r2 = 16, P = 0.18). On the other hand, YL was
negatively correlated with Cday (Fig. 4a) and change in stem
RWC (pre-dawn RWC – midday RWC; Fig. 4b) and posi-
tively correlated with midday leaf hydraulic conductance
(Fig. 4c). Percent midday decrease in gs was positively cor-
related with wood density across the studied tree species
(Fig. 5a).The difference between YST and YL in midday was
positively correlated with Cday (Fig. 5b).

DISCUSSION

In spite of the commonness of midday depression in sto-
matal conductance (gs) and its impact on leaf photosyn-
thetic gas exchange and plant productivity, the hydraulic
determinants of midday gs are not well understood. Previ-
ous studies have focused on the role of hydraulics in deter-
mining maximum gs and photosynthetic rate (Brodribb &

Table 2. The mean stem capacitance over the YST during the day (Cday), specific hydraulic conductivity (Ks), midday stem water
potential (YST) or leaf water potential YL, as well as midday and maximum stomatal conductance (gs) of evergreen and deciduous species.
The data are means � SE. The P values are from Mann–Whitney U-test between evergreen (n = 10) and deciduous species (n = 4)

Cday Ks Midday YST Midday YL Midday gs Maximum gs

kg m-3 MPa-1 kg m-1 s-1 MPa-1 MPa MPa mol m-2 s-1 mol m-2 s-1

Evergreen 94 � 23 1.38 � 0.12 -0.31 � 0.03 -0.79 � 0.06 0.11 � 0.01 0.19 � 0.02
Deciduous 324 � 115 2.48 � 0.44 -0.16 � 0.02 -1.56 � 0.22 0.21 � 0.04 0.27 � 0.02
P 0.011 0.016 0.016 0.024 0.005 0.016

Figure 2. (a) Midday leaf stomatal conductance (gs) in relation to midday leaf water potential (a) and midday stem water potential (b);
and stem xylem area specific hydraulic conductivity (Ks) in relation to daily maximum gs (c) and midday gs (d) across the evergreen (filled
symbols) and deciduous tree (open symbols) species. Solid lines are linear regressions fitted to the data. Species codes are in Table 1.
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Feild 2000; Santiago et al. 2004; Brodribb et al. 2007; Cam-
panello et al. 2008; Zhang & Cao 2009), but not in maintain-
ing gs at midday. The 14 broadleaf species studied varied
strongly in midday gs. Hydraulic properties could be an
important determinant of stomatal sensitivity to VPD
(Franks & Farquhar 1999). By studying the interspecific
correlations among stem-specific hydraulic conductivity
(Ks), daily reliance on hydraulic capacitance (Cday), midday
stem xylem water potential (YST), leaf water potential (YL)
and gs in 14 co-occurring broadleaf species, our study

reveals some insights concerning the hydraulic determi-
nants of midday gs, the coordination between stem and leaf
hydraulics, and the adaptive significance of midday depres-
sion in gs. Different tree species may have different rooting
depth, and may experience different soil water potentials,
which will influence stomatal behaviour. However, our
measurements were performed at the end of the rainy
season when water potentials of the different soil layers
were close to zero. Therefore, species-specific difference in

Figure 3. Midday stem water potential in relation to stem
hydraulic capacitance over the YST range during the day (Cday; a),
wood density (b) and stem xylem area specific hydraulic
conductivity (Ks; c). Solid lines are linear (b; c) or exponential (a)
regressions fitted to the data. Species codes are in Table 1, filled
symbols for evergreen species, and open symbols for deciduous
species.

Figure 4. Midday leaf water potential in relation to stem
hydraulic capacitance over the YST range during the day (Cday; a),
change in stem relative water content (b) and midday leaf
hydraulic conductance (c). Solid lines are linear (a; b) or
exponential (c) regressions fitted to the data. Species codes are in
Table 1, filled symbols for evergreen species and open symbols
for deciduous species.
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gs should be explained by species-specific functional traits
rather than soil water availability in the rooting zone.

Hydraulic determinants of midday
stomatal conductance

Our results show that midday gs of the 14 broadleaf species
studied was closely related to midday stem water status
rather than to leaf water status (Fig. 2). That is, species with
a great capacity to avoid high stem water deficits during
periods of high transpiration tended to have a relatively
risky stomatal strategy and maintained higher midday gs.
Species with low wood density, therefore high hydraulic
capacity (Scholz et al. 2007), appeared to have lower
midday depression in gs (Fig. 5a), suggesting that stem
water storage plays an important role in maintain-
ing midday gs. On the other hand, the close relationship
between YST and gs suggests that the primary functional
significance of stomatal closure during the day is probably
to protect the stem xylem rather than the leaf hydraulic
system, although the direct internal signal that triggers sto-
matal closure probably involves leaf level traits such as
guard cell turgor (Franks et al. 1995) or leaf hydraulic
conductance (Kleaf; Brodribb & Holbrook 2003).

The lack of coordination between midday gs and midday
YL in the present study (Fig. 2a) was consistent with the
diurnal decline and recovery in Kleaf reported in several
species and suggests that stomatal regulation of YL does not
avoid embolism in leaves of these species. Several studies
have shown that diurnal decrease and recovery in leaf
hydraulic conductance is common in plants (Bucci et al.
2003; Brodribb & Holbrook 2004a; Zhang et al. 2009;
Johnson et al. 2009a, 2011a; Zufferey et al. 2011), and that
embolism is the main process explaining the decrease in
Kleaf (Lo Gullo et al. 2003; Woodruff et al. 2007; Johnson
et al. 2009b, 2011b). Therefore, the primary functional sig-
nificance of stomatal closure during the day is probably not
to prevent leaf embolism in these species. Embolism refill-
ing in leaves with relatively smaller xylem vessels compared
with the stems probably costs less energy because the
hydrostatic pressures required for embolism refilling
depend upon the conduit size (Hacke & Sperry 2003), and
also leaf xylem is in close proximity to the sugars recently
produced by photosynthesis, which apparently are required
for embolism refilling under negative pressure (Zwieniecki
& Holbrook 2009; Nardini, Lo Gullo & Salleo 2011).
Notably, stomatal closure is closely coordinated with the
initiation of leaf cavitation (Brodribb & Holbrook 2003;
Brodribb et al. 2003, Brodribb & Holbrook 2004b), and leaf
cavitation may amplify the signal of water deficits to further
stimulate stomatal closure to inhibit further water loss in
stems (Brodribb & Holbrook 2004b). In addition, embolism
in either the petiole or leaf lamina introduces a hydraulic
bottleneck between leaf and stem, which would inhibit
further water loss from the stem (Zufferey et al. 2011).
Therefore, both stomatal closure and Kleaf down-regulation
appear to be involved in maintaining YST within a safe
range, and regulation of Kleaf probably linked YST and gs.

Determinants of midday leaf and stem
water potentials

The maintenance of high stem water potential during active
transpiration appears to be related to both hydraulic con-
ductivity and stem water storage. The positive correlation
between daily reliance on hydraulic capacitance (Cday) and
midday YST in this study (Fig. 3) agrees with the positive
effects of hydraulic capacitance on YST found in previous
studies (Meinzer et al. 2003, 2008, 2009), suggesting the gen-
erality of this coordination, and the importance of stem
water storage in maintaining better stem water status
during periods of active transpiration. Stem water storage
may only contribute a small fraction to the total daily tran-
spiration (Kobayashi & Tanaka 2001; Phillips et al. 2003;
Meinzer et al. 2003); however, it can play an important role
in dampening diurnal fluctuations in YST (Meinzer et al.
2008). Stem hydraulic conductivity (Ks) was also correlated
with midday YST, suggesting that the water transport system
from root to the stem also plays a role in buffering diurnal
fluctuations in stem water status. Therefore, stem water
status during periods of active transpiration is a function of

Figure 5. Percent midday decrease in stomatal conductance (gs)
in relation to wood density (a), and the difference in midday
stem and leaf water potential (YST - YL) in relation to stem
hydraulic capacitance over the YST range during the day (Cday; b).
Species codes are in Table 1, filled symbols for evergreen species
and open symbols for deciduous species.
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both the water transport upstream and the transient release
of water from internal storage pools.

In contrast to YST, midday YL was negatively related to
Cday across species: species with higher stem hydraulic
capacitance showed more negative midday YL (Fig. 4a).
This was consistent with the negative relationship between
daily change in RWC and midday YL (Fig. 4b) indicating
that species withdrawing more stored water from their
stems tended to have more negative values of midday YL.
This relationship could be explained by an indirect linkage:
high Cday allows higher YST, which promotes maintaining of
higher gs, but the greater transpiration associated with
higher gs results in a greater drop in Y across the hydraulic
resistance of the leaf (Fig. 5b). This relationship also
suggests a continuum of different strategies that confer
hydraulic safety among plants. Species with high hydraulic
capacitance appear to have great reliance on water storage
and a relatively risky stomatal strategy, whereas species
with low capacitance appear to have relatively strong sto-
matal control.The relationship between capacitance and YL

observed here is contrary to the result from a study in a
Brazilian savanna, which reported a positive relationship
between stem hydraulic capacitance and midday YL (Scholz
et al. 2007). This is probably because the study of Scholz
et al. was performed during the pronounced dry season
when gs is more depressed at midday, which would bring
leaf and stem Y closer to equilibrium. In contrast, midday gs

of the trees in the present study was relatively high (ranging
from 0.08 to 0.34 mol m-2 s-1), which would prevent equilib-
rium between stem and leaf Y. Partial loss of Kleaf in
response to the transpiration-induced decline in YL would
amplify the difference between YST and YL unless transpi-
ration was limited by reduced gs.

Comparison between evergreen and
deciduous species

Evergreen and deciduous species showed convergent rela-
tionships between midday YST and both stem capacitance
and midday gs (Fig. 3). However, deciduous species were
able to maintain higher midday YST, and higher midday gs

due to their higher Cday and higher Ks, compared with the
evergreen species (Table 2). This result is consistent with
those from a previous study, showing lower wood density
and higher capacitance in deciduous species than
co-occurring evergreen species (Choat et al. 2005). Capaci-
tance has been reported to be negatively correlated to
xylem resistance to embolism (Domec & Gartner 2001;
Pratt et al. 2007; Meinzer et al. 2008), therefore, our results
also suggested a difference in strategy between evergreen
and deciduous species for maintaining stem hydraulic
safety. Deciduous species with high capacitance may rely
more on water storage, while evergreen species with low
capacitance may rely more on stomatal control and xylem
structural features for embolism resistance (Meinzer et al.
2008).

Notably, in spite of higher YST and gs, deciduous species
showed significantly lower midday YL than the evergreen

species (Table 2), suggesting that higher YST does not nec-
essarily result in higher YL, and high YL is not necessary
for maintaining high midday gs in these species. This
agrees with the result that midday gs was more related to
YST rather than to YL across species in the present study.
Deciduous species may maintain high gs during the
midday at the expense of embolism in their leaves.
Although diurnal embolism was not studied in the present
study, deciduous species showed lower midday Kleaf com-
pared to evergreen species (Fig. 4), which, combined with
higher midday gs and transpiration rate contributed to
substantially lower midday YL than in evergreen species.
In addition, although deciduous species showed signifi-
cantly higher Cday, Ks midday YST and gs than evergreen
species, evergreen and deciduous species showed overlap
in these functional traits, suggesting that these two pheno-
logical groups operate along a shared continuum of func-
tional traits.

In conclusion, we found that midday gs was more closely
associated with midday stem water status than with leaf
water status, suggesting that the functional significance of
stomatal regulation in the species studied is likely preven-
tion of stem rather than leaf xylem dysfunction. The ability
of species to keep high stem water potential during periods
of active transpiration was related to both stem hydraulic
conductivity and reliance on stem hydraulic capacitance.
Our results also suggest different strategies in coordinating
long-distance water transport and stomatal behaviour.
Species with high hydraulic capacitance and conductivity
appear to have a relatively risky stomatal strategy, whereas
species with low capacitance and Ks appear to have rela-
tively strong stomatal control.
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