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A B S T R A C T   

Besides mechanical protection and sugar transport through phloem, barks also transpire some amount of water. 
Bark transpiration may be a driving force to keep water flux during the leafless period among tropical deciduous 
trees, but has been hardly investigated. In the current investigation we used the sap flow data to assess the water 
consumption during leaf loss initiation, total leaf loss period, and leaf flush period in three economically 
important tropical deciduous timber species i.e, Anogeissus acuminata, Dipterocarpus tuberculatus and Tectona 
grandis. Eight trees of each species were measured using Granier’s heat dissipation sensors, with the circum-
ference ranging from 59 cm to 172 cm (mean 59.84 cm) across the three species. The phenological observation 
for canopy leaves was also carried out on weekly basis. During the completely leafless period, a significant 
amount of water flux was detected in all three species, which was correlated with vapor pressure deficit (VPD), 
and light intensity. The whole tree daily mean water consumption during this leaf-less, flower-less and fruit-less 
period, mainly due to bark transpiration was around 8–14 kg across the three species. It was about 7 to 18 % of 
the mean whole-tree daily transpiration in the fully foliated canopies during a typical wet-season period. This 
water flux was supported by sufficient soil moisture as indicated by the pre-dawn leaf water potential higher than 
–0.4 MPa in the three species. Further, a significant and positive relationship (R2 = 0.32, P < 0.005) was found 
between tree circumference and whole-tree water consumption during the leaf-less period. The total stand-level 
water consumption during the leaf-less period ranged from 13 mm to 26.8 mm on a 30 days basis across the three 
species. Such water flux mainly driven by bark transpiration could have a significant role in maintaining the 
hydraulic integrity of trees in the dry season, although it could reduce xylem water potential to a risky level of 
hydraulic dysfunction during a prolonged drought or on dry sites. The study is the first report on bark tran-
spiration in intact trees, scaled to the stand-level, which should be included in the modeling of hydraulic function 
of plant and ecosystem hydrology.   

1. Introduction 

Trees regulate water consumption through stomatal opening and 
closure, but during stomatal closure due to environmental stresses or the 
leafless durations, some water loss occurs by transpiration through 
surfaces of branches and trunks (Wittmann and Pfanz, 2008b; Earles 
et al., 2016). Depending upon the species, the leaf-less period among 
tropical deciduous trees varies from two weeks to six months or more 
(Singh and Kushwaha 2005). During the leaf-less period plants have to 
keep certain water flux to hydrate the xylem and phloem and maintain 

adequate water in living tissues (Martínez-Vilalta et al., 2019). There 
have been a few studies (Oren and Pataki 2001; Wittmann and Pfanz 
2008a; 2008b; Wolfe 2020) from different trees species reporting water 
loss through bark transpiration, mainly using the harvesting and gas 
exchange methods. It has been found that branch bark of Mediterranean 
Pinus protects the xylem from cavitation by supplying water to the xylem 
conduits hence keeping them hydrated during a dry period when sto-
mata are closed or leaves are shed (Lintunen et al., 2021). However, net 
efflux of water from stem surfaces may be significant in some ecosystems 
especially during the different leaf phenological stages (Iida et al., 
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2016). In the seasonal tropical climates deciduous trees are important 
component of total cover. The measurements of the whole-tree water 
flux during the leaf-less period from deciduous trees in seasonal tropical 
climates will allow assessment of water consumption that is mainly due 
to bark transpiration through lenticels, though living tissues may also 
consume some minor amount of water. Transpiration during a leafless 
period is not only relevant to plant physiology but may also be an 
important element of ecosystem hydrology (Van Stan et al., 2021). 

Water loss from the stomata and bark surfaces of trees is driven by 
vapor pressure deficit (VPD) and solar radiation but its magnitude is 
determined by soil water status around the root zones and the status of 
leaves on the canopy (Siddiq and Cao 2016; Iidaet al., 2016). Transpi-
rational water consumption of trees reaches its maximum when high 
transpirational demand (high VPD) is coupled with availability of water 
in the soil. During water stress conditions, the water loss through sto-
mata is reduced or completely halted to prevent decreasing of xylem 
water potential to the threshold inducing hydraulic dysfunction 
(McDowell et al., 2013; Mencuccini et al., 2015). The whole-tree water 
consumption is also dependent on tree size, as it could be correlated with 
the leaf and bark surface areas (Siddiq et al., 2017, Siddiq and Cao 
2016). Bark of the trunk and branches during the fully leafed canopies 
has less direct exposure to the solar radiations than during the dry 
season period of leaf loss. Vapor pressure deficit in the dry season can be 
high due to high temperature and lower air humidity. Such conditions 
probably lead to increased loss of water from stem surfaces, provided 
sufficient water available in the soil (Lintunen et al., 2021). For example 
Wolfe (2020) found that the species having high bark conductance also 
had a high stem water deficit especially during the dry season, and some 
species could have strong stomatal control while losing water during leaf 
fall (Iida et al., 2016). Therefore, bark transpiration could further 
decrease plant water potential and even lead to catastrophic hydraulic 
dysfunction and tree mortality during a prolonged drought (Li et al., 
2021). The role of stem surfaces in deciduous trees may be more 
important than in needle and broadleaf evergreens for maintenance of a 
low water flux to hydrate the xylem and phloem during leafless periods. 
Further, the development of the canopy with new leaves require some 
amount of water and mineral nutrients (Oren and Pataki, 2001) which 
can only be supplied if the previous xylem remain functioning. 

A large proportion of Asian tropical forests are subject to seasonal 
drought (Corlett, 2016; Zhang et al., 2020) and the frequency and 
duration of drought in Asian tropics is being exacerbated due to climate 
change and may continue in the future (Dai, 2011; IPCC, 2021, Wang 
et al., 2022). Such drought episodes impact the hydrology and pheno-
logical behavior of trees and hence their productivity (Duan et al., 2018; 
Zhao et al., 2013). The duration of leaf flushing was delayed in Tectona 
grandis till the availability of rainwater during a drought (Yoshifuji et al., 
2006). It has been reported in the some other species that excessive 
prolongation of leafless period can also lead to the carbon starvation as 
well as severe xylem embolism (Adams et al., 2009; Adams et al., 2017). 
The present study was planned to use the sap flow data from three 
economically important deciduous timber species in a northern tropical 
site to answer two questions; 1) how much water are consumed at tree 
and stand levels during the leafless period for three deciduous tropical 
tree species? Which could be largely due to bark transpiration?, 2) is dry 
season sap flux density of leafless period related to environmental fac-
tors such as vapor pressure deficit and light intensity? 

2. Materials and methods 

2.1. Study site and species 

The study was carried out in the monsoon plantation stands of three 
tropical deciduous timber species i.,e Anogeissus acuminata, Dipter-
ocarpus tuberculatus, and Tectona grandis, in Xishuangbanna Tropical 
Botanical Garden (XTBG; 21◦ 54ʹ59.99′′ N, 101◦. 14ʹ60.00′′ E, 580 m a.s. 
l.), southern Yunnan Province, Southwest China. This region has a 
typical tropical monsoon climate with a pronounced dry season from 
November to April. The mean annual precipitation is 1560 mm, of which 
~80 % occur during the wet season (May to October). The mean annual 
temperature of the study site is 21.7 ◦C (Fig. 1; Cao et al., 2006). The 
region has the mountain-valley topography, and the soil formation from 
the siliceous rocks, rock substrate of sandstone and limestone (Zhu, 
2006). These plantation stands have not been subject to pruning and 
contain a herbaceous ground cover. Eight replicate trees of each species 
were selected for the sap flow measurement and phenological 
observation. 

Fig. 1. Annual pattern of mean monthly rainfall and temperature of the study site during 2011–2016.  
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2.2. Phenological observations 

The phenological observation of each of the eight trees was made on 
weekly basis from February to May 2016. Three canopy branches from 
each tree were tagged and the number of leaves on each target branch 
were counted to estimate the percentage of leaves remaining. 

2.3. Water flux through bark transpiration 

The water flux through bark transpiration was inferred from the sap 
flow measurements (2015–2016) on eight trees of each of the three 
timber species. For assessing the water flux during the leafless period the 
sap flow data from February to May 2016, representing the duration of 
leafless and new leaf appearance and a week spa flow data of September 
2015 representing the fully developed canopy leaves in the wet season 
were used. The circumference range of the sample trees are indicated in 
Table 1. The laboratory made Granier’s heat dissipation (Granier, 1987) 
sap flow sensors were fixed at trunks of 1.3 m height from the ground, in 
the outer 2 cm and 4 cm of sapwood of trees. Each sensor consisted of a 
thermocouple surrounded by a heating coil and a reference sensor. All 
sensors were connected to data loggers (CR-1000, Campbell) connected 
with a multiplexer (AM 16/32, Campbell) and supplied with a constant 
power of 0.2 W to heat the sensors. Each tree was equipped with two sets 
of sensors installed at 90◦ to the stem and directionally opposite to each 
other. The sensors were protected from mechanical damage and solar 
radiation using aluminum foil. Data were logged every 30 s and aver-
aged over 60 min intervals, for storage in the data loggers. The sensors 
were monitored bi-weekly and malfunctioning sensors were immedi-
ately replaced. The sap flux density (g m− 2 s− 1) was calculated using the 
baseliner program version 3.0.7. (C-H2O Ecology Group, Nicholas 
School of the Environment, Duke University, Durham, North Carolina, 
USA). The average values from two paired sensors were used to calculate 
the sap flux density for each individual tree. Because the original Gra-
nier’s equation is not universal for all the species and should be cali-
brated as it could underestimate the sap flow (Taneda and Sperry 2008; 
Bush et al.,2010; Hultine et al., 2010). We used the calibrated Granier’s 
equation developed by Siddiq et al., (2017) for these species to calculate 
their sap flux density. The zero flow was established as the maximum 
difference between the heated and non-heated sensors, which was 
attained late mid-nights; as there was no biophysical driving force due to 
low VPD (Eliades et al.2018; Fig. S1). 

2.4. Whole-tree and stand-level water consumption 

The daily whole-tree water consumption during the leaf loss initia-
tion, leaf-less period and the leafed canopy month for each species was 
calculated by multiplying the active sapwood area by the integral of 24- 
h sap flux density. Whole-tree sap flux density was calculated by 
multiplying the flow per area sensed at 2 cm by the area of a ring be-
tween the outer most xylem and 2 cm, similarly, for the flow of the ring 

from 2 cm to 4 cm. Among all the trees the active sapwood was not >4 
cm. The active sapwood area of each sample tree was determined using 
the dye injection method. A dye solution of 0.1 % safranin was injected 
into the sapwood at 1.3 m height. After 12–16 h, a 5 mm and 5–8 cm 
long core was taken just above the injection point to measure the active 
sapwood area by assessing the dye color travelled on the xylem core 
(Clearwater et al., 1999). The cores were taken after the sap flow mea-
surements, to avoid any damage to the trees. The active sapwood areas 
for these species was not >4 cm. The contributions of sap flow sensed at 
2 cm and 4 cm were added to determine the whole tree total sap flow (g 
h− 1), which was multiplied by the sapwood area and then integrated 
over 24 h to estimate whole-tree daily followed by weekly water con-
sumption for comparison. During this period, trees were devoid of leaves 
or other structures external to the stems such as flowers, and fruits. Thus, 
the flux in this period was considered mainly due to transpiration from 
the stem surfaces (bark), as the physiological activities of living tissues 
could consume a minor amount of water. 

The stand-level bark transpiration was estimated based on the survey 
of 20 m × 20 m plots in the plantation stands of three species. All the 
trees with circumference >30 cm were measured for circumference. The 
circumference ranges of trees were 69–116 cm, 62–123 cm, and 59–174 
cm for A. acuminata, D. tuberculatus and T.grandis respectively. The stand 
density and basal areas for the three species are provided in Table 1. The 
stand-level transpiration (mm d-1) was estimated using the following 
formula (Wullschlegeret al., 2001; Kumagai et al., 2008): 

E =
1

Aplot
*
∑n

j=1
WUj  

where WUj is the daily water use of tree j (kg d-1) during the leaf-less 
period, and Aplot is the plot area (m2). The daily stand-level bark tran-
spiration was integrated to weekly or monthly basis. 

2.5. Pre-dawn leaf water potential 

In order to assess the soil water status around the root zones of the 
trees, the pre-dawn leaf water potential (ΨL) was measured on site with a 
pressure chamber (PMS, Albany, OR, USA) during the days when only 
few leaves were left on the canopy. For Tectona the leaf water potential 
was measured during the last week of February, while for Anogeissus and 
Dipterocarpus it was measured in mid-March 2016. For each tree 5–6 
complete and healthy leaves were collected at 6:00 to 7:00 am for water 
potential measurement. 

2.6. Meteorological data 

The meteorological data (temperature, relative humidity, and 
photosynthetic active radiation (PAR) were obtained from the climatic 
station of XTBG, which is situated approximately 900 m away from the 
sap flow measurement site. The hourly mean values of the 

Table 1 
Species scientific names, family, circumference range of sample trees, number of replicates, stand basal area and stand density.  

Sr 
no. 

Scientific Name Family Circumference range 
(cm) 

Replicates Stand basal area per 
hectare 

Stand density per 
hectare 

1. Anogeissus acuminata (Roxb. Ex Dc.) Guillaum & 
Perr. 

Combretaceae 69–116 8 23 m2 475 

2. Dipterocarpus tuberculatus Roxb. Dipterocarpaceae 62–123 8 19 m2 225 
3. Tectona grandis L.f. Verbenaceae 59–174 8 39 m2 450  
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meteorological variables were used in the analysis. The vapor pressure 
deficit (VPD) was calculated from air temperature and relative humidity 
(Campbell and Norman, 1998). 

2.7. Data analysis 

The statistical analyses and graphics were made using sigma Plot 
(version-12.5; Systat Software Inc. USA. The relationships between the 
hourly mean VPD, PAR and sap flux density during the leafless and leaf 
flushing periods were analyzed using linear regression. As day-time 
mean VPD and PAR during these periods were strongly correlated (R2 

= 0.45, P < 0.0001), we only presented the results of the correlation 
between mean sap flux density and VPD. 

3. Results 

3.1. Phenological observations for canopy foliage status 

The three species varied in the timing and duration of leaf fall but all 
were leafless for several weeks. Tectona grandis started to shed the leaves 
in the second week of January and completed leaf shedding at the end of 
February. In A. acuminata and D. tuberculatus leaf shedding initiated in 
the first week of March and completed in the last week of March. The 
duration of complete leaflessness for T. grandis was 6 weeks but 4 weeks 
for both A. acuminata and D.tuberculatus. All the species had their new 
crown of leaves by the beginning of May (Fig. 2 a). The weekly sap flux 
density varied across the three species, and was >1096 g cm− 2 week− 1 

even during the leafless weeks (Fig. 2 b). 

Fig. 2. Weekly time series of leaf phenology, meteo-
rological variables, and sap flux density. Percentage of 
leaves on canopy (a), daily integrated weekly scaled 
average sap flux density of all measured trees of each 
species (b), daytime mean photosynthetic active ra-
diations (PAR, c), and vapor pressure deficit (VPD, d), 
and weekly total rainfall (e) across the three studied 
species. Where, Feb, Mar, Apr, 1–4, indicate the first, 
second, third and fourth week of February, March 
2016, while Sep-1 indicates the 1st week of September 
2015.   
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3.2. Diurnal pattern of VPD, PAR, and sap flux density 

The hourly mean diurnal pattern of VPD and PAR showed the similar 
diurnal peaks but the peaks of diurnal sap flux density for each species 
was significantly different during the month of March and April 2016 
(Fig. 3). In A. acuminata the daily mean sap flux density in the leafless 
month of April and during the wet season week of September were 16 g 
m− 2 s− 1 (±2.02), and 30 g m− 2 s− 1 (±4.91), respectively, while in 
D. tuberculatus it was 3.2 g m− 2 s− 1 (±0.62) and 7.9 g m− 2 s− 1 (±1.45) 
and in T. grandis it was 11 g m− 2 s− 1 (±1.81) and 5 g m− 2 s− 1 (±0.95) 

(Fig. 2 b). The sap flux density during the leafless month was signifi-
cantly lower, P = < 0.001, 0.003 and 0.001 for A. acuminata and 
D. tuberculatus and T. grandis respectively, during leafless day of April as 
compared to the wet season day of September. 

3.3. Meteorological variables and plant water potential 

In March the weekly mean VPD and PAR ranged from 0.83 kPa 
(±0.071) to 1.29 kPa (±0.093) and 254.72 µ m2 sec-1 (±45.8) to 355.71 
µ m2 sec-1 (±33.81) respectively, while in April the VPD and PAR ranged 
from 1.0 (±0.087) to 2.23 (±0.02) and 342.45 µ m2 sec-1 (±44.88) to 
620.57 µ m2 sec-1 (±77.99) respectively. And in May the weekly mean 
VPD and PAR ranged from 0.58 (±0.03) to 1.31 (±0.089) and 296.45 µ 
m2 sec-1 (±35.71) to 454.42 µ m2 sec-1 (±62.34) respectively (Fig. 2 c-d). 
While, the mean wet season VPD was 0.7 (±0.081) and PAR 595 µ m2 

sec-1 (±59.91). The VPD was significantly higher in the dry season weeks 
of March and April as compared to the wet season week of September (P 
< 0.001) while, PAR was not significantly different between the dry 
season weeks and wet season week (P > 0.05). The weekly rainfall 
ranged from 0 mm to 32 mm from February to April 2016 (Fig. 2, panel 
e). 

For all the species, the hourly mean sap flux density in March and 
April were strongly correlated with hourly mean VPD (R2 > 0.65, P <
0.0001, Fig. 4 a-i). Similarly, a significant (P < 0.001) and positive 
relationship (R2 = 0.41–0.76) was found between the daily sap flux 
density and the daytime mean PAR, across the three species during the 
months of March and April (Fig. 5). The mean pre-dawn leaf water po-
tential prior to leaf-shedding for A. acuminata, D. tuberculatus and 
T. grandis was –0.24 MP (±0.025), –0.18 MPa (±0.01) and –0.31 MPa 
(±0.02), indicating good water status of the studied plants. 

3.4. Whole tree daily water consumption in leafless and leafy states 

During the leaf-less weeks of the months of March and April, the 
mean daily water consumption in A. acuminata, D. tuberculatus and 
T. grandis was 14 kg (2.01 ± SE), 13 kg (1.98 ± SE), and 8.1 kg (2.11 ±
SE) respectively (Fig. 6 a) with mean circumference 87 cm, 86 cm and 
99 cm for A. acuminata, D. tuberculatus and T.grandis, respectively. The 
mean wet season week whole-tree water use for A. acuminata, 
D. tuberculatus and T.grandis was 80 kg, 100 kg and 126 kg, respectively. 
During these two months in dry season, the percentage daily water 
consumption to the whole tree daily water use the in a representative 
wet season weak as 7 %, 13 % and 18 % for T.grandis, D.tuberculatus and 
A. acuminata respectively (Fig. 6 b). The total stand-level water con-
sumption on a 30-day basis during the leafless period was 26.85 mm, 18 
mm and 13.6 mm for A. acuminata, D. tuberculatus and T.grandis 
respectively (Fig. 6 c). Further, across species, a significant (R2 = 35, P 
< 0.006) and positive relationship was found between the tree 
circumference and mean daily water consumption during the leaf-less 
period (Fig. 7). At comparable circumference among the three species, 
Tectona grandis consumed less water than the other two species. 

4. Discussion 

On the average the whole tree water consumption of the studied 
species ranged from 8 kg to 14 kg during the four-six leaf-less weeks 
which was 7 % – 18 % of water consumed by these species during the 
wet season week of September. Such water flux could assist these species 
in the xylem functioning during these weeks. The strong correlation 
between sap flux density and VPD in the leafless period indicates that 
water consumption during the leafless period mainly resulted from bark 
transpiration, though other physiological activities such as living tissues 
and bud development might consume some minor amount of water. This 

Fig. 3. Diurnal pattern of hourly mean vapor pressure deficit (VPD, a), 
photosynthetic active radiations (PAR, b), sap flux density in Anogeissus acu-
minata (c), Dipterocarpus tuberculatus (d) and Tectona grandis (d) during a day of 
1st week of September 2016 wet season (fully developed leaves) and April 2015 
(leafless day) with circumference for each tree. 
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Fig. 4. Relationship of hourly mean sap flux density with hourly mean VPD in four representative trees of the three species (Anogeissus acuminata a-d, Dipterocarpus 
tuberculatus e-h, and Tectona grandis i-l) from 1st March to 20th April 2016. Each panel has the tree circumference along with the R2 and P values of linear regression. 

Fig. 5. Relationship of day-time mean photosynthetic active radiations (PAR) with daily mean sap flux density in the month of March (red symbols) and April (green 
symbols) in the three studied species, for the representative trees with the circumference. 
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water flux could be supported by the presence of water around their root 
zones, which enabled them to meet the evaporative demand in the hot- 
dry period of March-April. Even during the initial hours of night there 
could be a significant amount of flux due to evaporative demand, but it 
could include both the stem refilling as well as night-time transpiration 
during a leaf-less period (Siddiq and Cao 2018). The nocturnal water use 
of leaf-less duration among these species is 5–16 % of the day-time water 
use, which is among the range reported by Fisher et al., 2007 and Eliades 
et al., 2018.This amount of water-use can also have adaptive signifi-
cance of cooling the bark surface so that reducing night respiration. 

The total stand-level transpiration during the leaf-less period varied 
from 13.6 mm to 26.8 mm monthly among the three species, while the 
outcrossing the total rainfall of 14 mm during this leaf-less duration. To 
our knowledge, this paper is the first report about stand-level water 
consumption during leaf-less period in the intact trees. This amount of 

water lost mainly through bark transpiration should be considered in 
modeling of ecosystem hydrology. It should be noted that use of thermal 
dissipation method for sap flow can have some error due to natural 
temperature gradient, which could be a limitation of the present study 
(Reyes-Acosta and Lubczynski 2014; Fuchs et al., 2017; Flo et al., 2019), 
but the use of calibrated equation for these species and the estimation of 
active sapwood area could minimize the expected errors. 

During the leafless period of April the day-time VPD averaged 1.3 
kPa but had a maximum above 2.2 kPa and the maximum water flow 54 
%, 35 %, and 27 % of mean wet season whole-tree daily water flow in 
A. acuminata, D. tuberculatus and T.grandis, respectively. The mean ratio 
of whole-tree water consumption during the leafless period to that in 
wet season was 0.07 – 0.18 among these species. It remains to be 
determined whether water consumption during leafless period is 
involved in fixation of carbon in barks of twigs and small branches in 
these species (De Roo et al., 2020). This water flux may also hydrate the 
xylem vessels and facilitate the flushing of new leaves, even some water 
for the refilling or recharge of xylem vessels, but that amount of water 
must be lost from the bark (Klein et al., 2016; Wolfe, 2020). Lintunen 
et al., (2021) using gas exchange methods, reported that bark transpi-
ration can range from 6 to 11 % to 64 – 78 % depending upon the species 
and environmental conditions. 

Among the three studied species, at a similar circumference, teak had 
less bark transpiration than A. acuminata and D. tuberculatus, which 
could probably be due to the bark morphology of Tectona garndis such as 
having lower density of lenticels. It could also be due to the less soil 
water accessibility of its roots, as indicated by its more negative pre- 
dawn leaf water potential as compared to the other two species. 
Although, Tectona grandis had the greater basal area and tree density as 
compared to the other two species. It should be noted that the presence 
of a herbaceous a cover in forest understory can have an indirect effect 
on bark transpiration rates of trees, as the absence of leaves allow more 
solar radiations reaching the ground cover, which could enhance un-
derstory growth and thus relatively more soil water will be up-taken by 
the herbaceous vegetation (Eliades et al., 2022). However, the increased 
soil water uptake can be counter-balanced by the increase of net rainfall 
reaching the ground due to less rainfall interception by the leaf-less 
canopies (Del Campoa et al., 2022). The present study plantation 
stands also have a herbaceous ground cover and could have the similar 
counter balance of water availability. 

During a dry period when stomata are closed and leaves are shed, 

Fig. 6. The mean daily water use during leaf-less period (a), its percentage to 
the wet season week whole-tree daily water use (b), and total stand-level water 
consumption on 30-day basis during leaf-less period (c) across the three stud-
ied species. 

Fig. 7. The relationship between mean whole-tree daily water use during 
leafless period and circumference of the three tree species. Each symbol rep-
resents the replicate trees of the particular species. Red line indicates Anogeissus 
acuminata (R2 = 0.51, P = 0.02), blue line indicates Dipterocarpus tuberculatus 
(R2 0.48, P = 0.04) while black line indicates Tectona grandis (R2 = 0.91, P 
= 0.001). 
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trees must keep a low amount of water. Such water flux is important to 
avoid massive embolism formation and the refilling of embolized vessels 
(Delzon and Cochard 2014). Hence, the water flux during leafless period 
is important determinant for the survival trees in a drought (McDowell 
et al., 2013; Mencuccini et al., 2015). During the leafless or drought 
period the foliar carbon assimilation is much limited (Li et al., 2021), the 
water flux driven by bark transpiration also plays an important role in 
tree carbon balance through bark photosynthesis, providing nutrients to 
the living tissues in sapwood and barks (De Roo et al., 2020). It has been 
reported that sapwood and bark can store a significant amount of water, 
which can be utilized during the water stress condition (Siddiq et al., 
2017; Lintunen et al., 2021). However, in dry sites or in a severe 
drought, bark transpiration may result in a decrease of plant water po-
tential to the level of catastrophic hydraulic dysfunction and death of 
living cells in xylem and phloem, and consequently tree mortality 
(Cuneo et al., 2016). As the stand-level water consumption mainly 
through bark transpiration during the leafless period was more than the 
rainfall during the leaf-less duration, it can substantially impact the 
ecosystem water cycle, especially with the increasing drought linked 
with climate change. 

5. Conclusion 

The three deciduous species consumed considerable amount of water 
mainly through bark transpiration during the leafless period, which was 
correlated with the evaporative demand, light intensity, and also tree 
size. The water flux during the leafless period could be important in 
hydrating the sapwood and thus maintain hydraulic function, but could 
result in xylem water potential decrease to the risky level of hydraulic 
dysfunction during a prolonged drought. This amount of water con-
sumption should be included in the whole tree water budget, while 
modeling hydraulic functioning of trees during a drought, ecosystem 
hydrology, and also need to be considered for the consequence of 
arboriculture. 
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