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Abstract

In order to ensure sustainable development of arid oasis cities, close attention must be paid to the rational use
of limited water resources. Since urban vegetation is one important user of water, urban greening activities
should be adapted to local environmental conditions. In this study, one native (Morus alba L.) and two intro-
duced urban greening tree species (Fraxinus sogdiana Bunge and Platanus acerifolia Willd.) were selected in
Aksu - a typical oasis city in northwest China. Their stem sap flow velocity (SFV) was determined and diel
water consumption was calculated. In the meantime, meteorological variables were recorded to analyze the
water consumption strategy of these tree species. The results show that the average SFV of M. alba, F. sogdi-
ana and P. acerifolia were 4.1+0.3 cm h'., 10.5+0.7 cm h'! and 22.3#2.6 cm h'l, respectively. SFV was positively
correlated with solar radiation (Rs), air temperature (Ta), vapor pressure deficit (VPD) and wind speed (Ws),
and negatively correlated with air humidity (RH). Stepwise analysis showed that VPD had the highest impact
on SFV of F. sogdiana (R?=0.987) and M. alba (R?=0.887), while the impact of RH was highest on P. acerifolia
(R?=0.937). P. acerifolia had the highest sap flow daily accumulation (104+7 L tree), F. sogdiana was sec-
ond (52#4 L tree), and third was M. alba (16+2 L tree™). The water use efficiency (WUE) was M. alba (3.61
mmol mol!) > F. sogdiana (3.33 mmol mol!) > P. acerifolia (2.90 mmol mol?). This study showed that native
tree species developed certain adaptation strategies to the arid environment and thus consumed less water.
Therefore, we recommend that in tree species selection by landscape planners as well as other decision makers,
native tree species should be given priority in future urban greening projects.

Zusammenfassung

Um eine nachhaltige Entwicklung von Oasenstddten in Trockengebieten zu gewahrleisten, muss der sparsamen
Nutzung begrenzter Wasserressourcen eine besondere Aufmerksamkeit geschenkt werden. Da die Stadtvegetati-
on zu den wichtigsten Wasserverbrauchern in der Stadt gehort, sollten Stadtbegriinungsaktivitiaten (v. a. die Ge-
hoélzauswahl) an lokale Umweltbedingungen angepasst werden. In dieser Studie wurden die Saftflussgeschwin-
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digkeit (SFV) und der Wasserverbrauch von einer einheimischen Baumart (Morus alba L.) und zwei eingefiihrten
Baumarten (Fraxinus sogdiana Bunge und Platanus acerifolia Willd.) in Aksu - einer typischen Oasenstadt im
Nordwesten Chinas - untersucht bzw. berechnet. Es wurden meteorologische Variablen erfasst, um die Wasser-
verbrauchsstrategie dieser Baumarten zu analysieren. Die Ergebnisse zeigen, dass das durchschnittliche SFV von
M. alba, F. sogdiana und P. acerifolia 4,1+0,3 cm h', 10,520,7 cm h™! bzw. 22,3+2,6 cm h'! betragt. SFV korreliert
positiv mit der Sonneneinstrahlung (Rs), der Lufttemperatur (Ta), dem Dampfdruckdefizit (VPD) und der Wind-
geschwindigkeit (Ws) und korreliert negativ mit der Luftfeuchtigkeit (RH). Eine weitere Analyse zeigt, dass VPD
den groften Einfluss auf SFV von E sogdiana (R?=0,987) und M. alba (R?=0,887) hat, wiahrend der Einfluss von RH
auf P. acerifolia am hochsten ist (R?=0,937). P. acerifolia hat die hochste Saftfluss-Tagesakkumulation (104+7 L),
E sogdiana hat die zweithochste (524 L) und M. alba (16+2 L) die dritthéchste Akkumulation. Der einheimische
Maulbeerbaum (M. alba) weist die hochste Wassernutzungseffizienz (WUE) mit 3,61 mmol mol! auf, wihrend
die WUE von den beiden exotischen Baumarten E sogdiana (3,33 mmol mol ™) und P. acerifolia (2,90 mmol mol 1)
niedriger sind. Diese Studie beweist, dass die einheimischen Gehoélzearten bestimmte Anpassungsfahigkeiten an
die trockenen Bedingungen haben und somit weniger Wasser verbrauchen. Daher empfehlen wir fiir die Baum-
auswahl durch Landschaftsplaner sowie andere Entscheidungstrédger, einheimische Baumarten bei zukiinftigen

Stadtbegriinungsprojekten zu bevorzugen.

Keywords

1. Introduction

Following climate change, rapid industrialization, as
well as over-exploitation activities of humans, the
contradiction between water supply and demand has
become increasingly prominent in arid cities (Halik
2003). Water scarcity is one of the important regulat-
ing factors for the healthy and rapid development of
urbanization in arid areas. Therefore, the scientific al-
location and rational use of limited water resources is
of importance to ensure the sustainable development
of these regions. Since urban greenings represent the
most significant consumption of water, when such
activities are carried out in arid cities, the local en-
vironmental conditions must be considered, and the
water consumption of the greening subject should be
assessed (Halik and Hamann 1999; Halik 2003; Zerbe
etal. 2005).

The tree water consumption through canopy tran-
spiration can be determined by measuring tree stem
sap flow (Granier 1987; Vertessy et al. 1997). There
are a few methods in sap flow measurement (Swanson
1994; Wullschleger et al. 1998; Lu et al. 2004; Gonzdlez-
Altozano et al. 2008; Liu et al. 2011; Jansen et al. 2015).
Each method has its own favorable utilization condi-
tion and standard. The heat ratio method (HRM) is
widely used in forest hydrological research due to the
high accuracy of measurement and low impact on the
measurement object (Pfautsch etal. 2011, 2015; Van de
Wal et al. 2015). It was developed by the idea of track-
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ing the stem flow rate by using heat transfer (Bleby
et al. 2004). The HRM method measures the transfer
velocity and amount of water through the stem under
natural growth conditions of the vegetation. Vertessy
etal. (1997) ran a sap flow measurement of a Eucalyp-
tus regnans (F.]. Muell) forest in Yarra Ranges Nation-
al Park, Australia, to estimate its water use. They used
the HRM method, based on the correlation between
Diameter at Breast Height (DBH), leaf area index of
measurement object and water consumption, and
validated it based on the actual water uptake by the
trees from the nearby reservoir. Buckley et al. (2011)
used the same measurement approach to determine
the nocturnal water consumption of Eucalyptus del-
egatensis and E. pauciflora in southeastern Australia,
by separating the transpiration and refilling compo-
nent of tree sap flux, and suggested that the evapora-
tive demand and soil moisture are the strong drivers
of the nocturnal water usage process (Buckley et al.
2011). Zhang et al. (2005) and Si et al. (2004, 2005)
measured the sap flow of P. euphratica and Tama-
rix spps in Ejina Poplar Nature Reserve at the middle
reaches of Heihe River, China. They analyzed the sap
flow diurnal variation process and the correlation be-
tween sap flow and DBH of vegetation, and calculated
the diurnal water consumption of P. euphratica and
Tamarix spp. Li et al. (2008) measured the sap flow
of main urban greening trees (Sophora japonica Linn.,
Ginkgo biloba L., Fraxinus chinensis Roxb., Eucommia
ulmoides Oliver., Ailanthus altissima (Mill.) Swingle)
in the city of Beijing, and calculated their diurnal
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water consumption. Their study showed that water
consumption of S. japonica was the largest compared
to other tree species, while F. chinensis consumes the
least water. Ma et al. (2010) determined the sap flow
of typical arid land forest species (Populus russkii Jabl,
Populus euphratica Oliv., Ulmus pumila L. and Eleagnus
angustifolia Linn.). In the meantime, they used a cli-
mate station to record the meteorological factors si-
multaneously by establishing a correlation model be-
tween environmental factors and sap flow, and found
that the above-mentioned tree species have a differ-
ent sensitivity to environmental factors.

In our study, we selected the following three common
urban greening trees in oasis cities of southern Xinji-
ang, Northwest China:

(1) Morus alba L. (also known as white mulberry) is a
fast-growing, deciduous tree species which is na-
tive to northern and northwestern China. Due to
its broad ecological niche, it is also naturalized in
many parts of the world. Mulberry has long culti-
vation history along ancient ‘silk road’, especially
in southern Xinjiang (Kashgar, Hotan, and Aksu
cities), northwest China (Halik 2003). Mulberry
provides important ecosystem services. Its leaves
are the preferred feedstock for silkworm in silk
production, and it is also good wood material with
a beautiful texture, often used for manufacturing
furniture and musical instruments, bringing eco-
nomic benefits. Besides, the fruit of the mulberry
can be eaten, and it is used as medicine for treat-
ing headache, fever as well as diabetes (Lin et al.
2013).Itis widely used in Uighur ethnic courtyard
culture. Furthermore, it has a high capacity for
dust retention and toxic gas absorption; there-
fore, it is regarded as the pioneer greening tree
species (Yu et al. 2015).

(2) Fraxinus sogdiana Bunge (a central Asian ash spe-
cies) originates from middle and southern China
as well as northwest Xinjiang, where the climate
conditions are rainy and warm. It grows naturally
along riversides and wetlands at the edge of for-
ests, often along with Pterocarya stenoptera, Frax-
inus rhynchophylla (Wu et al. 2004).

(3) Platanus acerifolia Willd. (also known as London
planetree) is a hybrid of Platanus orientalis and
Platanus occidentalis, which are native to south-
east Europe and western Asia. It is extensively
cultivated and used as a roadside tree through-
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out the temperate regions of the world due to
its many desirable characteristics, such as fast
growth, broad crown, good tolerance to pruning
and high resistance to environmental pollution
as well as its aesthetically-pleasing appearance
(Halik 2003; Zhang et al. 2014). P. acerifolia has a
less-developed root system, and naturally grows
in warm and humid regions, with 800-1200 mm
of annual precipitation. In arid regions, it requires
irrigation.

In our study, we hypothesized that the native tree
species are more drought resistant and consume less
amount of water compare to introduced tree species.
We took samples of three main urban greening tree
species F. sogdiana (introduced), P. acerifolia (intro-
duced) and M. alba (native) along the Western main
street (Xi Da Jie) of Aksu city, in northwest China, then
run sap flow measurement, finally calculated stem
sap flow velocity (SFV) and diurnal water consump-
tion. Meanwhile, the meteorological factors were
recorded as well to analyze the water consumption
strategy of these tree species. The physiological pa-
rameters of these tree species were measured, and
their water use efficiency was calculated. The aim of
this research is thus to provide a scientific basis for
the reasonable selection of urban greening tree spe-
cies in arid cities considering their water consump-
tion and environmental condition.

2. Materials and methods
2.1 Study area

The city of Aksu (39°31' - 42°41' N, 78°02' - 84°05’
E) is located in the southwest of Xinjiang Uighur Au-
tonomous Region, China, on the northern edge of the
Taklamakan Desert. The city is characterized by a
temperate arid climate, with an average annual tem-
perature, precipitation and evaporation of about 9.9-
11.5°C,43.9-65.3 mm, and 1950-2600 mm respective-
ly (Han et al. 2012; Baidourela 2015). Aksu is a typical
oasis city in southern Xinjiang, the main urban green-
ing trees are Populus alba var. pyramidalis, Ulmus
densa, Salix babylonica, Morus alba, Fraxinus sogdiana,
and Platanus acerifolia (Halik 2003; Zerbe et al. 2005;
Wumaier et al. 2016).
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2.2 Sample selection and measurement

Two sample trees of different species, with straight
trunks, in good growth condition, and without pest
affects were chosen along the Xida Jie in Aksu city
based on the abundance and source of the species (Ta-
ble 1). The density of the street trees was similar. A
sap flow measurement was performed on each sample
tree using a Sap Flow Meter (SFM1), which runs based
on the heat ratio method (SFM1, ICT International,
Australia) during 1 May to 20 May 2014.

The sapwood of three tree species in this study can be
readily distinguished from heartwood. To calculate
the sapwood area, we assume that the tree stem was
circular, that the sapwood and the inner wood areas
were in the shape of concentric circles, and the outer
circle represents the sapwood area (Fig. 1).

Sapwood depth (x) Heartwood depth

Fig. 1 Sapwood and heartwood of the tree stem (the grey col-
ored part in the edge is the sapwood, the brown colored
part in the center is the heartwood). Source: Own elab-

The following equation is used for calculating the sap-
wood area (S,):

Sa=nx(¥)2—nx(¥—x)2 (D

Here, S, is sapwood area (cm?), x is sapwood depth
(cm), DBH is the diameter at breast height of tree (cm).

2.3 Sap flow measurement

Sap flow measurement was carried out simultane-
ously on different tree species in order to carry out
comparative analysis on their water usage strategies.
We used SFM1 sap flow sensors (Greenspan Technol-
ogy, Australia) to measure the sap flow from 1 May to
20 May 2014. The installation and sensor design were
identical to those used by Pfautsch et al. (2010) and
Keyimu et al. (20173, b). Initially, three tree species
which were in a good state of health were selected.
After removing the tree bark (10x10 cm?) at breast
height until the cambium was exposed, an installa-
tion guide was attached on the tree using four anchor
pins to position and secure the guide on the tree. Then
three holes were drilled perpendicularly and in paral-
lel into the stem using a 1.3 mm drill bit. Probes were
inserted after being coated with silicon gel to ensure
thermal contact between the probe elements and sap-
wood. The measurement interval was set to 15 min-
utes and the data were saved on an SD card. The sen-
sors were supplied by 12 V from an external battery.
Finally, sensors were covered with waterproof plastic
and aluminum cover to avoid physical damage and
thermal influences. The working principle of SFM1
sap flow sensors was described by Marshall (1958)
and Barret et al. (1996).

oration
Table 1  Descriptive statistics of sampling trees (Mean+SD). Source: Own elaboration
Sample trees DBH Sapwood diameter Wound diameter Sapwood area  Crown diameter Average leaf size*
cm cm mm cm? m cm?
M.alba 24.2+0.4 2.1£0.2 1.70 17312 5.2+0.5 100+7
E sogdiana  25.6+0.3 2.7+0.2 1.70 45418 6.8+0.9 36+3
P acerifolia  24.5+0.4 2.8+0.2 1.70 42616 6.5+0.8 150+13

DBH: Diameter at Breast Height; *Baidourela (2015)
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Nocturnal water refill is the accumulation of sap flow
when Rs (solar radiation) is zero (Wang et al. 2007).

Nocturnal water refill = ), Js X A X t (2)

where Js is the sap flux density, A is the sapwood area,
and t is the measurement interval. Js was obtained us-
ing following equation:

Js == (3)
where Fis sap flow rate, A is sapwood area, and t is sap
flow measurement interval.

2.4 Meteorological data

Meteorological variables, such as Rs (solar radiation),
Ta (air temperature), RH (humidity), and Ws (wind
speed) were collected from the corresponding sen-
sors (Watchdog 2900ET weather station, Spectrum,
Co. Ltd., USA). The variables were recorded by the in-
ternal data logger at 1 h intervals, and data read out
was completed using Spec ware software. VPD (vapor
pressure deficit) was calculated using the following
equation:

RH N
vPD = (1-2) xea”  (4)
where RH is air humidity and ea” is actual vapor pres-
sure. eq” is obtained using following equation (Camp-
bell and Norman 1998):

ea* = a X exp (b X Tzlic) (5)
where Ta is air temperature, value of parameters a, b,
care 0.611 kPa, 17.502, 237.3 °C, respectively.

2.5 Measurement of plant physiological parameters
and calculation of water use efficiency

Three to five tree leaves of M. alba, F. sogdiana and P.
acerifolia were chosen during the sap flow measure-
ment, and the physiological parameters of the net pho-
tosynthetic rate (Pn) and transpiration rate (E) were
measured using the Li-6400 photosynthetic system
(LI-COR, Lincoln, NE, USA) from 6:30-18:30 (UTC+6)
in two-hour intervals on 3%, 5" and 7" day of sap
flow measurement. The water use efficiency (WUE)
was calculated by applying a gas exchange method
(Richards et al. 2003):

DIE ERDE - Vol. 149 - 2-3/2018
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WUE=Pn/E  (6)

where Pn is the net photosynthetic rate, E is transpi-
ration rate.

2.6 Data processing

Using the sap flow tool (ICT International, Australia),
the sap flow data of sample trees were processed, and
SFV as well as sap flow daily accumulation were calcu-
lated. The sapwood area calculation was carried out
with Microsoft Excel 2015 using Eq. (1). Pearson cor-
relation analysis was run between the meteorological
variables and sap flow velocities of three tree species to
reveal their relationship. Regression models between
sap flow and meteorological variables were achieved
(results at p<0.05 significance level) using SPSS statis-
tics 20.0 (IBM, USA). A stepwise eliminative regression
method was used to select the best regression model
between the sap flow velocity and environmental vari-
ables. The 95% confidence interval was used as the
criterion for the elimination of an independent variable
to establish the optimal regression equation. Akaike
Information Criterion (AIC) of each regression model
was calculated to determine the best model. The plot-
ting was performed with Sigmaplot 12.5 (SYSTAT, USA)
and Microsoft Excel 2015 (Microsoft, USA).

3. Results and analysis
3.1 Daily sap flow process

Diel dynamics of SFV of all tree species during sunny
days were compared. The SFV of each tree species
showed a significant circadian rhythm, it remained
stable at night, though at a lower velocity. However,
there were certain differences on the sap flow process
of each tree species.

SFV of F. sogdiana started to rise at 8:00 a.m. in the
morning (6.7+0.5 cm h™) until it reached the maxi-
mum value of 18.1+3.2 cm h! at 2:30 p.m (Fig. 2a). Af-
terward, it started to decrease, and reached its lower
value 0f 8.920.7 cm h'! at 8:30 p.m. The minimum value
of SFV during the measurement day appeared at 3:00
a.m., which was 6.020.5 cm h'l. The average daily SFV
was 10.5+1.7 cm h''. The diel consumed water amount
was 51.6+4.4 L tree d~1. The amount of water refilled
at night was 12.5+1.6 L tree d™1, which accounted for
24.2% of total daily water consumption.
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Fig. 2 Diel variation of sap flow velocity of three tree species
and environmental variables. Source: Own elaboration

SFV of P. acerifolia started torise at 7:00 a.m. (10.1+1.6
cm h'!), which was earlier than that of F. sogdiana, un-
til it reached a value of 36.3+3.6 cm h'! at 11:00 a.m.
Afterward, it continued to rise at a lower rate (Fig.
2b). The maximum value of SFV was observed at 03:45
p.m. (43.7£4.5 cm h'!). From 6:00 p.m. on, the sap flow
started to decline sharply, and reached its lower value
0f11.9+2.3 cm h'! at 9:30 p.m. The lowest value of SFV
was observed at 3:00 a.m. (7.7£0.7 cm h!). The daily
water consumption was 104.5+7.1 L tree’* d'. The re-
filled water amount during the night was 15.3 L tree™
d™1, and it accounted for 14.6% of diel consumed wa-
ter.

SFV of M. alba started rising at 9:30 a.m. (3.4+0.6 cm
h™1), which was later than both F. sogdiana and P. aceri-
folia (Fig. 2c). It reached a maximum value of 5.5+0.9
cm h! at 2:00 p.m., and from 5:0 p.m. on it declined
gradually until reaching its lower value of 4.0+0.4 cm
hat 8:30 a.m. During the measurement day, the total
daily consumed water amount was 16.1+2.5 L tree’
d-L. At night 5.0+0.5 L tree’? d™! of water was refilled,
which accounted for the 30.9% of diel consumed wa-
ter.

3.2 Correlation between sap flow velocity and envi-
ronmental variables

SFV is not only affected by the eco-physiological char-
acteristics of the plant itself, but also by environmen-
tal variables (Xu etal. 2011; Guo et al. 2015; Wang et al.
2016). Figures 2a, b and c showed that Ta, Rs and VPD
have significant circadian rhythm, and they have sim-
ilar daily variation features with SFV. However, as RH
was higher during the night, then decreased slowly af-
ter sunrise, it had the opposite daily variation feature
to SFV. A Pearson correlation was calculated between
the SFVs of three different tree species and the mete-
orological varibles Ta, Rs, RH, Ws and VPD (Table 2).
The results showed that SFV was positively correlated
with Rs, Ta, Ws and VPD, while it was negatively cor-
related with RH.

Table 2  Correlation coefficients between the SFV and meteorological variables. Source: Own elaboration

Tree species Rs RH Ta VPD Ws
M. alba 0.602** -0.802** 0.867** 0.887** 0.362**
E sogdiana 0.889** -0.969** 0.986** 0.994** 0.692**
P, acerifolia 0.868** -0.970** 0.964** 0.957** 0.711**

** indicates correlation statistically significant at p < 0.05;

Rs: solar radiation, RH: relative humidity, Ta: air temperature, VPD: vapor pressure deficit, Ws: wind speed
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Based on the above analysis, a multiple linear regres-
sion method was applied to establish a stepwise re-
gression model between meteorological variables
and SFV (Table 3). It can be seen from the regression
models that the main influencing factors on SFV of the
three tree species were different. VPD had the high-
estimpact on SFV of M. alba and F. sogdiana, while the
impact of RH was highest on P. acerifolia.

northwest China
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Fig. 3 Diel variations of WUE (Water Use Efficiency) of three
tree species. Source: Own elaboration

Table 3  Multiple regression models between meteorological variables and sap flow velocity. Source: Own elaboration

Tree species Stepwise regression equation AIC R? P
M. alba Y=3.08+0.15+(0.56+0.05)VPD -42.51 0.887 <0.001
F sogdiana Y=4.37+0.25+(3.46+0.12)VPD -28.20 0.994 <0.001
P, acerifolia Y=46.17+3.45-(0.61+0.08)RH 63.72 0.970 <0.001

AIC: Akaike Information Criteria

3.3 Water use efficiency of three tree species

Water use efficiency (WUE) is an objective reflection
of a plant’s water use status. It is the ratio between
the amount of fixed carbon and the transpired water
during plant photosynthetic process (Jin et al. 2015).
Cao et al. (2009) showed that the ratio between the
plant carbon assimilation and water consumption can
indicate the plant adaptability to drought conditions.
High water use efficiency is the determining factor of
a plant to resist water stress. Under the same environ-
mental conditions, the plant with higher water use ef-
ficiency has an extended drought resistance capacity
(Sobrado 2000).

The WUE of M. alba, F. sogdiana and P. acerifolia was
calculated using a gas exchange method. The results
showed that there were certain differences in the WUE
of these urban greening tree species (Fig. 3). The daily
average WUE were: 3.61 mmol mol” (M. alba) > 3.33
mmol mol™? (F. sogdiana) > 2.90 mmol mol™? (P. acerifo-
lia). Figure 3 shows that the diel WUE of these tree spe-
cies had peak variation features. The whole variation
process of WUE can be divided into morning and after-
noon sections. In both sections, the WUE rose initially,
and then decreased. WUE of three tree species was not
only determined by tree physiological characteristics,
but also influenced by environmental conditions.

DIE ERDE - Vol. 149 - 2-3/2018

4, Discussion

Under heterogeneous environmental conditions, not
only the different tree species, but also the individual
trees (within different vitality and age status) of the
same species consume different amounts of water
(Bai et al. 2008). Environmental factors influence the
sap flow process of plants. Therefore, SFV of differ-
ent plants varies through time and region (Zwieniecki
and Holbrook 1998). Thus, carrying out a comparative
analysis of SFV and water consumption strategies of
different tree species requires simultaneous observa-
tions over a common period within the geographical
domain of interest (Ma et al. 2003), and the results
could explain the differences of sap flow characteris-
tics of different tree species and their reaction to en-
vironmental factors (Steinberg et al. 1990).

The diel sap flow variation feature of three tree spe-
cies in the present study were similar, they all showed
obvious circadian rhythms. However, there were dif-
ferences in the sap flow starting time points, average,
maximum, and minimum sap flow. This was probably
due to the larger average leaf area of P. acerifolia than
F. sogdiana (Baidourela 2015). Larger leaf size helps
to absorb more light energy, thus photosynthetic ac-
tivity starts earlier (Bolhar-Nordenkampf 2014), and
water is consumed at a higher transpiration rate. Fur-
thermore, the biological and physiological differences
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among these tree species could be the reason for the
different behavior of the diel sap flow variations.

The average SFV during the day was higher than at
night. Although the sap flow process was weaker at
night, it remained active. This was probably to refill
the water loss during the day to keep its water bal-
ance (Sun 2006), and corresponds to the research re-
sults of Zhang et al. (2004, 2005), Si et al. (2007) and
Yu et al. (2014). Wang et al.’s study suggested that a
strong refilling ability represents a droughtresist-
ance mechanism of tree species on some level (Wang
et al., 2014). In the present study, the refilled water
amount of M. alba, F. sogdiana and P. acerifolia during
the night accounted for 30.9%, 24.2% and 14.6% of
the total daily water consumed respectively. Based on
this, the drought resistance of three tree species can
be ranked as: M. alba > F. sogdiana > P. acerifolia.

The drought resistance is the ability of a plant to
maintain favorable water balance and turgidity even
when exposed to drought conditions, thereby avoid-
ing stress and its consequences. This can be seen in
water consumption, which is negatively correlated
with turgidity (Sun 1996). Research results of He et
al. (2014) indicated that drought resistance of M.
alba is stronger than F. sogidiana. Zhao et al.’s (2012)
study showed that drought resistance of P. acerifolia
is smaller than F. sogdiana. Therefore, the drought
resistance of these trees is M. alba > F. sogdiana > P.
acerifolia. Based on this, the theoretical order of their
water consumption is: P. acerifolia > F. sogdiana > M.
alba. This corresponds with the field measurements
of water consumption and average WUE in the pre-
sent study.

Relevant studies reported that Rs, RH, Ta and Ws are
the most influencing environmental factors on the sap
flow velocity. Pearson correlation analysis between
the meteorological variables and sap flow velocity
of three different tree species showed that sap flow
velocity positive correlates with Ta, Rs, VPD, and W,
while it negatively correlates with RH. Zhang et als
(2006) study demonstrated that solar radiation is
the main external factor which influences the photo-
synthetic and transpiration activities of plants; it in-
creases the stomata activity, and also changes the air
temperature and relative humidity both in direct and
indirect ways. The relative humidity inside the sto-
matal cavity is higher than of outside RH, this creates
vapor pressure potential and increases the transpira-
tion, while higher outside RH decreases transpiration,
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and thus sap flow velocity. The regression model be-
tween sap flow velocity and meteorological variables
showed that VPD is the most influential variable on
the sap flow velocity of M. alba and F. sogdiana, while
RH is the mostinfluential variable on P. acerifolia. This
is probably due to the difference in morphological
structure and physiological characteristics of these
three tree species.

M. alba is a native tree species in southern Xinjiang
with a very long history of cultivation. Locals use it
as greening trees at their homes and along streets;
besides, it is inseparable from the local Uighur ethnic
courtyard culture (Halik 2003). However, in the re-
cent urban modernization process, a large number of
exotic tree species (e.g., F. sogdiana, P. acerifolia) were
introduced in the urban greening practices. Although
these exotic tree species enhance the aesthetic effect
of the urban landscape, they significantly increase the
water consumption of urban greening.

In all oasis cities of southern Xinjiang, water shortage
is the bottleneck for sustainable urban development.
In relevant studies (Halik 2003; Zerbe et al. 2005; Ha-
lik et al. 2008), it was pointed out that many urban
greening patterns and modes in southern Xinjiang
were borrowed from inner Chinese cities which can
be characterized by warm and humid climate condi-
tions. However, this increases the water demand of
urban ecosystems and requires the rational allocation
of limited water resources in arid regions. Therefore,
urban greening should be adopted to the local envi-
ronmental conditions and economic strength of the
region to become sustainable.

5. Conclusion

The results of this study displayed that there were
certain similarities and differences of sap flow pro-
cess of M. alba, F. sogdiana, and P. acerifolia. Sap flow
velocity (SFV) of all three tree species had an obvious
circadian rhythm, which was positively correlated
with Rs, Ta, VPD and Ws. However, it was negatively
related to RH. The average daily SFV decreased in the
order P. acerifolia > F. sogdiana > M. alba. The daily
water consumption of M. alba, F. sogdiana and P. aceri-
folia was 104.45+7.1 L tree™’ d, 51.6+4.4 L tree* d},
16.11+1.8 L tree! d™' respectively. WUE of these tree
species was ranked as: M. alba (3.61 mmol/mol) > F.
sogdiana (3.33 mmol/mol) > P. acerifolia (2.90 mmol/
mol). Our results showed that M. alba (native tree spe-
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cies) has a relatively high drought resistance capacity
and consumes less water than the other two species
investigated in this study. Therefore, it is suggested to
give M. alba priority in the selection of urban greening
tree species.
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