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Abstract

Aims This study evaluates the water use strate-
gies and physiological resilience of three Australian
native tree species in saline soils to assess their poten-
tial for phytoremediation under climate change. We
hypothesise that species with high water demand and
delayed stomatal closure under aridity can enhance
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soil salinity mitigation through sustained transpira-
tion and groundwater regulation.

Methods Continuous sap flow measurements were
recorded over 12 months on nine trees (three per
species) from three species across three moderately
saline sites in Melbourne, Australia. Detailed analy-
ses of morphological traits, sapwood properties, and
soil profiles (including texture and water content)
were conducted. Diurnal sap flow patterns, peak flow
timing, and physiological responses to temperature
and vapour pressure deficit (VPD) were evaluated
to determine species-specific thresholds for heat and
drought tolerance.

Results  Melaleuca styphelioides exhibited the high-
est water use, consuming 128% and 97% more water
monthly than Lophostemon confertus and Corymbia
maculata, respectively. Its peak sap flow occurred
later in the day (15:00-17:00), coinciding with sus-
tained stomatal conductance under high VPD (1.9—
2.0 kPa) and extreme temperatures (41 °C). Optimal
physiological performance for this species occurred
at higher temperatures (32.2-33.4 °C) and VPD
(1.9-2.0 kPa).

Conclusions Melaleuca styphelioides may war-
rant further investigation as a potential candidate for
water management in saline environments, given its
higher water consumption and ability to maintain sap
flow under elevated temperature and VPD conditions.
These findings suggest that additional research, incor-
porating larger sample sizes and direct measurements
of soil salinity changes, would be valuable to evaluate
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the suitability of this species for phytoremediation
applications in aridifying regions.

Keywords Climate change adaptation - Heat
resilience - Phytoremediation - Plant-soil-climate
feedbacks - Saline soil remediation - Sap flow

Introduction

In the twenty-first century, the world is facing a nota-
ble rise in environmental issues, prominently includ-
ing water scarcity and the escalating salinisation of
soil and water. These challenges are primarily a result
of several factors, such as climate change, exces-
sive utilisation of natural resources, and unsustain-
able development practices. Currently, approximately
20% of the world’s cultivated agricultural land is
affected by salinity (Shrivastava and Kumar 2015),
with coastal regions particularly vulnerable due to
climate change-induced sea level rise, which has
increased soil salinity by 32% over 25 years (Rahman
et al. 2018). This situation is especially critical in
Australia, where the combination of arid climate and
highly weathered landscape (Sun et al. 2023a) con-
tributes to elevated salt levels in soils and groundwa-
ter. Studies conducted in 2000 identified 5.7 million
hectares of Australian land as having high salinity
potential (3,000-35,000 mg/L), with projections indi-
cating potential expansion to 17 million hectares by
2050 without effective intervention (ABS 2010). This
increasing salinity threatens soil quality, agricultural
productivity, and economic returns (Hu and Schmid-
halter 2002), while also posing significant risks to
urban ecosystem health and vegetation (Boulton et al.
2014).

Trees offer a promising solution for soil reme-
diation through multiple physiological mechanisms.
They enhance soil water retention by incorporating
organic matter and contribute to salinity reduction
through transpiration, which facilitates the removal
of dissolved salts from the soil, leading to long-term
improvements in soil conditions. The strategic plant-
ing of trees on saline soil represents an effective
approach to land amelioration while providing eco-
nomic and ecological benefits to local communities
(Bell 1999; Wicke et al. 2011). Species with high
growth rates and substantial water requirements are
particularly valuable for lowering groundwater levels,
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facilitating faster rehabilitation of salinity-degraded
land (Qadir et al. 2008). It is widely recognised that
plants exhibiting peak sap flow later in the day tend
to achieve higher growth rates (Ismanov et al. 2019).
This phenomenon is attributed to the prolonged
opening of stomata, which enhances carbon dioxide
uptake and extends the duration of photosynthetic
activity (Richards 2000). However, selecting the right
species is critical: deep-rooted trees such as Euca-
lyptus camaldulensis and Acacia nilotica have been
shown to draw significant volumes of saline ground-
water, lowering water tables and preventing salt accu-
mulation in the root zone (Minhas and Dagar 2016).
Conversely, replacing deep-rooted perennials with
shallow-rooted plants can increase recharge, raise the
saline water table, and exacerbate surface salinisa-
tion (Clarke et al. 2002). Capillary rise from a shal-
low saline water table can mobilise salts into the root
zone, offsetting transpiration benefits and leading
to increased soil salinity (Jorenush and Sepaskhah
2003). Therefore, species selection must carefully
consider rooting depth, overall water-use rates, and
local hydrogeological conditions. Species such as
saltbush (Atriplex spp.), although highly salt-tolerant,
often possess shallow root systems that may not effec-
tively lower water tables, potentially resulting in salt
build-up near the soil surface (Barrett-Lennard 2002).

Understanding plant water relations through sap
flow dynamics is crucial for evaluating physiological
responses to environmental stresses. Sap, a nutrient-
rich fluid containing water, minerals, sugars, and hor-
mones, is essential for photosynthesis, growth, and
reproduction. Its movement through the plant’s vas-
cular system is primarily governed by transpiration,
which creates negative pressure through stomatal
water loss, driving water uptake from roots through
xylem vessels. Sap flow measurements provide a
continuous, quantitative assessment of the volumet-
ric flux of water through the xylem, offering direct
insights into a plant’s ability to transport water from
roots to leaves under field conditions (Sun et al. 2022,
2024). Advanced techniques such as the heat ratio
method and thermal dissipation probes enable high-
resolution monitoring of sap flow velocity, integrat-
ing dynamic processes such as root water uptake,
xylem hydraulic conductance, and stomatal regula-
tion to characterise transpiration dynamics (Kumar
et al. 2022). Normalising sap flow data by sapwood
cross-sectional area further allows the calculation



Plant Soil (2025) 516:173-194

175

of sapwood-specific hydraulic conductivity, a criti-
cal metric for evaluating a tree’s capacity to sustain
efficient water transport under environmental stress
(Steppe et al. 2015). Continuous diurnal monitoring
reveals species that maintain elevated transpiration
rates at high vapour pressure deficits and tempera-
tures, traits linked to deep rooting and a high poten-
tial for groundwater extraction, which are essential
for lowering saline water tables (Tie et al. 2017).
Comparative analysis of cumulative sap flow across
species facilitates ranking based on total water use,
thereby informing the selection of trees with high
groundwater drawdown and salt-removal capabili-
ties. Integrating sap flow data with soil moisture and
groundwater models further refines species selec-
tion by predicting local hydrogeological impacts
and ensuring effective salinity mitigation (Kim et al.
2014). In this way, sap flow provides an empirical
framework to identify the ideal candidate for phytore-
mediation by quantifying hydraulic traits, water-use
rates, and environmental resilience.

Soil salinisation poses a significant threat to urban
green infrastructure by degrading soil productivity
and hindering tree establishment, yet urban land-
scapes often exhibit highly heterogeneous salinity
patterns that complicate remediation efforts (Singh
2021). Concurrently, urban climate change, driven
by both global warming and the urban heat island
effect, has increased the frequency and intensity of
heatwaves and drought in cities, exacerbating soil
moisture deficits and amplifying aridity (IPCC 2021).
These stressors interact synergistically with soil salin-
ity to impair tree hydraulic functioning: elevated
vapour pressure deficit (VPD) and extreme tempera-
tures can reduce sap flow and transpiration, limiting a
tree’s capacity to extract and transport saline ground-
water (Muhammad et al. 2024). Despite recognising
trees as agents for soil salinity mitigation, few stud-
ies have concurrently evaluated salt stress tolerance
alongside heat/drought resilience when assessing
species suitability for urban phytoremediation (Tang
et al. 2024). Critical knowledge gaps remain in under-
standing (1) how combined salinity and heat/drought
stress shape diurnal and seasonal tree water use strat-
egies; (2) the thresholds of sap flow resilience under
simultaneous soil salinity and arid conditions; and
(3) practical guidelines for matching species’ root-
ing depth, hydraulic conductance, and heat tolerance
to heterogeneous urban hydrogeology. Addressing

these gaps is essential for selecting species capable
of sustaining high hydraulic conductivity and ground-
water uptake in saline, arid urban soils. To this end,
our study employs continuous sap flow monitoring
of three Australian native species across saline urban
sites, linking hydraulic traits to heat and drought tol-
erance to inform species selection frameworks for
urban salinity management.

This study investigates nine Australian native trees
from three species to identify which has a better phy-
toremediation potential in saline soils. Continuous
sap flow monitoring is employed to: (1) infer rela-
tive growth capacity based on the timing and magni-
tude of peak sap flow in relation to daily maximum
VPD; (2) identify each species’ optimal temperature
and VPD thresholds for sustaining high transpiration;
and (3) quantify cumulative monthly water use over a
12-month period as a proxy for groundwater extrac-
tion potential. We hypothesise that species with high
water demand and delayed stomatal closure under
elevated temperature and VPD, particularly Mela-
leuca styphelioides, will exhibit a greater potential
to lower saline groundwater levels and mitigate soil
salinity compared to species that close their stomata
earlier, such as Corymbia maculata.

Materials and Methods
Experimental sites and species description

Continuous sap flow measurement of three Australian
tree species (Fig. 1) was conducted over a 12-month
period (September 2018- August 2019) on three Aus-
tralian tree species: (a) Corymbia. Maculata (Hook)
K.D Hill & L.A.S Johnson, (b) Lophostemon confer-
tus (R.Br.) Peter G. Wilson & J. T. Waterh. and (c)
Melaleuca styphelioides Sm., located at Bayswater
(37°5024"S, 145°16'14"E), Rowville (37°55'31"S,
145°13'50"E), and Boronia (37°51'35"S,
145°16'47"E), respectively, in Melbourne, Australia.
Three specimens, including ‘single’ trees (S), indi-
viduals isolated from other trees, and ‘group’ trees
(G) located within clusters of 3-5 conspecifics, from
each species were selected for sap flow monitoring.
All selected trees were mature and healthy, each with
a single stem and a well-developed canopy. This
experimental design allowed for the evaluation of
how planting density and microclimatic competition
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Fig. 1 Three tree species used in the study (a) C. maculata (b) L. confertus (¢) M. styphelioides

influence sap flow dynamics. The differences in sap
flow between single and group trees were subse-
quently compared, and potential underlying causes
were analysed. These species are mainly distributed
along the eastern coast of Australia, from east Vic-
toria to central Queensland and from Nowra in New
South Wales to Cape York Peninsula in Queensland.
All three species are commonly used in landscap-
ing and as street trees in urban settings. The average
groundwater salinity at the monitoring field sites is
approximately 2250 mg/L (VVG 2023), indicat-
ing a moderate soil salinity (Mayer et al. 2005). The
experimental sites have relatively mild temperatures
with distinct seasons and are located in a Temperate
Climate Zone 3 (Li and Sun 2015). The mean annual
temperature, rainfall, and solar exposure are 14.7 °C,
853 mm, and 14.6 MJ/m?, respectively (BOM 2022).

Tree structures

The morphological characteristics of all the moni-
tored trees, including the diameter at breast height
(DBH), height of the tree, crown height, and crown
diameter, were obtained using the photogrammetry
technique (Mcpherson and Rowntree 1988; Sun and
Li 2024). Photographs were taken at different orienta-
tions of the tree while a measuring pole with a known
length was placed close to the tree trunk. AutoCAD
software (Autodesk Inc., USA) was used to determine

@ Springer

the scale after these images were imported into it,
allowing the physical tree height, crown height,
crown diameter, and DBH to be estimated. The values
reported are the mean obtained from these images.
Below-canopy photographs were taken using a fish-
eye lens to include the whole crown silhouette. The
mean crown diameter was calculated by taking the
longest and shortest crown spread determined by
AutoCAD.

The live crown ratio (LCR) represents the propor-
tion of a tree’s height covered by live branches and
foliage and is a ratio of crown height to the total tree
height (Sun and Li 2024). It assesses the health and
vigour of a tree (Stdncioiu et al. 2021). The Leaf area
index (LAI) is the ratio of the total one-sided area
of leaves to the ground they cover (Jonckheere et al.
2004). A larger LAl indicates a denser and more com-
plex plant structure, which increases the interception
of solar radiation, leading to higher rates of transpira-
tion (Niu et al. 2019). The LAI was measured in dif-
ferent seasons using the Digital Plant Canopy Imager
CI-110 (CID Bio-Science, Inc., USA), and the mean
was reported.

Wood characteristics
Accurate estimation of whole-tree water use from

sap flow measurements using the Heat Ratio Method
(HRM) requires two key sapwood parameters. First,
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sapwood depth, obtained from core samples, is used
to calculate the sapwood cross-sectional area (A)),
which, when multiplied by the measured sap velocity
(v), yields the volumetric flow rate (Q = A, - v). Sec-
ond, sapwood thermal diffusivity (k), estimated from
sapwood thermal conductivity, density, and specific
heat capacity, is a critical input in the HRM algorithm
for converting temperature-ratio signals into precise
sap flow velocities (Burgess et al. 2001). Two core
samples were extracted from the trunk of each tree at
breast height using a Jim-Gem increment borer with a
length of 400 mm and a diameter of 5 mm (Fig. 2a).
One core sample was used to determine sapwood
depth by applying a methyl orange indicator along
the core body (Sun et al. 2022). The sapwood por-
tion subsequently turned yellow, while the red col-
our appeared in the heartwood portion (Fig. 2b). The
depth of the sapwood was measured by using a digital
vernier calliper. A depth gauge was used to measure
the bark thickness at three different locations of the
trunk at the breast height, and the mean was adopted.
The sapwood percentage was calculated by dividing
the sapwood area by the tree basal area (TBA), which
is the trunk’s cross-sectional area at breast height.

The other core sample was used to measure sapwood
density p, specific heat capacity ¢, and thermal conduc-
tivity K needed for determining thermal diffusivity k
using Eq. 1.

K

k= (0

B

e

The ¢ and K are calculated following Edwards and
Warwick (1984) and Hogg et al. (1997).

WyC, + C(Wp —wy)

c= » @)

K =Km 2+ K, (1= m22) 3
N N

where w, is the sapwood mass following oven drying;
wy is the fresh sapwood mass; ¢, and ¢, are the spe-
cific heat capacity of the wood matrix and water; K
represents the thermal conductivity of water, while m,
indicates the water level present in sapwood; p;, and p,
present the density of wood and water; K, expresses
the thermal conductivity of dry wood matrix and is
determined following Swanson (1983):

K, = 0.04182 x (21 — 20 x (1 — p,(0.667 + m_)))
4

Soil measurements

Boreholes were drilled to a depth of 4 m at each study
site. Samples obtained at every 0.25 m were marked
and sealed in plastic zip lock bags, which were
stored in thermally insulated containers and trans-
ported to the laboratory for establishing soil profiles
and performing water content tests using the over-
drying method (AS 1289 1992). The water content
values reported in this study are the mean of three

Fig. 2 Identification of sapwood and heartwood depths using an indicator dye (a) core sample after extraction from the tree trunk
(b) colour change observed after applying methyl orange indicator dye
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subsamples at each depth. Atterberg limits tests (AS
1289 ( 2009a, b) were also conducted to determine
soil plasticity at various depths. Soil plasticity refers
to the range of water content between the liquid limit
(above which soil behaves as a viscous fluid) and the
plastic limit (below which it becomes a brittle solid).
A higher plasticity index indicates a greater clay
content, which enhances water-holding capacity but
also leads to significant shrink-swell behaviour and
reduced permeability. Measuring plasticity at depth
provides insights into the soil’s capacity to store and
release water to tree roots, directly impacting sap flow
rates.

Sap flow instrument

While various sap flow measurement techniques
exist, including trunk injection methods (Kozlowski
and Winget 1963; Sachs et al. 1977; Berger and Lau-
rent 2019) and spontaneous electric potential (Fen-
som 1963; Gibert et al. 2006), the heat pulse velocity
method has emerged as a preferred approach due to
its reliability and capacity for continuous monitor-
ing (Green et al. 1997; Li and Guo 2017; Sun et al.
2021, 2025). Specifically, the sap flow meter SFM1
(ICT International, Armidale, Australia), programmed
with the Heat Ratio Method (HRM), offers precise
measurements in measuring slow and reverse sap flow
across varied field conditions (Burgess et al. 2001). It
is a dependable and low-maintenance device utilised
for quantifying sap velocity and flow rate in plants by
many researchers (Bleby et al. 2004; Li et al. 2014; Sun
and Li 2023a, b). The SFM1 consists of three needles
made of stainless steel—one needle that generates heat
and two needles that measure temperature changes.
Each needle is 35 mm long and has a diameter of
1.3 mm. These needles are individually connected to
the main device using a cable. The temperature nee-
dles measure heat propagation in the sapwood subse-
quent to the application of a heat pulse by the heater
needle. The ratio of the temperature changes down-
stream to the changes upstream is computed, allowing
the determination of heat pulse velocity and the sub-
sequent sap velocity calculation by the Sap Flow Tool
software. The SFM1 sensors operate within a range
spanning from —100 cm/h to 100 cm/h. To ensure
accurate sap velocity measurements, potential sources
of error, such as probe misalignment and xylem tissue
damage during installation, were carefully considered
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and addressed. Probe misalignment was minimised by
using a custom installation guide (e.g. an alignment
jig), which ensured the heater and temperature needles
remained co-planar and enabled parallel drilling at a
fixed spacing. After installation, each sap flow record
was validated by monitoring daily peak flow. A decline
exceeding 10% over three consecutive days, indicative
of xylem wounding or probe displacement, triggered
probe removal. Re-boring was then performed at least
20 mm above the affected area, followed by sensor
reinstallation. These measures help ensure reliable sap
flow velocity data under field conditions. The SFM1
operates using an internal 4.2 V lithium polymer bat-
tery; however, to enable continuous data logging, this
was connected to external 12 V lead-acid batteries that
were replaced every 20 days. The bark was detached at
breast height to allow installation of the SFM1 directly
on the bare trunk of every measured tree. The data
logger was set to collect sap flow data at intervals of
30 min during the monitoring period. One SFM1 was
installed at breast height on the north-facing side of the
trunk to collect data on tree water use.

It has been reported that Australia experienced
its highest temperatures in 2019, exceeding the
long-term average by 1.52 °C (BOM 2022). To
assess the impact of extreme weather on sap flow,
daily maximum temperature, VPD, and total daily
solar radiation were analysed in relation to the sap
flow rate. The growth rates of the three tree species
were assessed by analysing the timing of daily peak
sap flow in relation to the daily maximum VPD. A
12-month (September 2018- August 2019) study
was conducted to monitor the daily water use of
nine individual trees to evaluate the physiological
responses of three species to projected temperature
increases under climate change. This extended mon-
itoring period generated a robust dataset for assess-
ing the species’ resilience to rising temperatures
and their potential role in groundwater regulation
within saline environments. Optimal physiologi-
cal performance was defined as the environmental
conditions under which each species achieved its
maximal water transport capacity. To identify these
conditions, we extracted the top five per cent of
half-hourly sap flow measurements (95th percentile)
recorded over the 12-month monitoring period. This
percentile-based approach captures peak sap flow
events, which reflect maximum water transport and
metabolic activity.



Plant Soil (2025) 516:173-194

179

Data Analysis

All data processing and statistical analyses were con-
ducted in Microsoft Excel (Microsoft Corporation,
WA, USA) with the Real Statistics add-in.

e Descriptive statistics and between-species com-
parisons: Means and standard deviations (+SD)
were calculated for tree morphological traits (e.g.
DBH, tree height, mean crown diameter, LCR,
LAI), sapwood properties (e.g. sapwood percent-
age, TBA, thermal diffusivity), and soil water con-
tent to summarise variation across species, sites,
and depths. One-way ANOVA was then applied to
each morphological trait to test for overall differ-
ences among the three species. Post-hoc pairwise
comparisons were conducted via Tukey’s hon-
estly-significant-difference (HSD) test at «=0.05.
The HSD critical value was determined and any
absolute pairwise mean difference (A) exceeding
this threshold was deemed statistically significant.

e Linear regression: Simple linear regressions were
fitted in Excel to explore relationships between
mean sapwood area and each morphological trait
(mean DBH, mean crown diameter, mean LAI).
The coefficient of determination (R?) was com-
puted as a descriptive metric of explained vari-
ance, and scatter plots were generated to verify
linearity. Given the small sample size, these
regressions are presented as preliminary observa-
tions and are not used for statistical inference.

e Sap flow volume: Sap flow data were processed
using the Sap Flow Tool, which converted raw
heat pulse velocity measurements into sap velocity
and volumetric flow rates. Daily and monthly sap
flow volumes were calculated by integrating the
30-min interval flow rates.

e Diurnal peak sap flow statistics: For each day
during the summer months, the time of peak sap
flow was identified and matched to meteorologi-
cal records of daily maximum VPD. A frequency
distribution of these peak times was then estab-
lished to quantify how often each species reached
maximum flow at different hours of the day. This
analysis enabled the characterisation of stomatal
behaviour and hydraulic resilience under varying
atmospheric demands. To compare species, the
daily peak sap flow values from the three sampled
trees were averaged to yield species means. A one-

way ANOVA was conducted to test for overall dif-
ferences among species, followed by Tukey’s HSD
post-hoc test (a=0.05) to identify significant dif-
ferences between species pairs. The HSD thresh-
old was calculated using the studentised range
statistic and the within-group mean square; any
absolute pairwise mean difference exceeding this
threshold was considered statistically significant.

e Optimal performance thresholds: The top five per
cent of the 12-month half-hourly flow dataset was
extracted to isolate true peak events. The corre-
sponding temperature and VPD values for these
peak events were retrieved via timestamp match-
ing, allowing determination of each species’ adap-
tive thresholds.

Results
Tree morphological traits

Table 1 presents the measured properties for the nine
trees from three species employed in the study. A
one-way ANOVA revealed significant differences in
tree height among the three species (p=0.00032).
Tukey’s HSD post-hoc test (HSD=3.20) indicated
that C. maculata was significantly taller than L.
confertus (A=8.77>3.20) and M. styphelioides
(A =17.37>3.20), whereas the latter two did not differ
significantly (A =1.4 <3.20). C. maculata also exhib-
ited significantly larger canopy dimensions than the
other species. Mean crown height (12.73+1.73 m)
differed overall among species (p=0.0063), and
Tukey’s HSD (HSD=4.31 m) confirmed that C.
maculata exceeded L. confertus (6.10+1.39 m;
A=6.63 m>431 m) and M. styphelioides
(6.90+0.99 m; A=583 m>4.31 m). Similarly,
mean crown diameter varied by species (p=0.0073),
and post-hoc comparisons (HSD=2.73 m) showed
C. maculata (10.53 +£1.02 m) exceeded L. confertus
(6.30+£0.78 m; A=4.23 m>2.73 m) and M. styphe-
lioides (7.27+0.85 m; A=3.26 m>2.73 m). L. con-
fertus has the smallest mean DBH and mean crown
diameter among the three species, although main-
tained a consistently high LCR (mean: 0.8-0.85). The
mean LAI for this species ranged from 2.60+0.02 to
2.90+0.02, the highest compared to the other species
and indicating a larger leaf surface area. The single
trees possess a larger crown height and DBH than
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Table 1 Morphological characteristics of the sampled trees in this study

Species Site Mean Mean Mean Mean Mean Mean
tree DBH crown LCR crown diameter ~ LAI
height (m) height (m)
(m) (m)
C. maculata Bays. (S1)  14.80+0.07 0.410+0.014 12.10+0.10 0.820+0.011  11.80+0.05 1.50+0.02
Bays. (S2) 16.90+0.06 0.460+0.008 15.10+0.07 0.900+0.005 10.50+0.08 1.70+0.02
Bays. (G) 17.10+£0.05 0.350+0.011 11.00+£0.05  0.640+0.004 9.30+£0.07 1.30+£0.01
L. confertus Row. (S1) 9.50+0.03  0.400+0.007 8.00+0.04 0.850+0.001 7.20+£0.08 2.90+£0.02
Row. (S2) 7.00+0.04  0.260+0.009 5.60+0.04 0.810+0.005 5.30+0.06 2.60+£0.02
Row. (S3) 6.00+0.06 0.290+0.006 4.70+£0.03  0.800+0.008 6.40+0.08 2.80+0.01
M. styphelioides  Boro. (S1) 9.00+0.04 0.610+0.008 7.50+£0.04  0.840+0.002 7.60£0.05 2.30+£0.02
Boro. (52) 8.70+0.05 0.470+0.014 7.70+0.06  0.880+0.008 8.10+0.07 2.10+0.01
Boro. (G) 9.00+£0.05 0.310+0.006 5.50+0.06 0.610+0.007 6.10£0.07 1.50+0.01

The ‘Site’ column uses abbreviations that indicate both the location and planting arrangement. The site locations are abbreviated
as follows: Bays. = Bayswater, Row. = Rowville, and Boro. = Boronia. The planting arrangements are denoted by: (S1), (S2), (S3)
= single trees (numbered 1-3), and (G) = a tree growing within a group of trees. For example, “Bays. (G)” refers to a tree growing
within a group at the Bayswater site, while “Row. (S3)” indicates a single tree #3 located at Rowville

the trees in a group for C. maculata and M. styphe-
lioides, despite a relatively smaller tree height for sin-
gle trees. The mean LCR of approximately 0.6 was
determined for the trees in a group, which was con-
siderably smaller than the ratio of single trees, rang-
ing from 0.8 to 0.9. This indicates that single trees are
generally considered to be healthier and more struc-
turally stable and subjected to a low risk of failure or
mortality compared to trees in a group. The observa-
tions show that C. maculata may have better overall
growth and crown development than L. confertus and
M. styphelioides.

Wood characteristics

Table 2 presents the wood attributes for the nine exper-
imental trees. The measurement results show signifi-
cant diversity in the sapwood area among individual
trees. M. styphelioides exhibits the highest bark depth
and proportion of bark among the three species. The
mean sapwood percentage for this species ranges from
19.3% +0.7% to 29.3% +0.8%, the lowest compared to
the other two species, indicating a smaller proportion
of sapwood in the total wood volume. It is noteworthy
that sapwood accounts for over 50% and 60% of the
TBA in the single C. maculata (S1) at Bayswater and
L. confertus (S1 and S3) at Rowville. The mean sap-
wood depth of the C. maculata and M. styphelioides
in groups is respectively 40%-45% and 37%—44%
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smaller than the single trees grown in the same site.
The measured mean thermal diffusivity in sapwood
for all the trees ranged from 0.00230+0.00004 to
0.00290+0.00005 mm?%s. The exploratory linear
regressions between mean sapwood area and each mor-
phological trait (mean DBH, mean crown diameter,
mean LAI) are summarised in Fig. 3. The mean DBH
and mean LAI explained 87%-98% and 80%—87% of
the variation in mean sapwood area for all three tree
species. In contrast, the sapwood area-crown diameter
relationship was highly species-specific: L. confertus
exhibited a very strong fit (R?=0.93), C. maculata
showed a moderate fit (R>=0.63), and M. styphelioides
displayed poor concordance (R>=0.34), indicating that
crown diameter is not a reliable predictor of sapwood
area in the latter two species.

Soil profiles and soil water content

The soil profiles and soil water content test results
for the three experimental sites are presented in
Fig. 4. Each data point represents the mean soil
water content (+SD) of three independent sub-
samples collected at 0.25 m depth increments from
0—4 m. Error bars have been added to illustrate the
observed variance. No groundwater was encoun-
tered in the soil boreholes at any of the experimental
sites. The Bayswater site was covered with a 1.7 m
fill consisting of a 0.15 m thick topsoil and a layer
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Table 2 Wood attributes of the sampled trees in this study

Species Site Mean bark  Mean Mean Mean Mean Mean Mean
depth sapwood heartwood TBA sapwood sapwood  thermal
(mm) depth depth (cm?) area Pct diffusivity
(mm) (mm) (cm?) (%) (mm?/s)
C. maculata Bays. (S1) 2.5+0.1  67.10+0.03 135.70+0.02 13243+874 7134+0.5 54.1+3.7 0.00270
+0.00002
Bays. (S2) 3.6+0.1 61.70+0.01 165.50+0.03 1673.1+60.9 761.3+0.3 45.6+1.7 0.00250
+0.00003
Bays. (G) 34+0.1 3690+0.02 13490+0.02 9629+61.4 355.6+02 37.1+24 0.00260
+0.00002
L. confertus Row. (SI)  5.6+0.1 79.30+0.03 115.30+0.01 1263.3+442 771.9+04 61.2+2.2 0.00250
+0.00002
Row. (S2) 54+0.1 36.70+0.01 86.80+0.02 522.1+36.4 2425+0.1 46.7+3.1 0.00260
+0.00004
Row. (S3) 52+0.1 62.00+0.03 77.70+0.02 659.1+25.7 4235+03 64.4+2.5 0.00230
+0.00004
M. styphelioides Boro. (S1) 21.5+1.1  53.00+0.02 231.00+0.05 29332+77.6 857.6+04 29.3+0.8 0.00230
+0.00004
Boro. (S2) 22.6+1.0 31.10+0.04 181.50+0.04 1743.1+102.0 385.0+0.5 22.2+1.3 0.00290
+0.00005
Boro. (G) 153+0.8 17.30+0.01 123.70+0.02 746.3+27.7 1439+0.1 19.3+0.7 0.00280
+0.00003

of 1.55 m thick intermediate-plasticity silty clay
(CI). The soil became high-plasticity (CH) from
1.7 m to 4.0 m. The soil water content was below
20% within the top 1.25 m, followed by a gradual
increase to 26.21% +0.74% at a depth of 1.75 m. A
slight variation (approximately 4%) in water content
was observed from 2.0 m to the full depth of meas-
urement. At the Rowville site, high-plasticity silty
clay (CH) was encountered from 0.2 m to 3.2 m, with
the soil water content ranging from 12.45% +1.02%
to 16.67% +0.63%. A gradual water content rise to
20.46%+1.05% occurred at 3.25 m depth, which
remained almost constant over a layer of 0.75 m
thick intermediate-plasticity silty clay (CI) from
3.25 m to 4.0 m. High-plasticity silty clay (CH)
was found between 0.4 m and 4.0 m at the Boro-
nia site. Soil water content increased progressively
from 20.66% +0.72% at 0.25 m to 30.56% +1.07%
at 1.5 m. This is followed by a gradual decrease to
26.32% +0.50% at 2.5 m, which fluctuated around
28% between 2.75 m and 4.0 m. The Rowville site
generally experienced soil desiccation, with the low-
est water content of 12.45%+1.02% observed at a
depth of 2.25 m. In contrast, the Boronia site had the
highest soil moisture content, although the variation

in soil water content was less than 10% across the
investigated depths for all three experimental sites.

Tree sap flow

The comparison of the daily sap flow rate for nine
trees at three sites over 21 days in the summer of
2019 is presented in Fig. 5. Common to all trees,
the diurnal sap flow showed a ‘bell-shaped’ pattern,
with a marked sap flow rise occurring in the morn-
ing and peaking in the early afternoon. A gradual
decline in sap flow was observed in the late after-
noon, approaching zero around midnight. Nocturnal
sap flow was also observed throughout the monitor-
ing period, averaging approximately 91%-97% lower
than daytime sap flow rates. The maximum sap flow
rates in L. confertus ranged from 4 L/h to 13 L/h, the
lowest among the three tree species. In contrast, on
average, the daily peak sap flow in the M. styphe-
lioides at Boronia reached 28 L/h, 128% higher than
the peak flow in the two single C. maculata at Bay-
swater. The maximum sap flow rate in the single
C. maculata is 76%—81% higher than the tree in a
group at the same site. When daily peak sap flow val-
ues were averaged across the three trees per species

@ Springer



—
(o]
NS

Plant Soil (2025) 516:173-194

>
3
3

=)
S
S

2 g -
£ 800 = S 800 N 5 500
= ™ = " : .
£ £ ] °
g 600 S 600 S 600
H H 3
g y=3762.9x - 920.4 2 g
g 400 i Roo0.87 g 400 A y=141.03 x - 75.74 £ 400 K y=1,014.00x - 911.20
2 2 R>=0.63 3 R>=0.84
§ 20 g 20 £ 200
= = 2
0 o 0
03 035 0.4 045 0.5 8 9 10 1 12 13 1 12 4 16 18 )
Mean DBH (m) Mean crown diameter (m) Mean LAI
(a)
1000 1000 1000
3 g
£
g £ 800 800
5 800 s y=272.70 x - 1,238.30 A < e
s
5 600 £ co0 R*=0.93 £ 00
S g k3
3 4 3 o
Z 400 y=3632x-670.3 £, 400 2 400
1% - B
g P R2=0.98 g 3 ° y=1,64729 x - 4,077.76
£ 200 g 200 = 200 R2=0.87
S K] S :
= = =
0 o - 0
0.2 0.25 03 035 0.4 0.45 4 5 6 7 8 2.5 2.6 2.7 2.8 2.9 3
Mean DBH (m) Mean crown diameter (m) Mean LAI
__ 1000 1000 1000
E [ B A NE .
<800 < 800 S 800
s =202.48 x - 1,009.22
2 2 y ® fo P g y=1779.50 x - 1,070.85
,: 600 < 600 B = 600 R2=0.80
-3 =3
S g E
2 400 . 2, 400 A £ 400
] g 5
= y =2360.6x - 631.57 = 200 é
g 200 2 b £ 200
§ R®=0.95 g A 3
= ® = 2 e
0 0 0
02 03 0.4 0.5 0.6 0.7 5 6 7 8 9 1 L5 2 25
Mean DBH (m) Mean crown diameter (m) Mean LAI

(©)

Fig. 3 Correlations between mean sapwood area, mean DBH, mean crown diameter and mean LAI (a) C. maculata (b) L. confertus

(¢) M. styphelioides

(n=21 species-means), significant interspecific dif-
ferences emerged (one-way ANOVA, p<0.0001).
Tukey’s HSD (HSD=0.39 L/h) revealed that M.
styphelioides (12.99+0.64 L/h) had significantly
higher daily peaks than C. maculata (8.71+0.42
L/h; A=4.28 L/h) and L. confertus (6.85+0.45 L/h;
A=6.13 L/h), and C. maculata also exceeded L. con-
fertus (A=1.85 L/h; all p<0.001).

As shown in Fig. 5, there were four days with
high temperatures exceeding 40 °C during the study
period. During the heatwave days, mean daily sap
flow volume decreased relative to the previous day’s
values by 11.7+2.1 L in C. maculata, 8.9+1.8 L in
L. confertus, and only 2.1+0.6 L in M. styphelioides.
The smaller reduction in M. styphelioides highlights
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its superior ability to sustain transpiration under
extreme heat. On the 18th of January, all trees exhib-
ited the lowest sap flow, which can be attributed to
the significantly reduced total solar radiation of only
6 MJ/m>% This value was 76% lower than the daily
average solar radiation of 25 MJ/m% VPD exhibited
patterns similar to sap flow rates. Across all nine
trees, VPD explained between 58 and 69% of the var-
iation in sap-flow (p<0.001; R? range=0.58-0.69),
indicating a moderate effect of atmospheric demand
on transpiration under high temperature conditions.
Figure 6 presents the comparison of monthly tree
water usage among nine trees from three species from
September 2018 to August 2019. The data reveals
substantial variation in the amount of water extracted
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by trees throughout the seasons, with peak transpi-
ration occurring predominantly during the summer
months. Notably, the maximum monthly transpiration
for L. confertus occurred in December, while for C.
maculata and M. styphelioides, it occurred in January.
The lowest tree water usage takes place from June to
August for all three species.

The monthly water consumption ranged from
2.36 kL to 7.56 kL for the single M. styphelioides
(S1) at Boronia, with an average monthly usage
of 4.44 kL. This is 733% greater than the monthly
mean water usage for the tree in a group at the same
site, requiring only 193 L of water to survive in a
winter month. Similarly, the mean monthly water
consumption for the two single C. maculata at Bay-
swater varied from 1.95 kL to 2.25 kL, 120%-155%
higher than the tree within a group (G). The M.
styphelioides (S1) at Boronia utilised 53.27 kL of
water over 12 months, which is only 6% less than
the sum of total water usage of all three L. confertus
over the same period.

Seasonal water use trends showed a consistent pat-
tern across all species, exhibiting a notable increase
from spring to early summer, followed by a gradual
decline during autumn, and a slight increase in win-
ter. The C. maculata (S2), L. confertus (S1), and M.
styphelioides (S1) consumed the maximum mean
monthly water of 2.25 kL, 1.95 kL, and 4.44 kL,
respectively, over the 12-month monitoring period.
On average, the M. styphelioides used 128% and 97%
more water than the L. confertus and C. maculata,
respectively. It is worth mentioning that the summer
water use of L. confertus contributed to 40% of the
total annual water consumption.

Resilience in hot and arid weather

To explore the species’ patterns of water trans-
port activity throughout the day under varying
atmospheric demand, the timing of peak sap flow
was plotted against the daily maximum VPD in
Fig. 7. The data reveal that C. maculata most fre-
quently reached peak sap flow between 9:00 am
and 12:00 pm on days with high VPD during the
summer months, suggesting earlier stomatal regu-
lation compared to the other species. In contrast,
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L. confertus typically peaked later, from 1:00 pm
to 2:00 pm, at daily peak VPD levels of 5-7 kPa.
Notably, the measured M. styphelioides specimens
demonstrated the ability to maintain open sto-
mata and sustain maximum sap flow into the late
afternoon, indicating a distinct stomatal strategy
adapted to arid conditions.

Figure 8 reveals the frequency distribution of the
timing of the peak sap flow over the day for the sam-
pled trees over the summer months. The peak sap flow
for the single C. maculata (S1) occurred most fre-
quently between 12:00 and 13:00, while the other two
trees occurred between 13:00 and 14:00 on 33% (S2)
and 29% (G) of days over the study period. The most

@ Springer



186 Plant Soil (2025) 516:173-194

8
7 _ - R C. maculata
A - = Bays. (S1)
6 1 m Bays. (S2)
= = A T . 4 Bays. (G)
g 5 - i m
= ™ A -
E 4 1 u A * - - i 1 A [ ] A - ]
S A T S - -
=< 4 - 4 =
Es 3 ) n . 2 g i i i Aé [ | , .
A 1 u - ] - - -
2 - . = B n B 4 _ - A ' -
| | * A /] = ] = | A
- . A ] - - N N - L A
1 A
0 1 L] L] T L] T T 1 T
8
L. confertus
71 x o x Row. (S1)
6 - x Row. (S2)
< X o ® Row. (S3)
2 51 |
Q 4 i X X X [ ] »
g » X X % X °
=< -
g 3 ? 2 X x £ $ X X
a X X L ] o x X % i § X
2 - X X g X o
X
1 - T ;  § . N x x
O T T L] T T L] T T L]
8
M. styphelioides
7 + Boro. (S1) ¢ F
6 4 - Boro. (S2)
g 5 * Boro. (G) ¢ ) MRS
N’ + + * - ’ -
2 4 -
g - * - + L4 + +
< 3 ,
3 -l N s .
&~ o B - - * o+ e ° % .
- - - - * L 4 * * ¢
- - : P 3 L] £3 b4 t i * .
] - . M R § 8
- e
O T T L] T T T T T T
% % % % = = = = = = =
o =¥ = (=¥ =¥ =% e
® & 2 Z 9 = ¥ =w e 5 =

Time of peak sap flow

Fig. 7 Time of daily peak sap flow versus daily peak VPD for three tree species over summer months

@ Springer



Plant Soil (2025) 516:173-194 187
Fig. 8 The occurrence 40
frequency of peak sap flow g (a) m Bays. (S1) m Bays. (S2) m Bays. (G)
timing across three tree spe- -~ 35
cies over summer months E
(a) C. maculata (b) L. con- = 30
. -9
fertus (¢) M. styphelioides R
-t
$ 2
B
o 15
<
) 10
3
g
I'-‘: 5
0
% % % = = = = = =
A A~ A~ ~ ~ ~
> = - a tt = Z 2 =
Time in a day
35
—~
s (®)  wrow. (s mRow. (52) 1 Row. (S3)
—
: 30
z
=
n 25
]
w
=20
5
-9
g 15
>
2
g 10
=
g
{: 5
0
> % 2 £ 2 E E E Z
h 2 han a = = = = =
Time in a day
40
& (c) mBoro. (S1) m Boro. (S2) ® Boro. (G)
ST
z
= 30
-y
3 25
E
g. 20
s
15
iy
S 10
g
E 5
0

: 2 2 2 2 £ £ 2
@ 2 =z 9 = T 2 2

Time in a day

17 PM

Springer



188

Plant Soil (2025) 516:173-194

common time for peak sap flow for L. confertus was
12:00-15:00, occurring on 26% (S1), 33% (S2), and
26% (S3) of days. In contrast, the peak sap flow for M.
styphelioides occurred between 15:00 and 17:00 in the
late afternoon, with the maximum sap flow in the tree
within the group (G) most frequently happening dur-
ing 15:00-16:00 on 37% of the summer days.

The temperature and VPD optima for peak sap
flow were evaluated and compared across the three
tree species, with the results presented in Fig. 9. C.
maculata specimens reached peak flow at mean

temperatures of 27.1-29.9 °C (+4.3-54 °C). In
contrast, the M. styphelioides specimens exhibited
peak sap flow at the highest mean temperatures of
32.2-33.4 °C (+4.0-5.9 °C). L. confertus displayed
intermediate temperature optima, with peak sap flow
occurring at 30.9-32.5 °C (+2.9-4.0 °C). In terms
of VPD, C. maculata specimens maintained peak
sap flow at lower VPD levels compared to M. styphe-
lioides and L. confertus, with mean optimal VPD
values ranging from 1.2-1.7 kPa (+0.5-0.7 kPa)
associated with maximum flow rates. The difference

Fig. 9 Temperature and Mean 29.2
VPD optima associated Bays. (S1) (a) — ] —
with peak sap flow in three Mean 29.9
tree species (a) temperature Bays. (52) ::—l C. maculata
optima (b) VPD optima Mean 27.1
Bays. (G)
Mean 33.4
Boro. (S1)
Mean 32.2
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in the mean VPD of 0.1 kPa was observed among
the three experimental trees for L. confertus and M.
styphelioides. The M. styphelioides specimens exhib-
ited peak sap flow at the highest mean VPD values
of 1.9-2.0 kPa (+0.7-0.8 kPa) compared to the other
two species.

Discussion

Although the grouped specimens of C. maculata and
M. styphelioides exhibited lower mean DBH, smaller
mean crown diameter, and reduced mean LAI com-
pared to the isolated trees, these observations are
based on only one grouped individual per species
and should therefore be considered as preliminary. A
larger and more balanced sample is required to draw
robust conclusions regarding the effects of planting
density on morphological traits.

The observed variation in sapwood area among
trees of the same species is consistent with findings
by Espinosa Bancalari et al. (1987), who also reported
a progressive reduction in sapwood area with increas-
ing tree height. However, our study did not observe a
similar trend, suggesting that factors beyond height,
such as site conditions or species-specific physiologi-
cal adaptations, may influence sapwood area distribu-
tion. A strong positive correlation between sapwood
area, DBH, and LAI across all three species supports
the model proposed by Hatton and Wu (1995). This
relationship indicates sapwood area as a key deter-
minant of leaf area potential, explaining 85%-95%
of leaf area variability, as observed in Pseudotsuga
menziesii (Espinosa Bancalari et al. 1987). The strong
positive relationships between sapwood area and
morphological traits are critical because the sapwood
cross-section determines the maximum conductive
pathway for water flow, while tree architecture (e.g.
trunk girth) reflects the transpirational demand that
the sapwood must supply. In other words, the reliable
prediction of greater sapwood area from larger DBH
or crown girth allows us to estimate a tree’s water-
transport capacity non-destructively, avoiding the
need for invasive sampling.

The diurnal patterns of sap flow in all studied trees
were characterised by a ‘bell-shaped’ curve, with
sap flow peaking in the afternoon, which is consist-
ent with studies on C. ficifolia (Li et al. 2014) and C.
maculata (Sun and Li 2023c; Sun et al. 2023b). Days

with significantly reduced total solar radiation (e.g.,
6 MJ/mz) led to the lowest sap flow rates, corroborat-
ing previous findings that solar radiation accounts for
53% of sap flow variation (Sun et al. 2021).

Further analysis of the frequency distribution of
peak sap flow timing among the three tree species
during the summer revealed that M. styphelioides
consistently maintained its highest sap flow rates later
in the day, between 15:00 and 17:00, compared to C.
maculata and L. confertus. This pattern suggests that
M. styphelioides optimises photosynthetic activity in
the afternoon, potentially enhancing its overall car-
bon assimilation efficiency. Figure 7 confirms that all
three M. styphelioides trees sustained open stomata
and maintained peak sap flow during the late after-
noon. By shifting its maximum transpiration closer to
sunset, M. styphelioides may exploit favourable late-
afternoon light conditions, thereby maximising CO,
uptake and carbon gain. This extended photosyn-
thetic window could potentially confer a competitive
growth advantage over C. maculata and L. confertus,
which exhibited peak transpiration earlier in the day.
However, we did not directly measure photosynthetic
rates or biomass growth in this study. Future work
combining sap flow monitoring with gas exchange
and growth assessments is needed to validate these
hypothesised carbon-gain benefits.

While late-day peaks in sap flow may indicate
prolonged stomatal opening and extended opportu-
nities for carbon gain under high VPD, this strategy
can also increase vulnerability to xylem embolism
and hydraulic failure if soil moisture becomes limit-
ing (Brodribb and Cochard 2009). Conversely, spe-
cies that close stomata earlier, such as C. maculata
in this study, exhibit a more conservative water use
strategy that reduces transpirational water loss and
lowers the risk of dehydration. Although these spe-
cies may invest less in photosynthesis during the
hottest hours, they can still maintain growth and
survival by optimising carbon fixation when atmos-
pheric conditions are milder (Oren et al. 1999).
Therefore, selecting “right trees” for phytoreme-
diation requires matching species’ water use strat-
egies to site-specific soil moisture availability and
drought risk.

Preliminary observations revealed that the grouped
M. styphelioides (G) specimen transpired less water
(~200 L) to survive in winter, which aligns with
Sun et al. (2022) who reported lower winter water
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use (325 L) for clustered M. styphelioides. However,
these findings are based on a grouped individual and
must be regarded as tentative. In contrast, the higher
water consumption observed in the single M. styphe-
lioides trees suggests a greater potential for ground-
water uptake. To robustly evaluate the influence of
planting density on water use and phytoremediation
capacity, a larger and more balanced sample of both
grouped and isolated specimens is required.

Variability in water use among conspecific trees
at the same sites can be attributed to multiple fac-
tors, including xylem anatomy, planting density, tree
height, canopy size, and the extent of solar radia-
tion interception (Meinzer et al. 2001; Francescan-
tonio et al. 2018). Among trees of the same species,
those with the highest water demand were typically
characterised by larger sapwood areas and greater
height, indicating that structural attributes signifi-
cantly influence water use dynamics. The substantially
lower water use exhibited by the C. maculata and M.
styphelioides growing in groups compared to single
trees grown at the same site is predominantly attribut-
able to increased competitive interactions for limited
resources (Sun et al. 2022). In these tree groups, ver-
tical stratification could result in the tallest one inter-
cepting a greater proportion of solar radiation with
its upper canopy. Through this asymmetric competi-
tion for light, the dominant trees experience greater
radiative loading of their canopies, facilitating higher
transpiration rates relative to the shorter ones. Addi-
tionally, the variations in water use of trees among
three different species are likely due to discrepancies
in soil profiles and soil water dynamics between study
sites (Fig. 4). Notably, the two individual M. styphe-
lioides exhibiting the highest water demand grew on
soils classified as high plasticity silty clay, with aver-
age water content ranging from 26 to 31% at depths of
1-4 m. Comparatively, the study sites for C. maculata
and L. confertus exhibited 18% and 74% lower mean
soil moisture contents, respectively. These discrepan-
cies in soil water availability between the study sites
may induce significant differences in access to soil
moisture available for transpiration.

The observed timing of peak sap flow suggests
inherent differences in photosynthetic activity over
the diurnal cycle among the three tree species. The
peak sap flow for C. maculata indicates this species is
more active photosynthetically in the early afternoon.
On the other hand, the delayed peak photosynthetic
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period of M. styphelioides could contribute to
enhanced carbon gain and higher growth rates by tak-
ing greater advantage of late afternoon light condi-
tions (Zhao et al. 2022).

While peak sap flow thresholds under high tem-
perature and VPD provide insight into species’
capacity to sustain transpiration under stress, they
represent only one facet of drought and heat toler-
ance. Species may employ contrasting strategies. In
this study, C. maculata’s lower temperature and VPD
optima suggest earlier stomatal closure, a conserva-
tive approach that limits water loss and reduces the
risk of xylem dysfunction, whereas M. styphelioides
maintains flow at higher stress levels, potentially
risking greater hydraulic strain. Other traits, includ-
ing stomatal sensitivity, xylem vulnerability to cavi-
tation, and stem-water storage capacity, also shape a
species’ overall resilience (Oren et al. 1999; Brodribb
and Cochard 2009; James et al. 2003). Future work
should integrate these complementary trait measure-
ments to develop a multidimensional framework for
selecting trees with appropriate water-use strategies
for saline, heat-stressed urban environments.

It is essential to acknowledge several limitations
of our study. First, the sample size of three trees per
species, with one grouped specimen for two of the
three species, limits the statistical power and gener-
alisability of our findings. This constraint reflects the
practical challenges of conducting year-long, continu-
ous sap flow measurements in urban settings, includ-
ing equipment costs, maintenance requirements, and
the administrative complexities of obtaining permis-
sions for public tree instrumentation. Future research
should prioritise larger, balanced samples across both
single and clustered plantings to validate the patterns
reported here.

Second, our assessment of species’ responses to
heat and drought stresses relies primarily on sap flow
dynamics, which capture only one aspect of plant
stress responses. A more comprehensive evaluation
would incorporate additional physiological metrics
such as leaf water potential (Choat et al. 2018), sto-
matal conductance (Klein 2014), hydraulic vulner-
ability curves (Blackman et al. 2019), leaf osmotic
adjustment capacity (Bartlett et al. 2014), and photo-
synthetic efficiency under stress (Flexas et al. 2002).
These complementary measurements would provide
a more comprehensive understanding of the species’
adaptive mechanisms and tolerance thresholds.



Plant Soil (2025) 516:173-194

191

Finally, while the high water use patterns and
late-day sap low peaks observed in M. styphelioides
suggest promising traits for phytoremediation of
saline soils, we did not directly measure soil salin-
ity changes associated with tree planting. To address
this limitation, future research should include direct
assessment of soil salinity profiles associated with
different tree species using methodologies such as the
Saturated Paste Extract (ECe) approach (Kargas et al.
2016), which represents an internationally recognised
standard for determining soil salinity relevant to plant
growth. Such measurements would establish a more
direct link between tree water use patterns and actual
salinity amelioration outcomes.

Conclusion

This study evaluated water use patterns and physi-
ological responses of nine Australian native trees
across three species in Melbourne, Australia, provid-
ing initial insights into their potential for phytoreme-
diation in saline environments under climate change
conditions. Through 12 months of continuous sap
flow monitoring, M. styphelioides exhibited the high-
est water consumption, averaging 4.44 kL. per month,
which was 128% and 97% higher than L. confer-
tus and C. maculata, respectively. Furthermore, M.
styphelioides exhibited enhanced physiological resil-
ience with a mean optimal temperature of 32.8 °C
and a mean optimal VPD of 2.0 kPa, substantially
exceeding the tolerance thresholds observed in the
other studied species.

A key finding from this research is that M. styphe-
lioides consistently maintained peak sap flow later
in the day compared to other species, suggesting an
adaptive advantage in maximising photosynthetic effi-
ciency under extended daylight conditions. This char-
acteristic, combined with its high water usage capac-
ity and demonstrated ability to maintain transpiration
under elevated temperature and VPD conditions, iden-
tifies M. styphelioides as a species of interest for fur-
ther research into its potential applications in effective
soil salinity reduction and groundwater regulation.

Based on these findings, we recommend further
investigation through controlled field trials to directly
measure changes in soil and groundwater salinity
beneath M. styphelioides plantings. In addition, evalu-
ating long-term water table drawdown in comparison

with other candidate species is essential. Such multi-
trait investigations are critical to validate the effective-
ness of M. styphelioides before its widespread imple-
mentation for practical phytoremediation in urban
saline landscapes.
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