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Abstract 

PLANT WATER UPTAKE STRATEGIES IN AN URBAN GREEN LANDSCAPE 

Erica G. Almance, MS 

The University of Texas at Arlington, 2024 

Supervising Committee: 

Ricardo Sanchez-Murillo, Supervising Professor 

Brooke Best 

Maije Fan 

Cornelia Winguth 

Urban green landscapes have been widely recognized for potentially reducing surface 

water pollution and flood impacts. However, the understanding of the role that plants play 

in partitioning the urban water cycle is still limited. We present a study in the Fort Worth 

Botanic Garden to understand water uptake strategies from three common urban tree 

species (Elderberry, Sambucus canadensis; Cherry laurel, Prunus caroliniana; and 

Boxelder maple, Acer negundo) from February 2023 through January 2024. Stem 

(N=110) isotope ratios (δ18O and δ2H) are compared to multiple endmembers, including 

precipitation (N=509), throughfall (N=37), and soil water (N=135) at different depths (0-

38 cm). Water from discrete xylem and soil samples was extracted via high-speed 
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centrifugation. In addition, soil water samples were obtained from suction lysimeters 

(N=45) (0-38 cm). Soil and plant water extraction volumes ranged from ~100 µL to 7.5 

mL in stem samples and from ~100 µL to 10.5 mL in soil samples. Stem mean 

narrowband and broadband (proxy for organic contamination) were 0.23±0.40 [-] and 

1.00±0.01 [-], respectively. These values agree with mean narrowband and broadband 

metrics from throughfall and soils. Mean soil δ18O compositions (-3.55±1.72‰) 

correspond with the throughfall input (-3.60±2.40‰). Stem δ18O compositions exhibited 

a strong temporal trend from high isotope variability at the end of the winter and summer 

seasons with more uniform isotope ratios during the growing season (spring). Bayesian 

mixing analysis showed source water contributions were shallow soil (0cm and 12.7cm) 

for Boxelder Maple, shallow to deep soil (12.7cm and 25.4cm) for Cherry Laurel, and, 

remarkably, deep soil (25.4cm and 38.1cm) for Elderberry. Our results contribute to the 

understanding of water extraction analytical procedures and plant water uptake strategies 

in a highly altered urban landscape. 
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Chapter 1: Introduction 

For decades, cryogenic extraction has been used as the reference method to 

obtain soil and plant water for δ2H and δ18O analysis in eco-hydrological studies (e.g., 

Jusserand, 1980; Dalton et al., 1989; Brooks et al., 2010; Koeniger et al., 2011; Orlowski 

et al., 2013). From a physicochemical perspective, cryogenic vacuum distillation is an 

invasive water extraction technique that certainly results in high water extraction 

efficiencies (Wen et al., 2022). However, in soil and plant samples, the cryo-extracted 

water inexorably reflects a combination (of unknown proportions) between chemically 

bounded water (i.e., immobile mineralogical or biological water), soil/xylem mobile water 

(i.e., the analyte of interest involved in the evapotranspiration process) (Gaj et al., 2017; 

von Freyberg et al., 2020), and potentially enhance isotope exchange between xylem 

water and non-crystalline hydroxyl groups of wood cellulose and hemicellulose (Younger 

et al., 2024).  

Cryogenic extraction, despite its wide application, presents a significant challenge 

in the form of a large spectrum of secondary organic substances (e.g., VOCs, alcohols, 

and hydrocarbons such as sugars) in the water analyte. These substances are often 

difficult to separate or eliminate by filtration or properly corrected by standard post-

software laser spectroscopy procedures (Wassenaar et al., 2018). As evidence of these 

challenges, a growing body of scientific literature points towards substantial analytical 

biases in cryogenic-based extraction when determining soil and xylem isotopic 

compositions (e.g., Orlowski et al., 2016; Chen et al., 2020; Allen and Kirchner, 2022; 

Song et al., 2021; Wen et al., 2022; Zuecco et al., 2022; Yang et al., 2023; Wen et al., 

2023; Sobota et al., 2024; Younger et al., 2024; Duvert et al., 2024; Ceperley et al., 2024). 
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Laboratory experiments have also shown that labeled water used in spike tests could not 

be reliably recovered due to the inherent wetting and drying processes in the soil matrix 

(Thielemann et al., 2019), resulting in unexpected enrichments or depletions.  

The advent of laser spectroscopy (i.e., lower analytical cost and faster injection 

and integration times, 2-10 minutes, when compared to Isotope Ratio Mass 

Spectrometry) has motivated the introduction of new in-house and field extraction 

techniques, such as vapor equilibration, centrifugation, cavitron, microwave in-line 

distillation, Scholander pressure chamber, high-pressure mechanical squeezing, passive 

lysimeters, and hygroscopic salt of a high water absorbance capacity (CaCl2) (Fischer et 

al., 2019; Millar et al., 2022; Zuecco et al., 2022; He et al., 2023; Duvert et al., 2024; El-

Shenawy et al., 2024). While these new extraction techniques offer a large potential in 

decreasing the analytical bias by intricating fractionation and exchange processes during 

low-volume invasive cryogenic extractions (few mL to ~1 mL; extraction volumes are 

rarely provided as part of the analytical metadata), there is still a lack of standard 

operating protocols to conduct robust inter-comparisons, as clearly pointed out in recent 

reviews by Millar et al. (2022) and Ceperley et al. (2024). 

In this regard, a large conundrum exists to a) underpin the ratio of mobile and 

immobile soil/xylem water relative to the total water contained in a particular sample and 

b) how this extraction ratio and analytical-induced fractionation bias may alter (either in a 

depletion or enrichment direction) the ‘true’ isotopic value of water flowing through soil 

and xylem at a given time. Currently, all available extraction methods are unable to clearly 

distinguish the relative proportions of immobile/mobile in the extracted water and how this 

ratio is affecting the relative sample position in the dual-isotope space, consequently 
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introducing errors in further calculations and modeling results. Even continuous vapor 

measurements deal with multiple unresolved aspects (Gralher et al., 2021), such as 

unknown diffusion processes with chemically bounded water and volatile organic 

compounds in the analyte matrix, dilution correction procedures, or gas blending with pre-

sample vapor (Herbstritt et al., 2023). Nonetheless, polymer science techniques, such as 

Differential Scanning Calorimetry (DSC), could provide valuable information on the 

sorption, diffusion, and permeation of water in hydrophilic plant tissues. In this regard, the 

crystallization and the ice melting temperature of free water and freezable bound water 

can be measured at 0°C and at lower temperatures, respectively. By considering the 

melting enthalpy (ΔH) of the type of water (chemical bounded vs. free or mobile water) 

and the heat absorbed during the melting process, the mass of each water type can be 

obtained (Ping, et al., 2021).  

Currently, constraining the pressure applied to extract the water offers the best 

physically based parameter to discriminate water extraction types. Clearly, cryogenic 

extractions combine residual moisture at higher tension or beyond the xylem limits and 

mobile water versus extracting water in the plant-available region (between field capacity 

and wilting point) via centrifugation. As the main ecohydrological goal is to separate 

mobile water effectively, extraction pressures are relevant and should be considered 

when selecting water extraction methods. Commonly, the applied tension in cryogenic 

extraction is greater than 100 MPa (Sprenger et al., 2015), while porous cup samplers or 

lysimeters extract mobile water at tensions lower than 200kPa (Geris et al., 2015). Based 

on the water density, rotational velocity, and the radius of a commonly used centrifugation 

system (Sánchez-Murillo et al., 2023), a tension of ~2.4 MPa (i.e., between field capacity 
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and wilting point) is applied, providing a more reliable water extract analyte targeting 

mobile water.  

Here, we present a study in a subtropical urban landscape in north-central Texas 

(USA) to a) evaluate the consistency and robustness of the centrifugation procedure 

(previously tested in the wet tropics of Central America; Sánchez-Murillo et al., 2023) in 

a water-stressed setting, and b) reveal water uptake strategies from three common urban 

species (Elderberry, Sambucus canadensis; Cherry laurel, Prunus caroliniana; and 

Boxelder maple, Acer negundo), during an unprecedented warm period (2023-2024) 

under the influence of a strong El Niño event. Urban green landscapes have been widely 

recognized for potentially reducing surface water pollution and flood impacts (Barbedo et 

al., 2014; Lourenço et al., 2020; Green et al., 2021). However, understanding of the role 

that plants play in partitioning the urban water cycle is still limited. Monthly stem samples 

(for one year) are compared with throughfall and soil and passive lysimeter samples (at 

different depths) under a Bayesian mixing model framework. Our results contribute to the 

global debate on water extraction analytical procedures for stable isotope analysis (based 

on laser spectroscopy) and to the understanding of plant water uptake strategies across 

three representative plant species in a highly altered urban landscape.  
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Chapter 2: Site Description 

 The Fort Worth Botanic Garden is a 120-acre (0.48 km2) temperate deciduous 

forest in Fort Worth, Texas, within the Cross Timbers ecoregion (Griffith et al., 2004). The 

Botanic Garden lies within the Trinity River watershed, specifically the Clear Fork 

tributary. Historically, the site was within the Trinity River floodplain, but channelization 

and levee projects have altered the river's natural hydrologic patterns and affected 

riparian vegetation (Best, 2021). The predominant soil types are loam and clay. The site 

has a humid subtropical climate with hot, humid summers and mild winters. Based on a 

30-year normal period, the mean annual (high-low) temperature varies between 24.9°C 

and 13.6 °C, respectively (U.S. Department of Commerce, 2024). The city experiences 

high temperatures in the summer, often exceeding 32.2°C and sometimes reaching over 

37.8°C (U.S. Department of Commerce, 2023). Average annual precipitation is 940 mm, 

with wet spring and fall seasons and drier summer and winter seasons. Most annual 

rainfall in the region comes from frontal storms in spring and fall and convection during 

summer (TWDB, 2012). Summer thunderstorms are generated by the Gulf of Mexico 

breeze and subtropical disturbances. During spring and fall, warm, dry air from northern 

Mexico collides with humid air from the Gulf of Mexico due to the forcing of the jet stream 

and Bermuda High System. This collision leads to severe thunderstorms and tornadoes. 

Thunderstorms are common, especially in the spring and summer months. The city 

occasionally experiences severe weather, including tornadoes, hail, and damaging winds 

up to about 129 km/h. Most of the annual rainfall in Texas originates from storms like 

these, with flashy episodes of heavy precipitation inputs. On average, however, 

evaporation exceeds precipitation. The average annual potential evapotranspiration in 
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Fort Worth is 118.1 mm (Texas A&M AgriLife Extension, 2024). The El Niño Southern 

Oscillation (ENSO) has long-term influences on Texas precipitation, with above-average 

precipitation occurring during El Niño and below-average precipitation and drought 

occurring during La Niña conditions. 

 

Figure 1: Experimental site location map. The left panel (A) shows the location of the 

Dallas-Fort Worth Metroplex within north-central Texas, USA. Aerial images of winter (B) 

vs. summer (C) show the location of the monitoring plot (red pin) within the south woods 

of the Fort Worth Botanic Gardens within the floodplain of the Clear Fork Trinity River. 
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Chapter 3: Methods and materials 

3.1. Precipitation and throughfall collection 

Weekly throughfall samples (N=37) were collected from a 3L RS1 Palmex passive 

collector (Palmex Ltd., Croatia; Gröning et al., 2012) installed beneath the canopy one 

meter above the ground. Similarly, daily regional precipitation samples (N=509) were 

collected at the University of Texas at Arlington Earth and Environmental Sciences 

building in Arlington, Texas. The precipitation volume was measured using a 1,000 mL 

graduated cylinder and converted to mm using the funnel area. The water was then 

poured to fill a 30 mL HDPE bottle labeled with the location, time, date, and volume of 

precipitation. Samples were capped (no headspace), sealed with Parafilm, and 

transported to the lab in a cooler with ice gel packs at approximately 5°C. Fort Worth 

weather data was collected from the NOAA Climate Data Online website from station 

USW00013911 (Latitude/Longitude: 32.76667°, -97.45°; Elevation: 185.3 m) (NCEI 

2024). 

3.2. Ceramic cup sampler installation and soil water collection 

Slim tube ceramic cup samplers (Model 1905L, SoilMoisture Equipment 

Corporation, United States) were installed at depths of 12.7 cm (5 in), 25.4 cm (10 in), 

and 38.1 cm (15 in), each at an angle of 45 degrees to the ground. A bentonite layer was 

applied at the surface to avoid preferential flow paths (Product #0922W050, SoilMoisture 

Equipment Corporation, United States). Cup samplers were placed 20 cm apart in a 

horizontal line about one meter from the throughfall sampler, away from major roots or 

large trees. A suction of 80 psi was applied to each cup sampler on a weekly basis using 

a vacuum hand pump (Model 2005G2, SoilMoisture Equipment Corporation, United 
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States). Cup water samples (N=44) were extracted with a 1L polypropylene Erlenmeyer 

flask (1/8" O.D.) and nylon tubing and stopper assembly (3/32" O.D. and 1/4" O.D., 

respectively), suction was applied by hand pump until all the water in the cup sampler 

was drained into the flask. 

3.3. Soil water content, temperature, and electrical conductivity sensors 
installation and monitoring 

Soil conditions were monitored using a solar-powered HOBOlink Micro RX 

wireless data logger station (1-hr transmission interval) connected to three wireless 

HOBOnet T12 Soil Moisture (m3/m3)/Temperature (°C)/EC (dS/cm) sensors, each 

installed at 0 cm, 17.8 cm (7 in), and 38.1 cm (15 in) soil depth. 

3.4. Soil physical and chemical analysis 

Soil samples (N=116) were gathered from the surface down to 76.2 cm (30 in) in 

12.7 cm (5 in) increments. Each sample was divided to fill two 1L size plastic bags and 

mailed to the Texas A&M AgriLife Extension Soil, Water and Forage Testing Laboratory 

for textural analysis (sand, silt, and clay content), organic matter content, pH, conductivity, 

nitrate-N, and nutrient levels testing. All analyses were reported on a dry soil basis.  

Upon arrival at the Texas A&M soil testing laboratory, samples were transferred to 

an aluminum pan and oven-dried at 65°C (±2°C) in a forced air oven for 16 hours or until 

fully dry (Texas A&M AgriLife Extension Service, 2012). Samples were pulverized using 

an open mesh bottom hammer-style soil pulverizer and screened to remove particles 

larger than 2 mm. A weight loss-on-ignition procedure determined organic carbon, 

inorganic carbon, and total nitrogen (Schulte & Hopkins, 1996) after being ground to pass 

through a No. 80 mesh. Soil texture fractions were determined via a classical hydrometer 
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procedure (Day, 1965). In addition, soil was mixed with deionized water at a 1:2 ratio 

(Schofield & Taylor, 1955). Samples were stirred and allowed to sit for 30 minutes. A 

hydrogen-selective electrode was used to determine pH, and a conductivity probe was 

used to determine electrical conductivity in µmho/cm (Rhoades, 1982). Soil nitrate-N 

analysis was performed using a 10:1 ratio of 1 M KCl (Kachurina, et al., 2000) to 

pulverized soil sample. Before filtration through a Whatman #2 filter, 2g of the soil was 

placed into an extraction cup and agitated on a 200 rpm, 1-inch throw orbital shaker for 5 

minutes. Samples were then analyzed by cadmium reduction (Kachurina et al., 2000). 

Phosphorous, potassium, calcium, magnesium, sulfur, and sodium were extracted from 

the soil using Mehlich III extractant, a dilute acid-fluoride-EDTA solution composed of 

0.2N NH4Cl‐0.2N HOAc‐0.015N NH4F‐0.012N HCl at approximately pH 2.5 (Mehlich, 

1984). Soil nutrients were measured and identified by inductively coupled plasma 

spectroscopy. 

3.5. Species selection 

 The aim of our selection of plants for this study was to include woody plant species 

common to the urban green landscape of the DFW metroplex. The following trees were 

selected for sampling: Elderberry (Sambucus canadensis), Cherry laurel (Prunus 

caroliniana), and Boxelder maple (Acer negundo). S. canadensis is a deciduous tree or 

shrub native to North America with a shallow but aggressive root system (NC State, 

2024).  The individual sampled was approximately 2.5 meters tall and bloomed white 

flowers at the end of April 2023. It had thin (up to 1cm diameter) fibrous roots at about 

5cm depth in addition to the taproot. P. caroliniana is an evergreen tree native to the 

southern United States with a shallow but complex root system, making it drought-tolerant 
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when established (NC State, 2024). The sampled individual was approximately 9 meters 

tall and had roots within 10 to 30 cm of soil depth about 6 cm in diameter. Although the 

flower bloom time of this tree is in spring (University of Arizona, 2024), no flowers or fruit 

were observed throughout the year. A. negundo is a relatively short-lived (about 60 years; 

USDA, 2024), brittle-wooded, deciduous tree native to North America with shallow, strong 

lateral roots (NC State, 2024). The sampled individual was about 20 meters tall and had 

roots 1.57 m long (up to 5cm in diameter) at about 12 cm depth. 

3.6. Stem and soil sample collection 

 Stem (N=166) and destructive soil (N=117) samples were collected during monthly 

campaigns throughout 2023 (February-December) and January of 2024. Samples were 

collected by cutting and removing woody stems. Twigs, leaves, and knots were removed. 

The branch was then trimmed and divided into six subsamples using 50-mL 

polypropylene conical centrifuge tubes (Falcon No. 352070) per species. Each centrifuge 

tube was filled on average with 30.4 g (stems) and 77.4 g (soils). Since our study aims to 

analyze the mobile water stored in the tree, the bark, phloem, and cambium layers of the 

stems were scraped off using a pocketknife, leaving only the xylem wood for extraction. 

Soil samples were collected in triplicates at 0 cm (surface), 12.7 cm (5 in), 25.4 cm (10 

in), and 38.1 cm (15 in) using trench and handheld shovels. All centrifuge tubes were 

immediately covered with Parafilm, stored in a cooler with ice gel packs (5°C), and 

transported to the laboratory for water extractions. In the lab, samples were stored at 

approximately 5°C, and extractions were conducted within 1-2 days after collection.  
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3.7. Stem and soil water extraction and gravimetric analysis 

Following the methodology proposed by Sánchez-Murillo et al. (2023), water was 

extracted from stem and soil samples via centrifugation (Eppendorf 5810R centrifuge) at 

11,000 rpm and 5°C for 1.5 hours. Before centrifugation, all samples were weighed (wet 

mass) (±0.01 g) in the laboratory. Stem or soil material was removed to balance the 

masses in the centrifugation tubes. After centrifugation, the extracted water was 

transferred with a 1,000 microliter micro-pipettor (Four E’s Scientific, United States) to a 

2 mL glass vial and sealed with a septa cap. A 300 µL glass insert was used when the 

extracted water volume was below 1.0 mL. The remnant stem and plant samples were 

weighed (wet mass after centrifugation), transferred to an oven-safe aluminum pan, and 

oven-dried for 48 hours at 105°C. The final sample mass (oven-dried) was also recorded. 

Stem and soil water extracted (in %; extracted water/total water in the sample) and total 

stem and soil water (in %; total water in the sample/total sample mass) were calculated 

via gravimetric measurements. 

3.8. Isotopic analysis 

Isotopic analysis was conducted by the Tracer Hydrology Group in the Department 

of Earth and Environmental Sciences at the University of Texas-Arlington, using a 

GLA431-TLWIA triple water isotope analyzer. Three calibrated secondary standards 5D 

(δ2H=−10.5‰, δ18O=−3.00‰, and δ17O=−1.52‰), 4D (δ2H=−48.7‰, δ17O=−7.63‰, and 

δ18O=−3.97‰), and 1D (δ2H=−161.3‰, δ18O=−20.72‰, and δ17O=−10.93‰) were used 

to normalize the results using a block standardization procedure (i.e., LGR LWIA Post 

Analysis Software Version 4.5.0.6). An additional standard was used as an internal con-



12 
 

trol, IC (δ2H=−78.0‰, δ17O=−10.76‰, and δ18O=−5.63‰). This internal control was in-

jected three times per analytical batch. The total number of injections per sample or stand-

ard comprised two preparation and eight measure injections. The 18O/16O and 2H/1H ratios 

are presented in delta notation δ (‰), relative to the VSMOW2-SLAP2 scale. The analyt-

ical uncertainty was ±0.33‰ for δ2H and ±0.08 ‰ for δ18O. The deuterium excess (here-

after d-excess; Dansgaard, 1954) was calculated as d-excess= δ2H-8×δ 18O. The LC-

excess (Landwehr & Coplen, 2006) was computed as LC-excess = δ2H = a×δ18O-b, 

where a and b are the slope and intercept of the meteoric water line, respectively. 

3.9. Bayesian Mixing Model 

 The R package simmr (Parnell and Inger, 2016) was used to evaluate the mean 

contribution (±1σ) of water source endmembers to a mixture following Sánchez-Murillo et 

al. (2023). This assessment aimed to understand from which soil depth each plant 

primarily sourced water during the growing season (spring 2023). Two isotope 

compositions were used for the mixing modeling: δ18O (‰) and d-excess (‰) (as a proxy 

of evaporation). Several assumptions and conditions guided mixing calculations: i) the 

extracted plant water was treated as a representative mixture of the water stored in the 

plant xylem, ii) each soil depth was treated as a single endmember (0, 12.7, 25.4, and 

38.1 cm), iii) soil depths were determined based on textural analysis and known root 

profiles for the plant species; iv) we expected minimal impacts of the extraction method 

on plant water source estimations due to sufficiently large isotopic differences among 

endmembers, negligible extraction amount-effect, and low values of organic 

contamination via centrifugation.  
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Chapter 4: Results 

4.1. Weather, soil water content, soil temperature, and textural characteristics 

4.1.1 Precipitation and air temperature 

 The total precipitation amount in the Fort Worth area (Figure 2) during the study 

period (January 2023 to March 2024) was 888.0 mm.  The total precipitation per season 

during this period was as follows: 143.8 mm (winter 2023), 132.3 mm (spring 2023), 38.4 

mm (summer 2023), 125.5 mm (fall 2023), and 227.3 mm (winter 2024) (Figure 2). The 

mean annual air temperature in the study area was 19.1°C from January 2023 to March 

2024, with a mean summer temperature of 31.9°C and mean winter temperatures of 

11.6°C and 9.7°C during 2023 and 2024, respectively. The minimum winter temperature 

was -8.9°C (winter 2024), and the maximum summer temperature was 35.8°C (summer 

2023). Mean air temperatures were 22.1°C in spring 2023 and 17.3°C in fall 2023 (Figure 

2). 

4.1.2 Soil water content and temperature seasonal changes 

The mean soil water content (SWC) was close to field capacity (FC) for clay loam 

and loam soils at all depths: 0.26±0.08 m3/m3 (0cm), 0.27±0.06 m3/m3 (17.8cm), and 

0.26±0.06 m3/m3, and (38.1cm) (USDA, 2019) (Figure 2). However, large SWC changes 

were observed within seasons at all depths. At the surface, SWC was close to the wilting 

point (WP) during summer (0.11 m3/m3), whereas SWC was between FC and WP 

between 17.8 cm and 38.1 cm (0.18-0.26 m3/m3) during summer. Saturated SWC 

averaged 0.37 m3/m3 during rainy periods (spring, fall, and winter). Mean soil temperature 

was 19.5°C throughout the soil column. Higher soil temperatures were recorded at the 

surface during summer (32.1°C) compared to deeper soil layers (30°C at 17.8 cm and 
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29.4°C at 38.1 cm). During winter, the minimum soil temperature changed from 2.2°C 

(0cm) to 7.1°C (38.1 cm) (Figure 2). 

 

Figure 2: A) Precipitation (mm/d) and soil water content (m3/m3) at three depths (0, 18, 

38 cm). B) Mean daily air and soil temperature at three depths (0, 18, 38 cm). 

 

4.1.3 Soil texture 

The textural class of the soils ranged from loam at the surface (0cm) to clay loam 

at all other depths sampled (12.7cm, 25.4cm, and 38.1cm), with increasing clay content 

with depth. Clay content was 26%, 28%, 33%, and 34% at depths of 0cm, 12.7cm, 

25.4cm, and 38.1cm, respectively. The sand contents of each depth were 39% (0cm), 

40% (12.7cm), 25% (25.4cm), and 23% (38.1cm). The proportions of silt for each depth 
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were 35% (0cm), 32% (12.7cm), 42% (25.4cm), and 43% (38.1cm). Organic matter 

content decreased with depth as follows: 8.20% (0cm), 4.05% (12.7cm), 2.63% (25.4cm), 

and 2.30% (38.1cm). 

4.2. Soil and plant total water content and water extracted  

The proportion of water extracted via centrifugation and the sample total water 

content (calculated by gravimetric analysis) were used to examine the potential effects of 

extracted water volume on soil and stem isotope values. Figures (3 and 4) show the total 

water (%) and extracted water (%) in the stem and soil samples, respectively. Overall, 

water was extracted from 69.5% and 78.5% of stem and soil samples.  

The mean total water content of destructive soil samples was 26.87±7.53%. 

Surface layers exhibited the greatest total water content at 37.39±6.35% (0 cm) and 

24.53±3.66% (12.7 cm). At greater depths of 25.4 cm and 38.1 cm, total water content 

was more uniform (22.67±.365% and 22.63±2.61%). Mean total water content for all soil 

depths was greatest during the spring, except for soils at 25.4 cm depth, which showed 

the greatest total water content during winter 2024. While most soil depths showed 

uniform values (~20%), there was an increase in variability of surface (0 cm) soil mean 

water content during the fall (34.08±5.68%) (Figure 3). These values are in agreement 

with the volumetric SWC. 

The mean total water content of the stems was 51.41±11.80%. Boxelder Maple 

exhibited a mean total water content of 47.07±5.34% with large seasonal variability 

(11.3% to 64.62%) (Figure 3). Cherry Laurel exhibited a mean total water content of 

42.36±3.21%, with slightly lower values of 39.24±1.46% and 39.37±1.23% in winter 2023 

and summer, respectively. Cherry Laurel stems showed their highest mean total water 
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content during the fall (45.89±4.70%), along with their greatest variability. Cherry Laurel 

had no new living stems for sampling in winter 2024. Elderberry exhibited a mean total 

water content of 61.73±13.25%, with higher values in the spring (73.54±11.28%) and 

lower values in winter 2024 (11.41±0.06). Elderberry total water content displayed the 

highest variability among all stems (Figure 3). 

Of the three stem endmembers, water was extracted from 80.3% of Boxelder 

Maple samples, 52.1% of Cherry Laurel samples, and 72.7% of Elderberry samples. The 

mean extracted water from the stems was 6.83±4.76%. Boxelder Maple exhibited the 

greatest mean extracted water (8.57±4.56%), while Cherry Laurel showed the lowest 

(2.96±1.67%) (Figur 4). Boxelder Maple stems mean extracted water values were highest 

and most variable during the spring (11.24±4.94%), with more uniform values during 

winter 2023 (5.69±3.23%), summer (7.28±3.94%), and fall (9.96±3.76%). No water was 

extracted from Boxelder Maple stems during the winter of 2024. Cherry Laurel stems 

mean extracted water values were highest and most variable in the fall (5.09±2.51), with 

the lowest values and variation during winter 2023 (1.87±0.65%) (Figure 4). Elderberry 

mean extracted water values (6.72±4.14%) decreased from winter 2023 (9.08±3.67%) to 

fall (3.33±1.99%), with the highest variability during the spring (6.75±4.68). No water was 

extracted from Elderberry stem samples in the winter of 2024 (Figure 4). 

Soil water was extracted from all samples at different depths as follows: 75.0% (0  

cm), 79.3% (12.7 cm), 84.6% (25.4 cm), and 75.9% (38.1cm). The mean extracted water 

from the soils was 12.8±7.3%. During the summer, water was extracted from only one 

soil sample at 0 cm depth (15% water content). Mean extracted water was highest for 

surface layers at 0 cm (14.71±7.46%)  and 12.7 cm (13.73±5.75%). Mean extracted water 
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of deeper soil layers was 12.74±6.94% (25.4 cm) and 9.88±8.16% (38.1 cm). The mean 

extracted water was highest during winter 2023 at 0cm and 12.7cm, whereas the highest 

values were observed during winter 2024 at 25.4cm and 28.1cm. The lowest soil water 

extracted values were recorded during fall for all soil depths, except at 38.1 cm depth 

(lowest during spring) (Figure 4). 

 

 

 Figure 3: Seasonal box plots for sample total water content (%) for each soil depth and 

three selected urban plant species. 
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Figure 4: Seasonal box plots for centrifuged extracted water (%) for each soil depth and 

three selected urban plant species.  

4.3. Extracted amount-effect on stem and soil isotopic compositions 

Overall, mean water extracted volumes ranged from ~100 µL to 7.5 mL in stem 

samples and from ~100 µL to 10.5 mL in soil samples. A linear regression analysis was 

conducted to examine the effects of extracted water amount on isotope values. No 

significant water amount-dependent relationships (with δ18O or d-excess) were detected 

in the stem and soil isotope values (Figure 5). A previous study using centrifugation to 

extract water from soils and stems in five different tropical ecosystems also reported 

negligible influence of the water extraction amount on the resulting isotopic compositions 

(Sánchez-Murillo et al., 2023).    
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Figure 5: Relationship between centrifugated extracted water (%), δ18O (‰), and d-

excess (‰) composition for soils and plants (Bolxelder Maple, Cherry Laurel, and 

Elderberry). Adjusted R2 values denote the insignificant influence of the extracted water 

amount on the isotopic compositions.  
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4.4. Narrowband metric and broadband metric distribution 

The narrowband metric represents organic contamination within the extracted 

water (e.g., methanol) (Brian Leen et al., 2012). Narrowband values (unitless) ranged 

overall from 0.04 to 2.08 (mean 0.23±0.40) (Figure 6). For reference, the mean 

narrowband metric values of the throughfall and soils (considered not contaminated) were 

0.04±0.01 and 0.05±0.01, respectively. Water extracted from Boxelder Maple exhibited 

the highest mean narrowband values (0.34±0.49) and ranged from 0.05 to 2.02 

(median=0.08). Elderberry showed a mean narrowband value of 0.16±0.33, ranging from 

0.05 to 2.08 (median=0.08). Cherry Laurel had a mean narrowband value of 0.11±0.06, 

ranging from 0.04 to 0.25 (median=0.09). These low median values are in the reported 

range of methanol concentrations below 25 ppmv, corresponding to potential isotope 

measurement errors below 0.2% in δ18O and δ2H (Brian Leen et al., 2012) (Figure 6). 

The broadband metric represents organic contamination with alcohols such as 

ethanol. Broadband values overall ranged from 0.99 to 1.07 (throughfall and soil 

broadband values both were 1.00±0.00). Boxelder Maple exhibited a mean broadband 

value of 1.00±0.02, ranging from 1.00 to 1.07 (median=1.00). Elderberry had a mean 

broadband value of 1.00±0.01, ranging from 1.00 to 1.04 (median=1.00). Cherry showed 

a mean broadband value of 1.00±0.00, ranging from 0.99 to 1.00 (median=1.00) (Figure 

6). Broadband values showed virtually no dispersion across all extracted water samples. 

These broadband values also represent the minimal influence of large organic molecules 

with -OH groups (Brian Leen et al., 2012).   
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Figure 6: Narrowband (upper panel) and broadband (bottom panel) metric density 

distributions in all stem water samples analyzed. 
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4.5. Stem and soil seasonal variability 

 Boxelder Maple (δ18O mean=0.29±2.43‰) showed progressively depleted δ18O 

values from winter 2023 (+2.74±2.26‰) to fall 2023 (-0.51±0.71‰) (Figure 7). Cherry 

Laurel (δ18O mean= -2.47±1.26‰) displayed the most uniform values of all stem samples, 

ranging from -3.84‰ to +0.80‰. Stem water from this tree experienced a slight 

enrichment from -3.72±0.21‰ in winter 2023 to -0.98±1.15‰ in the summer, followed by 

a slight depletion in the fall (-1.70±1.71‰) (Figure 7). Of all the trees sampled, Cherry 

Laurel also showed the most connectivity to throughfall (-1.42‰) during the summer 2023 

water-stressed season, with a mean δ18O value of -0.98±1.15‰. Elderberry showed 

enrichment from winter 2023 (-1.76±0.86‰) to spring 2023 (-0.48±2.79‰). Relatively 

enriched Elderberry δ18O values in the summer (-0.48±2.79‰) were accompanied by a 

rise in variability, with a range of -2.75‰ to +3.38‰ (Figure 7). Similar trends were 

observed for δ2H due to the high collinearity between δ18O and δ2H (Figure 8).  

 Soils experienced increasing variability with depth during the winter 2023 season. 

These values agree with the winter 2023 throughfall (δ18O mean= -4.40±2.06‰) input 

(Figure 7). During the spring, soils showed steady depletion with depth, with mean δ18O 

values of -0.58±1.30‰ (0cm), -2.21±0.70‰ (12.7cm), -3.35±0.83‰ (25.4cm), and -

3.38±0.83‰ (38.1cm). During summer, water from only one soil sample of 0 cm depth 

was extracted, with an enriched value of +2.14‰. Similar to the winter season, values 

were comparable to one another across all depths during the fall, ranging from -2.97‰ to 

-4.34‰. However, surface soil water exhibited much higher variability in the fall (-5.92‰ 

to -0.02‰) than in the winter (-7.10‰ to 3.34‰) (Figure 7). 
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4.5.1. Winter (2023) 

 Winter 2023 mean soil δ18O values (-4.03±0.86‰) agreed with throughfall                  

(-4.40±2.06‰) inputs and became more enriched with depth. The mean δ18O values of 

the soils were as follows:  -4.59±0.83‰ (0cm), -3.96±0.81‰ (12.7cm), -4.20±0.49‰ 

(25.4cm), and -3.50±1.12‰ (38.1cm). Winter 2023 mean soil d-excess values 

(+14.00±2.84‰) were uniform and matched throughfall (+14.00±6.08‰) (Figure 9). 

Boxelder Maple showed strong enrichment in δ18O (+2.74±2.26‰) compared to the soils 

and had the lowest mean d-excess (-18.14±10.79‰) of the plants during this season. 

Cherry Laurel δ18O (-3.72±0.21‰) agreed with δ18O values (-3.96±0.81‰) at 12.7cm soil. 

Cherry Laurel had a d-excess value of +9.18±1.22‰ (Figure 9). Elderberry δ18O (-

1.76±0.86‰) and d-excess (+0.20±7.12‰) values showed a strong deviation from soils 

(Figures 7 and 9).  

4.5.2. Spring (2023) 

 The spring growing season presented the most uniform isotope ratios, with δ18O 

ranging from -6.62‰ to +0.62‰. Mean soil δ18O values (-2.99±1.56‰) became more 

depleted with depth: -0.58±1.30‰ (0cm), -2.21±0.70‰ (12.7cm), -3.35±0.83‰ (25.4cm), 

and -3.38±0.83‰ (38.1cm). Throughfall mean δ18O was -2.83±1.57‰. Deeper soils 

(25.4cm and 38.1cm) were more depleted in δ18O than recent throughfall inputs and 

matched previous winter 2023 values apart from a slight enrichment (Figure 8). Soil d-

excess values increased with depth (+3.40±9.8‰ at 0cm to +18.1±7.29‰ at 38.1cm). 

Boxelder Maple δ18O values (-2.30±0.42‰) corresponded with throughfall, shallow soils, 

and 25.4cm soils, while Cherry Laurel δ18O (-2.95±0.84‰) and Elderberry (-3.37±0.49‰) 

concurred with throughfall and deeper soils (25.4cm). Plant mean d-excess values were: 
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Boxelder Maple (+5.00±3.16‰), Cherry Laurel (+6.46±2.43‰), and Elderberry 

(+8.30±2.76‰) (Figure 9). 

4.5.3. Summer (2023) 

 Water was extracted from only one soil sample (0cm) during the summer of 2023, 

with a δ18O value of +2.14‰ and d-excess of -7.73‰ (Figures 8 and 10). Surface soil 

was more enriched in the summer than in any other season and had more enriched δ18O 

values than the throughfall (-1.42±1.48‰). Boxelder δ18O values (+1.50±1.54‰) agreed 

with the soil, but d-excess (-18.57±9.01‰) values were more negative than the 

throughfall. Cherry Laurel δ18O (-0.98±1.15‰) values matched the throughfall more than 

the other plants during this season. Cherry Laurel d-excess was (-0.61±7.03‰). 

Elderberry had diverse δ18O values (-0.48±2.79‰), ranging from -2.75‰ to +3.38‰ and 

agreeing with both throughfall and soil (Figures 7 and 9). 

4.5.4. Fall (2023) 

 During fall 2023, mean soil δ18O (-3.40±1.53‰) values showed a response to 

throughfall inputs (-4.22±1.89‰). The mean δ18O values at each depth were as follows: 

-2.97±1.95‰ (0cm), -4.34±0.75‰ (12.7cm), -3.34±1.58‰ (25.4cm), and -3.15±1.34‰ 

(38.1cm). The overall soil δ18O variability was highest during this season, ranging from -

5.92‰ to -0.02‰. Boxelder Maple (-0.51±0.71‰) and Elderberry (-0.42±0.24‰) were 

enriched in δ18O, showing values disconnected from any soil depths or throughfall 

sampled. Boxelder Maple exhibited a lower mean d-excess (-4.91±6.15‰) than 

throughfall (+14.00±6.32‰) and soils (+11.48±5.12‰), while Elderberry exhibited the 

lowest d-excess (-3.36±1.98‰) during this season. Cherry Laurel δ18O values (-
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1.70±1.71‰) were similar to shallow soil sources. Cherry Laurel had the highest mean d-

excess (+3.10±8.85‰) value of the plants during fall 2023 (Figures 7 and 9).  

4.5.5. Winter (2024) 

 No water was extracted from the stems during the winter of 2024. Throughfall was 

the most depleted in δ18O (-7.61±0.40) compared to previous seasons. Soils δ18O values 

(-5.96±0.97‰) agreed with throughfall, with shallow soil water showing higher δ18O 

values (0cm; -6.08±0.70‰) than deeper soils (38.1cm; -6.54±0.12‰). Deuterium excess 

increased with depth (+10.14±7.28‰ at 0cm to +14.81±0.73‰ at 38.1cm) (Figures 7 and 

9). 

 

Figure 7: Box plots show seasonal δ18O (‰) variability of throughfall, soil water (per 

depth), and xylem water (2023-2024). 



26 
 

 

Figure 8: Box plots showing seasonal δ2H (‰) variability of throughfall, soil water (per 

depth), and xylem water (2023-2024). 

 

Figure 9: Box plots showing seasonal d-excess (‰) variability of throughfall, soil water 

(per depth), and xylem water (2023-2024). 
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4.5.6. LC-excess variability 

Boxelder Maple and Elderberry were disconnected from Arlington regional 

precipitation during winter 2023 (LMWL: δ2H = 5.97⋅δ18O + 6.66; R2=0.88 and N=34). 

Mean LC-excess of Boxelder Maple (-19.23±6.51‰) showed the strongest deviations 

from local meteoric conditions (Figure 10). Elderberry (-10.08±5.38‰) also showed more 

negative values compared to the throughfall (-1.59±4.09‰) and soils (-0.83±2.61‰). 

Cherry Laurel (-5.02±0.81‰), however, showed the lease deviation from regional 

precipitation. 

 In spring 2023 (LMWL: δ2H = 5.95⋅δ18O + 6.09; R2=0.80 and N=105), plants, 

throughfall, and soils more closely resembled regional precipitation. Throughfall mean 

LC-excess values (-1.42±4.28‰) agreed with soil (-1.08±4.37‰) and were more positive 

than Boxelder Maple (-5.79±2.47‰), Cherry Laurel (-5.67±1.66), and Elderberry (-

4.66±1.86‰) values. 

LC-excess values represented a disconnection of the plants from the regional 

precipitation for the remainder of 2023. During summer 2023 (LMWL: δ2H = 5.33⋅δ18O + 

2.88; R2=0.83 and N=35), throughfall (+2.15±5.62‰) showed positive mean LC-excess 

with Boxelder Maple (-17.46±5.22‰) and Elderberry (-7.54±7.03‰) showing much lower 

values. The singular soil water sample (0cm; -4.91‰) and Cherry Laurel (-6.10±4.19%) 

mean LC-excess showed the most similarity to precipitation other than throughfall. 

In fall 2023 (LMWL: δ2H = 7.14⋅δ18O + 13.71; R2=0.91 and N=131), LC-excess of 

throughfall was negative (-3.36±5.19), and values decreased with soil depth (-

5.42±4.49‰ (0cm) to -5.89±2.89‰ (38.1cm)). Boxelder Maple (-19.05±5.53‰) and 
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Elderberry (-17.43±1.78‰) still showed much more negative values, and Cherry Laurel 

(-12.08±7.38‰) exhibited a stronger divergence than in summer.  

Finally, in winter 2024 (LMWL: δ2H = 8.48⋅δ18O + 16.92; R2=0.91 and N=50), 

throughfall (+5.50±2.92‰) LC-excess had positive values, while soil values showed an 

increase and greater connectivity to precipitation with depth (-3.87±7.61‰ (0cm) to 

+1.04±0.75‰ (38.1cm). 

 

Figure 10: Box plots showing seasonal LC-excess (‰) variability of throughfall, soil water 

(per depth), and xylem water (2023-2024). 

 

4.6. Dual-isotope space and narrow band variations 

Figures 11-13 show the dual isotope plots (Arlington LMWL: δ2H = 7.42⋅δ18O + 

10.04; R2=0.93 and N=498) per plant, including throughfall, soils, and stems 

characterized by season (shape) and degree of organic contamination or narrowband 
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metric (size). The narrowband metric was used here due to the wider metric distribution. 

Overall, throughfall and soil narrowband exhibited a mean value of 0.05±0.01 and varied 

from 0.03 to 0.08.  

Boxelder Maple (δ2H = 2.87⋅δ18O - 7.56; R2=0.79 and N=49) exhibited the lowest 

slope and intercept, showing the strongest deviations from meteoric conditions. These 

deviations mainly occurred during winter 2023, summer 2023, and fall 2023. Boxelder 

Maple narrowband metrics reached maximums of 1.45 and 2.02 during summer and fall, 

respectively (Figure 11). The most enriched isotope values in Boxelder Maple occurred 

in winter 2023, during which the maximum narrowband metric value was 0.19. Cherry 

Laurel (δ2H = 3.78⋅δ18O - 5.49; R2=0.88 and N=22) exhibited the highest slope and 

intercept of the plants and aligned strongly with soil and throughfall isotopic compositions. 

The maximum narrowband value was 0.25, occurring during the fall 2023 sampling 

campaign (Figure 12). Elderberry’s (δ2H = 3.15⋅δ18O - 7.10; R2=0.91 and N=39) most 

enriched values occurred in summer, during which the maximum narrowband value was 

0.12. During the spring, Elderberry showed its overall maximum narrowband value of 

2.08, which corresponded with the week of its bloom (Figure 13). 
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Figure 11: Dual isotope plot showing throughfall, soils, and Boxelder Maple isotopic and 
narrowband variability via centrifugation. 

 

Figure 12: Dual isotope plot showing throughfall, soils, and Cherry Laurel isotopic and 

narrowband variability via centrifugation. 
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Figure 13: Dual isotope plot showing throughfall, soils, and Elderberry isotopic and 

narrowband variability via centrifugation. 

 

4.7. Bayesian Mixing Analysis 

Figure 14 shows the source contribution (%) of each soil depth to the water found 

in the plant stems during spring 2023 (active growing season). Boxelder Maple showed 

source water contributions mainly from 12.7cm soils (52.1%). The other contributions 

were 23.7% (0cm), 14.1% (25.4cm), and 7.70% (38.1cm). Cherry Laurel mixtures also 

showed source water contributions mainly from 12.7cm soils (41.3%). The other 

contributions were 15.3% (0cm), 24.0% (25.4cm), and 14.6% (38.1cm). Elderberry 

mixtures showed source water contributions mainly from 25.4cm soils (33.2%). Other 

contributions were 10.5% (0cm), 29.9% (12.7cm), and 22.2% (38.1cm). In summary, the 

most important soil water sources were shallow soil (0cm and 12.7cm) for Boxelder 
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Maple, shallow to deep soil (12.7cm and 25.4cm) for Cherry Laurel, and deep soil (25.4cm 

and 38.1cm) for Elderberry. 

 

Figure 14: Source contribution proportions of soil water from 0cm, 12.7cm, 25.4cm, and 

38.1cm depths to Boxelder Maple, Cherry Laurel, and Elderberry mixtures during spring 

2023. 
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Chapter 5: Discussion 

While cryogenic vacuum distillation is an effective method that results in high 

extraction success rates (Wen et al., 2022), it may also extract a combination of mobile 

water and chemically bound water (i.e., bounded water to the soil minerals and plant 

tissue and not a part of the urban water cycling or source water flowing through the plant) 

(von Freyberg et al., 2020). Isotope values obtained from this combination of mobile and 

immobile water may contain a deuterium bias (Duvert et al., 2024; Chen et al., 2020) and 

not reflect the ‘true’ water which is taken up and involved in evapotranspiration. In 

contrast, the centrifugation method for extracting water from soils and live woody plants 

has been shown to extract mobile water effectively, even during drier seasons when the 

water content of plants and soils is lower (Sánchez-Murillo et al., 2023). Cavitron, a 

method of water extraction similar to centrifugation but which applies centrifugal force to 

the stem attached to a rotor fitted to a centrifuge (rather than placing the stem into a tube 

onto which the centrifugal force is applied), has also been compared by Barbeta et al. 

(2022) to cryogenic methods. They found that the xylem water extracted by the cavitron 

represented the source water more closely than bulk stem (xylem, phloem, and all other 

plant tissue) water extracted via the cryogenic method. Our centrifugation method showed 

a high success rate with no amount-dependent effect on the isotope values (i.e., artificially 

depleted or enriched values). Overall, the centrifugation method appears to be an 

accessible, straightforward, and relatively cost-effective process to obtain water for 

source partition analysis of plants from a plethora of samples in a short amount of time.  

 

https://onlinelibrary.wiley.com/authored-by/S%C3%A1nchez%E2%80%90Murillo/Ricardo
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Figure 15: Summary plot including δ18O and d-excess variability of soil water, 

precipitation (2022-2024), throughfall (2023-2024), xylem, and soil water (2023-2024). 

This plot also shows the organic matter and clay content (%) of the soils (0cm to 38.1cm). 

 

Millar et al. (2021) found that organic contamination caused significant errors in 

stable isotope analysis by laser spectroscopy. However, our results indicated that 

deviations from meteoric conditions or soil water are not correlated with high levels of 

organic contamination (i.e., narrowband metric). The highest narrowband values in 

Boxelder Maple occurred in summer 2023, during which the tree’s extracted water 
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percent was lowest. It is possible that these high narrowband values were due to a 

‘dilution effect’; since there was less water present in the stems, the organic 

contamination became more prevalent. High narrowband metrics occurring in the fall 

suggest a lag time between the mixing of new water with the summer stored water. 

However, Cherry Laurel consistently had the lowest total water content (drier stems) and 

showed no significantly high narrowband metric values or deviations from meteoric 

conditions. Elderberry’s only high narrowband value can be explained by its flowering 

during late spring, which involves higher production of sugars and organic acids (Veberic, 

2009) in the sap flow. This study did not reveal unreliable isotope ratios caused by organic 

contamination. 

The water uptake preferences of urban tree species in the DFW metropolitan area 

have not been widely studied amid increasing urban development. Urban vegetation can 

lower outdoor air temperatures in urban heat islands, reduce energy use, improve air 

quality, and decrease stormwater runoff and floods (California Air Resources Board, 

2024). Our results show a one-year long observation of the diverse water use strategies 

of three trees in a highly altered urban environment. Overall, Cherry Laurel and  Boxelder 

Maple isotope values corresponded to shallow soil water sources, while  Elderberry 

favored deeper soil water (Figure 15). Soil isotopic variability decreased with depth, 

implying less influence of surface evaporation. 

The three trees we sampled each have differing water uptake strategies that shift 

with the seasons (i.e., changes in temperature, precipitation, and soil moisture). Here, we 

focus on the spring active growing season. Water extracted from Boxelder Maple agreed 

with shallow soil water sources and lateral and extended root profile, indicating an 
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opportunistic quick uptake of new rainfall. This species is short-lived and fast-growing and 

is recommended for quick growth in urban riparian plantings (USDA, 2024). Isotope 

values matching those of 12.7cm and 25.4cm soil water show Cherry Laurel’s preference 

for slightly deeper water sources. Surprisingly, the much more shrub-like Elderberry 

showed a significant preference for deep soil water (25.4cm and 38.1cm) during the 

spring season, suggesting that the tap root (vertical profile) contributed the most to the 

water transport process during the flowering season. The uptake of deep soils suggest 

that this plant may better tolerate occasional droughts (UNH, 2024).  

Drought tolerant plants are often used in landscape architecture in water-scarce 

areas, and water-conserving landscaping is a commonly used solution to preserving 

green spaces in urban areas despite climate change. About 25% of the urban water 

supply is used to water landscapes and gardens, and xeric plants can reduce landscape 

water use by over 50% (Özyavuz and Özyavuz, 2012). However, trees are not commonly 

considered parts of xeric landscape design. This can result in a landscape that is visually 

appealing but lacks shade and complex taproot systems, which prevent soil erosion in 

cohesive soils (Vannoppen et al., 2017). The study and discovery of the drought tolerance 

of tree species can facilitate the selection of trees for green spaces in water-limited 

environments with clayey soils. Furthermore, the study of tree species’ unique water 

uptake strategies, i.e., their preferred source water depth, can aid in irrigation planning 

that conserves water by targeting the depth of maximum uptake potential by the specific 

plant. 
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Chapter 6: Conclusions 

 Our results provide evidence of the effectiveness of using the centrifugation 

method for water extraction from stems and soils in a subtropical urban landscape with 

high clay content (up to 34%). Overall, this technique resulted in a successful extraction 

rate of 69.5% and 78.5% for all the stem and soil samples collected throughout a 

hydrological year. In addition, our extraction protocol allows water isotope laser 

measurements with minimal organic interference and no extraction-amount effects. This 

study also contributes to the knowledge of plant water uptake strategies of three common 

urban tree species in the DFW area, an environment that experiences flashy stormwater 

episodes that can cause flooding. Our findings indicate distinct soil water uptake depths, 

ranging from shallow (Boxelder Maple and Cherry Laurel) to deeper soil layers 

(Elderberry). Future studies should include isotopic analysis of soils (spatial 

heterogeneity), stems from multiple individuals of the same species, and sap flow 

measurements to determine the time of highest evapotranspiration activity. These results 

may be used to inform city planners and designers on incorporating specific plants into 

the evolving urban landscape as a component of sustainable development. 
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