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ABSTRACT 

 

Variability in climate and rainfall are commonly cited by aridland ecologists 

to explain shifts in plant community structure and land-cover change in water-

limited environments. While pulses of precipitation undoubtedly play an important 

role in driving vegetation dynamics of arid and semiarid lands, the relationship 

between precipitation and plant-water acquisition is not straightforward. The 

amount of soil moisture that is effectively available to plants is ultimately 

controlled by a complex combination of biotic and abiotic factors such as physical 

soil attributes and plant developmental stage. This indirect relationship between 

precipitation and plant water uptake can lead to profound differences in plant 

distribution and ecosystem function across arid and semiarid landscapes, greatly 

contributing to mesoscale physiognomic heterogeneity.  

In this doctoral research I investigated the interaction between soil texture 

and summer precipitation and its implications on the carbon-water acquisition of 

a widespread woody legume: velvet mesquite (Prosopis velutina Wooten). 

Specifically, the goal was to answer the following questions: how are precipitation 

pulses translated into plant-available water across different soil types? Do 

mesquite responses to different sized pulses vary across soils with different soil 

textures? Does the response of mesquite to pulses of precipitation vary with 

ontogeny?   
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This research revealed that variations in soil texture across the landscape 

led to differential utilization of seasonal precipitation by mesquite trees beginning 

in the earliest stages of mesquite development. Specifically, we found that on 

coarse-textured soils both adult and one year old mesquites are highly coupled to 

and dependent on the occurrence of both large and small summer precipitation 

pulses. In contrast, on fine textured soils, the response of mesquite to both large 

and small summer precipitation pulses is limited by the presence in the soil of 

antecedent winter water. Substantial differences in seasonal water balance 

between mesquite occurring on different soil textures were also detected with 

mesquite on fine-textured soils experiencing a smaller pre-monsoon water deficit 

than mesquite on coarse-textured soils.  

Differential utilization of seasonal water by mesquite across the landscape 

coupled with predicted changes in seasonal precipitation may have important 

consequences in future patterns of plant community structure and ecosystem 

water balance of this semi-arid lands.  
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CHAPTER 1 

 

INTRODUCTION AND SYNOPSIS 

 

 

INTRODUCTION 

 

Semiarid ecosystems are conventionally defined by the total amount of 

precipitation annually received. Although precipitation is the main driver of 

production in these water-limited ecosystems, spatial and temporal availability of 

water to plants is ultimately controlled by the interaction of a variety of multi-scale 

processes (McAuliffe 2000; Hamerlynck 2004). While at the global scale, 

atmospheric and oceanic processes in the form of jet streams, westerly and 

easterly cyclones and ocean circulations drive periodic precipitation patterns, it is 

ultimately at the finer synoptic scale that factors such as topography, orography 

and geomorphology mediate the translation of precipitation into plant-available 

water. 

The intent of this study was to reveal the role of soil as mediator of water 

and carbon relations in a dominant woody plant: velvet mesquite (Prosopis 

velutina, Woot.). Velvet mesquite is a deciduous, leguminous tree or shrub that 

reaches maturity 10 to 15 years after germination and can have a lifespan of up 

to 200 years in favorable sites (Parker and Martin 1952). Velvet mesquite is 
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found in the southwestern arid and semiarid lands of the North American 

continent populating riparian and upland areas of central and southern Arizona, 

extreme southwestern New Mexico and adjacent northern Mexico (VanAuken 

2000).  In southeastern Arizona the density and cover of mesquite has gradually 

increased over the last century, transforming open grasslands into mesquite-

grass savannas (Archer 1995; McPherson 1997; McClaran 2003). The increase 

in abundance of velvet mesquite not only has important socioeconomic 

implications (e.g., forage production, fire management, etc.) but can potentially 

affect the hydrologic and nutrient cycles in these semi-arid ecosystems. In 

Arizona the expansion of mesquite has been spatially heterogeneous across the 

landscape (McAuliffe 1994) creating difficulties for prediction of future dynamics 

and impacts in these water-limited ecosystems. Variations in soil development 

across different geomorphic alluvial fan surfaces apparently control the 

expansion of mesquite across desert grasslands, contributing to mesoscale 

physiognomic heterogeneity.  The expansion of mesquite on former grassland 

has been limited on soils deposited during the Pleistocene epoch with clay-rich 

sub-surface horizons. Conversely, in the last century the encroachment of 

mesquite has been rapid on sandy Holocene-aged surfaces suggesting that 

these coarse-textured soils apparently favor the expansion of mesquite.  

Spatial and temporal variations in soil water availability across sites that 

vary in soil texture may differentially affect the ability of mesquite to grow, 

reproduce and ultimately expand their populations. By affecting some of the 
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major components of the water budget such as infiltration, runoff, and 

evaporation, soil texture regulates patterns of soil water and its spatial and 

temporal availability to plants (Schlesinger and Pilmanis 1998; Hacke et al. 

2000a; Sperry and Hacke 2002). This doctoral research tested the hypothesis 

that the interaction between rainfall and soil texture may lead to differential 

acquisition and use of seasonal precipitation by mesquite across the landscape.  

Specifically, the following questions were posed:  

1) How is a precipitation pulse modified in the soil and how is it translated into 

available water for mesquite? 

 2) Is the response of mesquite to pulses of precipitation uniform across texturally 

heterogeneous soils and does it varies with plant size and ontogeny (seedling 

versus mature mesquite trees)?  

3) How do magnitude and timing of precipitation pulses affect mesquite 

physiological performance on soils differing in texture and porosity? 

 

STUDY AREA  

 

Study sites were located at the Santa Rita Experimental Range (SRER) 

35 km south of Tucson, Arizona (31°41’N, 100°37’W; Fig.1.1). The vegetation in 

this area is composed of a mixture of grasses (e.g. Eragrostis lehmanniana 

Nees., Digitaria californica Benth., Bouteloua repens Kunth., Bouteloua rothrockii 

Vasey, etc.), forbs and small trees (e.g. Isocoma tenuisecta Greene, Cercidium 
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floridum Benth., Prosopis velutina Woot.) and cacti (Opuntia spinosior Engelm, 

Opuntia fulgida Engelm, Opuntia phaecantha Engelm) (McClaran 1995). The 

plant communities in this region have been altered dramatically over the last 100 

years by the encroachment of mesquite (Prosopis velutina) on former grasslands 

(Archer 1995; McPherson 1997; McClaran 2003). Mesquite encroachment has 

not occurred evenly across the SRER. Velvet mesquite has encroached 

preferentially on sandy uplands than on rocky, clayey alluvial substrates 

(McClaran 2003). 

 

Precipitation patterns at the SRER 

Like the rest of the southwestern United States, precipitation patterns at 

the SRER are bimodal with peaks during the summer monsoon (July-

September), when as much as 60% of the total annual precipitation can occur, 

and in the winter (December-February). Unlike winter precipitation that is 

associated with large-scale westerly mid-latitude cyclones, precipitation during 

the summer monsoon season is associated with convective activity 

(thunderstorms) related to maritime moisture surges that originate in the tropical 

eastern Pacific (Brenner 1974; Berg et al. 2000). This complex interaction 

between atmospheric circulation features at both the synoptic- and meso-scale, 

combined with the extremely varied topography, generates uncertainties and 

difficulties in predicting variability of summertime precipitation in southern Arizona 

(Adams and Comrie, 1997). However, year-to-year fluctuations, more than long-
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term fluctuations, are typically the dominant component in the total variance of 

summer precipitation in southeastern Arizona and are of greatest importance in 

terms of increasing pressures on limited resources such as water (Adams and 

Comrie 1997; Reynolds 2004). 

 This highly variable summer precipitation is characterized by the 

occurrence of many small rain pulses (from 10 to 15) and by only a few large 

events (from 1 to 4) sufficient enough to stimulate activity in the entire biota (Noy-

Meir 1973). Like other semiarid-regions (Sala and Lauenroth 1982; Golluscio et 

al. 1998), at the SRER the precipitation events belonging to small size classes 

(<10 mm) consistently dominate the precipitation patterns of this region. 

Interestingly, in these semiarid ecosystems, the occurrence of wet summers is 

generated by the occurrence of few large rainfall events (Fravolini et al. 2005). 

These results could have important implications for modeling future changes in 

vegetation structure, especially considering that shifts in the Arizona monsoon 

intensities characterized by more extreme summer rainfall events are likely to 

occur (Schlesinger and Mitchell 1987; Houghton et al. 1996). 

 

Root morphology and water use of mesquite at the SRER 

Velvet mesquite (Prosopis velutina) is an extensive water exploiter 

(Burgess 1995) with a dimorphic root system characterized by a deep taproot 

and a large number of primary and secondary lateral roots extending for several 

meters beyond the edge of the canopy (Clark 1947; Cable 1977). Although 
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mesquite roots tend to extend vertically to great depths, it is likely that nearly all 

its active roots at the SRER are constrained to the upper soil layers because i) 

the access to stable ground water is beyond reasonable rooting depth and ii) 

winter and summer precipitation rarely penetrates below 2 meters of depth 

(Cable 1977; Cable 1980; Frasier and Cox 1994).  

The depth of mesquite taproots and the density and distribution of lateral 

roots at the SRER also vary depending on the vertical and horizontal distribution 

of available soil water across soil types (Martin 1947). In loamy-sand alluvial soils 

at the SRER, the mesquite root system is characterized by the dominance of a 

taproot that penetrates deep into the soil profile (Martin 1947). Numerous lateral 

roots depart from the taproot and form an extensive horizontal root system that 

can extend more than 15 meters beyond the canopy. This well developed lateral 

root system allows for intensive water exploitation in the intercanopy area and is 

particularly important during periods of high transpiration demand or when the 

available water stored in the deep soil layers becomes scarce (Cable 1977). In 

clay-loam soils the taproot is poorly developed, probably due to the presence at 

this depth of a well developed clay layer that limits deep percolation of water 

(Martin 1947). In this fine-textured soil the lateral root system is extensive, but is 

constrained to shallow soil layers (approximately above 45 cm) extending in all 

directions for more than 15 meters (Martin 1947). 
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Soil as a mediator of plant water acquisition 

The ability of dominant trees to use large pulses of summer moisture can 

have important implications for vegetation response to climate change and 

ecosystem water balance of arid and semiarid lands (Jackson et al. 1996; 

Schulze et al. 1996; Schlesinger et al. 1990; Ehleringer et al. 1998). Given the 

great heterogeneity in structure and texture of soils in the southwestern United 

States, an in-depth investigation of the role of soil textures on plant water uptake 

is essential to realistically predict how precipitation patterns are translated into 

plant growth and community dynamics.  

The translation of rainfall pulses into plant available soil moisture is 

strongly mediated by soil texture and structure, and across a given landscape 

these attributes can vary on the scale of meters to ten’s of meters. By regulating 

the rates of infiltration, percolation and the temporal persistence of soil water at 

various depths, soil texture can affect the timing of appearance and 

disappearance of soil moisture pulses of rain and the time lagging between them. 

Horizontal and vertical variations in soil texture are major controls of the water 

budget (i.e., evaporation, percolation, infiltration). Rooting depth, phenology of 

water use, and water uptake dynamics can significantly differ among mesquite 

plants occurring on different soil textures. Understanding the role of soil texture 

and structure on patterns of mesquite water acquisition and use is critical to link 

small-scale processes to long-term, ecosystem-scale models. If achieved, this 

knowledge could increase our ability to predict future trends of land-cover change 



 

 

21

 

and facilitate management decisions in regions where the encroachment of 

deeply rooted mesquite trees can potentially affect hydrologic and nutrient 

cycles, as well as fire and forage production with important socioeconomic 

consequences for this semi-arid ecosystem. 

 

DISSERTATION SYNOPSIS 

 

My dissertation research consisted of one long-term (two years) 

descriptive survey of mesquite physiological response to summer precipitation 

and two experimental field manipulations. This research is presented in article 

format in accordance with the Natural Resource Studies graduate program 

guidelines, and contains four manuscripts published or intended for submission 

to peer-reviewed journals. All manuscripts included in this dissertation are 

authored by Alessandra Fravolini and co-authored with Dr. David G. Williams.   

Chapter two reports a long-term study in which the carbon-water relations 

of three size classes of Prosopis velutina Wood (velvet mesquite) were 

monitored across three different aged alluvial fans during two consecutive 

summers that substantially differed in their amount of monsoonal precipitation 

(1999 and 2000). A portion of this study appears in published form as a USFS 

conference proceedings manuscript (Fravolini et al. 2003).  The completed 

version of this work will be submitted to the peer-reviewed journal Ecological 

Applications.  
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Chapter 3 describes results from a field experiment which assessed the 

sensitivity of velvet mesquite to large (35 mm) and small (10 mm) irrigation 

pulses on two contrasting soil textures (sandy-loam versus loamy-clay) in the 

Santa Rita Experimental Range. This work has been published in the peer-

reviewed journal Oecologia (Fravolini et al. 2005).  

Finally, chapter 4 reports results of a manipulation experiment where 

short-term physiological responses of mesquite seedlings to a 39-mm irrigation 

pulse were compared across two contrasting geomorphic surfaces: a Holocene-

aged soil with a homogeneous coarse sandy-loam soil and a Pleistocene surface 

with a stratified fine-textured loamy-clay soil. This work will be submitted to the 

peer-reviewed Journal of Arid Land Research and Management. 
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Figure 1.1 Location map of the Santa Rita Experimental Range in southeastern 
Arizona (Source: McClaran 2003). Triangles indicate study site location. 
 

 

 

 



 

 

24

 

CHAPTER 2 

 

VARIATIONS IN SEASONAL PRECIPITATION AND SOIL TEXTURE 

DETERMINE RESOURCE USE BY THREE SIZES OF VELVET MESQUITE 

(Prosopis velutina Woot.) IN SOUTHEASTERN ARIZONA 

 

ABSTRACT 

 

In the arid Southwest United States, summer monsoonal precipitation 

plays a key role in ecosystem water balance and productivity. The sensitivity of 

deeply rooted plants to summer precipitation pulses is, in part, controlled by the 

interaction between soil texture, precipitation intensity, and plant size. In this 

study we evaluated the ecophysiological response of small (<1 m height), 

medium (1-2 m), and large (>2 m) Prosopis velutina Wood (Velvet mesquite) 

trees occurring across three different aged soils varying in soil texture and 

porosity, during two consecutive summers that substantially differed in the 

amount of monsoonal precipitation (1999 and 2000). During both years, 

predawn and midday leaf water potentials prior to the onset of the monsoon 

were more negative on the loamy-sand soil than on the sandy-loam and loamy-

clay soils, indicating that plant water status on coarse-textured soils were less 

favorable during drought. However, during both years leaf water potential 

recovered rapidly on the loamy-sand soil in response to monsoonal 
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precipitation. Comparisons of the hydrogen isotope ratios between mesquite 

xylem water and soil water showed that during both summers trees on the fine-

textured loamy-clay soil relied on water derived from both shallow (5 cm - 20 

cm) and deep (40 cm – 60 cm) soil layers. In contrast, mesquite trees on the 

coarse-textured sandy-loam and loamy-sand soils exclusively relied on water 

from deep soil layers during the summer of 1999 (wet) while the proportion of 

water derived from the shallow soil layers reached about 50% during the 

summer of 2000 (dry). Although there were no significant differences among 

size classes in terms of plant water status, mesquite carbon-relations were size 

related.  Specifically, small mesquite trees generally had more negative leaf 

δ13C values (i.e. highest ci/ca, and presumably highest stomatal conductance) 

than medium or large trees, particularly on the loamy-sand soil, suggesting 

either less stomatal limitation and/or low photosynthetic demand among these 

individuals compared to larger plants. During both summers leaf δ13C was more 

negative on the loamy-clay soil and increased progressively across sandy-loam 

and loamy-sand soils. Similarly, percent leaf nitrogen content measured during 

summer 1999 was greatest on the loamy-clay soil suggesting that mesquite 

trees in the fine-textured soil are likely to have higher leaf photosynthetic 

capacity than in coarse-textured soils. The differential response by mesquite 

trees to precipitation inputs across the soil texture gradient suggests that 

mesquite sensitivity to future changes in seasonal precipitation may not be 

uniform across the landscape. Specifically, results from this study show that 
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mesquite trees on coarse-textured soil apparently are more responsive to and 

dependent upon summer precipitation while mesquite water use on fine-

textured soil prevalently relies on winter precipitation.   

 

INTRODUCTION 

 

Seasonal and year-to-year variations in precipitation greatly influence 

plant water acquisition and productivity (Sala et al. 1982; Ehleringer et al. 1991; 

Burgess 1995; USGC committee research report 2000). In southeastern 

Arizona precipitation follows a bimodal pattern with summer convectional 

storms occurring during the monsoon season (July through mid-September), 

and winter rainstorms brought by westerly mid-latitude cyclones (Brenner 1974; 

Berg et al. 2000). This bimodal precipitation pattern generates a spatial 

separation of winter and summer water in the soil profile that is critical for the 

coexistence of different plant functional types in arid and semiarid ecosystems 

(Ehleringer 1991). Deep-rooted woody plants primarily use soil water derived 

from low intensity winter precipitation that percolates deeper into the soil profile, 

while shallow-rooted plants rely on intense and ephemeral summer precipitation 

which wets only the shallow soil layers (Walter et al. 1974; Burgess 1995; 

Archer 1995; Ehleringer et al.1991). This “two layer hypothesis” (Walter et al. 

1974) explains how woody and herbaceous plants can successfully coexist in 

semi-arid savannas. Despite the appealing simplicity of the “two layer 



 

 

27

 

hypothesis” there are notable exceptions to predictions made by the model. 

Some desert woody species preferentially use shallow soil water derived from 

summer precipitation. For example, large rain events are usually used by deep-

rooted woody plants (Dawson and Ehleringer 1991; Golluscio 1998; Williams 

and Ehleringer 2000). Similarly, the use of summer precipitation by three desert 

woody plants (Quercus gambelii, Pinus edulis and Juniperus osteosperma) 

proportionally increased as the amount of summer precipitation increased along 

a monsoon gradient in the North American Southwest (Williams and Ehleringer 

2000). 

Although these spatial and temporal patterns of precipitation strongly 

regulate seasonal water acquisition, they cannot entirely explain patterns of 

plant water uptake without considering the influence of soil characteristics on 

plant water availability. Infiltration, evaporation and temporal persistence of 

water varies among soil types, generating considerable spatial variation in 

woody plant responses to seasonal rainfall pulses (Fravolini et al. 2003; Ogle 

and Reynolds 2004; Loik et al. 2004; Fravolini et al. 2005).  On a large scale, 

the influence of the soil hydraulic properties on water and nutrient availability 

has the potential to affect plant community structure, productivity and 

ecosystem dynamics (McAuliffe 1994; Huxman et al. 2004). As a result, in arid 

and semiarid environments, edaphic features are one of the major drivers of 

plant distribution and abundance (Bristow et al. 1984; Sperry et al. 1998; 

Huxman et al. 2004; Loik et al. 2004).  
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Edaphic features affect not only soil moisture dynamics but also plant 

root distribution. In order to optimize water and nutrient uptake, plants develop 

their hydraulic system in a manner compatible with the hydraulic properties of 

the soil where they grow (Jackson 2000; Sperry et al. 2002). In water-limited 

ecosystems rooting depth is usually higher in sandy soils compared to clay soils 

because less extractable water is available at low soil water potentials in the 

shallow layers of coarse-textured soils (Jackson et al. 2000). It has been 

observed that seedlings of velvet mesquite grown on clay soils tend to have 

shorter and more fibrous root systems compared to seedlings grown on sandy 

soils (Brock 1986). Unlike in sandy soils, adult mesquite in clay soils have a 

greater development of lateral roots which extend in all directions for about 25 

meters and often the root system lacks a dominant tap root (Cable 1977). 

Rooting depth and access to soil moisture in woody perennials is also 

correlated to plant size (Franco et al. 1994). Large individuals with more 

extensive root systems can extract water from deeper soil layers than smaller 

plants (Donovan and Ehleringer 1992; Weltzin and McPerson 1997). Likewise, 

smaller and younger plants tend to have lower xylem water potential and lower 

water-use efficiency than larger plants (Franco et al. 2004). However, size-

related differentiation of soil moisture acquisition may be attenuated by the 

characteristics of the soil where the plants occur. For example, a well 

developed argillic horizon in the shallow soil layers may restrict root distribution 
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to upper soil layers preventing differential soil water acquisition among plant 

size classes.  

The main objective of this study was to determine if mesquite trees 

belonging to three different size classes and occurring on different soil types 

that vary in structure and texture differ in their patterns of seasonal water 

acquisition and utilization. Because a larger proportion of water infiltrates into 

the deep soil layers of coarse-textured soils compared to fine-textured soils 

(Campbell 1985), we expected mesquite trees on coarse-textured soils to be 

strongly coupled to pulses of summer precipitation compared to mesquite on 

fine-textured soils. Because, sandy soils lose their hydraulic conductivity at 

higher soil water potential compared to clay soils (Campbell 1985) we expected 

mesquite trees on coarse-textured soils to experience higher levels of pre-

monsoon water deficit compared to mesquite trees on fine-textured soils. 

Because of their limited rooting depth, we expected, smaller mesquite plants, to 

experience greater drought stress than larger plants on the loamy-sand soil. 

Finally, due to the presence of a well developed clay layer in the subsurface 

horizon, we expected a reduced size-related differentiation in mesquite water 

uptake on the loamy-clay soil. 
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METHODS 

 

Study Sites 

Study sites were located in the Santa Rita Experimental Range (SRER) 

about 35 km south of Tucson, AZ. The geomorphology on the SRER varies 

from mesic sandy uplands that originated during the Holocene to clay-rich 

Pleistocene alluvial fans (Breckenfeld and Robinette 2003; Batchily et al. 2003). 

Three sites representing young-Holocene (4k to 8k ybp) (31º47 N and 110º50 

W), late-Pleistocene (75k to 130k ybp) (31º49 N and 110º53 W), and mid-

Pleistocene (2,000k to 300k ybp) (31º47 N and 110º54 W) geomorphic surfaces 

were selected for study on the SRER. The Holocene alluvial fan surface was 

composed of a loamy-sand soil with a bulk density of 2 g cm-3, the late-

Pleistocene site had a sandy-loam soil with a bulk density of 1.6 g cm-3, and the 

mid-Pleistocene surface had a loamy-clay soil with a bulk density of 1.5 g cm-3. 

The composition (percent) of sand, silt, and clay for each selected surface is 

reported in Table 2.1.  

Mean annual rainfall (1972-2002) is 394 mm at the Holocene surface, 

416 mm at the late-Pleistocene surface and 430 mm at the mid-Pleistocene 

surface (rain gauges: 41, Road Station and Rodent Station; source: Santa Rita 

Experimental Range Database, McClaran et al. 2002; Fig. 2.1). More than 57% 

of the total annual precipitation at all three sites occurs during the summer 

monsoon (July-September) with high inter-annual variation.  
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Total summer precipitation (June-September) was higher in 1999 than in 

2000 (Fig. 2.1) on both the Holocene (395 mm in 1999 versus 301 mm in 2000) 

and late-Pleistocene surfaces (433 mm in 1999 versus 355 mm in 2000). 

Conversely, on the mid-Pleistocene surface total summer precipitation was 

slightly higher in 2000 compared to 1999 (301 mm in 1999 versus 329 mm in 

2000). During both years winter and spring precipitation were similar among all 

sites and was relatively low.  

Vegetation on all three sites is characterized by scattered mesquite trees 

with an understory of C4 grasses dominated by the non-native Lehmann 

lovegrass (Eragrostis lehmanniana Nees.).  

Mesquite trees are more dense and vigorous on young Holocene 

geomorphic surfaces with coarse-textured soils than on older Pleistocene 

surfaces (Fig. 2.2). These spatial differences in mesquite distribution may relate 

to different patterns of water acquisition and root distribution existing across soil 

textures. For example, following a precipitation event, water can become 

available to plants more rapidly in coarse-textured soils that permit higher soil 

percolation to deep soil layers compared to fine-textured soils. 

 

Sampling design 

At each site, a single plot between 0.25 and 0.5 ha was established, and 

all mesquite plants were identified and placed within one of the three height 

classes; less than 1 m, 1 to 2 m and greater than 2 m. Mesquite tree density 
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(number of trees per hectare) for each size class and for each plot is reported in 

Fig.2.2. Specifically, within each size class the number of trees per hectare 

present on the loamy-clay, sandy-loam and loamy sand soils was 23, 137 and 

122 small trees (i.e. less than 1 m in height), 136, 140 and 126 medium trees 

(i.e. between 1 to 2 m in height) and 8, 126 and 118 large trees (i.e. greater 

than 2 m in height), respectively. In each plot, three to five individuals for each 

size class were randomly selected for plant physiological measurements.  

During both years predawn leaf water potential (Ψpd) was measured on a 

single shoot tip of each plant between 02:00 and 04:30 h approximately every 4 

weeks throughout the growing season (June through September) by using a 

Scholander-type pressure chamber (PMS Instruments, Corvallis, OR, U.S.A). 

This measurement yields an approximation of the soil water potential of the 

rooting zone, given the assumption that during the late evening leaf water 

comes into equilibrium with soil water (Davis and Mooney 1986; Donovan and 

Ehleringer 1994). Midday (10:00 h and 12:00 h) leaf water potential (Ψmd) was 

measured on the same trees and on the same days as Ψpd measurements. 

Midday leaf water potential measurements were taken to gauge the minimum 

water potential the plant experienced during the day.  

In early September of both years, 8 to 10 leaves from the youngest fully 

expanded foliage were collected from the south side of each canopy for 

measurements of whole-tissue leaf stable isotope ratio of carbon (δ13C). The 

leaf material collected during September 1999 for δ13C analysis was also used 
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to measure percent leaf nitrogen content.  The leaves were oven-dried at 70 ºC 

for 48 hours, finely ground, and analyzed using a continuous-flow isotope ratio 

mass spectrometer (Delta-plus, Finnigan MAT, San Jose, CA, USA) at the 

Department of Geosciences, University of Arizona, Tucson, AZ, USA. The δ13C 

was expressed relative to the Pee Dee belemnite standard with a measurement 

precision of 0.1‰. The δ13C value of whole leaves reflects the balance of 

supply and demand for CO2 during photosynthetic assimilation (Farquhar et al. 

1982) during tissue construction and is inversely related to ci/ca (the leaf internal 

to ambient CO2 concentration ratio).  

To determine mesquite active rooting depth, we compared the deuterium 

isotope ratio (δD) of water in mesquite stems and water in soil samples at 10, 

20, 40 and 60 cm depths collected in late August of each year. Between three 

to four suberized twig samples were collected near midday for deuterium 

isotope analysis from various canopy locations, heights and cardinal direction. 

The same day of mesquite stem collection, we excavated, in each plot, three 60 

cm –diameter by 60 cm deep holes for soil sample collection. One soil sample 

per depth per plot was collected for the deuterium isotope analysis. Water was 

extracted from stems and soil samples by cryogenic vacuum distillation and its 

deuterium isotope composition was measured with a dual-inlet mass 

spectrometer (Delta-S with H/Device, Finnigan MAT, San Jose, CA, USA) at the 

Department of Geosciences, University of Arizona. The δD is expressed relative 

to the V-SMOW (Vienna Standard Mean Ocean Water) standard with a 
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measurement precision of 0.5‰.  To determine the percentage of xylem water 

derived from shallow soil layers (5  – 20 cm) versus deep soil layers (40  – 60 

cm) we used a two-compartments linear mixing equation of the form: 

δDx = f(δDs) + (1 – f) (δDd)  

Where δDx was the measured δD value of mesquite xylem water. The δDs is the 

average of the measured δD values of soils sampled at 5, 10 and 20 cm depths. 

The δDd is the average of the measured δD values of soils sampled at 40 cm and 

60 cm depths. The equation was solved for f, with f being the fraction of total 

mesquite xylem water derived from water in shallow soil layers (i.e. between 5 

cm – 20 cm depths). Differences between sites and years were determined using 

two-sample and paired t-tests. 

 

Statistical analysis 

Data were normally distributed with homogeneous error variances, thus 

meeting the assumption of Multivariate analysis for repeated measures 

(MANOVA). Multivariate analysis for repeated measurements (MANOVA) was 

performed on untransformed data to test the effect of soil textures, time, tree size 

and their interactions using Ψpd, Ψmd, (Ψmd - Ψpd), δD values of xylem water and 

δ13C values of whole-leaf dry matter as response variables. The time effect was, 

respectively, months for the statistical analysis of Ψpd and Ψmd data and years for 

the statistical analysis of δD and δ13C data. To test differences between years in 

Ψpd within each soil texture a MANOVA analysis was performed and its results 
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are reported in the results section below. A one-way analysis of variance 

(ANOVA) F-test was performed to test if there were differences between means 

of percent leaf nitrogen content. Results from ANOVA and MANOVA were 

discussed only at a P ≤ 0.05 level of significance. The JMP 4 software package 

for PC (SAS Institute, Inc., Cary, NC, USA) was used to perform the statistical 

analysis. 

 

RESULTS 

 

Mesquite water relations 

There was no statistically significant relationship between tree size and 

predawn and midday leaf water potential at any of the sites for either year 

(Table 2.2). Accordingly, water potential data for all size classes were pooled 

for further analysis. Predawn leaf water potential was significantly higher in 

1999 than in 2000 across all soil textures (F3,6 = 44.44, P<0.001 from MANOVA 

performed between years) (Fig. 2.3). The loamy-sand soil had the lowest Ψpd 

value before the onset of the monsoon during both years indicating there was 

less available water for root uptake on this surface during the period preceding 

summer rains. After the onset of the 1999 monsoon season, there was a 

greater increase in Ψpd on the loamy-sand and sandy-loam soils than on the 

loamy-clay soil (Fig. 2.3). During both years mean Ψpd on the loamy-sand soil 

ranged from –4.3 MPa before the monsoon to –1.0 MPa during the monsoon.  
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Early monsoon Ψpd in 2000 (dry year) were significantly lower than in 1999 on 

the loamy-sand and sandy-loam soils. Before the onset of the monsoon, leaf 

Ψpd on the loamy-sand soil was lower in small mesquite trees compared to 

medium and large trees. There were no significant differences between size 

classes on sandy-loam or loamy-clay soils (Table 2.2).  

The seasonal pattern of Ψmd was similar to that of Ψpd during the dry 

summer of 2000 (Fig. 2.4). Again, the lowest values at all sites were observed 

before the onset of the monsoon. Mean Ψmd was lowest before and after the 

monsoon for trees on the loamy-sand soil, followed by trees on the sandy-loam 

and loamy-clay soils respectively (Fig. 2.4). Mesquite trees on loamy-clay soil 

showed little change in Ψmd after the onset of the monsoon, and differed by less 

than 1 MPa throughout the entire growing season (June-September). The 

amplitude between pre-dawn and midday leaf water potential (Ψmd- Ψpd) during 

the 2000 pre-monsoon drought was higher on the loamy-clay soil compared to 

those on the sandy-loam and loamy-sand soils (time-by-soil texture interaction  

F6,70 = 5.89, P<0.001 from MANOVA; Fig. 2.5). 

There was no statistically significant relationship between tree size and 

hydrogen isotope ratios at any of the sites for either year (Table 2.3). 

Accordingly, hydrogen isotope ratios for all size classes were pooled for further 

analysis. Results from the two-compartments linear mixing equation show that 

the proportion of water extracted by mesquite trees from shallow soil layers (i.e. 

5 cm – 20 cm depth) versus deep soil layers (40 cm – 60 cm depth and below) 



 

 

37

 

differed between years and among soil-textures (Table 2.4). Although mesquite 

trees on the loamy-clay soils prevalently relied on deep soil water during the 

summer 1999 (wet), about 10% of their xylem water was composed of water 

from shallow soil layers. Mesquite trees on both sandy-loam and loamy-sand 

soil exhibited greater variation in water source use between summers. On both 

soil-textures, during the summer 1999 mesquite trees exclusively relied on 

water from deep soil layers. Conversely, during the summer of 2000, the 

proportion of xylem water derived from shallow soil layers rose from 0% to 46% 

on the sandy-loam soil and from 0% to 56% on the loamy-sand soil 

respectively. In all three soil textures a number of mesquite trees had δD values 

of their xylem water that were more negative than δD values of water measured 

from deep soil layers (between 40 cm – 60 cm depths). These values produced 

negative values for soil water use, which were set to zero.  

 

Mesquite carbon relations and % leaf nitrogen content 

Carbon Isotope values (δ13C) from whole-leaf tissue collected at the end 

of the monsoon period significantly differed across soil textures (P<0.001; Fig. 

2.7). During both summers, values of δ13C were lowest on the loamy-clay soil 

and increased progressively on the sandy-loam and loamy-sand soils (Fig. 2.7). 

There was significant evidence for an effect of tree size on δ13C (Table 2.3; 

P<0.001), in general, δ13C values increased with mesquite size across all three 
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soil textures. Conversely, differences in δ13C values among tree sizes did not 

changed across soil textures and between years (Table 2.3).  

There was no statistically significant relationship between tree size class 

and % leaf nitrogen content at either the loamy-clay soil (MS = 0.27 F = 1.74 P 

= 0.2), sandy-loam soil (MS = 0.06 F = 0.28 P = 0.75) or loamy-sand soil (MS = 

0.11 F = 0.39 P = 0.67). Accordingly, leaf nitrogen values for all size classes 

were pooled for further analysis. There were, however, significant differences in 

the percent leaf nitrogen content across soil textures. Specifically, leaf nitrogen 

content in mesquite on the loamy-clay soil averaged 3.40% and was 

significantly higher compared to mesquite on the loamy-sand (average 3%) and 

sandy-loam soils (average 3%; MS = 0.94 F = 4.08 P ≤ 0.02).  

 

DISCUSSION 

 

This study shows that the combined effect of summer precipitation 

amount and soil texture leads to clear differences in the seasonal water balance 

of invasive mesquite trees across the landscape. As we predicted, mesquite 

response to summer precipitation in terms of predawn and midday leaf water 

potential was greatest on the loamy-sand soil than on other soil types.  

Moreover, pre-monsoon water deficits were smaller on the loamy-clay soil than 

either loamy-sand or sandy-loam soils. Contrary to our predictions, we did not 

find any size-related differentiation in mesquite water status across both soil 
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textures, suggesting that there were no differences in mesquite root distribution 

and in the dynamics of water uptake among size-classes.  

Although precipitation from November 1998 to May 1999 (105 mm) was 

double the precipitation measured from November 1999 to May 2000 (47 mm), 

in both years mesquite trees on the loamy-sand and sandy-loam soils 

experienced the greatest level of water deficit before the onset of the monsoon 

season and were heavily dependent on seasonal inputs of monsoonal 

precipitation (Fig. 2.3). These results suggest that in the coarse textured soil all 

winter moisture is apparently depleted by the end of the spring drought period 

independent of the amount of winter precipitation. Similarly, all available soil 

water from winter recharge was used by mesquite trees before the end of the 

May-June drought period in a coarse textured soil (Cable 1977). Conversely, 

the higher leaf Ψpd on the loamy-clay soil measured before the onset of the 

monsoon indicates that this soil apparently retains water derived from previous 

precipitation for longer periods compared to the loamy-sand or sandy-loam soils 

given that all three sites received about the same amount of winter precipitation 

during both years of the investigation. Differences in pre-monsoon Ψpd across 

sites were likely related to differences in the hydraulic proprieties of the three 

geomorphic surfaces.  As hydraulic conductivity (Ks) decreases with soil drying, 

the ability of plant roots to extract water from soil pores diminishes. The 

relationship between Ψpd and Ks is not constant across soil textures; coarse 

soils with large pore spaces have high saturated Ks, but demonstrate a much 
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more abrupt decline in Ks with Ψpd than fine-textured soils (Jury et al. 1991). 

The relatively coarse textures of the sandy-loam soil and particularly the loamy-

sand soil suggests that plants at these sites will exhaust their water supplies 

much more quickly than plants on the loamy-clay soil, and will become water 

stressed more rapidly as soils dry between precipitation pulses compared to 

plants on the loamy-clay soil (Sperry et al. 1998). On the other hand, the high 

Ks of coarse-textured soils may explain why Ψpd was slightly higher on the 

loamy-sand and sandy-loam soil relative to the loamy-clay soil during the 1999 

monsoon season. The above average rainfall during the 1999 monsoon likely 

included enough large events to saturate the soil within the rooting zone, 

thereby enhancing the water status of mesquite plants on coarse-textured soils 

that have higher saturated Ks relative to that of the loamy-clay soil.  

The more rapid recovery of mesquite Ψpd on the loamy-sand and sandy-

loam soils during the summer of 1999 (wet) compared to the summer of 2000 

(dry) suggests that the occurrence during wet summers of large pulses of rain 

that percolate deep into the soil profile may be particularly beneficial to 

mesquite trees growing on these coarse textured soils (Fig. 2.3 and Fig. 2.4). 

Supporting this conclusion is the variation between summers in the proportion 

of water derived from shallow versus deep soil layers in mesquite xylem on the 

coarse-textured soils (Table. 2.4). Indeed, during summer 2000 (dry) in the 

loamy-sand and sandy-loam soils, mesquite relied on water derived from both 

shallow and deep soil layers while during summer of 1999 (wet) mesquite 
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exclusively relied on water percolated deep into the soil profile and probably 

derived from larger rain pulses. Similarly, mesquite water uptake was greatly 

enhanced following a large experimental irrigation pulse on coarse-textured 

soils (Fravolini et al. 2005). The high hydraulic conductivity of sandy-loam soils 

during saturated or near saturated conditions (Campbell 1985) allows for a 

greater amount of water to deeply percolate to the rooting zone and provides for 

greater rhizosphere conductance compared to that of fine-textured clay-rich 

soils.  

In contrast to the sandy-loam and loamy-sand soils, during both 

summers mesquite on the clay-loam soil did not exhibit variations in the 

proportion of water derived from shallow versus deep soil layers. The presence 

of a well developed lateral root system in mesquite trees on fine-textured soils 

(Cable 1977) combined with the presence of a relatively shallow impermeable 

argillic horizon may allow water extraction from shallow soil depths. 

Comparisons between soil water recharge and mesquite water extraction 

revealed that following a precipitation event mesquite on clay-loam soil 

preferentially extracted water from the 25 cm depth (Cable 1977).  In this study, 

although mesquite trees on the clay-loam soil constantly used water from 

shallow soil depths, they prevalently relied on water from deeper soil layers.  

These results suggest that in this soil, water apparently percolates deep into the 

soil profile possibly through fissures present in the argillic subsurface horizon.  
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The difference between pre-dawn and midday leaf water potential (Ψmd- 

Ψpd) during the pre-monsoon drought was higher for mesquite trees on the 

loamy-clay soil site compared to those on the sandy-loam and loamy-sand soils 

(Fig. 2.5). This trend may have resulted from differences in the rate of 

transpiration and/or hydraulic resistances along the soil-to-leaf continuum 

across geomorphic soil textures. The former hypothesis could be partially 

supported by values of leaf δ13C; during both summers leaf δ13C was lowest (i.e. 

highest ci/ca, and presumably highest stomatal conductance) on the loamy-clay 

soil and increased progressively across sandy-loam and loamy-sand soils. One 

consideration is that plant-soil hydraulic constrains on the loamy-sand soil may 

have imposed physiological limitations at the leaf level. Results from a soil-

plant-atmosphere transport model showed that mesquite trees on loamy-sand 

soils likely operated well below their maximum transpiration rate before the 

onset of the monsoon, whereas mesquite trees on loamy-clay soil operated at 

or near maximum transpiration rates throughout the growing season (Hultine et 

al. 2006).  Moreover, Ecrit (the maximum steady-state transpiration rate without 

hydraulic failure) on sandy-loam soils approached zero at substantially higher 

(less negative) Ψs (soil water potential) than on loamy-clay soil. Hence, the CO2 

exchange rates on coarse-textured soils may be strongly limited by sharp 

reductions in rhizosphere conductance at relatively high soil water potentials.  

The hypothesis of greater photosynthetic limitation at the leaf level on coarse 

textured soils is also supported by the leaf nitrogen content analysis. Since the 
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majority of leaf nitrogen in the leaf is bound in photosynthetic enzymes, 

measurements of percent leaf nitrogen content can be used to infer leaf 

photosynthetic capacity (Sparks and Ehleringer 1997). In this study we found 

that percent leaf nitrogen content measured in summer 1999 was significantly 

higher in trees on the loamy-clay soil compared to trees on the other two soil 

types, suggesting that mesquite in fine-textured soil are likely to have higher 

leaf photosynthetic capacity than in coarse-textured soils.  

Although mesquite water relations were not size related, there were 

significant differences among tree size classes in terms of carbon relations. The 

δ13C composition of whole leaf dry matter reflects patterns of stomatal 

openness and ci/ca (internal leaf CO2 concentration over atmospheric CO2 

concentration) during leaf tissue construction (Farquhar et al. 1982). Thus, 

δ13C values of whole leaves lead to an approximation of the photosynthetic 

performance over the entire life of the leaf.  The ability of the δ13C analysis of 

whole leaves to detect patterns of leaf gas-exchange over long time periods 

may probably explain why this type of measurement was able to capture 

physiological differences among tree size classes. Conversely, in the case of 

Ψpd and δD measurements, the combination of a limited sampling size (4-6 

trees for each size classes) with a limited sampling repetition may have 

insufficient power to capture potentially significant differences between tree size 

classes.  



 

 

44

 

In this study, mesquite belonging to small size classes had more 

negative δ13C values compared to trees of larger size classes. This pattern was 

particularly pronounced for individuals occurring on the loamy-sand soil. 

Similarly, in a previous study comparisons of water use patterns among size 

classes of the semi-arid shrub Chrysothamnus nauseosus revealed that leaves 

of small adult plants have lower δ13C values and higher rates of photosynthesis, 

stomatal conductance and transpiration compared to large adult plants 

(Donovan and Ehleringer 1992). In general, carbon relations in plants reflect 

patterns of water use which may vary with plant ontogeny. Lower δ13C values in 

small woody plants can be generated by high stomatal conductance (i.e., high 

ci/ca) which is presumably related to lower water-use efficiency. Due to their 

limited rooting depth, woody plants, when small, are strongly coupled with 

transient summer rainfall events that only wet the shallow soil layers (Sala and 

Lauenroth 1982). In contrast, as a woody plant develops, root depth increases 

allowing water extraction from more stable, deeper moisture sources. These 

size related differences in water use usually lead to a more conservative use of 

rainfall water as the plant increases in size. This is consistent with other studies 

reporting that woody plants when small are less water-use efficient and operate 

at higher ci/ca levels compared to when they reach a larger size (Knapp and 

Fahnestock 1990; Donovan and Ehleringer 1992).  

Our study indicates that acquisition and utilization of summer 

precipitation by velvet mesquite trees is strongly mediated by the interaction 
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between soil texture and the amount of summer precipitation. Differential 

seasonal water acquisition by mesquite trees across heterogeneous desert 

soils may lead to spatially uneven responses of this invasive species to future 

changes in winter and summer precipitation. From an ecological perspective, 

accurate predictions of further trends in seasonal precipitation are essential but 

not sufficient to evaluate the response of dominant desert trees to shifts in 

precipitation. Factors that mediate spatial and temporal availability of water to 

woody species at the synoptic and landscape scale, such as soil texture, also 

need to be better understood. An accurate evaluation of the role of these 

factors on patterns of plant water acquisition is not only ecologically relevant but 

also essential to realistically predict future trends in land cover change and their 

impacts on ecosystem carbon and water balance. 
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Table 2.1 Texture fractions of soils collected on a Holocene, mid- and late-
Pleistocene geomorphic surfaces in the Santa Rita Experimental Range. 
 

 

 

 

 

 
 
 

Surface origin 

Soil depth 

(cm) 

Sand Fraction 

(%) 

Silt fraction 

(%) 

Clay fraction 

(%) 

Holocene 
(Loamy-Sand) 

5 85.1 8.9 6.1 

 10 85.1 7.9 7 

 30 80 10.2 9.8 

 60 78.7 12.4 8.9 

Late-Pleistocene 
(Sandy-Loam) 

5 81.3 11.1 7.7 

 10 77.4 12.4 10.2 

 30 77.4 12 10.5 

 60 77.4 12.4 10.2 

Mid-Pleistocene 
(Loamy-Clay) 

5 74.8 12.1 13.1 

 10 76.1 11.2 12.7 

 30 62 12.7 25.3 

 60 45.6 15.6 38.8 
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Table 2.2 Degrees of freedom (df), F-statistic (F) and corresponding P-values 
from the MANOVA repeated measures statistical analysis of pre-dawn leaf 
water potential (Ψpd) and midday leaf water potential (Ψmd). Values were 
measured during the 1999 and 2000 growing season on mesquite trees 
growing on three different aged soil varying in soil texture. *,**,***, and ns for 
P≤0.1, P≤0.05, P≤0.001 and not significant, respectively.  
 

 

  Variable  

Factors df Ψpd 1999(F) 
p 
value 

soil texture 2,30 9.98 *** 
tree size 2,30 0.84 ns 
Soil texture*tree size 4,30 1.13 ns 
Soil texture*Time 6,56 10.3 *** 
tree size*Time 6,56 1,69 ns 
Soil Texture*tree size*Time 12,74 0.99 ns 
Time 3,28 385.44 *** 

  df 
Ψpd 
2000(F) 

p 
value 

soil texture 2,31 137.41 *** 
tree size 2,31 2.66 * 
Soil texture*tree size 4,31 0.77 ns 
Soil texture*Time 6,58 77.37 *** 
tree size*Time 6,58 1.26 ns 
Soil Texture*tree size*Time 12,77 0.51 ns 
Time 3,29 590.89 *** 

  df Ψmd2000(F) 
p 
value 

soil texture 2,31 7.04 ** 
tree size 2,31 0.01 ns 
Soil texture*tree size 4,31 2.02 ns 
Soil texture*Time 6,58 9.31 *** 
tree size*Time 6,58 0.87 ns 
Soil Texture*tree size*Time 12,77 0.76 ns 
Time 3,29 109.56 *** 

 

 
 
 
 



 

 

48

 

Table 2.3 Degrees of freedom (df), F-statistic (F) and corresponding P-values 
from the MANOVA repeated measures statistical analysis of δD values 
measured in mesquite stem water and δ13C of whole-leaf tissue. Values were 
measured for two consecutives years in early September in mesquite trees 
according to size class on three different aged soils varying in soil texture. 
*,**,***, and ns for P≤0.1, P≤0.05, P≤0.001 and not significant, respectively.  
 

  Variable  

Factors df δD(F) 
p 
value 

soil texture 2,19 3.91 ** 
tree size 2,19 1.8 ns 
Soil texture*tree size 4.19 0.48 ns 
Soil texture*Time 2,19 13.43 *** 
tree size*Time 2,19 0.51 ns 
Soil Texture*tree 
size*Time 4,19 0.24 ns 
Time 1,19 499.91 *** 

  df δ13C(F) 
p 
value 

soil texture 2,39 24.03 *** 
tree size 2,39 6.89 *** 
Soil texture*tree size 4,39 0.75 ns 
Soil texture*Time 2,39 0.67 ns 
tree size*Time 2,39 1.34 ns 
Soil Texture*tree 
size*Time 4,39 1,30 ns 
Time 1,39 0.67 ns 
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Table 2.4 Percent of mesquite xylem water (± S.E.) derived from shallow soil 
layers (10 – 20 cm) in early September 1999 and 2000 calculated with a two-
compartment mixing model (Eq. 1). Different letters indicate significant 
differences between sites and years (Tukey HSD, α = 0.05).  
 
 
 
 
 

Soil Texture 1999 2000 

Loamy Clay 10.14 ± 11.71 a 19.73 ± 8.65 a 

Sandy Loam 0 46.10 ± 7.95 ab 

Loamy Sand 0 56.03 ± 7.95 b 
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Figure 2.1 Total monthly precipitation measured at the Santa Rita Experimental 
Range between November 1998 and September 2000 at the three research  
sites 
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Figure 2.2 Density of mesquite trees (number of trees / hectare) according to 
size classes in the Santa Rita experimental range over three different 
geomorphic surfaces. 
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Figure 2.3 The time course of predawn leaf water potential (Ψpd) of mesquite 
trees across three different aged soils varying in soil texture during the 1999 (a) 
and 2000 (b) growing seasons on the SRER. Error bars indicate ± one standard 
error. Values with different notations indicate significant differences between 
means within dates (t-test significant at p<0.05).  
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Figure 2.4 The time course of midday leaf water potential (Ψmd) of mesquite 
trees measured during the 2000 growing season across three different aged 
soils varying in soil texture at the SRER. Error bars indicate ± one standard 
error. Values with different notations indicate significant differences between 
means within dates (t-test significant at p<0.05).  
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Figure 2.5 The difference between midday and predawn leaf water 
potential (Ψmd -  Ψpd) of mesquite trees measured during the 2000 
growing season across three different aged soils varying in soil texture at 
the SRER. Values with different notations indicate significant differences 
between means within dates (t-test significant at p<0.05). Error bars 
indicate ± one standard error. 

 
 
 
 
  
 
 



 

 

55

 

 
 

Figure 2.6 Hydrogen isotope ratio (δD) of soil water at -5 cm, -20 cm, -40 cm 
and -60 cm. Soil samples were collected in early September 1999 and 2000 at 
the SRER over three different aged soils varying in soil texture. 
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Figure 2.7 Carbon stable isotope ratio (δ13C) of whole-leaf tissue measured in 
early September in mesquite trees according to size class on three different 
aged soils varying in soil texture during the 1999  and 2000 growing seasons  
Error bars indicate ± one standard error. Values with different notations indicate 
significant differences between means within soil textures (t-test significant at 
p<0.05).  



 

 

57

 

CHAPTER 3 
 

PRECIPITATION PULSE USE BY VELVET MESQUITE TREES: THE ROLE OF 

SOIL TEXTURE AND PULSE SIZE  

 

ABSTRACT  

 

Plant metabolic activity in arid and semi-arid environments is largely tied 

to episodic precipitation events or “pulses”. The ability of plants to take up and 

utilize rain pulses during the growing season in these water-limited ecosystems is 

determined in part by pulse timing, intensity and amount, and by hydrological 

properties of the soil that translate precipitation into plant-available soil moisture. 

We assessed the sensitivity of an invasive woody plant, velvet mesquite trees 

(Prosopis velutina Woot.), to large (35 mm) and small (10 mm) isotopically 

labeled irrigation pulses on two contrasting soil textures (loamy-sand versus 

loamy-clay) in semi-desert grassland in southeastern Arizona, USA. Predawn 

leaf water potential (Ψpd), the isotopic abundance of deuterium in stem water 

(δD), the abundance of 13C in soluble leaf sugar (δ13C) and percent volumetric 

soil water content (θv) were measured prior to irrigation and repeatedly for two 

weeks following irrigation. Plant water potential and the percent of pulse water 

present in the stem xylem indicated that although mesquite trees on both coarse- 

and fine-textured soils quickly responded to the large irrigation pulse, the 
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magnitude and duration of this response substantially differed between soil 

textures. After reaching a maximum 4 days after the irrigation, the fraction of 

pulse water in stem xylem decreased more rapidly on the loamy-clay soil than 

the loamy-sand soil. Similarly, on both soil textures mesquite significantly 

responded to the 10-mm pulse. However, the magnitude of this response was 

substantially greater for mesquite on the loamy-sand soil compared to loamy-clay 

soil. The relationship between Ψpd and δ13C of leaf-soluble carbohydrates over 

the pulse period did not differ between plants at the two sites, indicating that 

differences in photosynthetic response of mesquite trees to the moisture pulses 

was a function of soil water availability within the rooting zone rather than 

differences in plant biochemical or physiological constraints.  Patterns of 

resource acquisition by mesquite during the dynamic wetting-drying cycle 

following rainfall pulses is controlled by a complex interaction between pulse size 

and soil hydraulic properties.  A better understanding of how this interaction 

affects plant water availability and photosynthetic response is needed to predict 

how grassland structure and function will respond to climate change. 

 

INTRODUCTION 

 

In the arid southwestern United States, monsoon rainfall comprises up to 

60% of total annual precipitation in some areas and is a key resource and driver 

of plant and ecosystem productivity and dynamics.  Episodic or pulsed inputs of 
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monsoon precipitation during the summer growing season create a dynamic soil 

moisture regime that is favorable for plant growth only for brief time periods (Noy-

Meir 1973; Huxman et al. 2004). Uptake of soil moisture from these pulsed inputs 

of summer precipitation varies markedly among the diverse plant functional types 

that occupy the arid and semi-arid landscapes of the region (Ehleringer et al. 

1991; Schwinning et al. 2002). Although it is generally assumed that shallow-

rooted herbaceous species are more dependent on summer precipitation than 

deep-rooted woody species (Dawson and Ehleringer 1991; Flanagan et al. 1992; 

Jackson et al. 1999), considerable variation in water source use has been 

observed within and among different plant lifeforms (Schulze et al. 1996; Lin et 

al. 1996; Reynolds et al 1999; Yoder and Nowak 1999; Williams and Ehleringer 

2000).  

Rainfall patterns (event size, timing and frequency) and soil hydraulic 

characteristics strongly mediate the dynamics of plant water uptake during the 

growing season in arid and semi-arid environments (Noy-Meir 1973; McAuliffe 

1994; Hamerlynck et al. 2004; Huxman et al. 2004; Hultine et al. 2006). Summer 

rainfall patterns in southeastern Arizona are characterized by the occurrence of 

frequent small rain events and infrequent large events (Fig. 3.1). The occurrence 

of just a few large rainfall events in such semi-arid systems is sufficient to 

generate a wet year (Golluscio et al. 1998; Fravolini et al. 2003). The annual 

variability of large and small rainfall events in arid and semi-arid regions could 

have important implications for regulating plant productivity and vegetation 
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dynamics (Weltzin et al. 2003). The occurrence of large rainfall events that 

percolate deep into the soil profile during wet summers may provide a water 

source that can be utilized by woody species which are typically not as sensitive 

to summer precipitation as are shallow-rooted herbaceous species (Golluscio et 

al. 1988; Schwinning et al. 2003). However, to what extent these large summer 

pulses of water are utilized by deep-rooted plants will ultimately depend on the 

combined hydraulic characteristics of the rhizosphere and plant xylem.  

Soil hydraulic properties play a major role in modifying the spatial and 

temporal availability of water to plants (Bristow et al. 1984; Smith et al. 1995; 

Schlesinger and Pilmanis 1998; Hacke et al. 2000; Sperry et al. 2002; 

Hamerlynck et al. 2004; Huxman et al. 2004; Hultine et al. 2006).  Soil texture 

can affect the timing of appearance and disappearance of soil moisture pulses 

and the length of time between periods of plant-available moisture.  Unlike in 

mesic habitats, vegetation in arid habitats is substantially more vigorous and 

abundant on coarse, sandy soils than on fine-textured soils.  This inverse texture 

effect is likely a result of differences in evaporation between soil types, rather 

than differences in drainage (Noy-Meir 1973).  Less water is lost to evaporation 

in coarse-textured soils than in fine-textured soils.  This is due to the large pore 

spaces in coarse soils that improve water percolation through the soil profile 

(Campbell 1985). The high infiltration rate and deep percolation of water in 

coarse soils is critical in regulating plant distribution and ecosystem productivity 

of desert regions where evaporative demand is extremely high.   
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In southeastern Arizona, spatial distribution of the invasive woody legume 

velvet mesquite (Prosopis velutina Woot.) varies across the landscape. Mesquite 

over the last one hundred years has gradually expanded its range by 

encroaching into former grasslands (Archer et al. 1995; McPherson 1997; 

McClaran 2003); however, this phenomenon is not spatially homogeneous. 

Mesquite trees have increased their abundance at a greater rate on sandy 

upland soils, developed on recently deposited Holocene alluvium, more than on 

clay-rich Pleistocene alluvial fans (McClaran 2003).  

The interaction between rainfall and soil texture may lead to differential 

acquisition and use of seasonal precipitation by mesquite trees across the 

landscape. Fine-textured soils restrict the wetting front to the upper soil layers, 

thereby inhibiting the uptake of summer rain by deep-rooted woody plants 

(Fravolini et al. 2003). Conversely, the coarse-textured Holocene soils allow 

summer rain to penetrate deeply into the soil profile after major precipitation 

pulses. Hydrologic differences observed across soil textures very likely lead to 

different exposure and use of summer precipitation pulses by deep-rooted plants 

such as mesquite.  

Several studies have evaluated the effect of rainfall size (Lauenroth et al 

1987; Golluscio et al. 1998; Dougherty et al 1996; Schwinning et al 2003) or soil 

texture (Schlesinger and Pilmanis 1998; Hacke et al. 2000; Sperry et al. 2002; 

Hamerlynck et al. 2004) on plant water use. In this investigation, we assessed 

the effect that the interaction between rainfall pulse size and soil texture have on 
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summer water use by velvet mesquite.  Specifically, we used large (35 mm) and 

small (10 mm) irrigation inputs to evaluate the physiological responses of 

mesquite trees on two contrasting soil textures (loamy-sand versus loamy-clay).  

We predicted that: 1) large pulses would have a greater impact on the 

physiology of mesquite trees on coarse sandy soils compared to fine-textured 

loamy-clay soils, and 2) that mesquite response to the small irrigation input would 

not be sufficient to activate a physiological response on either soil type. 

 

METHODS 

 

Study site 

The study was conducted at the Santa Rita Experimental Range (SRER), 

35 km south of Tucson, AZ, USA. The mean annual air temperature, in this area, 

is 16 ºC. Daily maximum air temperatures in summer often exceed 35 ºC 

(McClaran et al. 2002). Mean annual rainfall (1972-2002) is 430 mm at the 

loamy-clay site and 394 mm at the loamy-sand site (rain gauges: 41 and rodent 

station; Santa Rita Experimental Range Database). More than 56% of the total 

annual precipitation at both sites occurs during the summer monsoon (July-

September) with high inter-annual variation. During the winter and spring months 

preceding our study, both sites received an amount of precipitation close to the 

average for these two sites: from November 2001 to June 2002 the loamy-clay 
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soil received 150 mm (average 160 mm) and the loamy-sand site received 133 

mm (average is 146 mm; source SRER database). 

 

Experimental design 

Two sites were selected for irrigation experiments within the SRER based 

on their contrasting soil texture. One site was on a recently deposited Holocene 

alluvial fan surface (31° 47'N, 110° 50'W, 1,190 m elevation), while the other site 

was located on a much older Pleistocene surface (31° 47'N, 110° 54'W, 1,090 m 

elevation). The percentage of sand, silt and clay for each selected site is reported 

in Table 3.1. The Holocene alluvial fan surface was composed of a loamy-sand 

soil with a bulk density of 2 g cm-3, while the soil on the Pleistocene surface was 

loamy-clay and had a bulk density of 1.5 g cm-3. 

Twelve mature mesquite trees (1-3-m height) were randomly selected 

within one large (150 by 100 m) plot at each site, and four replicate trees were 

each randomly assigned to a large (35 mm)-, small (10 mm)- and control-

irrigation treatment. The probability frequency for each rainfall size on our site is 

reported in Fig. 3.1. On average, from summer 1989 to summer 2003, 

precipitation events between 5 and 15 mm accounted for 30% of total rainfall 

while events between 30 and 35 mm comprised 21% of summer precipitation. 

Irrigation water was applied on the evening of 21 June 2002. In order to 

distinguish irrigation water from naturally occurring soil water, the irrigation water 

was labeled with D2O to obtain a δD value of 160‰; the δD value of soil water 
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prior to irrigation June was –50‰.  Irrigation water was applied at a rate of 2 

mm/min over a 2.5-m radius around the base of each experimental tree. The 

perimeter of each irrigation plot was trenched to a depth of 10 cm to prevent 

runoff.  

Three 60 by 120-cm trenches were dug to a depth of 70 cm in the inter-

canopy spaces at each site.  Custom built time-domain reflectometry probes 

(TDR; Ledieu et al. 1986; Risler et al. 1996) were installed horizontally in the 

trench faces to measure volumetric soil water content (θv) within the soil profile at 

10-15, 20, 30, 40, and 50 to 55-cm depths. A single TDR probe was installed at 

each depth. The trenches were backfilled and tamped after rod installation and 

each TDR plot was randomly assigned to control-, small-, or large-irrigation 

treatments.  Irrigation was applied to the non-control TDR plots using the same 

protocol described above for irrigating the trees.  Care was taken to avoid 

applying water directly to the backfilled trenches. Each TDR probe was calibrated 

in the lab using soils (<2 mm) from the loamy-sand and loamy-clay sites with 

known volumetric water contents from 0 to 20%.  TDR probes were monitored 

using a portable computer connected to a Campbell TDR-100 cable tester 

(Campbell Scientific, Logan, UT, USA).  

Plant and soil measurements and isotope sampling were carried out on 

the day before irrigation and on days 1, 2, 4, 6, 8, 11 and 14 following irrigation. 

No natural rainfall events occurred on our sites during the above observational 

period. Between three to four suberized twig samples were collected for 
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deuterium isotope analysis from various canopy locations and cardinal directions 

at midday of each sample day. Twig samples were placed in borosilicate glass 

vials, closed with screw caps, wrapped with parafilm, placed in an ice cooler and 

immediately transported to the laboratory where they were kept frozen until 

extraction. Water was subsequently extracted from the stems by cryogenic 

vacuum distillation (Ehleringer and Osmond 1989) and its deuterium isotope 

composition (δD) was measured on a dual-inlet, isotope ratio mass spectrometer 

with a measurement precision of 0.5 ‰ (Delta-S, Finnigan MAT, San Jose, CA, 

USA) at the Laboratory of Isotope Geochemistry, Department of Geosciences, 

University of Arizona. The proportion (%) of irrigation pulse water present in the 

stem xylem was calculated using the equation:  

 

1)     ( ) 100  
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−
−

−=
DD
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where δDirr is the notation for the stable isotope ratio of hydrogen in irrigation 

water and is expressed in parts per thousand (‰), δDxi is that of twig xylem water 

of irrigated plants and δDcon is that of control plants for samples collected on the 

same day. 

Predawn leaf water potential (Ψpd) was measured between 02:00 h and 

04:00 h using a Scholander-type pressure chamber (PMS Instruments, Corvallis, 

OR, USA). Mesquite twigs were cut with a sharp razor blade, and immediately 
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placed in a sealed plastic bag containing a moist paper towel before 

measurement with the pressure chamber.   

Short-term 13C fixation into soluble leaf carbohydrates was used to 

evaluate the photosynthetic response of mesquite trees to the irrigation pulse 

treatments. The δ13C in soluble carbohydrates may be used to infer gas 

exchange (photosynthesis, and/or stomatal conductance) variations over short 

time periods (1-3 days; Brugnoli et al. 1988). The composition of δ13C in leaf 

soluble carbohydrates reflects the carboxylation and diffusion discrimination 

against the heavier carbon isotope (13C) compared to the lighter isotope (12C) 

occurring during photosynthetic CO2 uptake (Brugnoli et al. 1988; Brugnoli and 

Farquhar 1998). Ten to fifteen leaves were collected for carbohydrate extraction 

at midday on all but the last (14 days post-irrigation) sampling date. Leaf tissue 

was immediately immersed in liquid nitrogen after collection to prevent further 

metabolic activity, and then temporarily stored in a cooler containing dry ice. The 

samples were transported to the lab where they were freeze-dried and then 

ground to a fine powder. The leaf soluble carbohydrates were extracted in 

distilled water followed by a purification procedure according to Brugnoli et al. 

(1988). This extraction was performed at the laboratory facilities of the National 

Research Center (CNR) in Porano (Umbria), Italy. The δ13C values of 

carbohydrate samples were determined using a continuous-flow isotope ratio 

mass spectrometer (IsoPrime, Micromass UK Ltd., Manchester, UK) at the 
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University of Wyoming Stable Isotope Facility, Department of Renewable 

Resources, University of Wyoming, Laramie, WY.  

Simple linear regressions between PWU and Ψpd and between δ13C and 

Ψpd were performed to detect simple relationships among these physiological 

parameters across soil textures. 

   

Statistical analysis 

The experiment was a longitudinal study with a randomized 2 x 3 factorial 

treatment design with: two soil textures (loamy-sand and loamy-clay); three 

irrigation treatments of a large (35 mm of precipitation applied to each tree), 

small (10 mm of precipitation applied) and control (no precipitation applied) size; 

and four replicates for each soil texture-by-irrigation-treatment combination. 

Data were normally distributed with homogeneous error variances, thus 

meeting the assumption of Multivariate analysis for repeated measures 

(MANOVA). MANOVA was performed on untransformed data to test the effect of 

soil textures, water treatments, time (i.e. sampling days), and their interaction 

using VWC, predawn leaf water potential, % irrigation water in the stem xylem 

and the δ13C value of soluble leaf carbohydrates as response variables. To 

identify the differences in treatment effect across soil textures that were 

statistically meaningful, a least-significant difference (LSD) contrast analysis was 

performed within the MANOVA framework. Results from the MANOVA and LSD 
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contrast analyses are reported in the result section and are discussed only at the 

highest level of significance (P≤0.05). 

The JMP 4 software for PC (SAS Institute, Inc., Cary, NC, USA) was used 

to perform the statistical analysis. 

 

RESULTS 

 

Dynamics of soil water content  

The loamy-sand soil (Holocene surface) showed larger relative changes in 

volumetric water content (θv) at depths between 10 cm and 50 cm compared to 

the loamy-clay soil (Pleistocene surface) following the small (10 mm) and large 

(35 mm) irrigation pulses (Fig. 3.2).  Moreover, the wetting front advanced to 

deeper layers on the loamy-sand soil than in the loamy-clay soil.  Changes in θv 

were small in the loamy-sand soil in response to the 10-mm pulse. Within the first 

24 hours, θv in loamy-sand soils increased dramatically in the upper 30 cm in 

response to the large pulse.  Increases in θv were less significant, but present, at 

50 cm (Fig. 3.2).  Patterns of infiltration were substantially different in loamy-clay 

soils following irrigation.  We detected a negligible increase in soil moisture at 10 

cm in response to the small pulse (Fig. 3.2).  Small increases in θv were detected 

following the large pulse; at 10 cm, θv increased from 1.6 to 3.3% eight days after 

the pulse.  The wetting front advanced to 30 cm by day 14, as θv increased 

slightly from an initial value of 7.6% to 8.1% (Fig. 3.2). 
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Changes in plant water status  

Predawn leaf water potential (Ψpd) substantially mirrored changes in θv 

over the 14-day observation period.  Mesquite on the loamy-clay soil had higher 

Ψpd than mesquite on the loamy-sand soil prior to the irrigation (Fig. 3.3a-b). 

Following irrigation, mesquite trees that received the 35-mm pulse achieved 

higher predawn leaf water potential than mesquite treated with the 10-mm pulse 

on both the loamy-sand and the loamy-clay soil.  The treatment-by-time 

interaction was statistically significant regardless of soil type (Table 3.2).  On 

both soil textures, irrigation enhanced Ψpd regardless of pulse size, until day four 

when Ψpd declined toward the pre-pulse level (Fig. 3.3).  

Values of Ψpd showed a greater increase on the loamy-sand soil than on 

the loamy-clay soil following the small irrigation (Table 3.2). Conversely, leaf 

water potential at both sites showed a similar pattern through time in response to 

the large pulse (F1, 18 = 0.21, P = 0.64 from LSD). Although Ψpd in plants that 

received the large irrigation pulse had the same proportional increase across soil 

textures, plants on the loamy-sand surface overall maintained more negative Ψpd 

values after irrigation (Fig. 3.3).  

 

Pulse water uptake 

There was an effect of the soil texture-by-treatment-by-time interaction on 

the percent pulse water uptake, indicating that trees on different soil textures 

responded differently to small and large irrigation pulses over time (Table 3.2).  
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Mesquite at the two sites differed significantly in their uptake of irrigation water 

over time (Fig. 3.4). The percent of pulse water use increased dramatically 

following the 35-mm irrigation on both soil types (Fig. 3.4a-b). However, after 

reaching a maximum at day four, the pulse water uptake by mesquite trees 

declined more rapidly on the loamy-clay than on the loamy-sand soil. The 

percent pulse water uptake in mesquite stem water following the small pulse was 

higher on the loamy-sand soil than on the loamy-clay soil (pulse-by-soil texture-

by-time interaction, (F6, 7 = 9.29, P = 0.002; Table 3.2).  

For the loamy-sand site, mesquite trees that received the large irrigation 

reached the maximum percent pulse use more rapidly than mesquite that 

received the small pulse (Fig. 3.4a).  Mesquite trees on the loamy-clay soil had a 

significant response to the large pulse, while mesquite response to the small 

pulse on this soil was substantially lower in magnitude, although still significant 

(F1, 3 = 68.84 P = 0.0037 From LSD; Fig. 3.4b). Percent pulse water uptake and 

Ψpd were positively correlated during the experiment and the dynamic of this 

relationship was similar in both soil textures (Fig. 3.5).   

 

Differences in carbon isotope ratios 

Variation in carbon isotope ratios (δ13C) of soluble carbohydrates 

extracted from mesquite leaves between soil-textures over time were not 

significant (Table 3.2). However, a significant amount of variation in carbon 

isotope ratios was explained by differences in water treatments. Prior to the 
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irrigation pulse, δ13C of soluble carbohydrates was more negative for mesquite 

trees on the loamy-clay surface than for those on the loamy-sand surface (Fig. 

3.6a-b). On both surfaces, mesquite trees that received irrigation had lower δ13C 

values than those that did not receive irrigation (F1, 18 = 6.68, P = 0.01 from a 

LSD contrast).  Mesquite trees that received the 35-mm irrigation treatment on 

the loamy-sand surface had lower δ13C values than did those that received the 

small irrigation pulse (F1, 18 = 3.32, P = 0.08 from a LSD contrast; Fig.3.6a).  

Carbon isotope ratios differed significantly between water treatments in their 

response over time (F5, 6 = 4.27, P = 0.05 from a LSD contrast). Mesquite trees 

on the loamy-sand soil responded immediately to the irrigation pulse, shifting the 

δ13C value of soluble carbohydrate by -2‰ one day after the pulse (Fig. 3.6). 

Conversely, δ13C of carbohydrates on the loamy-clay soil shifted less than -0.5 ‰ 

the day following the irrigation and reached its maximum value 6 days after the 

pulse.  

Values of δ13C and Ψpd were positively correlated during the experiment and the 

dynamic of this relationship was similar across both soil textures (loamy-sand R2 

= 0.37; loamy-clay R2 = 0.45).   

 

DISCUSSION 

 

In this study, mesquite response to both large and small summer pulses of 

moisture was strongly affected by soil texture. Although mesquite trees on both 
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coarse- and fine-textured soils quickly took up water from a large irrigation pulse, 

the duration of this response substantially differed between soil textures. After 

reaching a maximum four days after the irrigation, the fraction of pulse water in 

stem xylem decreased more rapidly on the loamy-clay soil compared to the 

loamy-sand soil. Not surprisingly, the presence of a well developed clay layer in 

the subsurface of the loamy-clay soil limits infiltration of moisture inputs during 

summer, thus reducing the effectiveness of both large and small rainfall events 

for mesquite. Differential mesquite water acquisition across the two soil textures 

also was observed following the 10-mm pulse, with mesquite extracting 

substantially higher amounts of irrigation water on the coarse-textured soil than 

on the fine-textured soil. 

Woody plants of arid and semi-arid regions can respond to pulses of 

summer rain especially after prolonged periods of drought (Golluscio et al. 1998; 

Williams and Ehleringer 2000; Snyder et al. 2004). Soil moisture availability 

during the hot summer months is critical for the establishment and growth of 

mesquite trees in this arid ecosystem (Weltzin and McPherson 1997). The ability 

of mesquite trees on the loamy-sand soil to fully utilize large rain events during 

their growing season combined with their high responsiveness to small rain 

events may facilitate the encroachment of this woody legume on coarse-textured 

soils.  

Shallow argillic horizons on Pleistocene surfaces, common on the bajada 

slopes of the Basin and Range physiographic province, likely reduce infiltration 
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following precipitation pulses and thereby limit the uptake of pulse water by 

woody desert plants (McAuliffe 1994, McDonald et al. 1996; Hamerlynck et al. 

2004). The effect of clay-rich layers on the depth of the soil wetting front and 

response of woody plants should be especially manifested during small 

precipitation events. The limited uptake of the 10-mm irrigation pulse by mesquite 

on the loamy-clay surface was in sharp contrast to the very significant response 

of mesquite to the same pulse size on the loamy-sand soil. The fraction of xylem 

water derived from the 10-mm pulse never rose above 10% on the loamy-clay 

soil, but rose to 60% on the loamy-sand soil.  In the loamy-clay soil, there was no 

measurable infiltration in the inter-canopy spaces following the 10 mm irrigation 

pulse. The presence of high clay contents in Pleistocene soils likely prevented 

significant percolation of the small pulse to the rooting zone, given that mesquite 

roots at the SRER are rarely found in the top 10 cm of the soil profile (Parker and 

Martin 1952, Cable 1977).  

Alternatively, fine-textured soils may retain water longer from previous 

precipitation, limiting percolation and mesquite utilization of new pulses of rain. 

Long-term leaf water potential measured in mature mesquite trees along a soil 

texture gradient on the SRER showed that trees on coarse-textured soils 

experience greater levels of water deficit compared to trees on fine-textured soils 

before the onset of the monsoon (Fravolini et al. 2003). The ability of fine-

textured soils to retain water for extended periods may be beneficial for desert 

plants exposed to prolonged drought, as long as water is held at potentials high 
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enough for plant extraction to occur. However, during summer rainfall the 

presence of winter water held in soil micropores may limit percolation of new 

pulses, thereby facilitating runoff or ponding and subsequent evaporation at the 

soil surface.  

The observed relationship between percent pulse water uptake and Ψpd 

was similar across soil textures and was positively correlated (Fig. 3.5).  Different 

degrees of hydraulic constraints have been observed within species occurring on 

different soil textures (Jackson et al. 1996; Sperry et al. 2002). Coarse-textured 

soils have greater loss of rhizosphere hydraulic conductivity per unit drop of soil 

water potential compared to fine-textured soils (Campbell 1985). As a result, 

plants in coarse soils can be more exposed to hydraulic failure in the rhizosphere 

than plants in fine soils without significant adjustment of the root-to-leaf surface 

area ratio (Sperry et al. 1998; Hacke et al.  2000). Although trees on the coarse-

textured soil experienced the greatest level of water deficit prior to irrigation in 

our study, there was no difference in the dynamics of water uptake between soil 

textures. The relationship between predawn water potential (an index of 

rhizosphere water availability) and uptake of pulse water was positive on both 

soil textures. Therefore, mesquite acquisition of irrigation pulses was likely a 

function of pulse water availability, which differed between the two soils, rather 

than to different plant uptake capacities across soil textures. 

Unlike variations in Ψpd and PWU, differences in δ13C were not significant 

between soil textures over time (Table 3.2). Carbon isotope values of soluble 
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carbohydrates in C3 leaves are used to infer leaf ci/ca variations over short and 

medium time scales (2-3 days; Brugnoli et al. 1998). Results from this study 

indicate that the differences in water utilization observed across soil textures 

were not translated in terms of carbon acquisition at the leaf level. At the SRER, 

mesquite trees on coarse-textured soil support a higher number of leaves (i.e. 

higher total leaf area) compared to mesquite trees on fine-textured soil. The 

higher density of leaves of mesquite on coarse textured soils may lead to greater 

carbon acquisition at the canopy-level even if no differences in carbon acquisition 

are detected at the leaf-level. We predict that measurements of photosynthetic 

carbon exchange at the canopy level rather than at the leaf level will be more 

effective at capturing potential differences in mesquite carbon relations across 

soil textures.  

In this study a significant amount of variation in δ13C of leaf soluble 

carbohydrates was explained by the treatment-by-time interaction. Specifically, 

shifts in δ13C of soluble carbohydrates differed between the large and the small 

irrigation pulse over time and between soil textures. Conversely, summer 

moisture inputs did not alter rates of leaf gas exchange in deep-rooted shrubs in 

comparatively summer-dry environments (Snyder et al. 2004; Schwinning et al. 

2003). Maintenance of low leaf photosynthetic activity in perennial woody species 

during long periods of drought in these summer dry habitats can be energetically 

efficient, allowing them to survive over extended periods with little or no available 

water (Schwinning et al. 2003). However, the maintenance of low photosynthetic 
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activity during rainless periods could prevent rapid photosynthetic responses of 

desert shrubs to sudden pulses of water because it could be difficult and 

energetically expensive for leaves to quickly restore their photosynthetic 

apparatus. In our study, mesquite trees were exposed to an extended period of 

drought (the last rainfall prior to the irrigation on both study sites was a 5-mm 

rainfall event on February 19th, 119 days prior to our experiment) and mesquite 

on the loamy-sand soil had lower predawn water potential than mesquite on the 

clay-loam soil. However, despite the prolonged drought and the difference in 

water deficit measured across soil textures, δ13C of soluble carbohydrates very 

quickly responded to the irrigation pulses regardless of the soil texture. 

Moreover, on both sites Ψpd and δ13C were positively correlated suggesting that 

response of carbon assimilation to irrigation pulses was a function of soil water 

availability rather than to differences in physiological or photosynthetic limitations. 

Soil water availability was the major factor controlling uptake of pulse water by 

mesquite. In a water-limited ecosystem characterized by predictable summer 

rainfall, the ability to quickly utilize rain inputs whenever available may be critical 

to enhance growth and reproduction.  

The sensitivity of dominant woody plants to pulses of summer moisture 

can have important implications for vegetation response to climate change and 

ecosystem water balance (Schlesinger et al. 1990; Jackson et al. 1996; Schulze 

et al. 1996; Ehleringer et al. 1998). An understanding of the complex interaction 

between soil texture and plant water availability is critical to predict how future 
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changes in precipitation patterns will affect plant community and ecosystem 

dynamics (Schlesinger et al. 1990; Huxman et al. 2004). Mesquite on fine-

textured soils are highly sensitive to large rain events, which occur at low 

frequency during the summer North American monsoon, and are less sensitive to 

frequent small pulses. Conversely, mesquite trees on coarse-textured sandy soils 

respond to both large and small summer rainfall pulses. Intra-annual variation in 

summer precipitation patterns may strongly govern shifts in mesquite function, 

and possibly its distribution across the heterogeneous desert landscape. One 

consistent prediction from global and regional circulation models is that summer 

rainfall in the southwestern United States will become more variable from year-

to-year and extremely large rainfall events will be more common during wet years 

(Giorgi et al. 1998; USGC committee research report 2000). A decrease in the 

number of small rain events accompanied by a shift toward large summer rainfall 

events could diversely affect plant community structure and function of arid in 

semi-arid grasslands. Large rain events during wet summers apparently can 

enhance water uptake and photosynthetic metabolism of mesquite on coarse-

textured soils more so than on fine-textured soils. Similarly, during summers with 

average precipitation, the prevalence of small rain events over large rain events 

may selectively favor mesquite production on coarse-textured soils, potentially 

exacerbating the actual differences in tree distribution across the landscape.  
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Table 3.1. The percentage of sand, silt and clay measured from soil pits taken in 
each of the two experimental sites (Fravolini et al. 2003). 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Site Loamy-sand

(Holocene) 

  

soil 

depth 

(cm) 

Sand Fraction 

(%) 

Silt 

Fraction 

(%) 

Clay 

Fraction 

(%) 

-5 85.1 8.9 6.1 

-10 85.1 7.9 7 

-30 80 10.2 9.8 

-60 78.7 12.4 8.9 

        

Site Loamy-clay 

(Pleistocene)

  

soil 

depth 

(cm) 

Sand Fraction

 (%) 

Silt 

Fraction 

(%) 

Clay 

Fraction 

(%) 

-5 74.8 12.1 13.1 

-10 76.1 11.2 12.7 

-30 62 12.7 25.3 

-60 45.6 15.6 38.8 
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Table 3.2. Mean squares (MS), Degrees of freedom (df), F-statistic (F) 
corresponding P-values from the MANOVA repeated measures statistical 
analysis of pre-dawn leaf water potential (Ψpd), percent pulse water uptake 
(PWU) in stem water and δ13C of leaf soluble carbohydrates of mesquite trees 
following an irrigation pulse. *,**,***, and ns for P≤0.1, P≤0.05, P≤0.001 and not 
significant, respectively. The actual P-values are reported when P>0.1 and 
P<0.2. 

 Variable Ψpd     

Factors 
Mean 

Square df F 
p 

value 
Soil Texture 12.52 1,18 81.41 *** 

Water Treatment 20.05 2,18 130.37 *** 
Soil texture*Water 

Treatment 0.05 2,18 3.63 ** 
Soil texture*Time 0.14 7,12 0.94 ns 

Water Treatment*Time 0.52 14,24 3.36 *** 
Soil Texture*Water 

Treatment*Time 0.13 14,24 0.87 ns 
Time 2.62 7,12 17.06 *** 
Error 0.15 126     

 PWU    

Factors 
Mean 

Square df F 
p 

value 
Soil Texture 0.59 1,12 87.46 *** 

Water Treatment 3.2 1,12 474.44 *** 
Soil texture*Water 

Treatment 0.13 1,12 19.17 ** 
Soil texture*Time 0.04 6,7 6.68 ** 

Water Treatment*Time 0.04 6,7 6.49 ** 
Soil Texture*Water 

Treatment*Time 0.06 6,7 9.29 ** 
Time 0.31 6,7 46.75 *** 
Error 0.007 84     

 δ13C    

Factors 
Mean 

Square df F 
p 

value 
Water Treatment 3.14 2,18 4.55 ** 
Soil texture*Water 

Treatment 0.09 2,18 0.14 ns 
Soil texture*Time 0.57 6,13 0.83 ns 

Water Treatment*Time 1.33 12,26 1.94 * 
Soil Texture*Water 

Treatment*Time 0.67 12,26 0.97 ns 
Time 3.02 6,13 4.38 ** 
Error 0.69 84     
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Figure 3.1 Mean summer (July-September) rainfall pulse frequency according to 
event size. Data were compiled from the National Climate Data Center. Source 
NOAA (http://www.noaa.gov/).
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Figure 3.2 Volumetric soil water content (θv) of loamy-sand and loamy-clay soils 
measured with time domain reflectrometry probes in late June and early July, 
2002.  Measurements were taken at 10, 20, 30, 40, and 50 cm depths the day 
prior to the application of either a large (35mm) or a small (10 mm) irrigation 
pulse (Day 0), and on days 1, 4, 8, and 14 after the release of the pulse.   
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Figure 3.3 Pre-dawn leaf water potential (Ψpd) of mesquite trees across two 
contrasting soil textures following either a large (35mm), small (10 mm) or no 
irrigation treatment. Day 0 is June 21, 2002.  Error bars indicate ± one standard 
error. Values with different notations indicate significant differences between 
means within dates (t-test significant at p<0.05).  
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Figure 3.4 Percent pulse water in the stem xylem of mesquite trees across two 
contrasting soil textures following either a large (35mm), small (10 mm) or no 
irrigation treatment. Day 0 is June 21, 2002.  Error bars indicate ± one standard 
error. Values with different notations indicate significant differences between 
means within dates (t-test significant at p<0.05). 
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Figure 3.5 Relationship between mean daily Ψpd and percent pulse water uptake 
in mesquite trees following the release of large and small irrigation treatments 
across two contrasting soil textures.  
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Figure 3.6 13C isotope composition (δ13C) of soluble leaf carbohydrates of 
mesquite trees across two contrasting soil textures following either a large 
(35mm), small (10 mm) or no irrigation treatment. Day 0 is June 21, 2002.  Error 
bars indicate ± one standard error. Values with different notations indicate 
significant differences between means within dates (t-test significant at p<0.05).  
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CHAPTER 4 

 

INTERACTION BETWEEN SOIL TEXTURE AND PRECIPITATION ON 

SEEDLING WATER RELATIONS OF VELVET MESQUITE  

 

ABSTRACT 

 

In arid ecosystems the relationship between precipitation and plant water 

acquisition is not straightforward but is mediated by biotic and abiotic factors 

such as plant developmental stage and soil texture and their interactions. 

Because of their limited rooting distribution, woody plant seedlings are likely to be 

more coupled to short-term fluctuations in precipitation and soil water availability 

than mature trees. However, due to the effect of soil texture on root distribution 

and plant water availability, the degree that seedlings are coupled to precipitation 

may vary across soils that differ in structure and texture. Here we compared the 

short-term physiological responses of mesquite seedling plants (Prosopis 

velutina Woot.) to a 39-mm irrigation pulse across two contrasting geomorphic 

surfaces: a Holocene-aged soil with a homogeneous coarse sandy-loam texture 

and a Pleistocene-aged surface with a stratified fine-textured loamy-clay soil. 

Moreover, to test if potential short-tem variations in mesquite use of soil-

moisture-pulses affect long-term patterns of mesquite carbon-relation we 
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compared the dynamics of soil volumetric water content (θv) at depths of 15, 35 

and 55 cm with patterns of whole-leaf carbon isotope composition (δ13C) of 

mesquite seedlings over the course of the summer growing season across soil 

textures. Prior to the irrigation pulse the sandy-loam soil had lower θv and 

mesquite seedlings had more negative Ψpd and more positive δ13C than on the 

loamy-clay soil. Three days following the irrigation, soil θv and leaf Ψpd had the 

highest values on the sandy-loam soil accompanied by a higher percent pulse-

water uptake compared to seedlings on the loamy-clay soil.  Over the summer 

rainy season both leaf δ13C and soil θv showed similar patterns of change on both 

surfaces, although δ13C values were significantly lower and θv was higher on the 

loamy-clay compared to the sandy-loam soil. These findings suggest that 

differential water acquisition across soil surfaces by mesquite trees can occur 

during the earliest developmental stages of this species.  We found that on the 

sandy-loam soil the physiological activity of mesquite seedlings is triggered by 

the occurrence of summer pulses of rain. Conversely, the presence of 

antecedent winter water on the loamy-clay soil apparently limits mesquite 

acquisition and utilization of summer rain pulses. Differential acquisition of 

seasonal water among mesquite seedlings growing across the heterogeneous 

desert landscape are important controls on the spatial and temporal responses of 

this invasive woody legume to changes in winter and summer precipitation.  

 

 



 

 

88

 

INTRODUCTION 

 

Arid and semiarid environments are conventionally defined by annual 

rainfall. However, in water-limited ecosystems precipitation is not directly 

translated into usable soil moisture by plants.  In fact, a combination of biotic and 

abiotic factors, such as plant developmental stage and soil structure and texture 

modify the amount of water that is biologically available to plants (McAuliffe 2000; 

Reynolds et al. 2004).  

Pulses of precipitation may be used differently by plants depending on   

their developmental stage. Plants in their early developmental phase interact with 

different soil microenvironments than during their adult phase. The root system of 

seedlings may be exposed to different soil water regimes and constraints 

compared to the root system of larger mature plants. Because of their limited root 

distribution, seedlings are more likely to be coupled to short-term fluctuations in 

precipitation and soil water availability than mature trees. 

In arid and semiarid environments, woody plant mortality during periods of 

drought is far more frequent in juveniles than in mature plants (Donovan and 

Ehleringer 1992). High evaporation rates from the soil surface cause water 

content to decrease to lower levels with increased proximity to surface layers 

(Frazer and Davis 1988). As a result, the shallow root systems of seedlings are 

more frequently exposed to abrupt changes in soil water content compared to 

large mature plants with deeper roots (Brown and Archer 1990). During 
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prolonged drought, xylem water potential, photosynthetic carbon uptake and 

stomatal conductance in plant seedlings decrease at faster rates compared to 

adult plants (Knapp and Fahnestock 1990; Brown and Archer 1990; Donovan 

and Ehleringer 1992). The extreme vulnerability of plant seedlings to drought in 

water-limited ecosystems is one of the fundamental factors affecting success and 

expansion of a plant species in arid regions.  

The translation of rainfall pulses into biologically available soil moisture is 

strongly mediated by soil texture and structure. These variables can be quite 

heterogeneous across the landscape on the scale of meters to ten’s of meters. 

Spatial and temporal acquisition of moisture by some adult plants is often 

mediated by soil characteristics (McAuliffe 1994; Fravolini et al. 2003; 

Hamerlynck et al 2004; Ogle and Reynolds 2004; Loik et al. 2004; Hultine et al. 

2006). However, there is limited information on the combined effects of soil 

texture and structure and seasonal precipitation on patterns of water acquisition 

by woody plants during their seedling phase. Is the physiological response of 

woody plant seedlings to precipitation pulses uniform across heterogeneous soil 

types? If not soil, what mechanisms accounts for this variation, and what 

changes in seedling rainfall utilization can we expect with future shifts in 

seasonal precipitation? Answering these questions is key to a better 

understanding of plant community dynamics across arid and semiarid 

landscapes.  
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It is difficult to generalize the effect rainfall pulses have on the productivity 

of arid and semiarid ecosystems (Reynolds et al. 2004). Desert areas with 

homogeneous topography and spatially uniform precipitation may still yield 

heterogeneous vegetation distributions due to the horizontal variation in soil 

characteristics. In southeastern Arizona the distribution of the invasive 

leguminous shrub velvet mesquite (Prosopis velutina Woot.), is strongly 

correlated with soil texture (McAuliffe 1994; McClaran 2003). Mesquite 

individuals tend to be more dense and vigorous on homogeneous sandy soils 

developed on alluvial fans deposited during the Holocene (10 ka to present), 

while mesquite becomes substantially less dense on clay-rich soils deposited on 

Pleistocene-aged alluvial fans (2 Ma to 10 ka). The different patterns of mesquite 

recruitment are most likely related to localized variations in rooting depth and 

seasonal water utilization and limitation across soil types, especially early in their 

development when competition with shallow-rooted grass species is at a 

maximum.  

Model simulations of soil water recharge over a wide range of soil textures 

across the arid southwestern United States show that the depth of soil water 

recharge increases as soil clay content decreases (Reynolds et al. 2004). 

Despite the low frequency of deep soil water recharge in arid and semiarid 

ecosystems, soils with clay-rich subsurface horizons generally hold deep water 

for prolonged periods (Campbell 1985). As a result, in clay-rich soils, moisture is 

usually present at levels that can be extracted by plants for longer periods of time 
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between pulses (i.e. interpulse periods) compared to that in sandy soils. The 

spatial and temporal heterogeneity of soil water availability may lead to 

intraspecific differences in plant root distribution across the landscape. In a 

greenhouse experiment, seedlings of velvet mesquite had a significantly higher 

root growth rate and root penetration when grown on sandy soils compared to 

clay soils (Brock 1986). Furthermore, mesquite seedlings grown in fine-textured 

clay soils tended to have shallower and more fibrous root systems than in sandy 

soils (Brock 1986).  

Here we tested the prediction that mesquite seedlings across a 

heterogeneous soil environment do not respond uniformly to summer rainfall 

pulses. We monitored the short-term physiological responses of velvet mesquite 

seedlings to a large (39 mm) summer irrigation pulse on two contrasting 

geomorphic surfaces: a Holocene-aged soil with a homogeneous coarse sandy-

loam soil and a Pleistocene surface with a stratified fine-textured loamy-clay soil. 

Moreover, to test if potential short-tem variations in mesquite use of soil-

moisture-pulses affect long-term patterns of mesquite carbon-relation we 

compared the dynamics of soil volumetric water content (θv) at depths of 15, 35 

and 55 cm with patterns of whole-leaf carbon isotope composition (δ13C) of 

mesquite seedlings over the course of the summer growing season across soil 

textures. Because mesquite seedlings grown on fine-textured clay soils tend to 

have shallower and more fibrous root systems than on sandy soils (Brock 1986), 

we expected mesquite seedlings on the fine-textured clay-rich surface to be more 
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responsive to summer pulses compared to seedlings on the coarse sandy-loam 

soil. Moreover, we predicted that the greater acquisition of summer precipitation 

by mesquite seedlings on the loamy-clay soil will be accompanied by greater leaf 

carbon activity compared to seedlings on the sandy-loam soil. Finally, we 

compare patterns of carbon and water utilization between seedlings (from this 

present study) and adult mesquite (from a similar study previously conducted in 

the same area; Fravolini et al. 2005). Because of their limited rooting depth, we 

expected seedlings to be more responsive to rainfall pulses than larger mesquite 

individuals on the sandy-loam soil. Conversely, we expected that on the loamy-

clay soil the presence of a clay-rich subsurface layer would restrict root 

distribution of both seedlings and adult mesquite plants to the upper soil layers, 

hence eliminating any size-related differentiation in pulse water uptake.  

 

METHODS 

 

Study site 

The study was conducted at the Santa Rita Experimental Range (SRER, 

50 km south of Tucson, AZ) on a mid-Holocene (4-8 ka) and late-Pleistocene 

aged alluvial fan surfaces (200-3000 ka; McAuliffe, 1995; Batchily et al. 2003) 

located about 1 km apart (31.78°N and 110.88° W).  

The soil on the mid-Holocene  surface is classified as a coarse-loamy, 

mixed, superactive, non-acid, thermic Ustic Torrifluvent, with 6% clay and 84% 
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sand from 25 to 100 cm (Huxman et al. 2004; English et al. 2004).  This loamy-

coarse-sand is rapidly permeable and relatively homogeneous when compared 

to the soil on the Pleistocene-aged surface. The soil on the late-Pleistocene aged 

surface  is classified as a fine, mixed, superactive, thermic Ustic Haplargid with a 

shallow-sandy-loam surface under which is a layer with 50% clay and 30% sand 

from 25-60 cm depth. Variations of soil bulk density and percent particle size with 

soil depth on each surface are reported in Table 4.1. The loamy-sand and clay-

rich soils on the Holocene and Pleistocene surfaces, respectively, are on gentle 

slopes (2%) at elevations of 1,070 m and 1,110 m, respectively.  

 

Experimental design 

We constructed three rainout shelters each on the Pleistocene- and 

Holocene-aged surfaces in April 2002, each covering 12 plots (1.5 x 1.8 m each). 

On both sites during the summer of 2002 scarified mesquite seeds were sown on 

two bare plots under each shelter. Vegetation on each plot was previously killed 

using a non-specific herbicide (glyphosate) followed by careful removal so that 

the A-horizon was left intact. The plots were adequately irrigated throughout the 

summer of 2002 (July-September) receiving a total amount of 310 mm (Fig. 4.1). 

Between October, 2002 and March, 2003, plots received a total of 208 mm. No 

irrigation was applied from March 8, 2003 until the date of the experimental 

irrigation pulse (June 13, 2003). From this date and until September plots 

received a total of 349 mm (Fig. 4.1).   
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Each plot was trenched to a depth of 1 meter and custom built time-

domain reflectometry probes (TDR; Ledieu et al. 1986; Risler et al. 1996) 

measuring soil volumetric water content (θv), were installed horizontally into the 

side of each plot at 15, 35 and 55 cm; probes were inserted 5-10 cm from the 

vertical face of the soil surface and were backfilled with expanded foam 

insulation. Plastic sheets were used to cover trench faces in order to isolate each 

plot from the surrounding soil. TDR probes were monitored with the Campbell 

TDR-100 (Campbell Scientific, Logan, UT, USA) connected to a portable 

computer.  

During the early evening of June 13, 2003 each plot was irrigated with 39-

mm of water at a rate of 2 mm per minute. In order to distinguish irrigation water 

from naturally occurring soil water, the irrigation water was labeled with 

deteurium-enriched water to obtain a deteurium isotope value (δD) of 160‰; the 

δD value of soil water prior to irrigation was -50‰ in the sandy-loam soil and -

45‰ in the loamy-clay soil.  We measured θv, plant predawn water potential (Ψpd) 

and sampled plant tissue for isotopic analyses on the day before irrigation and 2 

and 7 days following irrigation. During each sampling day, we collected an entire 

mesquite seedling from each plot for carbon and deuterium isotope analysis. The 

seedling shoot was quickly separated from the root using a sharp razor blade, 

immersed in liquid nitrogen, placed in borosilicate glass vials, closed with screw 

caps, wrapped with parafilm, placed in an ice cooler and transported directly to 

the laboratory where they were kept frozen. Water was subsequently extracted 
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from the stems by cryogenic vacuum distillation (Ehleringer and Osmond 1989) 

and its deuterium isotope composition (δD) was measured on a dual-inlet, 

isotope ratio mass spectrometer (Delta-S, Finnigan MAT, San Jose, CA, USA) at 

the Laboratory of Isotope Geochemistry, Department of Geosciences, University 

of Arizona. The δD was expressed relative to the V-SMOW (Vienna Standard 

Mean Ocean Water) standard with a measurement precision of 0.5‰.  The 

proportion (%) of irrigation pulse water present in the stem xylem was calculated 

using the following equation:  

 

1)     100*
δδ

)δ(δ1Pulse%
x0irr

xiirr

DD
DD

−
−−

=  

 

where δDirr is the deuterium isotope value of irrigation water, δDxi is that of stem 

xylem water of irrigated plants at day i and δDx0 is that of stem water collected on 

the day prior to the irrigation.  

Immediately following collection, a branch of the seedling collected for 

isotopic analysis was separated and placed in a sealed plastic bag containing a 

moist paper towel and its predawn water potential (Ψpd) was measured using a 

Scholander-type pressure chamber (PMS Instruments, Corvallis, Oregon, USA).  

The carbon isotope ratio (δ13C) of whole-leaf dry matter was measured monthly 

throughout the summer starting from the day before irrigation. Values of δ13C 

generally reflect variations in the internal leaf to ambient CO2 concentration ratio 
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(ci/ca), which is sensitive to stomatal conductance and drought (Farquhar et al. 

1989).  After collection, the leaf tissue was immediately immersed in liquid 

nitrogen to prevent further metabolic activity and then temporarily stored in a 

cooler containing dry ice. The samples were transported to the lab where they 

were freeze dried and then ground to a fine powder. The δ13C values of whole-

leaf dry matter were determined using a continuous-flow isotope ratio mass 

spectrometer with a measurement precision of 0.1‰ (IsoPrime, Micromass UK 

Ltd., Manchester, UK) at the University of Wyoming Stable Isotope Facility, 

Department of Renewable Resources, University of Wyoming, Laramie, WY. The 

stable carbon isotope composition was expressed relative to the Pee Dee 

Belemnite standard.  

 

Statistical Analysis 

Data were normally distributed with homogeneous error variances, thus 

meeting the assumption of Multivariate analysis for repeated measures 

(MANOVA). Multivariate analysis for repeated measures (MANOVA) was 

performed on untransformed data to test the effect of soil textures, time, and their 

interaction using soil θv, Ψpd, the % irrigation water in the xylem water and the 

δ13C value of whole-leaf dry matter as response variables. 

Results from the MANOVA analysis are discussed only at the highest level 

of significance (P≤0.05). The JMP 4 software package for PC (SAS Institute, Inc., 

Cary, NC, USA) was used to perform the statistical analyses. 
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RESULTS 

 

Plant and soil water status 

Percent soil volumetric water content (θv) significantly differed across the 

two soil textures throughout the entire monsoon season (soil texture-by-time 

interaction F10,23 = 5.64, P = 0.0003, Table 4.2; Fig. 4.2). Prior to the large 

irrigation (39 mm) and throughout the rest of the monsoon season, θv was higher 

on the loamy-clay compared to the sandy-loam surface at all depths (soil texture 

effect F1,32 = 230, P<0.001, Table 4.3) (Fig. 4.2). Following the first irrigation, 

shifts in percent θv were more pronounced on the sandy-loam soil compared to 

the loamy-clay soil (Fig. 4.2). However, in both soils variations in θv became less 

pronounced as soil depth increased (Fig. 4.2 b, c).  

The interaction between soil texture and time was significant on mesquite 

xylem water potential (Ψpd) (F2,9 = 25.7, P = 0.002). One week after the irrigation 

Ψpd declined by 0.66 MPa on the sandy-loam soil while Ψpd remained constant on 

the loamy-clay soil. Soil structure and texture (both functions of age) had a strong 

effect on Ψpd (F1,10 = 45.9, P <0.001, Table 4.3). Prior to the 39-mm irrigation 

pulse, leaf Ψpd was 2.9 MPa more negative on the sandy-loam soil than on the 

loamy-clay soil (Fig. 4.3). Three days after the irrigation Ψpd rapidly increased by 

more than 3 MPa for mesquite on the sandy-loam soil while mesquite on the 

loamy-clay surface only increased by 0.3 MPa. As expected, there was a 

significant time effect on Ψpd.  
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Percent pulse water uptake 

Mesquite plants on both soils utilized deuterium enriched pulse water 

delivered during our irrigation experiment.  The δD of mesquite xylem water was 

similar on the sandy-loam and clay-loam soils prior to the irrigation pulse (–45‰ 

and –50‰ respectively). Although on both sites mesquite seedlings responded 

strongly to the pulse (Fig. 4.4), the percent of irrigated water present in the xylem 

of mesquite on the sandy-loam soil was significantly higher than that of mesquite 

on the clay-loam soil (Fig. 4.4). On the sandy-loam soil, two days after the pulse, 

an average 83% of mesquite xylem-water was derived from irrigated water. 

Conversely, an average of 64% of irrigation water was present in mesquite 

xylem-water on the loamy-clay soil (Fig. 4.4). Contrary to our expectations there 

was no significant time effect (F1,10= 0.084, P = 0.77, Table 4.3) and time-by-soil 

interaction (F1,10 = 0.077, P = 0.78) in terms of pulse water uptake. The percent 

pulse water uptake remained substantially unchanged up to a week following the 

irrigation on the sandy-loam soil while slightly decreased on the loamy-clay soil 

(Fig. 4.4).  

 

Monsoonal moisture effects on carbon isotope ratio (δ13C) 

Carbon isotope ratio values (δ13C) significantly changed throughout the 

monsoon season (time effect F3,7 = 4.06, P = 0.05, Table 4.2) and between soil 

textures (F2,9 = 6.53, P = 0.01, Table 4.2). However, there was no evidence for a 

time-by-soil texture interaction (F6,14 = 1.72, P = 0.19, Table 4.2). Prior to the 
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irrigation (June 13) mesquite leaf δ13C was more negative on the sandy-loam soil 

(-28.07‰; Fig. 4.5) compared to that on the loamy-clay soil (-27.80‰).  By the 

end of July, leaf δ1 3C values decreased by 0.35‰ on the fine-textured loamy-

clay soil and increased by 1.62‰ on the coarse sandy-loam soil.  Throughout the 

rest of the growing season changes in mesquite leaf δ13C values followed 

opposite trends on the two sites and was consistently more negative on the 

loamy-clay soil compared to that on the sandy-loam soil (Fig. 4.5).  

 

DISCUSSION 

 

Mesquite seedlings in this study showed differential sensitivity to rainfall 

pulse and interpulse cycles across different soil types. Contrary to our 

expectations, mesquite seedlings on the fine-textured soil were less responsive 

to the occurrence of summer pulses compared to seedlings on the coarse-

textured soil. Specifically, carbon and water relations of mesquite seedlings on 

the loamy-clay soil was not necessarily dependent on the occurrence of the 

summer rainy season due to the persistence of available moisture derived from 

previous winter rainfall. Conversely, mesquite seedlings on the sandy-loam soil 

were sensitive to extreme fluctuations in shallow soil moisture and responded 

strongly to growing season precipitation pulses.  As we expected, mesquite 

seedlings on coarse-textured soils were more responsive to rainfall pulses than 

adult mesquite. Surprisingly, this pattern was reversed on the fine-textured soil 
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where the response to summer rainfall pulses was more pronounced in adult 

mesquite compared to seedling. 

 

Plant-soil water relations 

Throughout the course of the summer rainy season both soil textures 

showed similar fluctuations in soil volumetric water content (θv) (Fig. 4.2). Despite 

the unusually large irrigation pulse (39 mm) the soil wetting front was restricted to 

depths above 50 cm. Although some deep soil moisture recharge (35 cm and 55 

cm) occurred following the large irrigation event, this water was rapidly depleted 

(Fig. 4.2) suggesting that at these depths on both surfaces summer rainfall 

pulses generate a source of water that is biologically available only for a brief 

period of time. Model simulations of soil water recharge across a range of soil 

textures in the Sonoran desert showed that deep recharge (>80 cm) in these 

soils is an uncommon event (Reynolds et al. 2004). It is probably due to this lack 

of deep soil moisture that many desert woody perennials (i.e. mesquite trees) 

extract water prevalently from shallow soil depths (Cable 1977; Franco et al. 

1994; Fravolini et al. 2005). In our experiment, comparisons between the percent 

pulse water uptake and θv suggest that on both soils most of the water used by 

mesquite seedlings was apparently from the upper 55 cm.  

Although both surfaces showed similar soil water recharge dynamics, 

differential water acquisition occurred between mesquite seedlings between the 

two soil types (Fig. 4.4). Contrary to our expectation, comparisons between leaf 
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Ψpd and percent pulse water uptake unequivocally show that  one year old 

mesquite seedlings extract a greater proportion of summer rain on the sandy-

loam soil compared to the loamy-clay soil (Fig. 4.3 and 4.4). It has been 

previously reported that seedlings of velvet mesquite developed more fibrous and 

shallower roots when grown on clay-rich soils compared to coarse sandy soils 

(Brock 1986). However, despite these potential differences in rooting depth, in 

our study one year mesquite seedlings on the loamy-clay soil had considerably a 

smaller proportion of irrigation water in their xylem than seedlings on the sandy-

loam soil (Fig. 4.4). We suggest that differences in water storage (i.e. soil holding 

capacity) between surfaces strongly affect soil moisture availability, 

overwhelming possible differences in mesquite root distribution. Specifically, the 

presence of fine-textured clay soils of a greater number of micropores exert 

strong adhesive forces which allow, as soil dries, water retention for long periods 

of time (Campbell 1985). The less negative Ψpd measured on the loamy-clay soil 

prior to the onset of the rainy season (Fig. 4.3) indicates that water from previous 

winter precipitation was still present in this soil and that this water supplements 

and reduces the use of precipitation falling in the summer. Thus, despite the fact 

that both sites were evenly irrigated throughout the winter season (November-

March), mesquite water availability at the end of the spring drought period 

substantially differed between soils. By lengthening the temporal persistence of 

water in the soil, the loamy-clay soil may slow the rate of water loss and reduce 
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the length of time between winter and summer precipitation events when 

available soil moisture is low. 

 Alternatively, variations in mesquite root distribution across soil textures 

may lead to differences in soil water utilization and soil water depletion rates. 

Specifically, the high level of compaction of argillic soils may limit mesquite root 

distribution and proliferation (Brock 1986) affecting mesquite ability to extract soil 

water and slowing the rates of soil moisture depletion over time.  The Vertical 

and temporal heterogeneity in soil moisture availability may play an important 

role in structuring plant communities in water-limited environments over a large 

range of spatial scales (Loik et al. 2004). Temporal variations in plant moisture 

availability and root distribution across soil types may lead to differences in 

seedling sensitivity to rainfall pulse and interpulse cycles and may cause 

differences in mesquite root distribution and patterns of pulse water use across 

the landscape.  

Patterns of pulse water acquisition were strongly controlled by plant 

mesquite developmental stage. On the sandy-loam soil mesquite seedlings 

generally had more negative Ψpd values prior to the onset of the monsoon storms 

than did adult mesquite in a previous study (Fravolini et al. 2005). In addition, we 

found that on coarse-textured soils mesquite seedlings were more responsive to 

rainfall pulses than larger mesquite. This pattern was consistent with our 

prediction that because of their limited rooting depth, mesquite seedlings on the 

sandy-loam soil will respond strongly to extreme fluctuations in shallow soil 
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moisture and should be more responsive to rainfall pulses than larger adult 

mesquite. Similarly, other deep-rooted desert shrubs during their juvenile life 

phase experienced higher levels of water deficit compared to their adult phase 

(Brown and Archer 1990; Cui and Smith 1991) but following a precipitation event 

recovered faster from drought periods (Franco et al. 1994). On the clay-loam soil 

the response to the 39 mm pulse (i.e. percent pulse water uptake) was greatest 

in adult mesquite trees, even though mesquite seedlings on the same soil had 

less negative Ψpd. This suggests that despite the presence of a shallow and 

compact clay layer some mesquite size related differentiation in vertical and 

horizontal root distribution may still occur in this soil. 

 

Measured moisture effects on carbon isotope ratio (δ13C) 

Throughout the summer rainy season mesquite seedlings on the loamy-

clay soil had lower δ13C values (i.e. low water stress) compared to mesquite on 

the sandy-loam soil (Fig. 4.5). A similar pattern in leaf δ13C has been previously 

observed in adult mesquite trees (Fravolini et al. 2003) and another xerophytic 

shrub: Larrea tridentata (Hamerlynck et al. 2004).  Large fluctuations in soil θg 

following precipitation pulses separated by long periods of drought were probably 

the main cause for the comparatively high δ13C values of mesquite seedlings on 

the sandy-loam soil (Fig. 4.2).  Conversely, the consistently favorable soil water 

conditions on the loamy-clay soil favored low mesquite δ13C values throughout 

the summer growing season. 
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Values of whole-leaf dry matter δ13C of mesquite seedlings were 

consistently more negative (–26.5 and –28.79‰) compared to δ13C values 

previously measured on adult mesquite in the same area (–24.2 and –26.3‰) 

(Fravolini et al. 2005). This is consistent with previous studies in which whole-leaf 

carbon isotope discrimination (Δ), rates of photosynthesis, and canopy growth 

decreased as size and age of several North American desert shrubs increased 

(Donovan and Ehleringer 1992; Snyder et al. 2004). Differential responses to 

precipitation pulses between juvenile and adult trees are frequently related to 

developmental variations in rooting depth and plant moisture availability (Knapp 

and Fahnestock 1990; Cui and Smith 1991).  After the irrigation pulse on both soil 

surfaces, mesquite seedling water potential reached higher values than did adult 

mesquite from previous pulse studies (Fravolini et al. 2005). Assuming that this 

pattern was consistent throughout the summer rainy season, we predict that the 

greater seedling recovery from water stress yielded lower δ13C values in 

mesquite seedlings compared to adult mesquite. 

On the clay-rich surface mesquite leaf δ13C was more negative than on the 

sandy-loam soil (Fig. 4.5) suggesting that differences in plant water availability 

across soil textures plays a strong role in regulating mesquite carbon relations. 

Studies comparing leaf carbon isotope discrimination of Larrea tridentata across 

contrasting Mojave Desert soils reported a similar trend with this drought tolerant 

shrub having proportionally higher photosynthetic rates on fine-textured soils 

(Hamerlynck et al. 2004).   
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Results from this study revealed that from early developmental stages, 

mesquite trees show differences in seasonal water acquisition across the 

landscape. We found that mesquite seedlings on the sandy-loam soil were highly 

coupled to and dependent on the occurrence of summer precipitation pulses. 

Conversely, responses of mesquite seedlings on the loamy-clay soil to summer 

moisture pulses are mediated by antecedent soil moisture from winter 

precipitation. Differential acquisition of seasonal water among mesquite 

seedlings growing across the heterogeneous desert landscape are important 

controls on the spatial and temporal responses of this invasive woody legume to 

changes in winter and summer precipitation. 
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Table 4.1 Soil bulk density at various depths and percent of particles with size >2 
mm from soil pits taken at each of the two experimental sites. 
 

 

 

 

 

 
Holocene 

(Sandy-Loam)  
Soil 

depth 
(cm) 

bulk density 
(g/cm3) 

%>2 
mm 

15 2 14 
35 2 22 
55 1.7 17 
15 1.7 25 
35 1.7 15 
55 2.1 10 

 
Pleistocene 

(Loamy-Clay)  
Soil 

depth 
(cm) 

bulk density 
(g/cm3) 

%>2 
mm 

15 1.7 25 
35 1.7 15 
55 2.1 10 
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  Variable  
    

Factors df δ13C (F) p value 
soil texture 2,9 6.53 ** 

soil texture*time 6,14 1.72 ns 
time 3,7 4.06 ** 

  df θv (F) p value 
soil texture 1,32 230.21 *** 

depth 1,32 4,01 ** 
soil texture x 

depth 1,32 11.57 ** 
soil texture x 

time 10,23 5,64 ** 
depth x time 10,23 8,01 *** 
Soil texture x 
depth x time 10,23 1,07 ns 

time 10,23 19.89 *** 
 
 
 
 
 
 
 
 
 
 
Table 4.2  Degrees of freedom (df), F-statistic (F) and corresponding P-values 
from the MANOVA repeated measures statistical analysis of δ13C values of 
whole-leaf of mesquite seedlings and volumetric soil water content (θv) measured 
throughout the summer growing season on two different soil textures. *,**,***, 
and ns for P≤0.1, P≤0.05, P≤0.001 and not significant, respectively.  
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Table 4.3 Degrees of freedom (df), F-statistic (F) and corresponding P-values 
from the MANOVA repeated measures statistical analysis of percent pulse water 
in stem water (PPW) and pre-dawn leaf water potential (Ψpd) of mesquite 
seedlings following a 39 mm irrigation pulse. *,**,***, and ns for P≤0.1, P≤0.05, 
P≤0.001 and not significant, respectively.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Variable  
    

Factors df Ψpd (F) p value 
soil texture 1,10 45.9 *** 

soil texture*time 2,9 25.7 ** 
Time 2,9 41.91 *** 

  df PPW (F) p value 
soil texture 1,10 50.03 *** 

soil texture*time 1,10 0.08 ns 
Time 1,10 0.08 ns 
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Figure 4.1 Monthly amount of water applied to each plot according to the 
experimental irrigation schedule.  
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Figure 4.2 Percent Volumetric Soil Water Content (θv) measured with time 
domain reflectrometry probes from June to August, 2003 on the sandy-loam and 
loamy-clay soils.  Measurements were made at 15, 35, and 55 cm depths. 
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Figure 4.3 Pre-dawn leaf water potential (Ψpd) of mesquite seedlings on the 
sandy-loam and loamy-clay soils after a large (39 mm) irrigation pulse. Day 0 is 
June 13, 2003.  Error bars indicate ± one standard error of the mean value. 
Notations (*) indicate significant differences between soil textures within dates (t-
test significant at p<0.05). 
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Figure 4.4 Percentage of mesquite seedling xylem water from the irrigation pulse 
a sandy-loam and loamy-clay soils following a large (39 mm) irrigation pulse.  
Day 0 is June 13, 2003.  Error bars indicate ± one standard error of the mean 
value. Notations (*) indicate significant differences between soil textures within 
dates (from t-test significant at p<0.05). 
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Figure 4.5 Carbon isotope ratios (δ13C) of whole-leaf dry matter from 
mesquite trees on a sandy-loam and loamy-clay soils measured 
throughout the 2003 summer growing season.  Error bars indicate ± one 
standard error from the mean value. Notations (*) indicate significant 
differences between soil textures within dates (from t-test significant at 
p<0.05). 
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CHAPTER 5 

 

CONCLUSIONS 

 

Predicted changes in precipitation patterns have the potential to alter the 

spatial distribution of invasive woody species across semiarid savannas driving 

the need for a better understanding of the relationship between precipitation and 

plant available water. Although precipitation is the main driver of productivity of 

water-limited ecosystems, the translation of rainfall into plant growth is not direct 

but controlled by complex interactions between biotic and abiotic factors such as 

plant developmental stage and soil texture. From an ecological perspective, 

understanding the influence of these factors on patterns of water acquisition by 

invasive woody plants is not only relevant but also essential for unraveling 

processes that control woody plant expansion.  

In this study we investigated the role of soil texture as a mediator of 

precipitation use by mesquite plants with some attention to the interaction 

between soil texture and plant developmental stage. 

We found that soil texture led to differential water acquisition and 

utilization by mesquite trees across the superficially heterogeneous landscape. 

Specifically, we observed that by restricting the wetting front to the upper soil 

layers, fine-textured soils limited the uptake of summer rain by mesquite. In 
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contrast, summer rain percolated deeply into coarse-textured Holocene-aged 

surfaces, enhancing water uptake by mesquite. These hydrologic differences 

between soil textures led to differential sensitivity of mesquite to different sized 

rain events. Mesquite on fine-textured soils was highly sensitive to large summer 

rain events which are infrequent, and less sensitive to more frequent small 

events. In contrast, mesquite on coarse-textured sandy soils utilized both large 

and small summer rainfall pulses. Substantial differences in seasonal mesquite 

water balance across soil textures were also detected with mesquite on fine-

textured loamy-clay soils showing a smaller pre-monsoon water deficit than 

mesquite on either loamy-sand or sandy-loam soils.  

The interaction between soil texture and plant developmental stage add 

another level of complexity to rain use in mesquite population. Similar to adult 

mesquite trees, mesquite seedlings on different soils show differences in 

sensitivity to rainfall pulses and interpulse cycles. Specifically, on the sandy-loam 

soil the physiological activity of mesquite seedlings was triggered by the 

occurrence of summer pulses of rain. Conversely, the presence of antecedent 

winter moisture in the fine-textured loamy-clay soil apparently limited mesquite 

seedling acquisition and utilization of summer pulses.  

The expansion of woody species on former grasslands has the potential to 

alter ecosystem water balance by increasing rooting depth and changing the 

depth from which plants extract water for transpiration. Understanding how or 

whether differential water acquisition by dominant trees occurs across the 
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landscape can explain large-scale patterns of woody plant expansion and can be 

essential to link small-scale processes to long-term ecosystem scale models.  

This study demonstrated that mesquite trees occurring on different soil 

textures show differential seasonal water acquisition patterns. Specifically, 

mesquite trees on coarse-textured soil are highly coupled to and dependent on 

the occurrence of both small and large precipitation pulses that occur during 

summer. In contrast, mesquite trees on fine textured soils prevalently rely on 

water from winter precipitation and respond only to extraordinarily large summer 

rain events.  

The interaction between summer and winter precipitation combined with 

variations in soil texture across the landscape play a key role in the 

establishment and growth of mesquite trees and have the potential to affect the 

spatial distribution of this invasive tree.  During average summer precipitation the 

abundance of small rain events favors physiological performances of mesquite 

on coarse-textured soils more than those on fine-textured soils. However, this 

affect is likely to be erased by the occurrence of a particularly wet winter. In fact, 

the carryover through the summer of high amounts of winter water stored in the 

argillic horizon is likely to improve mesquite water use on fine-textured soils. 

Conversely, the occurrence of an average precipitation summer preceded by a 

dry winter has the potential to exacerbate the differences in mesquite 

physiological performance during their growing season by improving mesquite 

water status more on coarse-textured soils compared to fine-textured soils.  One 
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consistent prediction from global and regional circulation models is that summer 

rainfall in the southwestern United States will become more variable from year-

to-year and extremely large rainfall events will be more common during wet years 

(Giorgi et al. 1998; USGC committee research report 2000). A future shift toward 

extremely large summer rainfall events (Schlesinger et al. 1990, Huxman et al. 

2004) can potentially enhance mesquite physiological performance on both fine 

and coarse-textured soils attenuating the differences in mesquite distribution 

across the landscape. Additional investigations to quantify the affect of 

precipitation seasonality and soil texture on mesquite recruitment and growth are 

needed. 

Although this study showed that seasonality of precipitation combined with 

variations in soil textures strongly affect mesquite carbon-water relations, soil 

water availability alone apparently is insufficient to explain differences in 

mesquite distributions across the landscape. Specifically, during this study we 

consistently found that mesquite trees on coarse-textured soils experience 

significantly greater water deficit than on fine-textured soils.  This finding is 

counter-intuitive when we consider that mesquite trees are more successful and 

establish more readily on coarse-textured soils.  We suggest that the variation in 

density of mesquite trees across the landscape can potentially drive these 

differences in soil water availability and mesquite water status. Specifically, the 

higher density of mesquite trees on coarse-textured soils compared to fine-

textured soils (Fig. 2.2) may lead to a greater extraction of bulk soil water by 
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mesquite roots in coarse-textured soils during the months preceding the onset of 

the monsoon rains, thereby reducing and exhausting the available soil water for 

root uptake to the extent that soil water becomes sensibly lower on coarse-

textured soils compared to fine-textured soils. Similarly, the greater density of 

leaves at the canopy level supported by mesquite trees on coarse-textured soils 

compared to fine-textured soil may lead to greater canopy transpiration and soil 

water uptake, leading to faster exhaustion of available soil moisture in coarse-

textured soils compared to fine-textured soils. Future investigations on the effect 

of mesquite density at the canopy and community level of soil water availability 

are needed to test these hypotheses.   

In addition to water, the combined effect of other biotic and abiotic factors 

such as grass competition, soil physical hardness and fire frequency can control 

patterns of mesquite recruitment across the landscape.  Comparisons of the 

physiological performance and demographic dynamics of one year old mesquite 

seedlings revealed that the presence of grasses diversely affected mesquite 

recruitment across different soil textures in the SRER (Weltzin et al. unpublished 

data). Specifically, on both fine- and coarse-textured soils the presence of the 

perennial C4 grass, Eragrostis lehmanniana, seemed to facilitate the emergence 

of Prosopis seeds through amelioration of high surface temperatures. However, 

after one year mesquite seedling survivorship was drastically reduced on fine-

textured soils by the presence of E. lehmanniana while there was no effect of this 

grass on mesquite survivorship on coarse-textured soils (Weltzin et al., 
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unpublished data). Likewise, in fine-textured soils the presence of E. 

lehmanniana negatively impacted mesquite seedling water balance suggesting 

that in these shallow soils the root apparatus of mesquite seedlings and 

perennial grasses may compete for the same water sources. Studies on the 

seasonal use of soil water by mature velvet mesquite trees found that especially 

during dry summers the competition between mesquite and perennial grasses 

can be particularly severe in the first 37 cm of soil depth (Cable 1977). The 

application of isotopically labeled irrigation pulses could be useful in determining 

whether and to what extent mesquite seedlings compete with perennial grasses 

for the use of summer water pulses.  

Differences in soil hardness and compaction between coarse- and fine-

textured soils may also influence mesquite growth and physiological 

performances. Specifically, the presence of a compacted subsurface in clay-rich 

soils can limit root growth and proliferation affecting the ability of the plants to 

exploit soil moisture and nutrients (Wang and Smith 2004). Likewise, it has been 

observed that seedlings of velvet mesquite grown on clay soils tend to have 

shorter root systems, fewer numbers of secondary roots departing from the 

primary root and slower root growth rates compared to seedlings grown on sandy 

soils (Brock 1986). Comparisons of soil water content between plots with 

mesquite seedlings and bare plots across different soil textures in the SRER 

(Potts et al. 2005) reveal that although fine-textured soils throughout the summer 

generally hold more water than coarse-textured soils, in fine-textured soil the 
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water content did not differ through time between bare plots and plots with 

seedlings (Potts et al. 2005). These results suggest that mesquite seedlings may 

not be able to fully utilize the water stored in fine-textured soils. Specifically, the 

presence of a hampered root system in mesquite seedlings occurring on fine-

textured soils may limit their ability to explore and uptake soil water.  

The occurrence of fire can also play an important role in controlling 

mesquite spatial distribution across the landscape. On the SRER mesquite 

recruitment on open grassland significantly increased since 1903 due to fire 

suppression (McClaran 2003). Prescribed burning on the Santa Rita 

Experimental Range caused about 50% mortality of young velvet mesquite with 

basal stem diameter of 1.25 cm, but only 8% to 15% mortality of mesquite with a 

basal stem diameter greater than 15 cm (Cable 1965). The detrimental effect of 

fire on mesquite trees is also dependent on the presence of grasses. Following a 

June fire on the SRER velvet mesquite experienced up to 25% mortality in an 

area with 4,480 pounds per acre of herbaceous fuel dominated by the exotic 

Eragrostis lehmanniana. Conversely, velvet mesquite suffered only 8% mortality 

in areas with 2,200 pounds per acre of herbaceous fuel dominated by Bouteloua 

curtipendula (Cable 1965). Interestingly, there was no difference in mesquite 

density between unburned and burned areas in the SRER (Cable 1967; Martin 

1983), suggesting that fire alone is not sufficient to explain the actual differences 

in mesquite distribution across the landscape.  
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In conclusion, this study shows that the interaction between seasonality of 

precipitation and soil texture strongly affects mesquite carbon-water relations, 

however, water availability alone cannot fully explain present patterns of 

mesquite encroachment across the landscape. A combination of biotic and 

abiotic factors controls mesquite performance and its success to invading desert 

grasslands, especially during the early life stages of this species.  More studies 

are required that quantitatively measure the combined effects of seasonality of 

precipitation, grass competition, soil structure and fire on mesquite recruitment. A 

comprehensive evaluation of these factors and their effect on mesquite 

performance is critical to reveal key insights into processes that govern mesquite 

encroachment into desert grasslands. 
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