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ABSTRACT This study investigated the interspecific differences in vulnerability to xylem embolism of four phreatophytes – two facultative phreatophytes (Banksia attenuata and B. menziesii) and two obligate phreatophytes (B. ilicifolia and B. littoralis). Species differences at the same position along an ecohydrological gradient on the Gnangara Groundwater Mound, Western Australia were determined in addition to intraspecific differences to water stress between populations in contrasting ecohydrological habitats. Stem- and leaf-specific hydraulic conductivity, as well as Huber values (ratio of stem to leaf area), were also determined to support these findings. We found that where water is readily accessible, there were no interspecific differences in vulnerability to water stress. In contrast both facultative phreatophyte species were more resistant to xylem embolism at the more xeric dune crest site than at the wetter bottom slope site. B. ilicifolia did not differ in vulnerability to embolism, supporting its classification as an obligate phreatophyte. Other measured hydraulic traits (KS, KL and Huber value) showed no adaptive responses, although there was a tendency for plants at the wetter site to have higher KS and KL. This study highlights the influence site hydrological attributes can have on plant hydraulic architecture across species and environmental gradients. Key-words: ecohydrology; Huber value; hydraulic conductivity; phreatophyte; xylem cavitation.



INTRODUCTION Spatial and temporal variation in hydrology greatly influence the type of vegetation an ecosystem can support. Considering the spatial dimension alone, plant species will be distributed across a soil moisture gradient according to the properties associated with water acquisition and use such as rooting depth (Jackson, Sperry & Dawson 2000), stomatal function and xylem hydraulic architecture (Alder, Sperry & Pockman 1996; Pockman & Sperry 2000; Gries et al. 2003; Maherali, Pockman & Jackson 2004; Hukin et al. 2005). As a Correspondence: R. H. Froend. Fax: +61 8 63045509; e-mail: [email protected] 64



consequence, spatial variability in plant vulnerability to change in water availability may occur. Plants have a number of mechanisms to survive in water-limited environments such as reducing leaf area (Fordyce, Duff & Eamus 1997) and tighter stomatal control (Sperry, Alder & Eastlack 1993; Vilagrosa et al. 2003). Another aspect of resisting the water deficits commonly experienced at the dry end of the soil moisture spectrum is the avoidance of loss of hydraulic conductivity caused by xylem embolisms (Tyree & Sperry 1989). A number of studies have shown that species from xeric environments are more resistant to water stress-induced stem cavitation than species from more mesic environments (Kolb & Davis 1994; Brodribb & Hill 1999; Engelbrecht, Velez & Tyree 2000; Pockman & Sperry 2000; Bhaskar, Valiente-Baneut & Ackerly 2007; Choat, Sack & Holbrook 2007). However, this generalization does not always apply. A recent comparison of the water potentials that will induce a 50% loss of hydraulic conductivity (PLC50) in 26 woody shrub species from three arid Californian plant communities showed that PLC50 was not a reflection of the aridity of the site, and in fact the species from the most arid locations were least resistant to cavitation on the basis of this parameter alone (Jacobsen et al. 2007). This discrepancy highlights the role that other mechanisms play in allowing plants to survive seasonal drought. In their comparison of six pairs of closely related species across a winter to summer rainfall gradient in North America, Bhaskar et al. (2007) found significant variation in stem cavitation resistance (again assigned by the nominal parameter PLC50) among species but not with site. Bhaskar et al. (2007) also showed that xylem resistance to cavitation could be independent of the evolution of hydraulic efficiency (defined as specific hydraulic conductivity, Ks). Although there remains to be consensus in the literature, it is possible that the development of a safe or efficient hydraulic architecture will be linked to water availability during development and relative dependency on more readily available sources such as groundwater. In terrestrial Mediterranean-type ecosystems, such as those occurring in south-western Australia, the spatial distribution of soil moisture is tightly linked to the vertical depth of aquifers from the natural surface (Dodd et al. 1984; Zencich et al. 2002). This is because the typically hot, dry © 2008 The Authors Journal compilation © 2008 Blackwell Publishing Ltd



Water stress vulnerability of four Banksia species 65 summers deplete much of the moisture of the vadose zone. As a result, plants with high water-use demands are spatially restricted to low regions of the landscape where a shallow, accessible water table sustains plants all year round, particularly in summer when unsaturated sources are depleted. In south-western Australia, plants with high water-use demands are often obligate phreatophytes (species that rely on permanent access to groundwater) (LeMaitre, Scott & Colvin 1999; Eamus et al. 2006), whereas the functionally distinct facultative phreatophytes are distributed more diffusely throughout the landscape, accessing groundwater only when it is available (Zencich et al. 2002). If groundwater is available during development it can become an important resource for a facultative phreatophyte; however, individuals of the same species will also occupy areas where groundwater is unavailable (Zencich et al. 2002; O’Grady et al. 2006). Many of the dominant canopy species of south-western Australia are banksias (Proteaceae), occupying diverse ecohydrological habitats, as defined by hydrological and edaphic factors. Access and use of groundwater can differ both between species within a single ecohydrological habitat (obligate versus facultative phreatophytic species), and intraspecifically across different ecohydrological habitats (Zencich et al. 2002; Groom 2004). Intraspecific functional plasticity was suggested in Banksia attenuata R.Br (a facultative phreatophyte) via a water source partitioning study by Zencich et al. (2002) where a soil water availability gradient, governed by proximity to a water table, promoted high groundwater dependency in individuals growing in bottom slope locations but no groundwater dependency at dune crest locations. It may be argued, therefore, that difference in resistance to water stress, as inferred from vulnerability to xylem embolism formation, may develop in Banksia as a consequence of variability in water availability, with more groundwater dependent individuals/species displaying greater hydraulic vulnerability. Froend & Drake (2006) undertook a preliminary investigation of the xylem cavitation resistance of phreatophytes including three Banksia (Proteaceae) and one Melaleuca (Myrteaceae). They showed that PLC50 values varied between the species and that there was a tendency for the obligate phreatophytes to be more susceptible to xylem cavitation at any given xylem water potential. The results of their study were, however, influenced by the comparison of unrelated species as the differences between the Melaleuca and banksias were greater than any intrageneric differences within the banksias. Their work also did not address intraspecific variability (particularly in facultative phreatophytes) in hydraulic vulnerability. Thus, to assess the differences in vulnerability to xylem cavitation in obligate versus facultative phreatophytes, we need a more complete study of the xylem cavitation responses of the various phreatophytic types among closely related species within and across ecohydrological habitats. This study considers congeneric species and emphasizes the importance of water availability in determining plant



hydraulic architecture. The objectives of this study focus firstly on whether obligate and facultative phreatophytes differ in their vulnerability to xylem embolism formation. This is investigated by studying the hydraulic properties of individuals of four congeneric Banksia species from the same ecohydrological habitat. Secondly, we examined whether individuals of the same species of obligate and facultative phreatophyte occupying contrasting ecohydrological habitats, showed any plasticity in their vulnerability to xylem embolism. Individuals from a more mesic bottom slope site are compared with individuals from further upslope that occupy more xeric ecohydrological habitats.



METHODS Contrasting ecohydrological habitats were defined in Banksia woodland on the northern Swan Coastal Plain, approximately 35 km north of Perth, Western Australia (31°45′S, 115°57′E). The Banksia species studied were: B. attenuata R.Br. B. menziesii R.Br., B. ilicifolia R.Br. and B. littoralis R.Br. These species were selected for their differing dependence upon groundwater. B. attenuata and B. menziesii are both considered facultative phreatophytes and use groundwater opportunistically (Zencich et al. 2002). These two species are distributed over a range of ecohydrological habitats, irrespective of depth to groundwater. B. ilicifolia is considered as an obligate phreatophyte, as it is generally limited to areas where depth to groundwater is less than 8 m (Arrowsmith 1992). B. littoralis is also an obligate phreatophyte, though its distribution is more constrained with the species restricted to dampland areas with shallow depths to groundwater. Thus the four study species provide examples of differing degrees of phreatophytism. Sampling was conducted within the Lexia wetland system situated on the Gnangara Groundwater Mound, a locally significant water source for domestic and agricultural use (Kite & Webster 1989). The study area substrate is comprised of the Bassendean dune system, an ancient sand deposit with an undulating geomorphology and diverse ecohydrological habitat. It has been identified that terrestrial soil water retention properties (and therefore matric potential of the soil at a given water content) and precipitation does not vary significantly in the Lexia area of the Gnangara Groundwater Mound (Lam et al. 2004). Thus, the defining attributes of the different ecohydrological habitats in this landscape are depth to groundwater and recharge sources. Sampling was conducted at six sites within a 3 km radius that represent contrasting ecohydrological habitats. The first objective of the study, investigating interspecific differences in vulnerability to xylem cavitation, required a site with all four study species present in the same ecohydrological habitat. The site, referred to henceforth as the bottom slope, was selected low in the landscape with perennially high soil moisture because of a shallow depth to groundwater. This bottom slope site consisted of a dampland, a seasonally moist, low-lying area characteristic of
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