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Deﬁning phreatophyte response to reduced water availability: preliminary investigations on the use of xylem cavitation vulnerability in Banksia woodland species R. H. FroendA,B and P. L. DrakeA A Centre
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Abstract. The consideration of phreatophyte response to changes in water availability is important in identifying ecological water requirements in water-resource planning. Although much is known about water-source partitioning and intra- and interspeciﬁc variability in groundwater use by Banksia woodland species, little is known about the response of these species to groundwater draw-down. This paper describes a preliminary study into the use of xylem cavitation vulnerability as a measure of species response to reduced water availability. A response function and critical range in percentage loss of conductance is identiﬁed for four Banksia woodland overstorey species. Similarity in the vulnerability curves of B. attenuata R.Br. and B. menziesii R.Br. at low tensions supports the notion that they occupy a similar ecohydrological niche, as deﬁned by their broad distributions relative to depth to groundwater. B. ilicifolia R.Br., however, as an obligate phreatophyte, has a range restricted to environments of higher water availability and shallower depth to groundwater and this is reﬂected in greater vulnerability to cavitation (relative to other Banksia) at lower tensions. The wetland tree Melaleuca preissiana Schauer generally expressed a greater vulnerability at any given xylem water potential (x ). This paper identiﬁes the range in x within which there is an elevated risk of tree mortality, and represents a ﬁrst step towards quantifying the critical thresholds in the response of Banksia woodland species to reduced water availability.



Introduction Underlying the northern Swan Coastal Plain (SCP) in the south-west of Western Australia (WA) is the Gnangara groundwater mound, a shallow, unconﬁned aquifer where a trend of lowered water tables has been observed since the mid-1970s (Davidson 1995). This trend is attributed to reduced rainfall recharge in addition to the abstraction of groundwater for Perth’s scheme water supply, industrial and agricultural use, and plantation forestry (Groom 2003). As a result, negative impacts have been noticed in a diverse array of groundwater-dependent ecosystems including phreatophytic Banksia woodland (Groom et al. 2001). There has been considerable research on identifying the water requirements and, in particular, the degree of groundwater dependency of SCP Banksia woodlands in WA. The majority of this work has used the proximity of a shallow, unconﬁned aquifer to plant rhizospheres as an inferential measure of potential groundwater dependency. Although a number of early researchers have recognised the Banksia woodlands of the SCP as phreatophytic (Farrington et al. 1989; Dawson and Pate 1996), these studies have not identiﬁed the variability in groundwater use and the © CSIRO 2006



relative importance of groundwater in meeting vegetation water requirements. Recent work has concentrated on the identiﬁcation of indicator species’ ecohydrological ranges (niches) and the characterisation of their distribution in terms of depth to water table and the proportional importance of groundwater as a plant water source. Zencich et al. (2002) found the use of groundwater by Banksia species varied interspeciﬁcally, temporally and with topography and/or depth to groundwater. This variability in groundwater use and relative importance were assessed through the adoption of a simpliﬁed model of the zones of plant-available moisture, categorising potential water sources as either groundwater or the unsaturated zone, within uniform deep sands. Understanding this variability is signiﬁcant to water-resource management as it can be used to spatially differentiate vegetation according to inferred susceptibility (from relative proportion of groundwater in total plant water uptake) to changes in groundwater availability. Although the determination of the relative importance of groundwater to total plant water use contributes to our understanding of phreatophyte susceptibility, it tells 10.1071/BT05081
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us little about phreatophyte response to changing water availability (beyond seasonal ﬂuctuation). The development of species response curves to reduced water availability would signiﬁcantly enhance our understanding of water requirements and perhaps lead to the identiﬁcation of response thresholds (Eamus et al. 2006). Such thresholds could be used to identify the limits of reduction in water-source availability, a useful parameter for characterising water requirements for resource and conservation management. However, there have been no in situ drought experiments to measure Banksia woodland species response to separation from the water table. Such experimentation, while testing groundwater dependency and the physiological (plant water status) thresholds to longterm changes in groundwater availability, are expensive and difﬁcult to maintain over the long term. A possible surrogate for manipulative, in situ whole-tree experimentation is the assessment of species hydraulic vulnerability curves over a range of water availability. The loss of hydraulic conductivity in the xylem has been recognised as playing an important role in drought response (Tyree and Sperry 1989). Xylem cavitation (Zimmermann 1983) under negative xylem pressure and subsequent embolism results in a conduit being unavailable for water transport, thus reducing hydraulic conductivity. Pockman and Sperry (2000) suggested that a high cavitation resistance results in a higher tolerance to water deﬁcit, and that vulnerability to embolism formation has a signiﬁcant inﬂuence on patterns of species survival and distribution within areas and during periods of water limitation. Lam et al. (2004) suggested the use of species vulnerability curves as an alternative method to long-term ﬁeld experimentation, for characterising the response of Banksia species to changes in water availability from all sources. Measurement of the loss of xylem conductance under increasingly stressful conditions could facilitate the quantiﬁcation of water availability conditions at which plant vigour is likely to be signiﬁcantly reduced or mortality occurs. Numerous authors have used plant water potential at 50% loss of conductivity (PLC50 ) as a comparative measure of vulnerability (Sperry et al. 1988; Cochard et al. 1994; Machado and Tyree 1994). It may be argued that variability in phreatophyte dependency on groundwater will be reﬂected in different xylem vulnerability response functions and therefore critical plant water potential thresholds. Therefore, Banksia species regarded as facultative phreatophytes (Zencich et al. 2002), such as B. attenuata and B. menziesii, may demonstrate lower PLC50 values than obligate species such as B. ilicifolia, which is restricted to shallow depths to groundwater and is highly dependent on summer groundwater (Groom 2004). This paper outlines a preliminary study at Gnangara into the determination and application of xylem vulnerability
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functions as a measure of Banksia woodland species susceptibility to change in water availability. Speciﬁcally, we aim to determine whether vulnerability to xylem cavitation and critical plant water potential thresholds varies between obligate and facultative phreatophytes. Materials and methods Study-site description and study design The Gnangara study site is situated on the Gnangara groundwater mound on the north-eastern fringe of the metropolitan area of the city of Perth, WA. The Swan Coastal Plain (SCP) on which the study area lies, experiences a Mediterranean-type climate with warm to hot, dry summers and mild, wet winters (Gentilli 1972). On the basis of the length of the summer dry season, the climate type of the SCP can be further classiﬁed as warm Mediterranean (Bagnouls and Gaussen 1957), with 5–6 dry months between November and April. Gnangara receives a mean annual rainfall of 868 mm, a pan evaporation rate of ∼2000 mm annually and mean maximum temperature during summer of 31◦ C (data sourced from Perth Bureau of Meteorology 2005). Rainfall normally exceeds evaporation in 3 months of the year (June–August). Soils and vegetation at the site are typical of the Bassendean Dunes (Speck 1952; McArthur and Bettenay 1960; Havel 1968), with a deep sand proﬁle underlying a low woodland dominated by species of Banksia. Part of the site was covered with remnant wetland vegetation, indicating an old wetland that had become colonised by terrestrial species through long-term reduction in water availability (Heddle 1980). The overstorey included Banksia attenuata R.Br., B. menziesii R.Br. and B. ilicifolia R.Br., with scattered Melaleuca preissiana Schauer. The latter two species are indicative of lower positions in the subdued landscape and shallow (20 m) water tables. B. ilicifolia was also included, representing an obligate phreatophyte restricted to shallow to moderate ( 
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