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Abstract
• Alterations in plant chemistry underpin a suite of physiological adaptations to arid conditions.
Qualitative and quantitative differences in leaf chemistry are found in the genus Eucalyptus correlat-
ing with physiological adaptation to aridity.
• Here we investigate seasonal water relations of three field grown eucalypt species grown at a com-
mon site known to differ in their ability to accumulate the cyclic sugar alcohol, quercitol.
•We show that quercitol contributes significantly to osmotic relations in field grown trees of Euca-
lyptus melliodora but is present only in trace amounts in E. rubida and E. obliqua.
• Measured concentrations of quercitol account for the difference in osmotic potentials between
species and can be interpreted as a mechanism for adaptation to low water availability.
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Résumé – Variations saisonnières des hydrates de carbone, des cyclitols et des relations hy-
driques chez 3 espèces d’Eucalyptus de taxonomie contrastée, en plein champ et poussant sur
un site commun.
• Des altérations dans la chimie des plants soutiennent une série d’adaptations physiologiques à l’ari-
dité. Des différences qualitatives et quantitatives dans la chimie des feuilles sont trouvées chez le
genre Eucalyptus en corrélation avec les adaptations physiologiques à l’aridité.
• Ici, nous étudions les relations hydriques saisonnières de 3 espèces d’Eucalyptus de plein champ,
poussant sur un site commun, connues pour être différentes au plan de leur capacité à accumuler le
quercitol.
• Nous montrons que le quercitol contribue de manière significative aux relations osmotiques chez
Eucalyptus melliodora mais est seulement présent à l’état de trace chez Eucalyptus rubida et Euca-
lyptus obliqua.
• Les concentrations de quercitol qui ont été mesurées rendent compte des différences de potentiel
osmotique observées entre les espèces et peuvent être interprétées comme un mécanisme d’adaptation
à la faible disponibilité en eau.

1. INTRODUCTION

Aridity is a major factor in shaping vegetation worldwide.
This is particularly true for large parts of the Australian flora,
including the genus Eucalyptus. Eucalypts are renowned for
their tolerance to arid conditions; a feature considered a driv-
ing influence in the origins of the diversity of the more than
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600 species (e.g. Adams, 1996). The genus Eucalyptus is
taxonomically divided into 13 subgenera of which Eucalyp-
tus (formerly Monocalyptus, ∼110 species) and Symphyomyr-
tus (∼500 species) comprise the majority of species. Inter-
and intra-specific variation in growth strategies under drought
and/or salt exposure has been demonstrated in many screen-
ing experiments (Bell, 1999; Johansson et al., 1996; Niknam
et al., 2000; Sun et al., 1993; van der Moezel et al., 1987; 1991;
Zohar et al., 1998) highlighting the significance of species
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adaptation. Despite this variation, no precise physiological ba-
sis for these differences has been fully established (Bell et al.,
1997).

A commonly observed physiological response to drought
is the modification of internal osmotic potential (for review
see Turner et al., 1980). For eucalypts, the adjustment of in-
ternal osmotic potential in response to saline and/or dry con-
ditions has been demonstrated across many species (Clayton-
Greene, 1983; Lemcoff et al., 1994; Li, 1998; Myers et al.,
1986; Pita et al., 2001; Tuomela, 1997; White et al., 2000).
Variation among eucalypt species in the capacity to modify
osmotic potential has been proposed to explain differing salt
(Grieve et al., 1999) and drought (Li, 1998) tolerances, lead-
ing to suggestions of its use as a selection criterion (Lemcoff
et al., 1994; van der Moezel et al., 1991).

The cyclitol “quercitol” is commonly detected in species of
Quercus (Passarinho et al., 2006; Popp et al., 1997) and may
contribute to osmotic relations in some species of Eucalyptus
(Merchant et al., 2005; 2006). Quercitol is found in signifi-
cant concentrations in Eucalyptus spp. and is distributed in
a clear taxonomic pattern (for example differences between
subgenera), that correlates well with environmental adapta-
tion (Merchant et al., 2007). Drought experiments using pot-
ted plants show that Eucalyptus spp. from more xeric environ-
ments accumulate quercitol in response to drought, whereas
species from more mesic environments do not (Merchant et al.,
2006). A field based study on E. astringens showed that
quercitol can make a substantial contribution to osmotic ad-
justment in drought stressed trees and that it occurs in all tree
organs (Arndt et al., 2008) and a further pot study confirmed
that quercitol-accumulating Eucalyptus spp. differ in their wa-
ter relations from non-accumulating species (Merchant et al.,
2007).

It is as yet unknown whether such differences in quercitol
accumulation are found in the field among species inhabit-
ing the same site, and whether related differences in water
relations, that are potentially significant in drought tolerance
strategies, are also present under field conditions. A number
of studies that have investigated inter-specific variation of os-
motic potential in eucalypt species e.g. E nitens and E. glob-
ulus (White et al., 1996), E. behriana and E. polyanthermos
(Prior et al., 1999), E. microcarpa (Clayton-Greene, 1983;
Prior et al., 1999), E. melliodora (Clayton-Greene, 1983) and
E. camaldulensis, E. grandis, E. viminalis and E. tereticor-
nis (Lemcoff et al., 1994) and eucalypt hybrids (Callister
et al., 2006). However, only White et al. (2000) has inves-
tigated the physiology of eucalypt species from contrasting
“chemo-taxonomic” groups indentified previously (Merchant
et al., 2007). Based upon physiological assessments (water po-
tentials, gas exchange and osmotic relations), results of that
study suggested that four eucalypt species (E. camaldulensis,
E. saligna, E. melliodora and E. platypus) possess contrasting
mechanisms for tolerating water deficit.

Despite the relatively low number of investigations, and
the obvious limitations of cross-study comparisons, there is
a scarcity of studies that (1) concurrently investigate differing
chemo-taxonomic groups within the genus Eucalyptus (2) em-
ploy both physiological and chemical based techniques to in-

vestigate osmotic relations and (3) conduct these studies in the
field. The present study is designed to verify our earlier re-
sults on potted seedlings on large field grown trees. To that
end, we studied three different Eucalyptus species, Eucalyptus
obliqua (L. Her’), E. rubida (Deane and Maiden), and E. mel-
liodora (Cunn. ex Schauer), growing in a mixed stand in the
field. E. obliqua and E. rubida belong to taxonomic groups
that, according to earlier studies, do not accumulate querci-
tol (Merchant et al., 2006; 2007). E. melliodora, on the other
hand, has been shown to accumulate quercitol, especially in
response to drought stress (Merchant et al., 2006).

We analysed cyclitol and carbohydrate contents in leaves,
measured total osmolality of the cell sap, and assessed osmotic
relations using pressure volume curves to test the following
hypotheses: (1) E. melliodora leaves contain more quercitol
than the other species (where we would expect very low or no
detectable concentrations of quercitol); (2) there is a seasonal
difference in water and osmotic relations (osmotic adjustment)
in the studied species; (3) E. melliodora shows increased re-
silience to the effects of water deficit compared to E. obliqua
and E. rubida as observed in leaf level water relations.

2. MATERIAL AND METHODS

2.1. Sampled trees

We selected individuals of the three species Eucalyptus mel-
liodora, E. rubida, and E. obliqua in the Long Point Flora Reserve,
situated approximately 20 km north east of Ballarat, Victoria, Aus-
tralia (37.42◦ S, 143.88◦ E). The selection encompasses contrasting
taxonomical classification, in particular representing major subgen-
era and series classifications.

2.2. Site characteristics

Trees used for this investigation grew in a mixed stand covering
approximately 150 m2. Trees were approximately 30 y of age, each
reaching 20 m in height. Slope on this area was less than 2% with
no notable aspect. The soil is a heavy clay with a high amount of
quartz that is characteristic of the region. A shallow (< 2 cm) layer
of humus is present with little water holding capacity. The climate is
Mediterranean with main rainfall during winter and an annual average
of 742 mm. Average maximum and minimum temperature at the site
is 17.9 ◦C and 6.6 ◦C respectively.

2.3. Experimental design

Twelve trees from each species were numbered to ensure the con-
sistent sampling of individuals both in the winter and summer sam-
pling periods. Trees were distributed in a mixed arrangement with
no apparent correlation to any environmental variable. Trees were
sampled at dawn on the 23rd February 2005 (summer) and the 24th
August 2005 (winter). At each sampling date, leaf predawn water
potential was measured and leaf samples taken for pressure volume
analysis, chemical analysis and measures of leaf water status. All
samples were collected from leaves with full sun exposure in the mid
to upper canopy.
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Table I. Leaf predawn water potential (Ψp) and relative water content (RWC) during winter (July) and summer (February) for 3 field grown
Eucalyptus species. p values represent seasonal differences between measurements. Post hoc grouping was performed using Tukey’s HSD.
Season significance was obtained using ANOVA and Fishers LSD tests.

Species Winter Species post hoc Summer Species post hoc Season significance
x̄ se groups x̄ se groups

Ψpdwn (Mpa)
E. obliqua –0.381 0.030 a –0.642 0.041 a 0.000
E. rubida –0.240 0.036 a –1.063 0.127 b 0.000
E. melliodora –0.683 0.212 b –1.158 0.051 b 0.000
RWC (%)
E. obliqua 87.727 1.321 a 94.279 0.487 a 0.000
E. rubida 88.747 1.113 a 90.459 0.944 b 0.253
E. melliodora 94.292 0.718 b 91.128 0.829 b 0.008

2.4. Leaf water characteristics

In both winter and summer, predawn shoot water potential (ψp)
of each tree was measured using a Scholander pressure bomb (PMS
Corvallis USA) (Scholander et al., 1965). Leaf relative water con-
tents (RWC) were determined gravimetrically on shoots collected at
predawn. Three leaves from each plant were removed, sliced into
5 mm sections and weighed (fresh weight). These were then placed
in deionised water at 4 ◦C for 12 h to allow full hydration. Leaf sam-
ples were then lightly blotted dry with tissue paper and re-weighed
(saturated weight). Samples were then dried at 36 ◦C for 48 h and re-
weighed (dry weight). Relative water content was calculated based
upon the formula:

RWC = (Fresh weight − Dry weight)/(Saturated weight

− Dry weight) × 100.

Osmotic potential at full turgor (π100), osmotic potential at turgor loss
point (π0), relative water content at turgor loss point (RWC0), and
bulk elastic modulus (ε) were determined using pressure volume (PV)
curve analysis (Turner, 1988; Tyree et al., 1972). pV curves were de-
termined for 6 trees for each species at each sampling period. Shoots
were initially re-hydrated in the dark for 3 h.

2.5. Leaf chemical characteristics (organic
and inorganic solutes)

Samples collected for chemical analysis consisted of several first
fully expanded (FFE) leaves on terminal branchlets. Samples were
placed in 2 mL micro-tubes and transferred immediately to liquid
nitrogen. In the laboratory, samples were briefly irradiated (30 s) in
a standard 650 W microwave oven and then oven dried overnight at
85 ◦C. Samples were stored at –86 ◦C awaiting analysis.

Soluble carbohydrates were extracted according to Adams et al.
(2005) via a phase separation technique using 1 mL of hot methanol-
chloroform-water (MCW, 12:5:3).

Carbohydrates were separated and quantified using gas chro-
matography according to the technique used previously (Merchant
et al., 2006). Briefly, 60 μL of extracted sample was dried and
then suspended in 400 μL of anhydrous pyridine to which 50 μL
trimethylchlorosilane (TMCS)/bis-trimethylsilyl-trifluoroacetamide
mix (1:10, Sigma Aldrich) was added. Samples were incubated for
1 h at 75 ◦C and analysed by gas chromatography (GC) within 24 h.

GC analysis was performed using a Shimadzu 17A series gas chro-
matograph using a DB1 (30 m) column. Split injection was made at
300 ◦C with an initial oven temperature program of 60 ◦C for 2 min
ramping to 300 ◦C at 10 ◦C/min and maintained for 10 min. Col-
umn flow rate was maintained at 1.5 mL per min. Peak integration
was made using Class VP analysis software (Shimadzu Corporation
Limited). Concentrations of organic solutes in tissue water were cal-
culated based upon the amount of water (g−1 dry weight) determined
by RWC measurements.

Measurements of total cellular osmolality were determined by
freeze point depression from hot water extracts. Approximately
40 mg of dried ground leaf tissue (as prepared above) was placed
in a 2 mL screw-cap microtube to which 1ml of hot water (80 ◦C)
was added. Samples were incubated for 30 min at 80 ◦C, and ag-
itated twice during this period. Samples were left to cool to room
temperature, centrifuged (11.400 × g) and the top 800 μL removed to
a clean microtube. Osmolality of the solution was measured using an
OSMOMAT 030 cryoscopic osmometer (Gonotec, Germany). Leaf
water osmolality was calculated from values obtained by freeze point
depression osmometry combined with RWC values obtained in the
field.

2.6. Statistical analysis

Differences in measured parameters between species and season
were analysed by analysis of variance using “Statistica” analytical
software (Version 6 StatSoft, Tulsa, OK). P values were calculated
using Fisher’s least squared difference post-hoc test mean values.

3. RESULTS

3.1. Leaf water characteristics

Predawn water potentials (ψp) showed significant albeit
moderate reductions from winter to summer in all species
(Tab. I). E. melliodora had the lowest ψp in both winter and
summer. E. rubida showed the largest reduction in ψp of the
three species.

E. melliodora was the only species to show significant re-
ductions in RWC from winter to summer (Tab. I). E. obliqua
showed a significant increase in RWC from winter to summer
that was, in summer, significantly higher than those of the two
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Table II. Osmotic potential at full turgor (π100), osmotic potential at turgor loss point (π0), relative water content at turgor loss point (RWC0)
and mean bulk elastic modulus (ε) for 3 species of Eucalyptus during winter (date) and summer (date) sampling periods. Post hoc grouping
was performed using Tukey’s HSD. Season significance was obtained using ANOVA and Fishers LSD tests.

Species Winter Species post hoc Summer Species post hoc Season significance
x̄ se groups x̄ se groups

π100 (MPa)
E. obliqua –1.856 0.035 a –1.800 0.036 a 0.101
E. rubida –1.986 0.116 a –1.871 0.038 a 0.188
E. melliodora –2.350 0.059 b –2.784 0.182 b 0.026
π0(MPa)
E. obliqua –2.156 0.034 a –2.091 0.065 a 0.109
E. rubida –2.328 0.113 a –2.203 0.052 a 0.171
E. melliodora –2.837 0.052 b –3.360 0.221 b 0.025
RWC0 (%)
E. obliqua 91.510 1.137 a 88.600 0.927 a 0.041
E. rubida 87.660 0.858 a 88.500 0.316 a 0.193
E. melliodora 87.900 1.100 a 85.700 1.546 a 0.140
ε

E. obliqua 8.469 1.259 a 11.901 2.376 a 0.119
E. rubida 7.017 1.072 ab 6.674 1.082 ab 0.414
E. melliodora 4.429 0.389 b 3.233 0.464 b 0.042

other species. RWC for all species were maintained above the
calculated values for RWC0 except for E. obliqua in the winter
period (RWC = 87.73, RWC0 = 91.51).

From winter to summer, significant reductions in the os-
motic potential at full turgor (π100) and the osmotic potential
at turgor loss point (π0) were detected only in E. melliodora
trees, with no significant changes in these parameters in the
other species (Tab. II). π100 and π0 was significantly lower in
E. melliodora trees compared to the other species in both sea-
sons (Tab. II).

RWC0 significantly changed only in E. obliqua (Tab. II).
RWC0 was found to average above 85% in all species regard-
less of season. These values illustrate that the trees were func-
tioning only just above this point (Tabs. I and II). From win-
ter to summer, the elastic modulus (ε) significantly decreased
in E. melliodora, but not for E. rubida and obliqua (Tab. II).
Values of ε, regardless of season, displayed levels of elas-
ticity according to the pattern: E. melliodora < E. rubida <
E. obliqua.

3.2. Leaf chemical properties

Osmolality increased significantly in all species between
winter and summer (Fig. 1). E. melliodora had higher osmo-
lality than E. obliqua during both winter and summer whilst E.
rubida had the greatest osmolality in summer. Of the three eu-
calypt species, increases in tissue osmolality were the largest
in E. rubida.

Quercitol concentrations over 100 mmol kg−1 leaf water
were obtained from E. melliodora leaves. Quercitol clearly
dominated the soluble carbon fraction for leaves of this
species. Quercitol was also detected in E. rubida in the sum-
mer period, at concentrations of approximately 10 mmol kg−1

leaf water whilst two samples of E. obliqua were found to con-
tain quercitol (in winter), and then only in trace amounts.

Concentrations of fructose, myo-inositol, sorbitol and su-
crose all significantly increased in E. melliodora and E. rubida
trees from winter to summer (Fig. 1). Similarly, significant in-
creases were observed in glucose levels only in E. rubida. For
E. obliqua, fructose was the only measured metabolite that in-
creased from winter to summer. Levels of myo-inositol and
sucrose declined significantly from winter to summer.

4. DISCUSSION

In many plants, carbohydrates and polyols are the ma-
jor soluble constituents of leaf tissues and are often linked
with a role in osmoregulation (e.g. Koppenaal et al., 1991;
McManus et al., 2000; Rajam et al., 1998; Sacher et al., 1985;
Wingler, 2002). Previous studies quantifying soluble carbo-
hydrates in Eucalyptus species in the field are rare, proba-
bly because the diversity of carbohydrates and polyols makes
their comprehensive (“metabolomic”) analysis difficult. Our
first hypothesis was that leaves of E. melliodora would con-
tain large concentrations of quercitol. In agreement with ear-
lier studies on seedlings (Merchant et al., 2006) and a general
field survey on larger trees (Merchant et al., 2007), leaves of
E. melliodora contained quercitol at concentrations of the or-
der of 100 mmol L−1 based on leaf water content at full turgor.
Leaves of E. obliqua and E. rubida contained more than an
order of magnitude less quercitol. Concurrently, E. melliodora
generally exhibited more negative water potentials and more
negative osmotic potentials than the other two species. Ac-
cording to the Van’t Hoff equation (at 20 ◦C), the presence of
quercitol in E. melliodora in fully hydrated leaves would ac-
count for about –0.26 MPa, which would explain most of the
difference from the other two species in osmotic potentials and
predawn water potentials.

For E. melliodora, quercitol contributed to about 10% of
the osmolality measured in an aqueous extract of the leaves.
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Figure 1. Concentration of the major carbon based solutes (mmol
Kg−1 leaf water) in leaves of E. obliqua (black) E. rubida (light)
and E. melliodora, (mid grey) during both winter (July) and summer
(February). Means and standard errors of 6 replicate trees are shown
per species and sampling date. Post hoc grouping was performed us-
ing Tukey’s HSD. Season significance was obtained using ANOVA
and Fishers LSD tests.

Quercitol concentrations were more than twice those of the
second most abundant carbohydrate, sucrose, with all mea-
sured carbohydrates and cyclitols contributing close to 20% of
the total osmolality. It is noteworthy that quercitol was found
in all species. Hence, species differences are most probably
not due to the presence or absence of any specific biosynthetic
pathway, but more likely due to different regulation or expres-
sion of these pathways.

In our second hypothesis, we addressed the seasonal
changes in water relations and solute concentrations. Predawn
water potentials measured in this study fall within the val-
ues commonly obtained from field based studies in Eucalyp-
tus (Myers et al., 1997; White et al., 1999; 2000; Zubrinich
et al., 2000). The slight reductions in predawn water poten-
tial Ψ of 0.3–0.5 MPa observed for all species from winter to
summer may indicate mild water deficit at this site in summer,
as could be expected from the Mediterranean rainfall patterns.
Previous investigations into field grown eucalypts have inves-
tigated trees often showing larger variations in Ψ, probably
corresponding to more severe drought stress (e.g. Arndt et al.,
2008; Merchant et al., 2007; White et al., 2000). Our results
offer an opportunity to investigate the potential acclimatory re-
sponses of plant metabolism to moderate seasonal fluctuations
in water availability.

In general, pressure volume curves remain one of the ref-
erence methods of determining in vivo osmotic potentials
(Turner et al., 1980; Tyree et al., 1972). Our measured total
osmolality reflects extractable solutes as opposed to in vivo
osmotically active solutes. An earlier comparison of these
methods showed that osmolality measured on hot water ex-
tracts does not necessarily correlate well with direct measure-
ments on the expressed cell sap or results from the pV curves
(Callister et al., 2006). In addition, a decrease in water poten-
tials may reflect decreases in soil water potentials, but may
also be ascribed to changes in the osmotic potential (osmotic
adjustment) of leaf tissues (e.g. Turner et al., 1980). Mea-
surements of total osmolality in tissue extracts did indicate
an increase in osmotically active solutes in leaves of all three
species from winter to summer, but pV curve analyses only
showed a decrease in osmotic potential for E. melliodora. This
discrepancy could be partly reconciled by increases in relative
water content from winter to summer diluting the solutes thus
reducing their effects on osmotic potential. Measures of ε (the
elastic modulus of the tissues) are higher in both E. obliqua
and E. rubida, corresponding to reduced maximum elasticity.
The identification of turgor loss point in these species (due to
the larger influence of ε) resulted in higher variability on mea-
sures of π100 and π0 reducing our ability to distinguish chang-
ing patterns of these parameters.

Although osmotic adjustment from winter to summer was
only clearly demonstrated for E. melliodora (according to pV
curve analysis), we observed significant differences in cyclitol
and carbohydrate concentrations between winter and summer
in all species, and for most compounds. In both E. melliodora
and E. rubida, the low molecular weight sugars – glucose,
fructose, and sucrose – as well as the sugar alcohols – myo-
inositol and sorbitol – all increased in concentration in sum-
mer, most of them by at least 10 mmol L−1 leaf water. They
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thus contributed about 30–50% to an increase in total ex-
tractable osmotically active solutes. The remainder of the os-
motic potential is most likely contributed by ions (organic and
inorganic), amino acids, or other low molecular weight wa-
ter soluble compounds such as thiols. In E. obliqua, on the
other hand, changes in these compounds were small, and often
in opposite directions. For example, while fructose concentra-
tions increased slightly (but significantly), sucrose concentra-
tions decreased, resulting in a net change close to zero. Never-
theless, a significant increase in total extractable osmotically
active solutes was also observed in E. obliqua, which must be
attributed to other osmotically active compounds.

We can only speculate on the reasons for such species spe-
cific differences in seasonal changes in solutes. Some studies
support the hypothesis by (Turner and Jones, 1980) that os-
motic adjustment arises from an accumulation of solutes as a
result of the continuation of photosynthesis after the cessation
of leaf growth (sink limitation). Keiper et al. (1998) demon-
strated this pattern in glucose and sucrose for E. microcorys –
however, the same did not apply to fructose. Similarly, the
work of Stoneman et al. (1994) supported the role of excess
photosynthetic products in lowering osmotic potential in E.
marginata seedlings. If such an imbalance of sink (growth or
storage) to source (photosynthates) contributes to the increase
of solutes in summer, then fundamental differences between
species seem to exist in carbohydrate production and alloca-
tion patterns.

In our third hypothesis we state that E. melliodora would
show marked differences from the other species in water re-
lations and seasonal acclimation strategy. This was true in
that E. melliodora showed osmotic adjustment and generally
more negative water potentials and osmotic potentials. How-
ever, whilst quercitol concentrations may explain the more
negative osmotic potentials in E. melliodora, there was no ap-
parent relationship to seasonal adjustment, because quercitol
concentrations were constant and did not change from winter
to summer in this species. These results support previous in-
vestigations (Merchant et al., 2006) suggesting that quercitol
concentrations are a constitutive property rather than variable
according to seasonal water deficit.

We must also consider roles other than in osmotic regu-
lations for quercitol (and cyclitols generally). Cyclitols have
been shown to possess osmoprotective roles both in vitro
(Orthen et al., 2000) and hypothesised to function in vivo (Paul
et al., 1989) based upon their subcellular localisation. Orthen
et al. (1994) suggested that these compounds may play a role
in scavenging reactive oxygen species (ROS) formed preferen-
tially under conditions of excess excitation energy in the pho-
tosynthetic apparatus, an unavoidable situation if plants close
their stomata to avoid water loss during the day (e.g. Flexas
et al., 2002). Carbohydrates and cyclitols may also be involved
in other forms of diversion of excess photochemical energy
(Hare et al., 1998) and maintenance of redox potential. Carbo-
hydrates and poloyls close association with common cellular
processes, low molecular weights, and low toxicity, renders
them excellent candidates as stable osmotica in plant tissues.

In conclusion, our study confirmed differences between Eu-
calyptus species in the presence of high quercitol concentra-

tions and coincident acclimation of water relations to seasonal
changes under field conditions. However, the link between
quercitol and water relations was less obvious. Quercitol con-
centrations did not change seasonally, which leaves the role
of quercitol in seasonal osmotic adjustment as unresolved.
Quercitol contributes to generally more negative water po-
tentials and osmotic potentials in field grown E. melliodora,
which may be interpreted as a constitutively present adapta-
tion to lower water availability.
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