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SUMMARY

Traits associated with leaf energy balance are especially important for desert plants because decoupling leaf and
ambient temperatures can be critical for maximizing productivity and survival in these hot, dry regions. Deserts
are also one of the most climatically unpredictable and heterogeneous biomes; thus, variation of energy balance
characters due either to plasticity or genetic differentiation might also be crucial to the success of desert plant
species. In a common garden environment we examined variation in the traits associated with energy balance and
productivity in Encelia farinosa A. Gray (brittlebush) plants. Comparing two populations from contrasting rainfall
and drought climates, we found that plants from the wetter site (Superior, Arizona) always maintained higher leaf
absorptances than plants from the more xeric region (Oatman, Arizona) when at similar water potentials. Superior
plants also increased stomatal conductance and photosynthesis in response to mid-spring rainfall, whereas Oatman
plants did not. Oatman plants, however, tended to have greater leaf areas and continuous spring growth, which
made them larger than Superior plants, yet both populations produced the same number of flower heads. The
differences for these traits, and the associations among them, agree with predictions based on the contrasting
drought and rainfall environments of these two populations. Our results suggest that the differences might
represent alternative suites of characters of selective importance for maximizing carbon gain over the climatically
variable range of this widespread species. Furthermore, these differences, detected in common environment
conditions, might have a genetic basis, which might contribute to a greater potential for local adaptation in this
species.
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INTRODUCTION

Variation in physiological traits and their association
with other plant characters (morphological and
phenological) can play an important role in the
performance of species that span broad environ-
mental gradients or highly heterogeneous habitats.
Comparing this variation among populations
provides a mean to understand better both the roles
played by these traits in enhancing the adaptability
of the species, and the potential evolution of the
character relationships.

Physiological performance in the desert perennial
shrub FEncelia farinosa A. Gray (brittlebush) is
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closely associated with seasonal changes of leaf
morphology (Cunningham & Strain, 1969 ; Odening,
Strain & Oechel, 1974; Smith & Nobel, 1977, 1978,
Ehleringer & Mooney, 1978; Ehleringer, 1988). In
particular, development of highly reflective leaf
pubescence decreases both leaf heat-load and the
reliance on transpirational cooling for maintenance
of favourable leaf temperatures (Ehleringer &
Mooney, 1978). However, leaf hairs are costly to
produce and they reflect photosynthetically active
radiation, which reduces carbon assimilation
(Ehleringer & Bjorkman, 1978; Ehleringer & Werk,
1986). This trade-off should influence variation for
the physiological, morphological and phenological
traits associated with energy balance and carbon
assimilation over the very broad distribution of E.
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farinosa. Indeed, phenotypic variation has been
found for leaf absorptance, water use and timing of
leaf loss, and this variation corresponds to regional
differences of precipitation and drought duration
(Ehleringer, 1988; Sandquist, 1995). However,
although there is convincing evidence that decreased
radiation absorption due to greater pubescence
represents an adaptation to low water availability
and high temperatures, little is known about the
basis of the geographic variability of this trait, or of
that of other physiological and phenological traits
associated with it.

Within the broad range of E. farinosa there is high
geographic variation in mean annual rainfall and
drought length. In addition, there is also high
interannual variance of water availability. In light of
the trade-off associated with leaf pubescence, these
spatial and temporal patterns of water availability
could affect inter-population genetic differentiation
of traits associated with energy balance, water use
and productivity. Previous findings do, in fact,
suggest that genetic differentiation might play an
important role in the capacity of E. farinosa to
occupy contrasting microclimates. For example,
variability of water use has been found in association
with isozyme differentiation along microclimatic
gradients and may facilitate population structuring
over these fairly small spatial scales (Monson et al.,
1992; Schuster et al., unpublished). Such genetic
variance might also contribute to divergence among
regional populations, since selection might vary
according to differences in rainfall and drought.
However, the high degree of environmental het-
erogeneity might actually provide a selective basis
for greater plasticity, which could preclude genetic
differentiation among populations (Bradshaw, 1965;
Marshall & Jain, 1968; Cooper & Kaplan, 1982;
Seger & Brockmann, 1987; Schmid, 1992). The
combination of these alternatives, genetic variability
for plasticity, is also an important mechanism of
adaptation  (Schlichting, 1986; MacDonald,
Chinnappa & Reid, 1988; Thompson, 1991).

In this study we examined inter-population varia-
bility of traits associated with energy balance, water
availability and productivity in E. farinosa, since
such variability might be crucial to the acclimation
and adaptation of this species to the highly het-
erogeneous desert environment.

Plants from two populations representing
contrasting rainfall environments were raised in a
common garden: one population originated from a
highly variable and dry environment within a zone of
unpredictable monsoon activity (Oatman, Arizona),
and the other from a less variable, wet environment
(Superior, Arizona). We propose that these
contrasting climates have given rise to genetic
differentiation in leaf absorptance, plant phenology
and water-use traits. Thus, plants from the drier,
Oatman population were expected to have trait

values associated with lower water availability, such
as lower leaf absorptance, foliage densities and
stomatal conductance, whereas those of plants from
the high rainfall environment, Superior, should have
been greater. We also examined how the integration
of these traits might form adaptive suites, which in
spite of large leaf-level differences might result in a
convergence of whole-plant productivity.

MATERIALS AND METHODS

Characterization of seed source regions

The range of Encelia farinosa spans much of the
Mojave and Sonoran Deserts of southwestern North
America (Fig. 1). Mean annual rainfall varies by an
order of magnitude (Fig. 2), and the average
maximum summer drought duration (days between
storms > 10 mm) varies from <45d to > 160d
(Sandquist, 1995). High temporal variation of these
factors accompanies this spatial variability, rainfall
being more unpredictable where amounts are low
(Hastings & Turner, 1965; Ehleringer, 1985;
Comstock & Ehleringer, 1992), while drought length
is most unpredictable along the boundary of summer
monsoon advancements (Fig. 2). This appears to
result from year-to-year variability in the strength
(i.e. advancement) of summer monsoons (Ehleringer,
1994).

Seeds of E. farinosa var. farinosa, an obligate
outcrossing composite, were collected (see below)
from two natural populations, ‘Oatman’ and
‘Superior’, chosen to represent extremely different
points along a rainfall gradient in Arizona (Figs 1, 2).
Mean annual rainfall increases, and drought length
decreases from Oatman to Superior (Fig. 2), and
there are also strong differences in seasonal rainfall
amounts (climate diagrams, Fig. 1).

Means for annual rainfall and duration of longest
drought at the Oatman site (34° 55’ N, 114° 25’ W,
427 m, Mohave Co., Arizona) are 111 mm and 75 d,
respectively. Most precipitation occurs during win-
ter and early spring (Fig. 1). Late spring and early
summer rainfall is infrequent, usually totalling
< 10 mm, which is considered to be the minimum
amount needed to trigger plant growth responses
(Beatley, 1974; Ehleringer, 1994). In the summer
months of July and August, monsoon precipitation
averages 25-3 mm, nearly 23 9, of the annual total,
but the coefficient of variation (¢v) for this amount,
a measure of its unpredictability, is very high
(102 %). The drought period, therefore, encompasses
most of late spring and early summer and the date
when it ends, at the onset of monsoon precipitation,
is highly variable.

By contrast, mean annual precipitation at the
Superior site (33°46’ N, 111°05' W, 914 m, Pinal
Co., Arizona) is high (453 mm), and the duration of
longest drought is short (45 d). At this site, pre-



