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Abstract

Ecological restoration using seedling tubestock is chal-
lenging under a Mediterranean-type climate of hot, dry
summers. We investigated the ecophysiological effects of
plastic tree guards and shadecloth tree guards during seed-
ling establishment of four co-occurring tree species that
differ in leaf morphology. Average temperature was 6.7°C
higher in plastic guards than controls over a summer, with
a maximum of 53.5°C compared to 47.9°C in controls.
Light levels were 2-fold lower in both tree guard treat-
ments relative to control. In spring, photosynthesis and
specific leaf area were significantly elevated in shadecloth
tree guards relative to other treatments. In summer,
photosynthetic rate was significantly lower, and midday
photochemical efficiency was significantly higher, in both
tree guard treatments relative to controls. The effect of

elevated temperature in plastic tree guards may partially
explain our results of higher mortality of seedling in plas-
tic tree guards. The relatively elevated spring photosyn-
thesis of seedlings in shadecloth tree guards may partially
explain the result of reduced mortality and increased
growth in this treatment. We conclude that shadecloth
tree guards create a microclimate more favorable for seed-
ling establishment in a Mediterranean-type environment
than plastic tree guards and control treatments. Our re-
sults may have wide applicability to the range of restora-
tion settings where seedling tubestock is planted, except in
environments where low temperature is limiting to plant
growth.
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Introduction

Seedling establishment is one of the most limiting pro-
cesses in the perpetuation of plant populations, particu-
larly in disturbed environments (Schemske et al. 1994;
Hobbs & Yates 2003). Urban bushland remnants are often
characterized by significant weed infestation, high brows-
ing pressure, altered edaphic and hydrological regimes,
and altered vegetation structure due to the increased fre-
quency of fire. For these reasons, native vegetation in
urban bushland remnants can fail to recruit and regener-
ate, necessitating ecological restoration. A favored method
for restoration is the use of direct seeding following weed
control and sometimes soil scarification (Turner et al. 2006).
However, preference for use of local provenance seed to
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avoid genetic pollution of indigenous genotypes (Krauss
et al. 2005) often results in limited seed resources, partic-
ularly when bushland is fragmented and where remnant
populations are small and old and/or where stressed
plants set limited seed numbers per plant. Thus, limited
seed resources combined with the inherent variability of
climate can preclude the practice of direct seeding and
result in ecological restoration of urban bushland by
planting nursery-raised seedlings.

In Mediterranean-type environments, different strategies
for coping with low soil water and high atmospheric evapo-
rative demand may contribute to differences in the com-
petitive ability and the distribution of species (Damesin
et al. 1998). Stomatal closure, which minimizes water loss
through transpiration (Jones 1998), is a common plant strat-
egy although different species may have different stomatal
responses and the net effect of this on transpiration is
affected by leaf morphology and leaf angle. Conversely, sto-
matal closure limits transpirational cooling and leads to car-
bon dioxide limitation to photosynthesis and thus reduced
competitive ability. In order to maximize early growth,
seedlings can have higher stomatal conductance and photo-
synthesis than mature plants during the wet season of
a Mediterranean-type climate year (Kolb & Stone 2000).

Plant water availability can alter specific leaf area
(SLA) that affects leaf transpiration and photosynthesis
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