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Introduction

Afforestation efforts are assigned by many nations and stakeholders to moderate the living
environment and to contribute to the sustainable production of forest resources. Acacias and eucalypts
are among the pioneer species suitable for afforestation in sub-tropical and tropical regions where
growing environment has been changing drastically. These trees have been widely planted because of
their fast growth and their adaptability to diverse growth conditions; however, their chemo-
ecophysiological capability needs further investigations in term of adaptation to the changing
environment in the future.

In general, plants growth is restricted to some extent by extreme physical environmental factors,
e.g. high temperature, high soil nitrogen (N) level, high atmospheric [CO;] as well as high
concentration of air pollutants such as tropospheric O;. However, plant responses to the changing
environment greatly vary and depend on heredity and other environmental limitations. Therefore, the
performance of eucalypt and acacia in the changing environment is defined by their ability to exploit
and allocate resources originated from photosynthesis to maximize growth.

The general concern underlying this research is the chemo-ecophysiological responsés of
eucalypts and acacias to high atmospheric [CO,], [Os] and nitrogen deposition, to cope with future
climate change as they will be used as promising materials for afforestation. I examined the responses
of these species to high level of [CO,], [O;], and nitrogen loading. I conducted some experiments to
elucidate the issues and present the results in six parts: 1) Ecology of eucalypts and acacias, 2)
Nitrogen deposition and ozone in East Asia, 3) The effect of N deposition on photosynthetic, growth,
and leaf traits of eucalypts and acacia, 4) Chemo-ecophysiological responses of eucalypts under
elevated [CO;] and high N load, 5) Photosynthetic, growth, and defense responses of eucalypts under
elevated [CO;] and [Os], and 6) General discussion.

1. Ecology and silviculture of the eucalypts and the acacias
I summarize the growth traits of the vegetation in the native localities, their habitat, plantation
performance, and the commercial importance of eucalypts and acacias in the future.

2. Nitrogen deposition and ozone in east Asia

Rapid changes in atmospheric condition, such as increasing [SO,], [NO,], [Os], and [CO;] represent
critical issues to afforestation. For this study I collect information from literatures and did field
surveys in their plantations in Indonesia and Taiwan.

For measurement of gases concentration, a Passive Sampler Method (Ogawa & Co. USA, Inc) was
used.

[Os] in Indonesia sites and Taiwan sites were relatively similar which was remaining below the
standards threshold in Indonesia. The [NO,], [NO,], and [NO] were higher in Indonesia sites than in
Taiwan’s because of the study site-effect. (Literatures surveys are on-going).

3. Photosynthetic, growth, and leaf traits of eucalypts and acacias under high N load

Photosynthetic nitrogen and water use efficiency (PNUE and WUE) of eucalypts and acacias
should be considered on selecting seedlings regarding the afforestation site’s condition. These factors
may capable to predict how net photosynthetic capacity is optimized per unit of water and nitrogen in
leaves.
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Eucalyptus urophylla, E. grandis, E. nitens, Acacia mangium, and A. auriculiformis were grownin 7 1
pots with Kanuma pumice and clay soil (1:1, v/v). Four levels of (NH,),SO, were designated to supply
N at 0, 25, 50 and 100 kg ha™' yr".

Nitrogen (N) deposition to some extent may improve the photosynthetic and growth traits of the
eucalypts and acacias. However, N input level to environment should be considered, because too high
N level might give inefficient result. Apparently, high N load improved the photosynthetic traits of the
acacias better than that of the eucalypts, because the PNUE of the acacias increased by high N load
and the Ag.wn could surpassed that of the eucalypts. Little evidence was found on the effect of N load
to the WUE of both genera in this study.

4. Chemo-ecophysiological responses of eucalypts under elevated [CO;] and high N load

In general; photosynthetic rate and growth of plant increase under elevated [CO,) and high soil N
condition. In this study, I studied the performance of two eucalypt species under the interaction of
elevated [CO,] and high N to comprehend their suitability as materials for afforestation in the
condition simulating the future environment with high N deposition and elevated atmospheric [CO,).

E. urophylla and hybrid E. camaldulensis x E. deglupta were grown in 7 1 pots with Kanuma
pumice and .clay soil (1:1, v/v) in phytotron chambers under natural light condition equipped with
supplemental light to simulate day length in their native habitat. The seedlings were subjected to two
levels of [CO,] (380 and 760 umol mol™) and two levels of N (0 and 50 kg ha™).

The photosynthetic rate was increased by both high N load and elevated [CO;], but only high N
pronouncedly enhanced the growth of the eucalypts. When N was not a limiting factor, 4goum
increased under elevated [CO,]. A trade-off of resource allocation was apparent between growth and
secondary metabolites concentration under both elevated [CO,] and high N load.

5. Photosynthetic, growth, and defense responses of eucalypts under elevated [CO;] and [Os]

The availability of N and C influences plant leaf chemistry, which in turn would define plant .
defense status. Increasing the availability of these resources may induce changes not only in plant
growth traits but also in plant defense strategies. At high [CO;], stomatal conductance decrease to
reduce the ozone absorption. Many studies have reported that high [CO,] moderates the SM that is
altered by high [Os], because exposure to [O;] alters the leaf chemistry because ozone is considered as
an abiotic elicitor of plant defense reaction. Elevated [CO;] is also possibly to ameliorate the effect of
harmful ozone. '

E. globulus, E. grandis, and hybrid E. camaldulensis x E. deglupta were grown in Open Top
chambers (OTCs) in the nursery. The seedlings were subjected to two levels of [CO,] (ambient and
600 ppm) during daytime and two levels of [O;] (<10 and 60 ppb) for 7 h during daytime.

Condensed tannins tended to increase under elevated [CO;] that may related to either a trade-off
with the retarded-growth or the increase in resources availability for SM production. Photosynthetic
and growth traits of the eucalypts seemed irresponsive to high [O;] as compared to high- [CO;].
However, GC profiles of leaf extract showed that elevated [Os] and [CO,] marginally increased the
concentration of a particular compound, also the possibly ameliorating effect of high [CO,] on the
effect of [O;]. (The identification and structure elucidation of the compound will be conducted in the
near future).

General Discussion

Less evidences were found on nutrient, especially nitrogen, interfered the impact of
elevated [CO,], although nutrients significantly improved the net photosynthetic and growth
rate of the eucalypts and the acacia. The improvement on net photosynthetic and growth rate
was less pronounced by elevated [CO,]. Although the photosynthetic rate tended to decreased
slightly, there was no significant reduction in photosynthesis and growth of the eucalypts by
elevated [Os). Based on these findings, therefore, acacia and eucalypts can be considered as
afforestation species under the rapidly changing environment.
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responses of the afforestation species eucalypt and acacia
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