SCIENTIFIC CORRESPONDENCE

Forest canopy
productivity index

SirR — Increased carbon dioxide concen-
trations can stimulate the productivity of
terrestrial vegetation and thereby alter the
relationships  between anthropogenic
carbon emissions, atmospheric CO, con-
centrations and climate change. This must
therefore be taken into account when
policy options for climate control are
being assessed'”.

The representation of increased CO,
on a global scale should come from mod-
els, but the growth and carbon storage of
different vegetation types in controlled,
CO,-enriched atmospheres must be deter-
mined experimentally in order to test
assumptions made in such models. Critical
mechanistic model components (for
example, photosynthesis and transpira-
tion) can be compared with experimental
data’, but we do not have enough experi-
mental data on the growth of trees to
evaluate models of forest responses to
rising CO,. Results of the few field experi-
ments that have investigated tree respon-
ses beyond the seedling stage are difficult
to generalize and extrapolate. I suggest
that some of this difficulty derives
from the use of plant dry mass as the
primary indicator of response. A more
robust and conceptually more useful
measure of response is the annual produc-
tion of wood per unit of leaf area, which I
refer to here as canopy productivity index
(CPI; formerly called growth efficiency®).

The effect of CO, enrichment on plant
mass has varied widely in the several
studies with broadleaf trees (see table). In
1992, we reported that Liriodendron tulip-
ifera trees grown for almost three years in
elevated concentrations of atmospheric
CO, showed a sustained increase in
photosynthesis rate compared with trees
grown in ambient CO,, but with no sig-
nificant increase in plant dry mass’, in
marked contrast to the reported responses
of Citrus aurantium trees exposed to
elevated CO, under horticultural con-
ditions®. The difference in response in
these two studies has been taken as
evidence that trees will show growth
responses only in the presence of
adequate nutrients’, or attributed to

RESPONSE TO ELEVATED CO, OF DRY MASS AND ANNUAL STEM PRODUCTION PER UNIT LEAF

AREA (CPI) OF FIELD-GROWN BROADLEAF TREES

Species Duration of exposure
(growing seasons)
L. tulipifera 2.7
Populus x euramericana
(Eugenei)
Low fertility 1
High fertility 1
Populus x euramericana
(Robusta) 2
Populus trichocarpa x deltoides
(Beaupré) 2
Fagus sylvatica 2
Q. alba 4
C. aurantium 5

Average * s.d.

% Increase in % Increase Ref.
dry mass in CPI
18 35 4,5
7,11
26 22
38 18
44 37 12,13
73 22 12,13
91 31 14
135 37 4,9
180 33 6, 15
76 + 57 29+7

In each experiment the trees were planted directly in the ground and exposed in open-top
chambers to CO, partial pressures of approximately 350 p.p.m. (ambient) and 650-700 p.p.m.
CPIs of L. tulipifera and Q. alba were calculated by regression analysis of annual stem mass
increment versus leaf area. Other calculations were based on published values of mean stem dry
mass or dry mass increment (or a surrogate measure), and leaf area or relative increase in leaf area.

unusual leaf physiology in Citrus®. Such
explanations are unnecessary, and the
nutrient explanation is not robust. We
recently reported that Quercus alba
saplings exposed to elevated CO, for four
years responded similarly to the Citrus
trees, more than doubling in dry mass
relative to trees in ambient CO,, even
though they were grown in the same
exposure chambers and unfertilized soil as
the L. tulipifera®. Other species have
shown intermediate responses (see table).

Despite this apparent divergence of
results, which makes generalizations
untenable, closer analysis suggests a fun-
damental similarity in response across
these studies. Regardless of the substan-
tial differences in cultural conditions,
inherent species characteristics and the
final dry mass response, the CPI of
broadleaf tree species increases approxi-
mately 29% in response to CO, concen-
tration increases of 300-350 parts per
million (p.p.m.; see table). The large
increases in dry mass observed in Q. alba
and C. aurantium were dependent on an
increasing leaf area, a response that was
established very early in the exposure
regime and was compounded over time.
Conversely, the limited response of the
L. tulipifera was attributed to a relative
decline in leaf area. The CPI normalizes
the increases in wood accumulation to a
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constant leaf area, and therefore is more
relevant to the response of trees in a
forest where leaf area approaches a rel-
atively constant value, constrained by
available resources, particularly light,
water and nutrients. The 29% increase in
CPI is similar to the growth increases
observed in many short-term studies with
small seedlings, as well as to the amount
of CO, fertilization required to balance
most global carbon budget models®°.

The consistent response of the CPI to
elevated CO, suggests that sustained,
moderate increases in tree growth can be
expected in a CO,-enriched atmosphere.
That is not to say, however, that this index
alone predicts forest productivity. Root
growth and heterotrophic respiration
are not taken into account in the CPL
Environmental factors that reduce the
leaf area of a forest stand, such as soil
infertility or drought, will reduce produc-
tivity gains from the 29% enhancement
suggested by the CPI.

This analysis gives rise to several
hypotheses about tree responses which
can be tested in larger-scale CO,-enrich-
ment experiments in forests: for example,
CPI will remain higher in elevated
CO, throughout stand development and
canopy closure; and effects of other
environmental factors on tree growth will
be manifested primarily through changes
in leaf area index. The separation of func-
tional variables such as leaf physiology
and wood production, and structural vari-
ables such as leaf area index, is the basic
approach of a global productivity model’.
The CPI provides a useful construct for
organizing existing experimental data and
future, large-scale forest exposure experi-
ments along similar principles.
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