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Summary

1. Seedlings of eight Acer species grown under two light treatments simulating forest
gap edge (photosynthetic photon flux density, PPFD =30 jumol m2s™": R:FR=0-6)
and gap centre (PPFID=400 wmolm™s™"; R:FR=1-1} were studied to explore the
effect of growth irradiance on transient- and steady-state photosynthesis.

2. The increase in maximum photosynthetic rate (A, from gap edge- to gap centre-
grown seedlings ranged between 20% in Acer saccharum and 138% in Acer ginnala.
Apay differed significantly among species (2-3 to 12-3 umol m2s7") but assimilation
rates under dim light (30 mol m™2s™") were more similar (0-6 to 1-4 pmol m™s™"),

3. Significant differences among species in stomatal conductance indicate that species
of high phatosynthetic performance maintain higher dim light conductance and show a
much greater excursion in stomatal opening under saturating light.

4. Lightfleck response based on actual photosynthetic rates was more rapid in gap
centre- vs gap edge-grown plants but the latter demonstrated more rapid rates of photo-
synthetic induction (PI).

5. We suggest that the estimation of photosynthetic induction state is prone to an
inverse relationship with maximum photosynthetic rate (A_,,) and so may not be
directly related to efficiency in sunfleck response. Conversely, higher A, can result
m low PI but is also associated with higher transient rates of assimilation during a
lightfleck and, therefore, be equally relevant as induction properties.

6. It appears that leaves with characters such as greater specific leaf mass and area-
based leaf N, even within the same irradiance treatment, may confer a carboxylation
advantage to sunfleck utilization not reflected in PI. However, whether the total carbon
return on such a leaf is better assessed by PI or transient photosynthetic rate remains to

be determined.
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Introduction

Light plays a dominant role in the growth and survival
af understorey plants. Their light environment con-
sists of a complex sequence of sunflecks and low-
intensity diffused light that varies greatly with
weather, season, sile characteristics and geographical
location (Endler 1993; Lei et al in press).
Understotey plants may experience less than 6( min
of sunflecks on a ¢lear day but these could contribute
as much as 80% of the total light energy received
{Chazdon 1988). Because whole-plant performance of
forest understorey plants is associated with the avail-
able sunflecks (Pearcy 1983), understorey species are

*Present address: Biology Department, Virginia Polytechnic
Institute and State University, Blacksburg, VA 24061, USA.

expected to show adaptive properties that maximize
the utilization of the fluctuating light source.
Physiologically, shade plants can improve light
capture by reaching higher levels of CO, uptake
through a quick photosynthetic response to sunflecks
fi.e. becoming photosynthetically induced) and by
maintaining a minimum loss of induction between
sunflecks (Chazdon & Pearcy 1986ab; Chazdan
1988; Pearcy 1990). At present, a large part of our
understanding of induction is based on tropical and
herbaceous species (e.g. Gross & Chabot 1979; Gross
1982; Chazdon & Pearcy 1986ab;, Kirschbaum &
Pearcy 1988a,b; Kirschhaum, Gross & Pearcy 1988,
Pearcy 1990; Tinoco-Ojanguren & Pearcy 1992,
1993). A lack of comparable data on temperate woody
plants (Kiippers & Schneider 1993; Tang ez al. 1994),
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particularly among forest species, is clearly evident.
In this study we compare lightfleck responses among
eight congeners grown in two contrasting light envi-
ranments and reconsider the relationship and ecologi-
cal significance of photosynthetic induction and tran-
sient rates of CO, uptake. In the temperate forest,
many Maple (Acer L.) species must complete their
juvenile stage growing in the forest understorey.
Some, like Acer saccharum, require periodic gaps to
reach maturity in the forest crown (Canham 1985)
while otherts (e.g. Acer pensylvanicum) remain in the
subcanopy through life. While Maple seedlings show
significant growth response to forest gaps (Wilson &
Fischer 1977; Canham 1988), their persistence from
germination to the occurrence of a forest gap, which
may last mere than a decade, must depend on an effec-
tive balance of carbon to production and structure.
Previous studies have shown that Maple seedlings
vary in a large suite of traits among species and
among light treatments {Lei & Lechowicz 1990, Lei
1992; Sipe & Bazzaz 1994,1995). Here we focus on
the variation in transient and steady-state photosyn-
thesis in eight Acer species grown under low and
moderate light levels. We estimate various phote-
synthetic induction properties in four census periods
during the growing season and examine their consis-
tency with expecied shade-adaptation under the
dynamic light environment of the forest gap.

Materiais and methods

Eight species of Acer were used in this study, each
represented by two populations (seed sources given in
Lei 1992). The species are: A. macrophylium Pursh.,
A. platanoides L., A. rubrum L., A saccharum
Marsh., A. ginnala Maxim., A. paimatum Thunb., A.
pensylvanicum L. and A. spicatum Lam. The first four
species mature at heights > 13 m while the last four
species reach heights <15m. Seedlings were 3—4-
years old and raised from seed under a commoen
greenhouse environment in the McGill Phytotron.
They were planted in cylindrical Plexiglas tubes (7-7-
cm diameter and 61 cm in height) filled with commer-
cial top soil. In April 1990, the seedlings were placed
under two experimental light treatments just as bud-
break began. The construction of the simulated gap
edge (PPFD = 30 umol m~%s~"; R:FR =0-55) and sim-
ulated gap centre (400 umolm™s™"; R:-FR = 1-1} envi-
ronments is described in detail elsewhere (Lei 1992),
During the experiment, seedlings were fertilized with
Hoagland’s solution (Dunn & Axditti 1968, Version
2) once a week and watered regularly. The total num-
ber of seedlings used in this study was 160,

" Experimental plants were blocked within each light
treatment. Analysis of variance showed no significant
hlock effect in measured traits, therefore only pooled
results are presented. Gas-exchange measurements
were taken indoors (by random treatment and block)
under standard lighting conditions. Photosynthesis,

leaf internal CO, and stomatal conductance were
determined with a Li-6200 Portable Photosynthetic
System (Li-Cor, Inc., Lincoln, NE, USA). Plants were
acclimated under dim light for at least 1 h. Lighting
was supplied by a mixed array of fluorescent wbes
and incandescent bulbs; mean PPFD  was
29umolm™s™" at [24cm from the source. Photo-
synthesis was measured under dim light on one ran-
domly selected leaf per plant after the acclimation
period. Seedlings were then moved under a GE Cool
Beam Flood Lamp (300 W PAR 56/2MFL) suspended
over a 5-cm thick thermal barrier. Mean PPFD was
1260 umol m™*s™". Estimates of photosynthesis after
30s, 2705 and 14705 of exposure to this saturating
light were taken on the same leaf measured under dim
light. This procedure simulates the phetosynthetic
induction respense of a dim light-acclimated leaf to a
saturating  sunfleck of the three durations.
Photosynthesis at 14705 is referred to as A, based
on preliminary determinations that the seedling
tesponse curves began to plateau at approximately
10min in all the Acer species. Repeated measure-
ments of the same leaf at these time intervals had no
effect on the photosynthetic activities. During the
growing season of 1990, four complete sets of light-
fleck response measurerments were taken: 15-25 June,
16-20 July, 6-16 August and 5-13 September.

Phatosynthetic induction was calculated, following
Chazdon & Pearcy (1986a), as:
Induction state (%) = x 100 eqn 1
where A, is the transient photosynthesis 30 s and 2705
after the onset of saturating light, and A, and A ..
are the steady-state photosynthesis under dim light
29umolm™s™") and saturating light (1260 mol
m~?s™') after 1470s. The three photosynthetic mea-
surements after exposure to saturating light corre-
spond approximately to the three phases of photosyn-
thetic induction (Pearcy 1990): (1) at 30s, the rate
during RuBP regeneration, {2) at 270, the Rubisco
activarion phase and (3) at 14703, the stomatal con-
ductance limitation phase. We focused on the compar-
ative progression of photosynthetic induction among
species and between treatments to stable state at these
discrete time intervals instead of the rapid photosyn-
thetic response to dynamic light fluctuations.
Variation in photosynthetic rate during the induction
pracess affected by light treatment and species was
analysed using analysis of variance (SAS 1988) for
repeated measures at the four census periads (Potvin,
Lechowicz & Tardif 1990).

Results
PHOTOSYNTHETIC INDUCTION PROPERTIES

Overall, Maple seedlings grown in simulated gap
cenire achieved higher A ..., (steady state A at [4705,
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Fig. 1, Appendix [) than gap edge-grown plants.
Among species, A. macrophytlum and A. ginnala con-
sistently maintained higher A,,,, in bath centre and
edge treatments over the summer while the lowest
A was observed in A, saccharum in both light treat-
ments {Fig. 1). Photosynthesis in dim light (4 at 05) is
significantly correlated with A_,, for the gap centre
(r=077, P<0001, n=32) and gap edge (r=0-38,
P=003, n=32) treaunents, using pooled data of
species means in the four censuses. This indicates that
species that attained higher A .. also maintained
higher dim light photosynthesis. During the photosyn.-
thetic induction process, transient photosynthesis (at
30s and 270 5) was generally higher in plants grown
under the higher irradiance treatment (Fig. [). Within
treatment, species reaching higher A, {(e.g A
macraphyilum) also showed a more rapid rise in tran-
sient rates than those with low A, (e.g. A. saccha-
rum). However, calculated photosynthetic induction
state showed a reversed pattern where A. saccharum
was quicker in becoming fully induced than A. macro-
phylium, reaching 80% full induction (vs 60% for A.
macrophyllum) at 2705 (Fig. 1).

Photosynthetic rate {4} at the four exposure times to
saturating light differed significantly over the season
but showed a tendency to increase later in the growing
season (Fig. 2; Table 1, census effect within subject).
Because the same leaf on each piant was measured at
every census, this is apparently an effect of leaf age.
The correspondence in between transient and steady-
state phatosynthesis under dim and saturating light is
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Fig. L. Response paiterns of photosynthesis and photasynthetic induction in two represen-
tative Acer species grown under gap-centre (open symbols; PPFD =300 pmol m™s™))
and gap-edge (closed symbols; PPFD = 30 umal m™*s™') treatments. Photosynthesis of the

—2 -1

same leaf was first measured after aeclimation to dim light (30 pmel s ; at time =0s),
then under bright light (1260 umol ms™") after 30s, 2705 and 1470s of exposure. The
photosynthetic rate at 14705 is taken as Ap,,. Graph shows the August 1990 measure-
ments, Each data point represents the mean value (£1SE) of 10 plants.

large, and conserved over the seasen (Table 1, census
by species) and among species (Fig. 2). Changes in A
at different leaf ages are not only species specific and
dependent of the growth light regime (Table 1, signif-
icant interaction between light regime and species)
but also vary with the time of exposure to saturating
light during lightfleck measurements. In general, a
higher A in gap centre vs gap-edge seedlings (Table 1,
census by light) was expressed with langer exposure
time (at 270s and 14705, Fig. 2). Conversely, at Os
and 30s, species such as A. macrophyllisn grown in
gap centre showed distinctly lower A, indicating that
higher growth irradiance reduced photosynthesis
under dim light and the initial response of the leaf to
saturaring light.

The contrasting patterns of seedling response to sat-
urating light represented by photosynthetic rates vs
phatosynthetic induction state (PI) seen in Fig. | pre-
vailed among species and census periods. There was a
clear relatjonship between A and PI where higher tran-
sient A is found in gap centre plants but gap edge
plants attained higher PI (Fig. 3). Becanse the initial
rise in A is similar {cf. Fig. 2 from 0s to 305) even
between species that are greatly different in Ag,,.. the
calculation of PI will yield high values when A, is
low. As Fig. 3 shows, mean species values support the
general conclusion that among Acer seedlings, those
grown in the higher irradiance level were slower in
photosynthetic induction than those in the lower irra-
diance treatment but attained higher carbon fixation in
the initial minutes of expasure to saturating light.

PHOTOSYNTHETIC INDUCTION, STOMATAL
CONDUCTANCE AND INTERNAL CO, PARTIAL
PRESSURE

Among Acer species, those with lower A,,,, (e.g. A,
saccharum and A. pensylvanicum) showed only a
marginal increase in g, from dim light to steady state
under saturating light. But in species with high A,
g, increased by twofold during the same period (e.g.
A. macrophyllum and A. ginnala, Figs 1 and 4).
Seedlings also varied in dim light g, with A, ginnala
maintaining a substantially higher level than the oth-
ers. In some species (e.g. A. macrophyllum), the great-
est increase in g, accurred after 270 s under saturating
light when photosynthesis has reached 60% of maxi-
mum A (Figs 1 and 4) while others, such as A, saccha-
rum, showed ony marginal or no increases in the same
time period. Mean g, for all eight species was 0-06
(0-04-0-10) malm™>s™" under dim light and 0-10
(0:04-0-24)mmol m™*s™' at A.,, The correlation
between A and g, using population means was weak in
the dim light (Pearson r=0-21, P=0:24, n=32) but
increased with the length of exposure to saturating
light (30s: #=0-75; 270s: r=0.90; 1470s: =096
P>0-001 for all three, n=32).

Leaf internal CO, partial pressure {¢;) of all species
in dim light was similar at 33-6 + 2 Pa at a mean photo-



19 synthetic rate of 0-89 £0-04 pmol m~s™! (August mea-

Lightfleck surements). With the onset of saturating light, there was
responses of a rapid decrease in ¢; from the dim light level to
forest Maples 28-6+4Pa as A rose to 1-:9720-11 umol m s~ after

30s. Internal CO, stabilized at 25-5 and 25-1Pa after
270s and 1470 s while A continued to increase reaching
301020 and 4842033 umol m>s™' respectively.
The time course of ¢; in individual species (Fig. 4)
showed a large decrease from the onset of saturating
light to 270s. As leaves approach steady state (270 55), ¢;
stabilized along with rapid stomatal opening (Fig. 4)
but only in A. ginrala and A. macrophyllum.
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Fig. 2. Variations in the seasonal pattern of steady-state and transient photosynthetic
rate {mean+1SE, #=10) in two representative Acer species. Open symbols, plants
grown in the brighter gap-centre light regime; solid symbols, plants grown in the
shadier gap-edge light regime. Steady-state photosynthetic rate under dim light
(30pumolm~s™!y and under saturating light (1260umolm™s™") are shown as at
time =105 and 1470 s respectively. Transient photosynthetic rates are given at 30s and
2705 of exposure to saturating light. Budbreak in the Maple seedlings accurred at
Julian day 125-130.

Discussion

INDUCTION STATE AND TRANSIENT
PHOTOSYNTHETIC RATE

Overall, Mapie seedlings responded to the sudden
onset of bright light in an adaptive fashion in terms of
photosynthetic induction, similar to the European
Beech (Kiippers & Schneider 1993) and tropical
species (Chazdon & Pearcy 1986a,b). This first report
on lightfleck response among congeners revealed con-
siderabie species-specific treatment response in tran-
sient and steady-state photosynthesis, and in photo-
synthetic induction properties. Among species,
differences in response appear to be associated with
their ecclogical light requirement as juveniles (e.g.
higher in A. macrophyilum than in A, saccharum,
Fried, Tappeiner & Hibbs 1988), a pattern similar to
those observed among divergent taxa (e.g. Chazdon &
Pearcy 1986a).

Among Maples, photosynthetic induction state was
lower for gap centre- vs gap edge-grown seedlings at
early onset of saturating light, a consistent pattern
over the season (Fig. 3). These results indicate that
Maple seedlings grown in lower irradiance showed
physiological adjustment consistent with that
expected in shade adaptation {e.g. Pearcy 1990).
However, the higher absolute rates of photosynthesis
in gap-centre plants during the same exposure period
suggest that a leaf capable of high A, also carries an
advantage over gap-edge plants in carbon fixation
during lightflecks. This advantage is facilitated by
comparable dim light photosynthetic rates (Figs 2 and
4, Appendix 1) and dark respiration (Lei 1992)
between plants grown in the two irradiance levels.
The apparent contrast between transient photosyn-
thetic rate and photosynthetic induction in this study
was not only ohserved among treatment but also
within treatment (e.g. between A. macrophyilum and
A. saccharum, Fig. 1).

Table 1. Analysis of variance of photosynthetic rate at four different exposure times to saturating light measured repeatedly at
four census periods (L5-25 June, 16-20 July, 6-16 August and 5-13 September) during the summer of 1990. The analysis
assumes a fixed model with two light regimes and eight Acer species. The Huynt-Feldt £ values are close to 1 indicating that
the corrected Huynt-Feldt significance level {asterisks) can be applied to the F values given in the table

Exposure time(s)

Source of variation df 0 iAgm) 30 270 1470 (A 0]
Within subject
Huyni—Felde £ 097 095 103 1-06
Census 3 B an A5k ITEEEE 15.6+
Census x light 3 6% 7Sk Q.Qukk 10:9*
Census x species 21 08" 1.8% 1508 0.gM*
Census x light X species 21 08" 0.8"% g7 0988
Between subjects
Light 1 4.5% 6-5% 24.4x%H 8.9
© 1997 British Species 7 109+ 13454 264 %4* 30- 3w
Ecological Society, Light x species 7 -3 4.0*** 4.3wek 2.5%

Functional Ecology,
11,1623 wHE D000 **P <001 *P<0-05; NS is P> (08,



20
T T Lei &
M. J. Lechowicz

Leaf internal GO, {Pa)
B EB8RBREREER

3
£

1

100

)
Photosyntheticrate .
= 80
i
k=]
3 L
& a0 L
0
D
o
) /> ~
A 40 - 4 ~
= 1
8 O e S Y
a -
8 20t o 30s
Phatosynthetic induction 02708
0 |._J_ | L 1
Jdune July Aug Sept

Fig. 3. Praportion of Acer species with higher values of tran-
sient photosynthetic rates (after 30s and 2705 exposure Lo
saturating [ight) and photosynthetic induction state in gap-
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ods, the gap-centre seedlings of most species were higher in
photosynthetic rates (>350%) but lowet in induetion states
(<50%) than gap-edge plants. Data points represent the ratio
of the number of gap-centre:gap edge species populations
(four species xtwo populations =eight) in the measured
traits over the total of 16 species populations. There were
five seedlings in each species papulation of each treatment.
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Fig. 4, Time course of stomatal conductance and leaf internal CO, as dim light-aceli-
mated leaves (1) were exposed to saturating light after 305 (2), 2705 (3) and 1470
(4). Measurements taken in August 1990. Species codes are GL, A. ginnala; MA, A.
macraphyifum; PN, A, pensylvanicum, SR, A. saccharum. Each data point is the mean,
of five measurement {one per replicate plant).
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The centrasting patterns of lightfleck response of
transient photosynthesis vs induction state is also evi-
dent in several other studies. Chazdon & Pearcy
(1986a,b) reported higher photosynthetic induction
respanse in Alocasia macrorrhiza, an Australian rain
forest understorey herb, than Toona aqustralis
seedlings, a canopy tree less tolerant of shade While
the high light-grown 7. australis showed a slower
induction rate, its transient photosynthetic rates were
consistently higher than A. macrosrhiza during the
induction process. Even with its greater stomatal and
biochemical limitations in sunfleck response, T. aus-
tralis is capable of higher CO, assimilation. Similarly,
in a simulated model of sunfleck response in Fragaria
virginiana, Gross (1982) found high light-grown
plants performed consistently better than those grown

in low light. Specifically, the proportion of carbon
uptake during a single sunfleck of 0-5, 1 and 2 min in
duration tg the total in an hour was 30-40% higher for
high light-grown plants despite their slower response
time in induction (Gross & Chabot 1979). Typical
lightfleck response patterns of Piper auritum clearly
showed a twofold advantage in A for sun- ever shade-
grown plants spanning the entire course of induction
(Tinoco-Ojanguren & Pearcy 1993). In Quercus ser-
raia, seedlings grown in high light attained higher A
within 55 of exposure to saturating light compared
with those grown in low light, yet induction rates
showed the reverse pattern in agreement with the
shade-adaptation argument (Tang et al 1994).
Evidently, in every case, because the dim light photo-
synthetic rates were similar between treatments, any
demonstrable advantage in induction state for a shade-
grown plant 15 achieved by virtue of its lower steady-
state photosynthetic rate.

These findings raise the question of the relative
ecological significance of photosynthetic induction vs
the actual transient assimilation rate. What are the rel-
evant parameters for evaluating sunfleck response and
inferring shade adaptation? Higher transient A in
plants with ‘sun’ type leaf construction appears to be
the result of proportionally large pool size of RuBP
and Rubisco even under conditions of partial activa-
tion, relative to the *shade’ leaf. Furthermore, the sec-
ond phase of induction involving Rubisco activation
has been found not to vary among species and light
treatments, and thus plays only a minor role in
improved lightfleck-use efficiency relative to the
maintenance of high ¢; and g, (Seemann er al. 1988%;
Woadrow & Motr 1989; Tinoco-Ojanguren & Pearcy
1992, 1993). Therefore, empirically, the ‘sun’ leaf
could achieve higher carbon fixation quicker than a
‘shade’ leaf when artificially exposed to a sunfleck.
By calculating photosynthetic induction using A, . 48
a denominator (see Materials and methods), an
inverse relationship A, and PI will likely be
expressed. Can we infer from the low PI in a sun leaf
the lack of adaptation to sunflecks simply because it
has ahigh A, 7

Although plants grown in high light alse show a
meare rapid loss of induction that appears to he closely
associated with the regeneration of RuBP (Tincco-
Ojanguren & Pearcy 1993), by virtue of their high A,
the ‘advantage' in carbon gain will likely be pre-
served. For a shade plant, even by maintaining high g,
and high induction states during darkflecks (interval
between sunflecks), it may be constrained by its low
carboxylation potential that places an upper limit on
assimilation rate. Even in post-illuminative CQ, fixa-
tion after short sunflecks that carry significant ecolog-
ical importance to understorey plants (Pearcy 19903,
light-grown Beech seedlings consistently out-per-
formed shade-grown ones at all induction states
(Kiippers & Schneider 1993). Is sunfleck adaptation
of a leaf better evaluated from induction properties
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that are highly dependent of A .,,, Or on transient rates
of carbon fixation? Ultimately, it may be necessary to
evaluate the benefit as the life-time return in carben of
a leaf exposed to sunflecks and determine whether A
or Pl is the better correlate with total carbon gain.

STOMATAL CONDUCTANCE AND LEAF INTERNAL
€0,

Stomatal response in Maple seedlings was slow
during the initial stages of exposure to bright light
before showing large increases in some species
(Fig. 4). For A. macrophviium and A. ginnala, the
pattern is consistent with other reports that
10-40min is required to reach maximum conduc-
tance (Pfitsch & Pearcy 1989a; Tinoco-Ojanguren
& Pearcy 1992). Reaching and maintaining high g,
under fluctuating light is now recognized as a key
factor in increasing the utilization efficiency of
sunflecks (Pearcy 1990; Tinoco-Ojanguren &
Pearcy 1992). Higher initial g, as is the case for A.
macrophyllum and A, ginnala, leads to a faster
induction by improving the relative concentrations
of CO, vs Q4 for Rubisco (Ehleringer & Bjérkman
1987). If a plant can maintain a modest level of g,
{i.e. high ¢;) in dim light, then the carbon gain
during a subsequent sunfleck will be largely limited
{>85%) by carboxylation factors alone (Pearcy,
Osteryoung & Calkin 1985; Chazdon & Pearcy
1986a; Pfitsch & Pearcy 1989h; Pearcy 1990).
Interestingly, those species with low phato-
synthetic performance (e.g. A. pensylvanicum and
A. saccharum) (Table 1, Fig. 2) were also low in
steady-state g, under dim and high light. The con-
servative nature of photosynthesis in these two
species is also observed by Sipe & Bazzaz {1994).
While the modest gas-exchange capacity appears
correlated with poor growth and survival in A. sac-
charum, A. pensylvanicum can show significant
height growth despite being limited in instanta-
neous carbon gain (Sipe & Bazzaz 1995; T. Lei,
unpublished data). This points to the importance of
the long-term consequences of carbon allocation
among Maple species (Lei & Lechowicz 1990).
Virtually all plants show morphological and phys-
iological acclimation to changes in growth light
environments (e.g. Boardman 1977; Bjérkman
1981; Evans, von Caemmerer & Adams 1988%;
Newell er al 1993} An important question is
whether all the characters are functionally adaptive
in the existing light conditions, and whether an
adaptive advantage is demonstrable? The Maple
seedlings in this study were found to show alloca-
tion patterns in chlorophyll and nitrogen consistent
with the expected shade acclimation (T. Lei, unpub-
lished data). Such changes were only substantiated
by transient photesynthetic response to lightflecks
based on induction and not absolute rates. In a
lucerne canepy, Evans {1993) feund similar shade-

adaptive acclimation in total leaf N, preportional N
to chlorophyll and electron-transport capacity but it
is not clear how these adjustments contribute to sun-
fleck responses. In a revealing study using Alecasia,
Sims & Pearcy (1993) demonstrated that the initial
physiological adjustment at the leaf level is deter-
mined by the mean PPED in the growth environ-
ment and independent of the frequency pattern of
light (i.e. sunflecks). Howewver, the subsequent
whole-plant growth is affected by the pattern of
simulated sunflecks, nat mean PPFD. Clearly, shade
acclimation syndromes, such as the co-ordinated
regulation of N allocation to light and dark reaction
components, do not respond directly or adaptively
te sunflecks per se. Rather, adaptive response to
sunflecks appears to be a secondary effect of the
averall leaf adjustment to the average light level in
the environment.
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Appendix L. Photosynthetic rate (mean + L SE, n= 10} at four exposure times to saturating light for the eight Maple species grown under the rwa simu-
lated (gap centre and gap edge) light regimes. Measurements were repeated four times during the growing season indicated by census 1 (15-25 June), 2
(16-20 Fuly), 3 (6-16 August) and 4 (5-13 September). At measurement time =03, the photosynthetic rate represents steady-state level under dim light
(29 mmol m?s™") and steady-state maximum photosynthetic rate is indicated by values at 1470 s, Species abbreviations ate: GI, A, ginnala; MA, A.
macraphyilien; PA, A. patmatum; PL, A. platanaides, PN, A. pensylvanicum; RU, A. rubrum;, SP, A, spicatum, SR, A. saccharum

Os 30s 2705 14705
Species census Centre Edge Centre Edge Centee Edge Centre Edge
GE 1 0-52+0.24 1-01 =009 326 +0-33 2:37+0-30 5-38+0-36 3.39+£063 7-90+0-72 599+0-36
2 0-56+0-10 0-62+0-09 257 £0-46 1-66£0-19 502+0.74 292017 7719 =064 4.36+0-53
3 076010 0-83 008 293047 208017 5-31x0-86 275022 835083 4-64 =0-41
4 1.02+0:10 1-00+0-22 345037 1-94+(-21 6-00+0-69 3084030 9.15£0-61 4.4 £0-39
MA I 0-88 +0.08 1-07+0-13 290042 364 £0-56 5-23=0-57 637070 3-78+1-03 859077
2 0-78+0-14 [-14x0-12 1-57+0-26 2-68+0.49 4.15x0-43 4.83+0.4] 6:94 = 104 730+0-74
3 1.04+0:15 136012 2-84 £0-41 3-06£0-44 5-92+0-68 516 +0-70 974 +0-95 7-50+0-78
4 093012 1-42£0.12 315028 3-61+0-42 5-12+0-42 505+0-62 865+0.92 7-65 =0-80
PA 1 035022 0-67+0-18 2.15+0:33 2.07x0-33 2.30+0-36 230023 578061 360034
2 037007 0-48+0-11 1724025 1.62+0-19 243+0-35 224026 4-87 + 063 350033
3 0-65 008 0.75£0-08 2-66=0-29 1-83£0-25 385030 2.34+035 624 +0-25 3-27x0.44
4 1-00 +0-24 0-65 + 3-09 228013 1-80£0-26 3-88 043 2:31x036 617 £0-60 2.97+0-39
PL [ 0-57 +0-08 1-01 015 296+0-28 2-86+0-37 4-3420-50 366042 662 +0-58 4.39 £0-56
2 0-67 =009 0-72+0-09 1-78+0-27 1-67 +0-25 292 +{-50 269 £0-22 513071 337028
3 0-86 +0-08 1.01 +0-12 2-70+0-45 1-74+0.22 4.48 =070 2-49+0-31 702070 341044
4 1-05=0-11 373 £0:06 2.37+0-21 1-6040-27 337037 2.38+0-40 5-95+0-58 2-95+0-33
PN [ 0-45+0-20 101 +0:-15 1.03x0-29 199 £0-30 1-58+0-4] 220042 371 x0:56 4.21+0-38
2 0-79=0-10 0-50+0-11 102023 097+018 1-46+0-33 1-17+0.23 4.12+0-55 2.52+0-42
3 [-06x0-14 077012 190 +0-30 1-09+0-26 2:50£0-44 1-46+0-27 564 £()55 317035
4 091 +0-53 078011 226026 1-47+0.27 316 +0-43 1-82+0-32 501 £0-54 31103
RU 1 097£0-10 1:33+0-15 2.235+0-44 326+0-54 289 £0-44 4.65+0-33 587+0-67 605052
2 098 =0-10 0-82+0-13 1-05+0-22 1.29+0-23 2.70£0-532 291 +0-43 498 +0-75 3-71+0-45
3 0-86+0-13 0-96+0-20 1-09+0-28 149031 327069 2:54 £:0-46 4-07 +0.86 3-59+0-60
4 101028 0-69£0-10 1-39+0-30 121 +0:30 2.96+0-65 2.69+0-49 3-38+0.4] 3-66+0-67
sp 1 082+013 1-09+0-16 2.10£0-29 274 £0-29 3332049 409 +0(-33 5-46£0-36 5084033
2 0-80+0-18 0-87 009 1-89+0-23 111 £0-20 2.78+0-27 1-61 +0-30 4-84 £0-47 2-34 +0-39
3 097 £0:16 1-15+0-13 1-87 £0-32 196 +3-20 2.97+0-35 2.59+0.26 5-49 +0-66 4.14+0-26
4 1-00+0-19 1-06+0-13 2-49+0.35 1-50 =025 3.01+0-53 171 £0-38 5-02x0.64 3-38+0-32
SR 1 0-36+0-13 0-38+0-11 2.39+024 210033 299032 2-47+0-42 3-48+0-39 319+0-44
2 0-28 = 0-09 0-29£0-13 170 £0-25 139021 2-47+0-33 190 +0-35 307+0-46 208040
3 058012 0-62+0-10 2172036 1-82+0-35 307 +0-54 214 £0-43 393x0-61 2.57+0-49
4 (0-82+0-20 037009 2.33x0.32 1-30+0-16 3-53+04| [-90+0-24 405051 2244028
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