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Supplementary Figure S1

250 1.0 0.5

— a e j
‘w200 - 6 ETR?- (¢ PPFD + ETRmax) 08 F Fv'/Fm' —04F .

% *ETR + ¢ PPFD'ETR,, = 0 . =y, + al(1+(PPFDI,) | E (1-aP) ';V /Fm b*PPFD
S50 €06} Soaf a3 (1-exet )
g S 0.30 -

L S g4 la 0307 ~a2|

5100 o ooge| ZO4TH 360w ncl_ro.z Q/O/Q/O
¥ -nl & N DQ¥rx no LY, 0407 ~ nal S A xRk
'_ QU N4 V.eL V.2 v - ~VU.1 d U.cZu
W 6{ ETR,,, 153" X, 982 b 0.0009 **

0 1 1 1 1 1 00 1 1 1 1 1 OO 1 1 1 1
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
PPFD (umol m?s™) PPFD (umol m?s™) PPFD (umol m?s™)
12 0.6
b - k
1.0 M £ 05
0.8 € S 04 >3

x B > 4

~ L w A

W 06 < T 03Ff *
. [T

S 04t =1.01- I T 02t

0=101-003N: | @ ,,f a=0126+0093N.| = a=0486-0.111N,
02+ r-=034 22077 o 01F 2= 0 8o
00 1 1 1 1 00 1 1 1 1 OO 1 1 1
0.4 5 0.005
c g £ b =0.0010
03l . 4 ., .o Eooosr +o‘00925 eong(-z‘es N)
A S /2= 069

4 M L3 Aa e | ooosf .

Ll 0.2 - > ™y [ ] L EI:

= L" 2+ ™ clj'0.002 o -

_ o -
01} ¢2- 0.199 +0.036 N, 1L b=301 <0001 L A S
re=0.54** r?=0.12, non-significant | <
00 1 1 1 1 O 1 1 1 1 0000 1 1 1 1
200 06 00 05 10 15 20 25
d 05 N (g m?)
Ok m

@ 10} e - (0

w c 4T e |
"% 100 - > 03}
£ A [T

d B 502F

osof ETR=701N: | > ¥, = 0.495 - 0.055 N,

r? =098 011 2_ a3
0 1 1 1 1 00 1 1 1 1
00 05 10 15 20 25 4500
i
N (g m?) 1000 F oo
€ L
£ 800
> 600 - .
£ 400 - Xo = 464 N,
200 Ag r’=0.97**
0 . . . .
00 05 10 15 20 25
2
N (g m™)

Supplementary Figure S1. Representative light-response curves of electron transport rate (ETR)
(a), Fv’/Fm’ (e), and (1-gP) Fv’/Fm’ (j) in a typical sun leaf (Q; = 33.6 mol m™ day™) of
Japanese oak. Curve fittings were conducted as described in equations in the section Materials
and Methods. Coefficients of the equations of ETR (b to d), Fv'/Fm’ (fto i), and (1 - gP) Fv'/Fm’
(k and l) were regressed as a function of N;. Leaves were classified into four types based on
their growth light environments (Q;): 1) deep shade (triangle, 0 < Qe < 3 mol m™ day™),
moderate shade (diamond, 3 < Q;; < 15 mol m™ day'l), moderate sun (square,

15 < Q; < 25 mol m™ day_l), and typical sun leaves (circle, 25 < Q;,; < 35 mol m~? day_l).
*denotes significance at P < 0.05, **P <0.01, and ***P < 0.001.



Estimation of canopy C gain

We estimated canopy C gain with different leaf N (N) distribution; photosynthetically
optimal: making canopy C gain maximum, even-E (excess energy): making E constant
throughout the canopy, and uniform N distribution. The response of leaf-area-based
net photosynthetic rate (A,) to incident irradiance was fitted by the convexity equation

as below:

where Ry is the dark respiration rate, ¢ is the initial slope (maximum quantum yield), 6
is the convexity of the curve, and Anay is the maximum rate of photosynthesis. We
determined the coefficients of the equations for totally 15 leaves grown within the
canopy of Japanese oak. Based on the relationships between the coefficients and
photosynthetically functional leaf N (N¢), we derived light response curve for each leaf

with different N distribution (Supplementary Figure S2).
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Supplementary Figure S2. Coefficients of light response curve (0, ¢, Amax, and Ry) as a
function of Nr with actual leaf N distribution within the Japanese oak canopy.

We estimated 1-min-interval incident PPFD for each leaf during July 2007, based on the

hemispheric photographs and the data of direct and diffuse radiation from the open



sky (details are described in Methods in the main text). Although other environmental
factors such as air temperature and relative humidity are not taken into account, based
on the 1-min-interval PPFD and leaf-N-dependent light response curve, we derived the

relationship between integrated leaf-area-based C gain and LAl cumulated from the

canopy top (F) for each leaf (Supplementary Figure S3).

25

Leaf C gain (mol m'z)

Supplementary Figure S3. Integrated leaf C gain of Japanese oak during July as a
function of F with optimal (blue square), even-E (green circle), and uniform (red
triangle) N_ distributions.

Canopy C gain was estimated as an integration of [LAI] x [leaf-area-based C gain] for
each stratum with 1-m-intervals throughout the canopy (Supplementary Figure S3 &
S4).
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Supplementary Figure S4. LAl in each stratum with 1-m-intervals from the ground.
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As a consequent, integrated canopy C gain for all strata in July, during a
photosynthetically most vigorous period, was 24.9, 21.3, and 15.8 mol m™ on the
ground surface basis for optimal, even-E, and uniform leaf N distribution, respectively.
Here, even-E N distribution showed a decrease in canopy C gain by 15% compared with

optimal N distribution, while uniform N distribution showed a further decrease by 36%.
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Supplementary Figure S5. Canopy C gain during July in each stratum with 1-m-intervals,
with optimal (blue square), even-E (green circle), and uniform (red triangle) N

distributions. Canopy C gain is based on the ground surface area.



