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Abstract The purpose of this study is to explore the potential changes in the relationship between dynamic light
and photosynthesis in high CO, environment, so as to provide scientific support for coping with global changes.
We characterized dynamic light environment at two heights within rice canopy and dynamic photosynthetic
response of leaves at each height (about 45 cm or 90 cm high from the soil of paddy field) in an open canopy and
within an open top chamber (OTC) with a high CO, of 600 pmol/mol air. The result showed that the averaged
photosynthetic photon flux density incident at 90 cm height above the paddy field was 3—4 times higher than that at
45 cm height, but the coefficient of temporal variation in light received at 90 cm height was 55%—60% smaller than
that of the lower layer. Flag leaves at 90 cm height showed higher saturated photosynthetic rate and more post-
illumination CO, fixation, while leaves at 45 cm height showed higher photosynthetic rate under low light. In the
high CO, OTC, light attenuation percentage in canopy tended to increase, compared with leaves outside the OTC;
the difference between assimilation rates at the two heights also increased within the OTC. These results suggested
that not only the steady-state photosynthetic rate, but also the dynamic photosynthesis in rice leaves may have
altered in different ways at different canopy heights, which is to be further influenced by CO, environment.
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Fig. 1 Field measurement of leaf photosynthesis at
different rice canopy heights
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Fig. 2 Time course of light intensity applied for
measurement of dynamic photosynthesis
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Fig. 3 Diurnal traces of photosynthetic active radiation at 45 cm and 90 cm above the paddy field soil within the rice canopies,

outside/inside the OTC on sunny and overcast days
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Table 1 Accumulated photon flux density and light attenuation at different heights of the rice canopy
o PNl AccPFD ;. j5/(mol'm™?) AccPFD/(mol'm™?) (ACcCPFD 35/AccPFD ;.)/% TR/ %
PN 31.17+2.08 11.71+£3.31 36.55+13.69 63.45+13.69
OTC 4
BAR 10.27+5.91 3.29+2.41 27.80+7.44 72.20+7.44
IMPN 27.61 6.74 24.44 75.56
OTC
BN 9.69 2.48 25.63 74.37
UL B E 43 1 (AccPFD 1 s—AccPFD )/ AccPFD+4%100%, AccPFD il 2 H 10:00—16:30 /9 REVG & 74 Hh OTCHMY R %L

&R R B AR DR 25 (05 K n=3, BAKn=2),

100
. (a) B R OTC4h (b) R OTCH
-‘:E 20 - 27.73 mol/m? 7.46 mol/m? 27.61 mol/m? 6.75 mol/m?
) <50 —
Mo 1 50~100
i# 60 [_]100~200 E
R 200~500
=S [£A500~1000
4 401 [ 1<1000 i
=
&
= 20- % i
= %

0 — : — :

100

8 (c) IR OTCSt (d) IR OTCH
Ad 2
i go  16.18molm’ 5.70 mol/m 9.69 mol/m 2.48 mol/m?
= 7
H_,
@6m 7 .
B
B
7 401 B
=S
=
& 20+ 1
8 7

0 - , —

i T s T

&) v 8 R 42 H 10:00—16:30 ] fry) 2R

PR RS A AR ST B AL pmol/(m®s), ]

B4 XEBEANARSELSEREHILRAESS

Fig. 4 Frequency distribution of incident photosynthetically active radiation light intensity at two heights within rice canopies

umol/(m?-s)), NI 1A R A 7] T 1 TG
58I AR A (K 6 K 3), MR 3 A, TEBAFAYE
W 12— 20 3 G I I R I T &1, 7E OTC 4k,
T EB R IR T 2, {HFE 600 pmol/mol
CO, ¥ B 1) OTC N, B #F I 1y S &M i 5 61 it AH
T o KA 2 S A A B O T 2 30 1] Y 3R
Maklafb . BRZEB & . LR L AL E
[ CO, [ 7€ H4 78 T &, AR i A A AR WK
A3 R R & T8t

23 OTCH CO MAKBHBEEARSEMH

KINER NG EETRIF I

FENG R, E35 OTC W AMIEA A R0 I b KB
Sy otERTE I — 2, (HAEFTR, )ik OTC Wid)2 I
T 06 A S S 32 B B G BRER L OTC
HMIEAIS (B 4) 0 TCIE AR RIBSEFIR, OTC W2t
SR ) EE VR BE 24 KT OTC 4b, B ATEAESEH 2 By
BEZREE ) 7ERE CO W ER OTC H A K KK
e 06 1) - LA T R A RO R | I IR

727



QR R EM(ARPIER) 578 4 202147 H
80
(a) B R OTC4h (b) B§R OTCH
2 601 1 ]
ﬂ _
= 10| 50
= 40 ~ 4
= C_1100~200 [/
£, B, .
> i
207 [J<1000 1
0 7z %
80
(¢) IR OTC4h (d) FiX OTCH
° 60 7— i
3
e LA
= 40 1
=
% 201 Z -
0 - —‘ — ]
E T = T

B 5

KEBEEARRSELSFUENNREHESH

Fig. 5 Frequency distribution of incident photosynthetic active radiation at two heights within
rice canopies on sunny and overcast days
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Table 2 Light environment at different heights of rice canopy inside and outside the OTC on sunny and cloudy day, respectively
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I 691 322 706 0.47 1969 123 6.09
FHX OTC 41
T 244 120 252 0.49 1137 41 3.63
+ 414 160 410 0.39 710 123 0.40
PR OTC N
T 106 44 108 0.41 208 28 0.33
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Table 3  Steady-state and dynamic photosynthetic characteristics of lower leaves and their propotion in upper leaves of rice
A EHRSE OTC ANFJZ/EZES)  OTC W(T)Z/EZE ) & COy AbHL/%
HIFDEA B (umol - m s 13.94+1.25% (64.49) 14.78+1.08" (52.62) +6.04
ST S ALF R (mmol-m 257 0.23+0.02% (50.48) 0.12+0.02° (50.50) —49.50
REtESH FUE TR (mol-mol ) 0.0360.003" (89.43) 0.038+0.002° (78.88) +5.24
ISP R /(umol-m 257" —0.80+0.23" (61.53) —0.95+0.19% (76.40) +19.17
FEAME S /(umol-m 257" 22.81+5.90° (70.50) 26.67+6.19* (101.63) +16.91
"""""""""""" SRR (mmolm D) 1836£136°(6321)  193243.66'(5640) 4509
ERHZER R/ (mol-m ™) 5.78+0.51* (57.08) 4.85+0.77" (55.38) -16.10
VETEIK 53 F P38 /(mol-mol ™) 128.53+13.81% (120.08) 242.44+16.18" (156.37) +88.63
BB THAESE
FEK A3 R /(mmol-mol ) 9.66+1.05% (110.06) 11.93+1.18" (109.52) +23.46
R OGA R FE AR L —0.48+0.01% (99.52) —0.49+0.05" (91.66) +3.24
RS S Bk 1 2 L 0.80+0.23" (54.05) 0.87+0.43" (81.23) +8.75

TE: AR B /NG TR R R BURTE 5%/KF BJ0 W3 MR8 5 (K ), AR A B 25
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