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ABSTRACT

In this study, three tree species (Populus euramericana, Kalopanax pictus and Quercus serrata)
exhibiting different levels of shade tolerance were employed to investigate photosynthetic responses to the
lower light condition on forest floors. Chlorophyll contents, spectral properties and photosynthetic
characteristics were examined by using the tree species grown under high light intensity (PPFD 920 ¢ mol
m? s™) or low light intensity (PPFD 80 #mol m? s™). Plants grown under the low light intensity tended
to have reduced leaf area, chlorophyll content per unit leaf area, light absorption and respiration in the
shade intolerant tree species of P. euramericana. However, the shade tolerant species K. pictus and Q.
serrata showed increased leaf area, chlorophyll content and net apparent quantum yield. Therefore, light
absorption and light utilization efficiency were improved under the low light intensity. Also shade tolerant
species maintained activities of photosystems and CO; fixation systems with little changes in low light
intensity condition.
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W A Eo] At Hag dvAe TF
fo] & B ohz}, AFERY ol FEL Aols
= SRR (photomorphogenesis) @2 33
w3}, AETHdME dF AR ER
olgle] o] F= - AEnR | phEke] =23 4
=7t AstEe) qlvh, s ¥Rl 3
Aeoll FAEZ Ao Wo) Ao Fa. 0] f
Sln2 ) dkikel 2R3 W £ Abyele AR
& BES vebdcoh(fE ~ K, 1979, Holmes and
Smith, 1975). 53] F3A o 71 2844 K
kel Fgo] o, Al ES ABERR P
o] & MEN/EREKGE/)S] vlgo] Fh(FN
%, 1983; Smith, 1995).

KT o] FEr) G r/fre] v go] G I
#A ol M= Fabe] Wolrt A= 2 (Gorski, 1975),

< FrolA Bl ik Yo F5 . 0l8R
Fo] =& glo] A= (Boardman, 1977), #td
HiL 2 #ii(ranslocation) = = FEg4rE] o
o] Zrlsled AlAAA o] Fal == (i} £~ K,
1994) ¥-¢] phytochrome& ¥ 7 #(photoreceptor)
2 3= hEEERRE] mEdcl, ol#d
ERERS 434 Adzldx 938 vxed,
& Bl AR AEE B 2 72
cond -uctance”} 23 (Ellsworth and Reich, 1992;
Hi-kosaka %, 1998; Makino 5, 1997), 3&<%
E7} gonj(Fredeen and Field, 1991; Noguchi
5, 1996), B4 A "< rubisco(ribulose-
1,5-bisphosphate carboxylase / ozygenase)®] &
F g2 a / Lol 5 (Makino &,
1997; Terashima and Evans, 1989) &4k-g vhehd
o}, olelqt dAe & el 8 - 383
Ao, Y& FrzioA P2L = gl itk
2] 7]#te] HrH(Boardman, 1977; Terashima
and Hikosaka, 1995). o] W-34-2 Al &7 ellA
AAz|Ql A e F f gl vHOR 22
o wib zA chEel, aEjm ol AL A g
A FAA FFo 2 vidsled 8 FA Q4o
(4 2%, 1993; Morgan and Smith, 1979). o}
2 M8 Fx Ao g =59 Aej 2-gut
& THEle At AETHY HelE sl
o W$ F2F HAo|c},

B Aol Ae WEatel ol slel EZ el (Populus
euramericana Guinier)$} olgjz] ZZe] v} &

1o afo

rlo

A pEe] L £202 484 Qv TAUL
(Quercus serrata Thunb.)®} & (Kalopanax
pictus Nak )& 583 55l A7 F, o]
E 5Fo B4 A" AEAE Ralsldd, o
< Fxo g FPAurs A4 A1 27
o] Aol & &ldslzz} st

Mz U Uy

1. M2

HREES oldle]l £&, 3T, 39
3rFoR, dgdATdolA Ao, &3y
o SuhFE AEE s 1d A sidge)
olE9} HERAE 1:1 (v/iv)E B& sE(AE
A7 20cm)el o|AF 1-18Fo]c}, olele) £59
= 156cm® 448 A O 53 43
e FHE A5 55 AFAEZ AHE-3)
Ak, ol & 3 FAFES £F) BNy Ao 3
X% (Photosynthetic Photon Flux Density; PPFD)
7} 920 #mol m? '} 80 xmol m? s'E =AW
£ ER(ELS, Conviron) 2didl z+zh 570A4 SA4
sleick(Figure 1). PPFD 920 pmol m? s'¢) %
% A& 7% A9, PPFD 80xmol m™ s
& ok} AFLR Aot AV F Y
14217, F725E 22T, oFte 18T, A
=+ RH 90%el™, AdAsrst Azl w3
WA EE Fel B2REMA UHY A£%E v
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Figure 1. Spectral photon flux density of the growth
chamber (E15, Conviron) was used in
this study. The density was measured by
a Spectro-radiometer (Li-1800, Li Cor) at
30cm height.
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W3 st ARMAN YT $4T B
B9 FUR A7l WA ABES BREY, B
$4, 958 ¥F 2 FAskd, FAAE
Bk $¥ RFo) % Gl ¢
% 5% Aol ¥& 33 TEFHL 24 81 00-

2. gBABE U HEHH XA}

ZHgs okg AF TN A 3eFY 424
et EEMRE A Hate], 28 AAldA
Y A7l NG FEMmE 298 Yy
o, AHE A8E 99 A(Li-3100-C, Li Cor)
2 24% g, FoF ERS TR AR
4ol lom? A At ARY AW
9] A4-E DMSO (dimethyl sulfoxide)® %3}
doi(ZA 7] S, 1999b; Hiscox and Israelstam,
1979). &3 499 F4= & UV/VIS spectro-
photometer (Unicon 933/942, Kotron)E 23 s}«
Amon(1949)9] ol atebs] HEH(g mF o
4 a, b, ath = 954 o/6E AEEA
t},

3. 9| BaRY ZAl

Ao EFEAE AWy 519903 £L47 W
¥ o g gpectro-radiometer(Li-1800, Li Cor)%}
k5 BRk(external integrating sphere; 1800-12S,
Li Cor)& quartz fiber optic probe(1800-10, Li
Con)Z d4sle, 9 "bald(reflectance), ¥
transmittance)& HAHE R Z4Yslw wbal&
F3} 88 o] &3l F4&(absorptance)s 4HE3t
AHFrE = 100 HE-F98). 3 39
<+ 390-780nmel ™, #AALRA-E Inmeolc},

H2

4. et &3

I 2 EARARN COrrxwsd o gt
$(light response curve, A-Ci curve)& ZA}s}
7] S8k, Fo4 B34 2A(Li-6400, Li
Con& Abg3ldrt, &4 ol mEtss Q2o #
%9} leaf chamberol] FY¥ & 3719 COrsEs
g2 2EEr] st F¢4dEA sl LED
light source(6400-02, Li Cor)9} CO: injector
system(6400-01, Li Cor)& ¥#=38le] 2}-23}d
v}, A A71e] Wslel] @ LAE Folv] $3ly
gt FIAGFF7I7IAE 7L BAsk <l
= 499 FESANE FA o ALl ol

F3Ha &A1= A8 Al sodalime / 500 2 mol
CO; mol'¢] EF7129}, CaSOy / A 247)(Li
-610, Li Con® A4 72244 (IRGA)S
Zero | SPAN calibration® 4835},

Frwste] oyt BAAES 2Ae BEA SR
712 leaf chamberell #31=+ 5719 f-3-& 500
pmol s (2 670m¢ min™), €EE 25.0£0.2C,
COy5=% 400+2umol mol'ZANA 243y
t}. F%x+= PPFD 0, 50, 100, 200, 300, 500,
750, 1000, 1500, 2000 #mol m™ s™'e] 10452
2 Ao, BARN COFxwsld ozt 33
Aute 2352 535 PPFD 1000 #mol m™ s™ol 4]
s8)8tgl oy leaf chambero] $U=E F7]9
s L2 Fxwstd g FgAdure 24
I FUdd FAHo|v}, Leaf chamberel ZTHF3+&
%719 CO»%=% 0, 100, 200, 300, 400, 600,
1000 xmol CO: mol™9) 74F202 242 suiA
BPAe FHFEA ERRTY COsEs ¥
3. EAAES COrs<=+ Farquhar and
Sharkey(1982)°] A& #-&-3ls] At&s}sict.

Adxde FRYEEE SH s B9 o}
F00D7F AMAY Wy oz F-333d54(light
response curve)-2 A e, o] FAl A METF
Y& (apparent quantum yield), 43 & &5, 3
A, #xsd, 3§45 % (photosynthetic
capacity)& Ab&Estgich. METFIk®ES Kok
(Kok, 1948; Sharp 5, 1984)2] <33fo] =2
PPFD 0 - 100 #mol m? s Ao A B3} 33
el JAAL v = a + = 71&7] bolud
(Evan and Thomas, 2000; Femando %, 1997;
Martin 5, 1997; Ro %, 2001). #igEFikEL <
3 27004 FPAATHY A B7F Hu FAiRE
gatix| 2 WEA 7] %3}8HA (photosystem)
ol &4¢ Jeldci(Evans, 1987; Wilmott and
Moore, 1973). AA3AAY x2A(Leomy = -a /
bE FRAHALom) 22, AAZAL Q447
B W FPAEEY Frirt o$ ehetaA
vehte PPFD 1000 2mol m? s o]kl 4] el
B3I EERA7t AZ e A- Ly =
At - @ [ b & &8I, 2 3 FEsidy
(L o2 3toich, FPA5HLe Fxsidu) ¥
< FroAe] FRPAEEE Huste] 1 gom
st ch,

F3AI S 719 leaf chamberel FF=+ COq
FTEE tE2A g A FPAEE AnE
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Abgste] EHR CO=(Cne FidA)e &
AZ JellE A-Ci curved zHAlsla, o] A}
ol &4 24 & -§(carboxylation efficiency), COq
Ay B3FSE, Y FPEEEE AEE
o, BARHEEL GOl w2 FFAY Fohot
A A 07 o] ReIA & Ci 150 #mol CO; mol™e]
sl 9 AL y = a + Y 7187 bt}
o] & FAelA CO:EERS FA& wds
I Aoh(EER, 1997; 4%, 1999; Farquhar &,
1980). ¢} A AAAAA yHHUR a, & Ci¥ 3l
Oxmol CO; mol'd W9 CORBEEES FITF
£x2 s, of @E FEEST A g
2 Fs7 e we BAHe) qloy, dubdle
2 BFE3FLHce] AR AT Q7]
9} o]-2-3 2001, &), 1978; Ro &, 2001). 2=
I CORAH(Comp s A3 ALY x AHA Coomp
= -q | b2 AZEsgdr},

4

1. g HBmA ek W

A4 G Ayl 4o %3 ZUAN 5L
gekol viAe Qs zALEl] $lste] B ek
3 Ay dHA e gy dddG JEL g
(a, b, a+® & A24a/bE A9 cH(Table 1).

A% AT g b ) oldHB 2 &y
> &R EeZ Waloy, oFF AE A
v S > E3UE ) olHElxE ] ¢

e, 3R} ol zEene Yo Wu
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A& e, olegl & oFF A o
AAo] FFAET2 41.2% = A& FE A&}l
o)sted gwie] Fobdch, et SvFo 3

= 4% A"l A% A9TY 183.8%,
238.5% % BEA st olsle, ddAo] <F 28
74k gz,

7 Agae] 8] dHdd dELa g
olelg} 2 &7 > ST > SuhFe $oldl oY,
olelel £ & 9} E3h}F-9 kAol w4 Ak
. 4232 ST 422t vl
2 OE F %6 Blste 3 FFE el 2
u, 2T d254p0] §Heke] oldHz| R

2 e v}, 0|2 sl dE2ath
gefelld 23h)E0] oleje| E E e nc) & e
< JEhieh, 9% AP 95 ia, b,
atb 2% E3R7E 7 w2 @ dEila
SRt 7ht 32 @S Jebicl, aejam o)
Aot 7k AdT-g AR vlaEe, ol 2
239 A%ve I3 AT dF2(a, b, atd
dao] dolx, M-S FE A3lel| o3te] gEL4
kol Aades ¢ & ddrt. 53 dEFias
JE4pol BBt EE A4 E e, 42 2alb
E AtA 7= 849o] Aok, vy, T F
AEE % AP A AT visk ¥
L FdE4(a, b, at+b) FHE e, A4S F=
#slel| ole] GF A Fool FUIEEE S &
ek, 28T JEFLbE HELe BT ¥ F
71 JElde g JE4a/bE AAZACT. o
24b9 7R A7 A2 La/bY A SUF

Table 1. Leaf area and chlorophyll content of P. ewramericana, K. pictus and Q. serrata grown under
high light intensity (PPFD 920 zmol m? s™) or low light intensity (PPFD 80 ¢mol m™ s™).
Values are mean * standard deviation (n=10).

Growing

Tree light condition Leaf area Chlorophyll content ( g m?) Chlorophy!ll
species (zmol m? 1) (cm®) “ b e+ b al b
P. euramericana 920 32.8 (4.7 2.58(0.39) 0.56 (0.100 3.15 (0.48) 4.62 (0.22)

80 13.5 ( 0.6) 1.69 (0.10) 0.40 (0.10) 2.09 (0.12) 4.31 (0.24)
K. pictus 920 101.9 (16.1) 1.00 (0.16) 0.24 (0.03) 1.24 (0.19) 4.23 (0.40)
80 187.3 (33.9) 1.40 (0.18) 0.39 (0.05) 1.78 (0.22) 3.61 (0.16)
Q. serrata 920 9.6 ( 1.5) 2.37 (0.38) 0.81 (0.17) 3.18 (0.55) 2.99 (0.24)
80 22.9 (2.9 3.78 (0.30) 1.35(0.08) 5.13 (0.3%) 2.80 (0.18)
ANOVA Tree species (A) P *ax Kk "k P
Light conditions (B) M ** e M e
A >< B *nEF * kA LE L * &k n.S

A 0.001, **X0.01, *F0.05, n.s. not significant
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= ATl viste dAEA eyt

2. 9| BERy v

KEE Y eade=lyd 2wt gle o
o] BBEAL 2] 8l dbAlE(reflectance)
3} % 3}-&(transmittance)-2 A sl (Figure 2),
0] & Al-&-3ted F4£-(absorptance)-d Ab&3slgth
(Table 2).

49l HhARE(400-700nm)-& 34F 25 <k A
H77b A% AR 3 s Ve, 4%
Fx A stel ofsle] o] W ubalgo] xS
o & gk, 53 &uFel E3hdRE ol
EZe ol ulsle] AF B A3lol| it ubAl-g-2]
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Figure 2. Foliar spectral properties of P. eurameri-
cana, K. pictus and Q. serrata grown
under two different light intensities. Bold
and dotted lines indicate foliar spectral
properties under PPFD 920 zmol m? s™!
and PPFD 80 zmol m™ s™', respectively.

BMS Aolzk mA ek, o el ¥
Al A% WA Hact vebde ¢ 4
sAgich. TR U W FHES wAEH bt
A2 500-650nmel A & F RBEMS Ael7t =
A e, olde ZE e ok NPTl
Y AAZ 4 NPT vlste] ¥ FoE
& dehith, 2y $uRe EBHtEE ol
S EFHshE MK ok A9 4B A
FHT G FREE dehd, 4% = Ashel
gstel ol 2FAE Wl FHEol Frbstn
$uhFsl BPURE BaTE ¢+ Y

| P. euramericana

-2

Net photosynthetic rate (umolCO; m s )

0 500 1000 1500
PPFD( pmolm Zs7)

Figure 3. Light response curves to photosynthesis
of P. euramervicana, K. pictus and Q.
serrata seedlings grown under two dif -
ferent light intensities. Bold and dotted
lines indicate light response curves to
photosynthesis of seedlings grown under
PPFD 920+ mol m™ s and PPFD 80
#mol m? s, respectively. Measure-
ments were made at 25°C chamber tem-
perature, 36 Pa CO; partial pressure and
65-70% RH.
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Table 2. Spectral absorption of P. euramericana, K. pictus and Q. serrata grown under high light intensity
(PPFD 920 #mol m? s™) or low light intensity (PPFD 80 # mol m? s1). Values are mean +
standard deviation (n=5).

Growing

Tree ot condition
species 2 1
(zmol m*s™)

Violet Blue  Blue-green  Green Yellow Orange Red PAR
(400-430nm) (430-470nm) (470-500nm) (500-580nm) (580-600nm) (600-650nm) (650-700nm) (400-700nm)

P. euramericana 920 93.10.70 9.60.5 %906 77.10.6 8.40.4 0000 8.30.60 8.4 1.0
80 9.5 0.3 92 30.2 91 4000 B3GH T8E.H J@D 813 8498
K. pictus 920 93.6 0.9 9.90.3 7.5 61.6@Q.4 63.7@0.3 71 7 2.8) 80.00.6) 7.3(.5
80 92.30.9) 92 100.2 90.6 0.3 6800 7448 8903 8.60.6 8.11.0
Q. serratn 920 95.2 (0.5) 93.8 (0.4 9.00.9 7508 7m1.60.0 K107 8.00.2 8.00.3
80 9.9 Q.0 950D 990D 8.7(0.0 8.80.2 8.40.H) 91.50.) 8.10.0
MANOVA Tree S[)el:ies (A) *¥% FEX L 21 k% K% TEX 11 xkH
Light conditions (B) * * e " * N e "
A xB 1.s. n.s. n.s. ' ‘ * "’ '

**p.001, **FX0.01, *F0.05, #n.s. not significant

w3 Sage Uwale #uete F4&  dFE S4% el okd A" AR
(= 100 - ¥hAHE - £348)2 olez|E g 4 AFFR 8.2%1"&5, Az} faked (580~
& =3} 5h2od (500-580nm)el A ok AlFFE 600nm)lA 10.7%ENE, -?%‘—‘F‘* =Aked (600
74} ATl wiske] okt g ¥, W Ak -650nm)elA 9.2%EUJE FE& FEEE JEd
BRI 2 2ol7} gxdeh. zelw A FE I ok
Aed el 400-700nme] FFAH < W Fr &A=
ok A gF7) 7E AgFrct 99 U Fege) 3. Z-ustd JM
7k Astso] & ¥, W RBEMS] T Aol A el BatElE FEE AR 2es
adfdch, 2y g E3hras 400-700nm A FFAEES *}"LKM F-RPAE =4
o shgedd Felld weMF sgddd00-  Asksdtt (Flgure 3. T-FPEFAY F2 A=
430nm)°ﬂ*1 2 oG ATt AR ARG 9 °*l Fxol 34]3}"4 FPAEEE A5s)
<5 ]
70

&

I"_L. F.E-

& F4&s b, 2 o) REREEUI0 °l °5‘ﬁ°l!*1t 3FE 25 o AgTvt
-700nm)el A& k% AHF7F AR "l“*-?"ﬂ Hl 3 134%’11 wlste) 2 AFAS ebllch
slo] A o F4E vepld. 53 & v FErh Aedel webd A APTe)

L rlr £ ﬁi 4 41)!«

Table 3. Light compensation and saturation points, dark respiration, photosynthetic capacity and apparent
quantum vield calculated from the light response curves to photosynthesis in Figure 3. Values
are mean t standard deviation (n=5).

Tree  Growing light condition Light compensation - Light sa}turation Dark respiration rate Maximum Apparen.t quantum
. o) pomt point E photosynthesis rate yield
species  (umol m” 57) (emolm’ ) (umol m*s?) (1zmolC0; m™s) (emolCO m®s")  (mmolCO: mol™)
P. euramericana 920 32.4(1.8) 639.4 ( 6.6) 2.60 (0.19) 21.23 (0.82) 67.6 (0.5)
80 10.8 2.1 387.4 (16.4) 0.77 (0.20) 12.33 (0.33) 4.3 2.5
K. tictus 920 18.5 (LD 282.6 (13.1) 0.88 (0.21) 5.67 (0.37) 41.1 3.6)
80 5.9 (1.0) 149.9 (3.5 0.53 (0.05) 4.82 (0.24) 41.6 (1.2)
Q. serrata 920 15.6 (1.9) 453.7 (51.2) 0.76 (0.15) 11.18 (1.83) 3.0 3.4)
80 3.70.2 282.2 (52.8) 0.27 (0.05) 6.60 (0.36) 2.0 (7.2)
MANOVA Tree species (A) e e e e o
Light condition (B) e e e e e
A X B 11} & (1] (123 £12)

***p).001, **FX0.01, *F0.05, n.s. not significant
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FAEE A4E&orl oy o4 AYHFHr =
L FPAAESEE el 974 B2 FgAdE
= Vet g ok Aot b Al g
AErrc) dolxe HHS Auindg, oy
Ze]+ PPFD Y mol m* s, %= PPFD
196 2mol m? s”, =34%E 1024mol m? s
2 e, $UF7h 4% BE A2 A9 ok
27 A B Aol B E F Fd vt
e F59974 AEH 1 9es & 5 ik

B-FFA FAE 2t FuAty, Fxs
A, 43 F, FHAH, HETERES 4E89
ti(Table 3.). olelzl2Ze)+ FrAY, Fx3}
A, F%7} 0mol m? 7' we] COme&EQ
dEF, FPAFHe) I8 F £3d WEd ¥
2 @& Jehdch, aelm FelluR|E 3
2 wWstA) 7 33t 848 Ul Ml
Tl o8 F FEo vlEe] =L g viE
Wb, Al Pl et s g5t A A3 A
el wlale] FRAHI FEsHe] Ya, tF
F 2 e, MBRTKRE) 25 Jokd, A
| F= Aol 9% FrAAH, FrIy, 43
¥, 34599 AHzle S 354
T Jepgord, gt E 235 oz
2ol vgted <43 EFFH FIAFHY A5 vn
A e Agg vehych, 18w g sl
FhEE I F 53 @y o A4t
73 AEFel vlste] 2 g el A5 3
= Aslel o)ste] Su}F-9] MR THEC] Sl
< 4 5 At

4. AR CO5TO0 CHE M SN

EHA COFx(Chdl g FFAus(4) =
A (A-Ci curve)2 FTAAY kgl &3te
REBERS 595 Yristes Y24 duby
o5 A (ER, 1997; %%, 1999; Farquhar
=, 1980). & oA leaf chambers] £ =
= 3719 COsxd =43ty &Y A=
Farquhar and Sharkey(1982)2] 42 = &3l 4
%3 EHA COEEE AHEdlY A-Ci curved
zHA sl (Figure 4). 282 ©] A-Ci curves
EdZ CORA4H, F3F45x, 3d $P45
X, AT HEEE AlEst9oH(Table 4).

%= PPFD 1000 #mol m™ s?el 2] F38%
E-oldg 2 Ee > F3AUF ) 2y £o2
Fotow, Algpd webde 4 AFF A3

30

P. euramericana [}

'TM
. A
~ I K. pictus
S
E -
b L
E L
g 5
E L
= -
g’ 0—'
i 1 1 i
=15
z [ O serrata
10 c® eg
r e
r [ ]
s
Py S OO
. . R I S
0 200 400 600 800 1000

Interceltular CO , concentration ( pmol mol 1 )

Figure 4. A-Ci curves of P. euramericana, K. pic-
tus and Q. serrata grown under two dif -
ferent light intensities. Bold and dotted
lines indicate A-Ci curves of seedlings
grown under PPFD 920 zmol m? s™ and
PPFD 80xmol m? s, respectively.
Measurements were made at 25°C cham-
ber temperature, 1000 mol m™ s quanta
and 65-70% RH.,
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Table 4. CO; compensation points, carboxylation efficiency, photo-respiration and maximum net photosyn -
thesis calculated from the A-Ci curves in Figure 4. Values are mean * standard deviation (n=5).

Growing light CO:2 compensation Photo-respiration Maximum Carboxylation
Tree . . . L
species condltl_on B point B rate Y photosynthes_sZ ra[tle efficiency B
(gmol m®sh)  (xmolCO: mol") (zmolCO: m™® s™) (xmolCO: m? s™) (mmolCO: mol™)
P. euramericana 920 42.3 0.8 4.82 (0.18) 25.68 (1.14) 113.8 (2.6)
80 43.3 3.4 2.06 (0.16} 12.28 (1.00) 47.7 (1.3
K. pictus 920 54.4 (3.0) 1.89 (0.16) 9.51 (1.10) 34.9 (3.6)
80 49.8 (3.3) 1.39 (0.08) 9.69 (1.01) 28.2 (3.5)
Q. serrata 920 55.7 4.9 2.98 (0.30) 9.52 (0.53) 53.5 (2.4)
80 53.5 3.1 2.04 0.30) 9.48 (1.06) 37.9 4.1
MANOVA Tree species (A) wex e pex b
Light Conditions (B) n.s. b e rax
A X B n,S, LR ) *Ek ¥k

***P0.00L, **/0.01, *H0.05, #.s. not significant

b 33 APFR) ok 3 g veW =8 #E@EHe Wx, fJE2Fe) Fri(Adams
ob, oy BAAHQYM A E4AEA) §9A4(X 5, 1990; Evans, 1994). 53 #3}stAII(photo-
0.05)-% e}, system 119 uk-g g Fof shiql £XRER

A-Ci curvedl4 Ho} FIAESEE Ay, B At LHC II (light harvesting chl-protein
Sipg-e} Z3hpFol FAIE gheE olde| EH complex D¢ daat AAde] & 5409
of wiste] @A slA & & viehdnh, 2y #F Fow, o|& e YELe/b7) Foi(Evans,
Sibg-ot 2R e g3 A7 43 Ag+ 1989, Terashima and Hikosaka, 1995). #hiRelA
7ke] zlelz} mimA =gron}, olwlEl T ERE oF  ASsle BAEEHS JB26E FUMAA(Fails
BAFF7E AT Abell vlX ] Ry 5, 1982) A& A #e] FEEo A Frdel
o}, 2 500-650nme] ¥ F4EE Eole Zlow o

B a8 o £EE 7} o E F FF
B)3lo] =2 k& velyon | ZaE > LU Table 5. Ratios of morphological and physiological
o oz Jehyr), 713 L eBiuHIiss parameyers measured in low light intensity
epdl oldjel EEeE ok m Ao AR A A to those in high light intensity.
o] i mHEEe] AFEAL 41.9%, EFIF P. K Q.
= 70.8%, S+ 80.8% = AslH, &4 euramericana pictus  serrata
AEfo] T £2AFE A4S B A} 9 Leaf area 41,2 183.8  238.5
e ge syt dxshA o) Ee]A-2 oF 4= Chlorophyll atbd 66.3 1669 161.3
alel alb 93.3 8.3 9.6
e Light  absorptance 9.4 1076 1036
(400-700nm) ' ' )
o & Photosynthetic characteristics
Light response curve
dio| A . O|RESEL Light compensation point 3.3 3.9 27
; i{i—rﬂ lﬁ 7:; ll}g goe aze = Light saturation point 606 5.0 622
AR = == ) e TET T Dark respiration rate 2.6 60.2 $H.5
o]zl #He 23 o] A= oI(Boardman, Photosynthetic capacity 4.3 8.0 59.0
1970, $& $xzAddE 2544 FFAHE Apparent quantum yield 65.6  101.2 8.9
g3 o+ = FulE - A EAo] wsiEe] A-Ci curve
CQ; compensation point 102.4 9.5  %.1
SAeH(B; orkmfm,o 1281,}§hazdon an(il If:aquEO, Photo respiration rate 2.7 3.5 8.5
1993). ol2¥ o> FFx 17%“ A s 2 Max. photosynthesis rate 47.8 101.9 9.6

ol u)alA FHBI W] F5-o)EEEST = Carboxylation efficiency 41.9 80.8 708
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A glel, 23 £Fd b F-FFHIFA
dA A&l MBTIEC) AstErle s,
o] MitTFIkE-L B & 3oLz 2 HgHA
7 FHAIY AL Wz e Ao
(Evans, 1987; Wilmott and Moore, 1973), &
P gk HgHol T AL MMT X3tE
Kol Agdtc(Wilmott and Moore, 1973). °]
21§ 58 Ev2 slod B oo s A%
FeAstel] g wbSf(=okFxA /G d x
100)32 At&3le] At ¥ 02} Pe(Table 5).
o} delal old EEeE Y Frrd
A iAW g24gEke] zhasta(Table 1),
B 3 SAYPAR)Y W F5&e] A8t
o (Figure 2, Table 2), #EFU¥EFEFigure 3,
Table 3)8] Asl7} o} 2 F 5ol v)ste] AA 3}
A vebd}, ol d olelE] 2 & o] HbE2 I

FEZAAA AEY 5 UAES We| F5-olg

E4e Folt WeHE ApE Aol
Wi, olele) EEelnrh oA RO ¥ &

1)
= EEHY dsagee] 3lE 2hES
W E2eS ZU47) e S Yehlaw, 54
A Z7HE BF £hHED Fold g
£ & 4 gledoh. 2w HeA A agei oo
W Fage] AAHoz ApEglon, £
F5go g 71od %7l ¥£3(Inada, 1980), 4
Aol o 2ol o7k F4Eo] F2(Fx K, 1979
Holmes and Smith, 1975) #}&ed<del 500-
650nm &g A& A5 S e
Web, o)Ae U GEape Frlske] dA
A Eohe A3 428 dpo|vh, =3 P33
g TA A AT MBTHEC] SHE Mg
Bol B3lahAe] AL dHoUeS ¥ 5 o
c}. olalg Axe SUFrt 32 AR FExRY
o ta ZhEH Lo F5 ol FEEE FHF
£ A 4ukge] E&& ovigic.

ZFe AS B2 At o] MBETFIK
o] ztaslged, FFd olHHEEZYKHgE
Zhage] Ak, 23Y HRES Y 7 Us
g2 Zrpr) S otble| T E e o v Fhe
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A2 2a/bd ASHE B3 WO FTAEES SHA
7= whgo] SubF-ot FAIE $£ELE vhehdel,
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ke FAAN7E Aege AFhe Aoz
A7,

2. 3B oE 24l 24

e Fxe H83F A5 (k) 52 %
Eolla AR (Bl vlste] F-FFAHFA
ol A)9] PPFD 0 gmol m? s™'ellAe] 3 &&=}
Fu(E-AA T e %), FEAE FE
o] e o HAshe 4L FA we
of Foll ¢lste] U@y dcHBoardman, 1977).
b dEFS A EY A FA o By BH
ol v} Ealo] g Ao Fag ol E Fatid
4 29% 488 FPsia gJenz, 3 Fol
Zrasld A sHE AL wrl A sieel(#
0, 1999 McCree, 1970). #EF2 F3Ad9 &
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2% 5 JPA4Er E44F Zck(Jackson and
Volk, 1970). #&F9 &) dsis 298
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B9 A g oA FFdl 7| F &
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7150 sy Aoz deA
Takeba, 1996).

B A7die 3% 25 FEAz o3lo
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