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MEE— (F) KBHha~ATo YR (MEHS)
RFEL, fpRECEERLYUR T AHEMIEAT
W5, BICHEIIBWTIRARO Fi BRI A A
1970 IzBAR =, ENBEHREOREAEHL TA
7z,

ChECTEESIZ, FiEBEKBOEN-AEMED
FICEmMBLEE L HEEORESBEIOMEICLSZ L
FHHLMIZLTES (ERS, 1995, Hirao et al.,
1995). ZTh oM TR, &EEORFEH/L L TR
T EOKAREEDORE LT 1243, BEOR AL
BLLCHSINER SN S MIZE L, IEOHRBIC
EDLWIEREMATTYD, BT S, 20728, T
MBS A ZWENESRTERTIEORE S 5
DB LR, BELEHES A EEL LTI
THIEAR N EOA L ST THNEDOENIIONTE
B TRET 5 LEEND 5.

HEXEHEE (CER) ZBAOTBEWS 82
g&8 (SPC) 0By =15 (FH, 1988 ; F&EH,
1993). F /2, ELEOTWBEHE Y O EUESES
hEfIE~ER L, BAAE NS (Friedrich and
Huffaker, 1980 ; Mae et al., 1983 ; Yamashita
and Fujino, 1987; ®1, 1990). #n/-®, EIED
HERENREICTUEOTBEMNSY /37 BOBIREDS

BCHEBTLLDEEIONS,

AHRTIE, TWBEOEMIZE LR SPCOBEL
FA BT X OBRE HARRE OHBIZBVTRTL,
P BEROBELESRENICBT L EMMEIZOVWTH
S5 LD THRET S,

B L O

1993 I MK ZBHEEBO Y = — ANy ATO v
7= WX BRI R T o7, MRHICIE F R
ELTHEEF B TH 5B A, HARE
FREBICLA. KBS L TKBEOARKRE B (&
- B, 1957) #EE L. BfEORy b (BERETS
cm, ®&7.5cm OAMHR) OHIZKEE, 7.5cm X
7.5cmX6.0cm DOy 77— VEMH (ZXT5nh
ZH, FHSER) 2 EEL, EYEOBREICHN
72. 0 H4RAICI Ry b4z 1852, Ry L
WL, WESBAMIGEXT TEF S, 108
BITKRIKME (AEHS00L) EICERBLA (5 A20H).
ABHMS, K#HO pH % HCl 3 L U NaOH #
FNT5.45~5 55D REFHIZ IR L7z, KB OMBE L
BREBELH /-, BHEZIOEHIIEEREED
1/28ICEE L. FIOEHALBE-EHIZ, KHwh
DEFBEOAFEERD 1/10EIZRAE L LB X
(AN REX) %30T, SELERFAEHE Lz, 0UE
BRMAES, MEBHTHERBIUCI4HED 3E, &RLEME
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Fig. 1.

0 7 14
Days after treatment

Time course of the top-expand-
ed leaf (TL.) area of the main
culm of a plant. @, Shanyou 63
in control; 0, Shanyou 63 in
low N; @ | Nipponbare in con-
trol; O, Nipponbare in low N.
Low N, the treatment growing
in 1/10 concentration of con-
trol.

Days after treatment

(TL) BLORIERBERIC R LV ETH- 7% (BL)
T RRIZESTE, CER BLUSPC % illsE L 7.
SPC ®MIEIZIE Lowry et al. (1951) O FiEx B
7o, 72, REEDBOR EAEIIOWTIEERSL
ERIEYE (OER) bl L7z, FFMIELITIIRT.

CER : WA EH - ZREFENEERE (ADC
#%, SPB-H3) #fML, 1M, 1HIZ4~5
MOEERFRICEE L 72, A{EBEANOEBAZRD
CO: BJ¥13364.4£ 2. 4ppm, MXTEEIX35.2+0.1
%E Ll REINMNTAFT T (OSRAM #H,
150W, HQI-TS, NDL) #XWizER L, ML
S (16002 molm %sec” ' BAt) & L7,

OER : iR 7 79— 7 BEEFEH (Rank broth-
ers #t8) #fEH L (Ishii et al., 1977 ; Nagamine,
1991), AiRi33040.1C, K5 EE 1242000 #« molm 2
sec "IZFEEL7:. CER BIEHROEF O — I % BRI
L, Wi &2 wER W e OB/, &
S5IZEHH (0.omM WEEA VT Y A % & T 50mM
HEPES-KOH, pHT.2) HCHENDH v & — % H
WTCI6HEIL, BRLH, BEERLEALEESE
7RIGHER (BE3ml) AN, A5 —5— T
LAY, BEE L OREKEF MY 7L (RBE
31.5mM) %Mz, BISEMMEL, HI0GHORER,

w (o]
T

SPC(@m3?
H

0 7 14
Days after treatment

Fig. 2. Time course of soluble protein content (SPC) of TL (A) and BL {(B) of the
main culm of a plant. TL, the top-expanded leaf; BL, the top-expanded leaf
at the beginning of the treatment. The solid and broken lines represent con-
trol and low N conditions, respectively. Simbols are the same as Fig. 1.
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WA O iBEA 5 OER 2B L2, £HIEIX4
RiEE L7
BRBIUZER

Lo, ABPHPIcBT L H%E (KL, TL)
1 BOE#E Fig, 1 1RLA. WREL & REKY
TRIZIEOHETE2EMNEM L. R IZIR
KERESALN, ERMmiELIZL, IE635 TR
F1RL)OERFEALTBY, KN LBERZRRE
H2¥BTRHABOHLIETH o7z, LNBEHESD
WEBMTOBORNIHSE L, ORI FdlBED
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Fig. 3. Time course of CO: exchange
rate (CER) of TL (A) and BL
(B) of the main culm of the
plant. TL, the top-expanded
leaf; BL, the top-expanded leaf
at the beginning of the treat-
ment. The solid and broken
lines represent control and low
N conditions, respectively. Sim-
bols are the same as Fig. 1.

BWEBREERDEEMITILZ OO TH-72. 7o,

B N LBX & R & D LINEES S DA I KE Do
7o, R NI X A EEROM/NEI, REEREH 2
FEHIZBWT, HEBDT.4% 128 L, 635 Tit
155%CH Y, (IE3TOEmMBAEIIE N LED
EELHZTAZEPHLpE L o7,

RIZ, HEBFERBEOIREI BT ZITCEET S
EEZ N5 SPCIZDWT Fig, 2. 1RL7A. A
i3 TL, BIZREMFTHLERTOLE X EWNT 5
7212, BLIZ2WTRLA, TLICEBT A &,
#6350 SPC I3xf X, KN LAHEKXOWHIZHB VT
HAR L D EICEL, REMEIDLZENFHLRPL
ol F, MEZTHBICTCIIREREICIEE
FELTEY, MHEOEEIEHWESZ TR, ¥
HHEYDORFTERICOENS I BRI,
—%, BL TIREMATAB 25V, ML b SPC
ET L7298, EiZilig6e3s oA H A L b v
KETH -7z, Bz, ENLEXIZBIIIES
DTHEDKTHELL, HHMThHo72. Thid,
AEEIF MBS B USR L, Eho SPC B3
PREEN, BEOBABATVLADTHL LER
EX -2

# D EALETRE TIZEHD SPC DRAPIZL->T CER
METFL, 8LRBERSITTREORIMELES L
AT EbHLENTYS (HHES, 1982). Fig. 3.2
AT SEONEHE O CER OBEBMEILERLZ. X
RX D TL @ CER T35, H AR L e < H#E
BL, SPCTaALhEMEIETH 2. T/,
ENALEE X Lt R X2 el L CillandE & b EAMK L,
BRI T L2AY, REMoZE o7 (KH
A). —F%, BLIZBWwTd, MEBXTIIIEEED
FHHARES FE - THEB L2225, YHBIZE2ED
BFLAE. BNAERXTRI4B EICBITAETHE
LK<, 638 TEETH -7 (KF B).

RIZ, BENLEOBEN+SICBREEZON
LMBEHIAAB D TL OF/NT A —FIZ0o0WTT LD,
WS fEM T B L7 (Table 1.). EHFERIIOWVWT
BEIRLEEBY, 635 2SH AR % EEMIC E
Y, HEAWICOEELETH o7, FhEIEIHEY
2, BOESOEETHLLEE (SLW) # SPCT
B3 S IR TAE L {, BRI 2 HEIE
NHh6R2%D#EIZH 7. #0721, CER IZEM
L7 ) RIS EM TIREN R H o 7245, SPC
L) THRET S LIEESS AR, BEXTIREAR
BOMLAETH -7 (0.1%KETHEE). CER LH
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Table 1. Effects of nitrogen concentration

Shanyou 63 and Nipponbare.

in the solutions on photosynthetic characters of

CER OER
Treatments Cultivars TL area SLW SPC
(cm’) (gm™%) (gm™?) /leaf area /SPC /leaf area /SPC
(rmolm™ "see™ ') (pmoly™ "see '} (rmolm™ *see ') (rmolg 'sec” )
Control  Shanyou 63  80.88*** 35094 473 25.7 5.43%** 11.1 2.34%**
(172) (85) (71) (100) (141) (116) (163)
Nipponbare  47.11 42.44*+  6.65*** 25.6 3.84 96 1.44
Low N  Shanyou 6  68.34***  34.03 3.84 20.1 5.23 71 1.83
(157) (80) (92) (101) (110) (103) (110)
Nipponbare 43.64 42.44 4.17 19.9 4.77 6.9 1.66

The characters of top-expanded leaves were measured on the 14th day after treatment. TL, the
top-expanded leaf; SLW, specific leaf weight; OER, photosyntetic O: evolution rate; Low N, the
treatment growing in 1/10 N concentration of control. ** and *** indicate statistical signifi-
cance at 1 % and 0.1% level, respectively. Number between parentheses shows a ratio (%) to

Nipponbare.
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Fig. 4. Relationship between SPC and
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CER in two cultivars. * sta-
tistical significance at 0.1%
level.
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Fig. 5. Change in SPC per leaf blade

S5z, ZllEMEENRIZ,

of BL in Shanyou 63 and
Nippnbare under the low and
control N conditions. Number
indicates the ratio of increase.
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FREITLIIRD, Fig. 4.7z WEEIIER
HTEVIEOMHBEBRTS Y (MmEs &, r=092
), HorhEEE RO LN, BUREROM
ELINEESFOHIKRE L, SPC N2 HERH
FILIBEI T HARE L D Emv s .

F 72, E63 5D BLIIBWITEROTRELLIC
S8 SPCHETL, EoZBLRESRE ST
(Fig. 2.B). 22T, dT1EHL2H D SPC
DEBE LTIRATHI, Fig, 5. 130 EHTH
BB AEAENOBLO 1B Y- h D SPC 28
L, MERIEIRLE, BRERIZBW TIERHE
Eb b T THoIH, HETOEMIRD -0 (Gl
%635, 5% ; A, 12%). —F, BENALBRT
e CENASR 2D, BABIIITLERARO
% HERE L 72, U635 Tl LB B sAM LA LC30
WBIKT L7z, ALIEBLEROMEILIECS S DA H A
L&, WEESTIIEFLTVOERL L TAHAN
ITHAB LY LB, ENLBOZET LD
T, WEES o BOGENMRESNTVLEHD
EEZLND.

EOBEFIRETHRY 37 BE LTHEET B,
ZOREBEOTERRARIZEREZY, TOBRMES
TOHENIZ40~608 2T TRA L, WIERIZER K
L2DXFDNNEETH S (A1, 1990). #T70%25E
ILEITHRICT I VBRELTEREL, BFHZNL LE
ATV, BEOWEHRSY V37 BO#EGE &0,
HEBCBITE COBERIGOF —BHRELTHSL
hWLEF#E Y /%27 B ribulose-1,5-bisphosphate
carboxylase/oxygenase (RuBisCO) #®% 5. #&
REBEFCEDLF0EGIEHIBNTHY, /220
SR, zunT 4 VRMOTEN Y Lo BIEAT
L, BROLSIIBRBHIITOIE LB ZEAbNTY
% (Makino et al., 1983). KEFFEOKERITHELH
B L7 FAIEETlE, UE635 D SPC DR TATH K
HBICHBLTESCREETWSA, B TH RuBisCO ¥
PN EOGBHEELE L TR o TV AT S .

F 70, FBIZIEE3 SO TLIC& Eh b SPC Dk
Tihs<, 2BEOTLO CER 2HEBEM UL
NVZHERE S T A 2 E 2 S (Fig. 2. A, Fig. 3.
A), 8635 BL (2875 SPC O/ Hid LAE
DIEVMEFEOI- O, BES VSV EHEROMEE L
TEHETADDOLMEREINS. DELD, WEE3E5D
THIEIZBITH SPCOESMAKTIX, BIZEbo#
FHFEVEW) L TER L, ENEOREGHEENMH
HrEHT 200 [REHLZELERSR| 2RET S

bOTHY, FrEKE (ILE6e3%) DEEXREK
Wb BN ERFED D THL LV ZEHT
819,

A EIE B OFFE T 381,
REMEEHRE L2bOFS, Lbl, —KOE
PR LR E L CIER T B, BALAHA L
THEOER S £ ERIROKBN £ EDL. 0k
o, WROLEEREHET 558, FUEORE NI
J1%, HESHT A THROGANEEL 15, &
BT, BRELE (I N REAHESE) 2 F %
HUKHE (635) DR LII%s X O TREST 2
KA WA R R O AR & LB LBIS 2 L
7o HROBERLTOEY Thor 1) WO
SPC (i HEMAEN A S, HICilE6 T 0N
ALY blEpors BN AHT TR, MHEE b
SPCAMET L77s, #12, 635 0 F L E T O
THEETHY, WS Ny BOSR, BRI
EINTwbbOLERERINA, 2) THIIHL,
CER 1216 N &# FIo B0 ORI, FH#L
CREMES D S ors, 200, 5635
O SPC AT 5 A BAIHIL A AN & L -7, 3)
PR G, W3S TIE, BILRELIMIR L
EREORERERAMR SN ERE LT, Aok
EBAEL &b I TRECBI R TENS ¥ KO
S, ERORESEG L TOD DL ER I,

X (N
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Summary

Top-expanded leaves are used to know the highest capacity of leaf photosynthesis in
rice plant, and the plant photosynthetic capacity has been evaluated by the top-expanded
leaf photosynthesis in many reports. However, the top leaf position is soon replaced by
a new-expanding leaf, and most of the leaves of a plant are composed of aged ones.
Hence, the photosynthetic rate and other physiological roles of aged-lower leaves be-
come important points for more precise evaluation of plant photosynthetic capacity. In
this study, as an experimental material, F1 hybrid rice cultivar, Shanyou 63 (SH), was
used and grown in solution culture together with Japanese rice cultivar, Nipponbare
(NI). Leaf aging was accelerated by growing these cultivars in solution of low nitrogen
concentration for two weeks. The effects of the aging treatment on the photosynthesis
of top-expanded and aged-lower leaves were compared between SH and NI. The results
obtained are as follows: 1 ) SPC (soluble protein content) in leaves of SH was lower
than that of NI. In particular, SPC in aged-lower leaf of SH greatly decreased by the
low N treatment, and this fact may suggest that soluble protein in aged-lower leaves
was more quickly decomposed in SH. 2 ) In leaves of the plants grown in the low N so-
lution, no difference was detected in CER (CO: exchange rate) between these two
cultivars. The photosynthetic efficiency in SPC (CER per unit SPC) was higher in SH
than in NI. 3) It may be suggested that soluble protein decomposed in aged-lower
leaves of SH is readily exported to a new-expanding leaf, by which the top-expanded
leaves of SH are allowed to maintain a relatively high photosynthetic level.



