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Summary

This paper described that the limiting factors to photosynthesis were
analyzed with using A, /Ci curves model in Saccharum species. We listed
up the characters relating photosynthesis such as CO; compensation point,
carboxylation efficiency, maximum photosynthesis at saturation, leaf
conductance, and apparent light energy use efficiency.

There was statistically significant difference between species or varieties
in photosynthesis at atmospheric CO. concentration (350ppm). The photo-
synthesis was regulated mainly with a energy transport system and
pi limitation caused by photosynthate storage in cell rather than leaf
conductance and carboxylation efficiency. In addition, leaf nitrogen seems
to affect the photochemical reaction process, and then finally to CO. fixation

process.
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THEFY Ty, varu— AR ER) CBOFEREIC Lo TREShS EBIELL. CGH
FLBEET A Py ECCAETASERTRLEMILIELIERR SN bOD, CHMORER
D CON AEB A B0 REETROEY, HMERAETFEE BIUTFY 7Y - vyasu—-2E
BAZE D ) CBEERNO SESICEESINLLEILNS.

CCi- AR A VLA EEOXRERORATBIL LTIX, UTOHRENHL. NEDY
4TI, KFAFLATORGREENET I, KILBSIZHES CalvinBE B O RBAERET, Kb
EABLUETZERIBREBEZI2VEREY ShTwd. /2, N7 A7V (jack pine) @
BIM T, BHEFOETIZL 2HERAENET I, SILASTIRZ CHERILBS TH 2 KEEE
AOFMENOBETARALERETEET 2 ER) D BEEENLORTICRXTREVESATY
3. ZORBICCHMOBERIL S VD, RETIVE W TCHY O EBEREDTRER % AT L 72
BHP X% v,

KBCIt, “Ci-bamkiiig TFVEEALT, BEORK COMETICBIT2H I FERFOR
SREESEIL., REEAESR, HFETEERBLURSREWOERIE ) ER) VBELERENO
FOERIZEL LTHESNR TV ERET L.

BB L UFE

Btk EHE, Saccharum sinence 3 & U°S. spp. hybrid # &t 2 7 &fd - ZHTH S (Table
1), $EEHE, FAGROMESRES L CHEEBIZOVTIHEER 0@) ThH b, HER, EHk
27 AULE#RA L - k% AL, 1995
#£10H 16~24E¥®ﬁﬁl:1‘l§%{$0)ﬁifi%. 60
CREEOH RIS E FILMICKRA TS ) ' j
Chol. HafEE QIREOREE 1T
7=.

“Ci- &R AR &, JIREE2000 ¢
mol photon m? s, #i#35+0.1C,
WHHZISE ImbDEKHT, COBREY
0 ppm#» & AR A AN ET DR
B TELE 7z, COMELEELNA
TP LET DD HELTT— % Za
%L, KDOAF v TIcBo/:. BRER
BECHETHDIH207EEL, ZWE

Photosynthesis (umol-m2.s-1)

T

22 BERILIAICH T L. REBEESE 0 100 200 300 200
i, CitaBlR DYWL RLER S & i ppm)
EAR TREYE L TRD 7.

$r, oMM EWEL, B
o ., s ig. 1. Method for calculating stomatal limitation to
HROEMET & ER L, MEOHURE photosynthetic rate (Lgs).

Lo TRMTOXFMARERE L. WT

id, $iR35+0.1C, FEMLA18+ 3 mb, Les (%) = x 100
CO.&E360+10ppmiZZkaE L, KREE a: Photosynthetic rate at 360ppm of internal CO,

2 A B R ER % concentration.
200 mol photon m* s P HIEERLT b: Photosynthetic rate at 360ppm of atomospheric
DETITH- 7. CO, concentration. After Farquhar and Sharky (1982).

“Ci-FG R & A7, [ILIEHE
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B, RFEERGHE, BIUMCFERETFGET ZITERY CBRARNICE 288 8EEOHIRIZE
13, Farquhar and Sharkey” ¥ Martin and Ruiz-Torres” €7V EHWTITo7: (Fig. 1).
SALGEEC L 2 A HHEORIBREERE X, (b-a/b) x 100TRD/Az. TIT, bidikFEEERE KL
FRETEETIIER) CBEARDORNIE—ET, FBROZWERORILIZERE L OB ET.
RFEEERICE B HEREEORIRIERE X, (d-a/d) x 100TKRDH. TIC, dXRILIZEE L HAL
FREFTETIIER) CBFERDOERNIZ—ET, HROZWERDKFEEESREOHBEERT.
HALFRBTAEET 72 TER) CEEFRARDNICL LN AKBAFE O BIEEE, (c-a/c) x 100TK
Bz, TIT, clIRKREERETILCEEDENI—ET, HIROZVERORLEREFZEST
TR CVEEEARED, FILEEELOREERT. 4B, aldBEOKRACOENHT TOXEMEE
Thhb.

WEk, BNERTOEGFLHVT, ¥GEESR, ERCEBIVHEOIREZIEL . BEREEE
EXy /- Vil T, SEEREIINCT F 7 1%~ (NC-80, BHERNEFN) TERLAY .

EBR&ER

RFFECTHEL A AR T 2 BEHOHER % Table 11IRLA. KR CO&HT (350ppm)
BB RGHEE, SBHEEOASHRAES X UERNMTORFEASRICB VT, SEMICKENE
FEENBOON, HAeOMETRITT 2L, KA CORGTIZBIT 2 AGHERE, SMBEREDOXER
HWEIZBWT NIFSP RO @Vl R LAz, #l, Wiz R L7-DIES. sinense @ Tekcher 3 & U
Yomitanzan T - 7. XFHZZEIL, Tekcher, Yomitanzan & U NiF4 2¥tifE & L TEA >
7o, RFEEESHBICIBOTIE, NI9PRL & MMIMEIZ0.5H R TH o7, [ILEEEIINHEGREE & FH
B NiF83 X U IRK67-1T# <, Tekcher 8 LU Yomitanzan Tidfkh o7z, &H AIBHEICEBY
LERBEEBRKTAL L, £TIO~15%DHEANIZH -7z, COMMERIL, BHETHRWEV»H LN
72T 1 ppm AT TH o 7z,

Table 1. Variations in photosynthetic parameters in Saccharum species.

Variety A Amax AQY CE gs CCP
(#mol-m?*s') (#mol-m*s') ( #mol-#mol") (gmol'm*s"mol') (mmol-m*-s") (ppm)
Tekcher 33.4+21 b 34.7+28 b 0.044+0.001 b  0.53%0.07 232.9+30.4 2.2+24
Yomitanzan 34.0+27 b 35.9+22 b 0.046+0.004 b  0.53%0.11 240.7+16.9 12.0+4.1
NCo310 40.5+4.7 a 44,0+58 a 0.055x0.001 a 0.51+0.09 286.0+24.5 11.8+7.5
NiF4 37.8+£2.3 ab 40.7+3.4 ab 0.045+0.001 b 0.48+0.04 243.81+28.6 0.3+1.5
NiF8 42.0+2.0 a 453+13 a 0.053%+0.003 a 0.49+0.05 292.3+21.4 0.7+0.8
Ni9 409425 a 429+32 a 0.053+0.002 a  0.58+0.10 265.8+25.6 0.910.5
IRK67-1 41.2+1.3 a 436+1.5 a 0.056+0.002 a 0.50+0.05 280.0+14.9 0.7£0.4
Mean+SD 38.5+4.6 41.0+5.4 0.050+0.005 0.51+0.08 263.1+34.6 3.6+5.7

(A% 12.0 13.1 10.6 15.1 13.1 157

Note: A, photosynthesis; Amax, CO. saturated photosynthesis; AQY, apparent quantum yield; CE,
carboxylation efficiency; gs. stomatal conductance; CCP, CO. compensation point. The means
with same letter are not significantly different at P<0.05 with Duncan’s multiple range test.
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Table 2. Limitations of stomatal, carboxylaion effciency (Lgs, Lce) and electron transport

_or photophosphorylation (LAmax) to photosynthsis in Saccharum species.

Variety Lgs, Lce LAmax

(%) (%)
Tekcher 3.710+2.9 19.9+3.4
Yomitanza 5.36+4.3 17.9%+1.3
NCo310 7.718+1.6 15.0£3.0
NiF4 7.12+2.2 9.6+6.0
NiF8 7.34+4.1 13.0£1.6
Ni9 4.67x£3.4 11.4x7.1
IRK67-1 5.45£2.1 12.2+6.3
Mean=£SD 6.60+3.8 15.3%7.1

KA COFIZB 2 RALZERE, REBMERENE, MEFREFRE, BH) CMEERNICLIOAE
BB DFIRAZE L, “Ci-t AR ZAVAZEFLVREFCTHEM L (Fig. 1, Table. 2).

B, fIUEEEE L ORFEBEEREEIZL 2GR EEOHIRIEE L, BEOKACOMEIZL
THEANELTYD CHWICBVYTIIRILERL 2520, FLEFICERE:. FHETHERT S &,
FALEREFEES L OREGREDER LD E#) CBOBERNIC L 2HIBEEY, [RILZEES
LORFEEREEIC L BTN o, BIEICBV T, XEREE DK Tekcher 3 L ¥
Yomitanzan T <, #%#I23\VTix NCo310, NiF4 X U NiF8 IZBW\WT#E ¢, #iZ Tekcher i3 {&
VWEE IR L7,

KR COLMBETIBITHEHEE L SEMEERNE OMHBBFREMRI LI 25, REREDE,
COMEREFRE L DMICHE BRI EDH SNz (Table 3).

Table 3. Correlation coefficients among photosynthesis and its related parameters in

Saccharum species.

gs Pmax CE PO AQY CHL SLA N
Pn 0.847*** 0.961*** 0.306 -0.368  0.757*** 0.722*** -0.5756** 0.589**
gs 0.873***  0.207 -0.090  0.780*** 0.724*** -0.459° 0.571**
Pmax 0.190 -0.305  0.717*** 0.713*** -0.604** 0.645*"
CE -0.094  0.094 0.161 0.020 0.025
PO 0.024 -0.134 0.225 -0.039
AQY 0.764*** -0.549**  0.527°
CHL -0.653*** 0.596"*
SLA -0.829***

Note:gs, leaf conductance; Pmax, maximum photosynthetic rate; CE, carboxylation efficiency:
PO, photophosphorelation efficiency; AQY, apparent quantum yield; CHL, chlorphyli
content; SLA, specific leaf area; N, total nitrogen content.

- LR LR R
. ’

were significant at 5, 1, and 0.1% levels, respectively.
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z =

RIS 2BV, H by FYROREGHREIIIMEN L EERZIZOONDZ bO0, £afl - R
BICkE L2 E, M2 A EEIME L. Z0RRELT, £lEIC1 » BUELE LD,
BRDALEIIL D HRERBEESIEL DV EEZLNL, AHTIE, o2& %8 s7-0lExHE
Mz T o 72, FO#HER, KRCOLMHS L UBAEROLEHEE L AFIHMBIIBWTHINIZH
EENSEO O, BHRYS OELE—B L7 (Table 1). LA L, EEIFEEUIII3~15% DHEEHIZH
0, BRI EERREREEINE, RBRTHEL-AEREEOLRIIBNESR 5.

7z, BEBGEEIINT 2RILOFIREEIIHN% T, LERERICBII2EROFER I ORI
Tl CIEFILHBS IR EL B> TWAH T EARIEHRY ICBWTHL I L, FESFILEMT & LT
X, COW AL E BORFKEEREE, MEFREFREBLIULERNEYOER NS BB ©
BOBERDHPEZOLND. 22T, “Ci-EHRHH" EFNVERHVTBREOKRTR COMREIZL T K
EREEOERERE T L7 25, REFREFZEB IUREREWERINES ER) VBOR
HERENIPRECEEL TSI EXHNE LR -7 (Table 2). $12, S. sinense @ Tekcher & Yomi
tanzan X, XLFRBEFZEB LRGN EYER I B U BOBAREIC L 206 il A
EABmNILhS, TROEROENOERIVPLERENLERL VI EEZOLNRS.

R IZBWT, KA COEMTICBIT A2 AEGRERE L ERFETE L OMICH HBEBE R #®E
ENTVD., ERFEFAIANVF-DOLEHIALF ARk ATP L ETWE THS NADPH % &1
THY NI ERTHY), TOERIMMFEROENEERTHERLVZ S, ARIIBWVWT, BMEFERETF
(REIZ X B HE KRR E A < (Table 2), KA COLHTIZBT L2 HENERE L ILFERETFIE
FEIZL o THRENTWELEEZ ONLZBHERONLEHREE, LHNEAMEBLUEREESRE L OMIC
IEDOHBEBESIES SN/ Eh 5 (Table 3), KR COLRMHTIZBT L AERHERE I NLFERIES
LERLEEREE L OLDEERALNS. ZOHIZB LT, Krall and Edwards'™ ' 4% CAEY 12 B \»
T, HEBGERE L PSIEMRNOBEELEFRE AL T2 L9, Yy FEIBIT52THEOMEN
HEEEIN5.

KT, KR COLUTIZBITHEMEE, HMAMRLEGEXEEB I CHERK L OMIZ
BWHELHBEBESED SN/ (Table 3). TOZLid, BEHFBEISRIMERONEELRE S,
ZOWER, BONEGREEL HEHE TRINLIBEVEL 2o THNALOLHEREINS, 0T L,
BEFRS ' THARTWE L) 12, BERFESRELSESES LVKA COLABT CONXERERE L DM
MR, BOEIEXAEREEOHBMBERY 26 dHBETH), EHNIBTL2ERFTROEEEIER
%. Evans” i3, BLLER VANV THERE, EHNOEEFTRIZCOWVTHRIF LA E IS, RuBisCO
(ribulose-1,5-bisphosphate carboxylase, oxygenese) * &L AR EANOEZOSE IS EE
EHARTECD DD, BFEERRK) Y BILISIIRESINSF 7 314 FERGNOFERIZDOWVTII,
EHBEFRLNVOEKCEER CEIERVERXT WS, F/2, Sugiyama et al®id by ER I
DERMBEE S I ZBIET 5 8% PEPCase, PPDK 138 FEAEE I LBEUKRICEE L, L2 bR
EEEIZEBT CRIRMIZESHTLZ LA HLMI LTS, NADP-ME BIZIET 59 b ¥ i,
HEE BN SRR D 77 TSI REE T PSERRINITEVR#E RS . #€-T, DLLEoHE
FEBELLTLE, YV FCEEGATIEFROEZEIRNSTESHFLELTE Y, EFRFEIIH LBLFER
BILUOENMBEANICBT2RFEEZEROEAB L UOBESSERICKO LEELCHER, BV EelE
FE, 3G E RFHNFEORELEGRE LT RIS,

L2 L, Nose et al." '™ ' [FHEBZHWEHMAAND NADP-ME G E 75 7 v a3~ 1 EBHE (RuBisCO
TE) OEEHEZEHLTEY, AMEAFET L H LS L. TOHEBAE LTI, HHIFEHETHS
W NFEORLZLIRETHARBER AR LAEYPEZONE, T2bh, HEEBICHAT
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2 P XFECHEMISESRRBEOZLWVIRETEFTL, EXHVCAOERNERI TR ETTHER
BN ONADP-MEFEM B L U752 2 a > | EHE L ALAHERE & OBE BV HBBRTRE M
mEEZONG, HEMMEFAVWVCTERKELEALEEL, P2vBELGEEDIHET 04
EREHBAOSEZENEROSENE L2 -OmEMICEELBEIZOOND L OB IR,
HhOFEDHE, KACOMEICBITA2AEGREEOXRER IZ, “Ci-baRHIMR" €7 IR
EHALFER DB ST HERBEREN CHLTF T, L arsu—ADESRKITHED B8 OB ARE
NICHHE SN LHEBEIND (Table 2). BRMICEDHOAERLIEBELY Py F I8N T,
EOREGHENOERICHE ) EH) BB 2RERMBEEIL, BERZERERDOBEN 1T
5 FTHHRIEY. KEBEELEED 2 70— REREDAOHBMIEY I3, XEREYWOLHE
WX BN CBEAERDOBEER Y BT 5.

® F

FEOFETRE - REELHAVT, “Cl-AEBHMAR" L2V MY X ECRFORERAEOKRENR
AT L 72, “Ci-bERMR" 26, COMMER, REBEDE (MHAE), KRR CO.EHDHKERK
HE L RILGERE, fMERY (800ppmbll) DOXEHEE, BIU “X—XEeRiR" oWIRLr
SHHAEMEL RS, ThFROHBEMEEERET L.

onfE - REMTHB LA, KR CO.TOXEHHE, MR OXEGHEES L UFHEIERIC
Mt FEZIROON. KA COTFTIZBII 2 REREEICN LEEET VR EBACTHERLL
IH, MMEERETIZESL S UNEREDEHICH ) BB VBROBAENVSILIGEE S L UREE
ERFERICHRTHIRBEIE, o4, ThED, KA COFTi, FEDPERIHERBELFEL L
BAELTWVWDEEZON. KA CO. FTOXAREE L HHEER & OMHBITIIL S, KAEIE, &
REERBILIVEXRSELOMICEOHBMFEI RO LN, BEYEEIHERICHELE LTV
EDTRBE ST,
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