HYEfC (Japan. Jour. Crop Sci.) 58(4) : 617—622 (1989)

BSEATICE T HKMBERDONEHNDKRE &t ORER

E I NEMEEORZC & 2 K8 & £ D& B ER

2 H K B0 N & E
(RFAF BFED)
FRIUE 4 A 30 HRE

E B EBSRHTCHEOT, KEEZEOXSEEE (CER) &, EEXEEIDLERONEMES 282 T
WEBEICL, BZHOTTHHEGET TS, ZOEKRE CER ORZIC L 2E8 L 4110, #0B#MELE
EHEBICOXRE L, (1) S E4FE, £ERFH, KB, BBV T, 9-10888 L 01 15-16 BF
D2 DOEFEHO CER %I LU, 46 FOFT, AIBECNTA2BREDBETRIZIO% TH 7. (2) B
ZDTTAHIMHED CER DIETIE, [FGEE (g) OETEMEEL T 2B ont, (3) Hius
BUAg OETIE, EFLTHEINERTBREEENRECHIEZERTH-72. (4) HFCBIT S
CER OETIZ FMEL D b TRBECBOTKTH -, ZOMWEEIE, HRICHTS g, DETHEUEL
DL THETKELWILIZLEDILbDEEZ SN,

*—T—F [ EREE, TILCEE, XEKOETREE, BIELEK, KFE, FEAL

Single Leaf Photosynthesis of Rice Plants under Field Conditions II1. Variation in single-leaf photosyn-
thesis with time of day and its physiological base : Eiki KURODA** and Atsuhiko KUMURA (Faculty of Agriculture,
The University of Tokyo, Bunkyo-ku, Tokyo 113, Japan)

Abstract : Under field conditions, the photosynthetic rate of single leaves (CER) declined with time of day even
in the case where light intensity at the leaf surface was kept higher than the saturation point. The characteristics
of this kind of variation of CER and its physiological base were examined. (1) The average degree of
depression*** for 46 cases including various years, growth stages, weather conditions and leaf positions was
estimated to be 199]. (2) This kind of depression was closely correlated with a depression in stomatal con-
ductance (g,). (3) Degree of depression in g, with time was large in the condition that evaporation rate evaluated
above the leaf canopies was large. (4) The degree of depression in CER was larger in lower leaves than in upper
leaves because the depression in g, was larger in the latter leaves.

Key words : Degree of depression in CER, Evaporation rate, Leaf positions, Rice plants, Single-leaf photosynthe-
sis, Stomatal conductance.
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Table 1. Depression in CER with time of day.

& ® Leaf CER N )dDegree of
. a Year Date (mgCO0.,dm~2h"!) depression
1. CER OBSZIC & BEENDREM & ¢ DI ¢ position §-10am. 5-4pm. (%)

g LHIL, CER ORFZO T 3 A5 EE

TR _ Augl3 1(17) 235 19.5 17.0
DEEREX BT 2720010, BI17TE (I, (3 FE N6  34.0 o5 4 953
froFEEIIEIR® LE L) 6D CER, go 8 mas  33.5 26.6 20.6
L DEHEDEEE O PHEOR LA E R L. (B Aug.14 III%; g?g ggg gg
1), i a3 L&, CER 3, HHERZOT T mas) 296 225 240
HE L HITHEAL, FHIO» D REOEZICEKE 1980 Sept.3 I (17)  38.7 34.7 10.3
CEL, TomMLTS. ComMuEmGENS  Se [T $0 gl

. . . . . pt. o4 . . .
RFZIATREB IO T 245, CER 0% 2 23 5EH Sept13 1(17)  26.1  23.7 9.2
HIREE I LD 70 O BB 2 S A @R ICA S, Sept.30 1(17)  13.7 11.6 15.3

N A7 . . .4 1 .4

2L, 20 CER OEDI, F~TOEDREEN Octd 10D 129 10 ?
" B Cemin-t) Lo L July 19 1(13)  31.1 26.7 14.1
SR A AR (0.65 cal cm™?min™!) U\E Ty 23 104 %64 230 9
WERES THEIBSCBLWTLHELAITETL TWY I1(13)  26.6 18.4 30.8
July 31 1(15)  28.5 23.7 16.8
a4 27.8 21.4 23.0
40 91.2 [11(13) 20.6 13.6 34.0
| 1.0 ~ Aug.1 I (15) 26.9 23.4 13.0
30 0.8 {08 _ 1981 (14 258  21.5  16.7
20F 0.6 1 7 Aug?2 1(15)  27.3 24.0 12.1
o4 {04 E I1(14)  26.6 21.2 20.3
10F ’ ’ TE Aug 4 I(15) 26.8 24.2 9.7
0.2 1 = Aug26 1(17)  33.0 254  23.0
0 b vy o B Aug27 1(17) 270 22.5 16.7
o 8 10 12 14 16 18 Aug30 1(17)  32.3 25.1 22.3
o Aug3l 107 343 279 187
Toaf M0 . Oct4  1(17)  10.6 6.9 349
3 708 £ Aug6 1(17) 298 226  24.2
c 2r ZM g (16 36.8 28.8 21.7
E L S04 Kl Auglo 1(17) 324 27.8 14.2
& %0.2 P 11 (16) 38.5 29.5 23.4
S ool 0 Z Augld 1(17) 296 24.3 17.9
S a6 36.0 30.7 14.7
40r g mas)  33.3 27.5 17.4
10 2 1982 Aug20 1(17) 32,9 255 22,5
30 0.8 = Aug22 107) 3.2 278  21.0

=] ~

P = 1ae)  27.8 20.7 25.5
o4 Mas)  25.4 17.9 29.5
10k ' Aug24 1(17)  39.8 33.6 15.6
0.2 . Iae  32.1 26.8 16.5
ot e T Y W B B [y Sept.1 1(17) 29.9 24.6 17.7
6 8 12, lzfd” 16 18 I(16) 239  17.3  27.6
R 1(15) 15.6 12.7 18.6
Fig. 1. Diurnal changes of single-leaf photosynthesis Sept.13 1 (17) 17~‘3 13.2 2‘}-1
(CER), stomatal conductance (g;) and light 11(16) 11.5 9.7 15.7
intensity at the leaf surface (Ir). 28.3 23.0 19.1
mtensity a e leal suriac I\/Iean Value e 6 3 i6,8

1) Experimental year : 1979.
2) Materials: flag leaves of main stems or vigorous 1) Leaf position : Roman numbers denote the posi-
rimary tillers tions numbered from the uppermost full expand-

p Y : ed leaves at the time of measurement. Arabic

3) Each circle denotes the mean for 6 single leaves. numbers in parenthesis, the positions numbered
4) Asterisks show all the leaves measured were from the base of stem.
receiving light stronger than the saturation 2) Reg%% of depression was expressed as (A=B)/
point. 3) Values are means for 6 leaves.
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Table 2. Difference in degree of depression in
CER and g, among leaf positions.

Leaf n Degree of depression in
position CER g
% %
I 13 16.2 19.7
II 13 20.4 23.2
11 6 24.0 25.4
1) Data collected in 1980, 1981 and 1982 were

combined.
2) As for leaf position, see the note 1) for Table
1

3) n denotes the number of depression rates used
for calculating each figure in the colums of
CER and g..

4) Degrees of depression for CER and g, were
calculated in the way described in the note 2)
for Table 1.

g DEFNEBBCEELTWLE I EBbhoT
(B2, #2THXWE, 2 FhOBEHD
9~10 B2 5 15~16 Bk iz 2213 T CER D{E T2
ExRIUCREHCBTS g ODETEECINL 0
v ML, CER OETFEEL g DETEELON
B FEERE L (B3R, ZoM%2 &3 &,
CER DETEE L g 0Fh O, HBER
0.780 OFWEOCHBEEGR 1% THEE) O0H 5
Z&, DFY, g DETEEXE LWwHIZIZ CER
DETLREVEWSEALH S Z Ebh o7z,
DEIW, WSOPDHEHIIBNT, UFEL1S
FI1S5EFROMO BRI AREED & 9~10KEH»

1979 1981
40F Aug. 19 30~ Auwg?
I I
‘/.1 2 1
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o
0% a4 10L T S
0.5 0.7 0.9 0.6 0.8 1.0
-Tr\ 40 Sept. 4 40 [ Aug. 26
= I I
|
'E 2 ¥l
a8 4 2 01
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£
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© o2l 201
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1 ‘///’ 1
2
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ZOF 43 30 - :
o,
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g, (cmsec™)
Fig. 2. Correlation between g, and CER.

1) Materials: the uppermost (1) or the second
(II) leaves of main stems or vigorous primary
tillers.

2) Each circle denotes the mean for 6 single leaves.

3) Numerals by the sides of solid circles show the
times of measurement.

1, 910 am. . 2, 11--12 a.m.
3, I'- 2 pm. | 4, 3— 4 pm.

4) g, and CER were measured under saturation

light intensity.
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Fig.3. Correlation between degree of depression in
gs and that in CER.
1) Data collected in 1981,
combined.
2) Each circle denotes the mean for 3~8 leaves at
the equivalent position on stems.
3) All of g, and CER values were obtained under
saturation light intensity for photosynthesis.
4) Degrees of depression were calculated as

< (value at 9—10 a.m.) )
— (value at 3—4. p.m.) %100

(value at 9—10 a.m.)

1982 and 1983 were
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Fig. 4. Correlation between evaporation rate and

degree of g, depression.
1) Data collected in 1981 and 1982 were combined.
2) Each circle denotes the mean for 3~8 leaves at
the equivalent position on stems.
3) g« values were obtained under saturation light
intensity for photosynthesis.
4) As for “degree of depression” see the note 4) for
Fig. 3.
5) Evaporation rates were evaluatedin 2 : 00—3: 30
p.m. with Piche’s evaporimeter situated above
the leaf canopy.

NII-Electronic Library Service



BH - RN—EBERA T I8 2 KMBEEDER (5 3 #H)

621

BAYTHLEEZTINTHSD,

T, g DIFZDOT TAHICHEIBETIZED LD
WLTHEIBDTHS I, —Mic, [fLHEEDS
Wit g FENB L UEDOIFHZER D KRSIREEIZ L
DEEBEALZTLIENHIGNT VS, Thbb, &
DKEF> ¥y V2R ETFT 2 g 3T
LT, KFBIZEOAKET > v M1Z
XY B RFALDRIED R b BREAE OV LD Eh
T B34 KEERICHB LTI, ENOKMKED
BISEIZIT> Tk, UL, #KKRETOKET
EBMOBAREROBIZIE, FHiroFRI»TT
BZIE & ICEDKRT vy ABERT 52 &0
BHS DI ST A3 2 AT RKRDS BB
oMz EBbi, TOLTHBIAEDKKT
Sy VOIERTA go DIRTF2 672530 DDE
WThsdEE3NTV5Y,

VLo lF ), [IAHERIEOHAMEIOEEICLD
HEMCLEES L, FOUMVBEOBESCREL TS
S0

% 2,3,5,7,8,16)
.

LASERE & LT B eenee BRI o) LS 2,

HORBOTTHE, BROTTHLE b, KE
CEIENEEAT A, IO L, BEERTOERD
WEICLEDL g ORYEBITHAS, B4K
Dk iz, BEFEREREENLKEOHIZIEFRIN S
FHBIIMITITO go DIERTFHEL VLWL EED A
S, EFHERREENKRET OO, HEBE
<, BEHLVEE, BENKEVWEETHL, DF
D, BB L 2E» o DKSBEEBRSE, &
7z, EEMEELY B CRILOMA#EELIE L &
HliEma o v, CER ORI X 2 ZREIORE
m, BHik-> TV EX201E, HE, ZXIE
B, BENPHICL > THELS I EBbits,

FRlim ST HIC T TO CER OETREETA
BIFOAE L, ZOEIT g (2D TORBRRE
BEAITL T E2R), DI L, LR S
xRz E (10H) 5, TAEEE CER
DETERENSKE VDR, g¢ VETEENKEL
e rEZONDS, KREOIFLHEORZIR 2 ki
DEMICLIVERDZLZAERSY BT TS L
Twbh, EHS HEBRRICB O TKFNEZDOE S
BEfLiznwEEZTHD,

BE AR EITOCHID, AHAERE (R
LEHR) FUOHEARFEHERSDOHRIIREDS
HEEL T, ZZWELTEL BLERL LT
5,

10.

11.

12.

13.

14.

15.

16.

17

51 A X Mk

. Baker, D.N. 1965. Effects of certain environmen-

tal factors on net assimilation in cotton. Crop
Sci. 5: 53—56.

Boyer, J.5.1970. Differing sensitivity of photo-
synthesis to low leaf water potentials in corn and
soybean. Plant Physiol. 46 : 236—239.

R ECRE OFB 1978, AFROEAKS L BES
HFeolf Bk EFOKKRT > v v L -EHE
B EKBKREIWZDWT, HYER 47 655—663.
—FERE A FB 1987, AKER D A GE
B L ZRBORE O A ORI DT, HIFRL 56 38
—43.

—fRHZE- AR #5 1988, KFGEE DL
BEEE, LEREREICRIFTEDART > v L
CERIBEOREOMARG. BIELL 57 112—118.

BRSO OF-AHEEEONEER 1971 KEECB D

ZRALOHBAEREREEOBFR B3R £ -
RREMOEFIIB T ASIHES LU0 RELD
FHEIC DT BFAC 40 505—512

Ishihara, K. and T. Hirasawa 1978. Relationship
between leaf xylem water potentials in rice
plants. Plant Cell Physiol. 19: 1289—1294.

AE R IECBRE AR B A 1981, KFE
BHOEBEE SILHE-JILCHE - KO AKK
FTryeABEUEDOKRT VY v LOHKL H
YE4C 50 : 25—37.

-EHRE 1986. KFEES DG EE I
WYL ETBEORE. HIFAC 551 458—464.
EHBEFRTT 1987. HACKRRED KHICEE T
5 ARFEOEEAGHEE D HELIZEE T 2 BRI
DWT. HIFER 56 8—17.

Johnson, R.C., R.E. Witters, and A.J.Ciha 1981.
Daily patterns of apparent photosynthesis and
evapotranspiration in a developing winter wheat
crop. Agron.J. 73:414—418.

& OB CBANEE 1973, 2 A X OREX EMEBEE
FECEET LR B 1R EFERC BT 5 HEKE
D CO, D HEALDOF . HIFEA 42 227—235.
BHFE -AAEE BT S 1989, BHEH T
B LKBEAEONESROERE L 72 DN, 51 #H
BSRG T BT 2 EENEROERE L 2 DXEE
(K. H{EA 58 : 342—346.

1989. . B2 B
FHEOEEMER L 7 OERE. HIE 58: 347356
Larson, E.M., J.D. Hesketh, J.T. Woolley and D.B.
Peters 1981. Seasonal variations in apparent
photosynthesis among plant stands of different
soybean cultivars. Photosynthesis Res. 2: 3—20.
Ludlow, M.M. 1980. Adaptive significance of
stomatal responses to water stress. In Adapta-
tion of Plants to water and High Temperature
Stress. (Eds.) N.C. Turner and P.J. Kramer, John
Wiley & Sons, New York. 123—138.

. Moss, D.N., R.B. Musgrave and E.R. Lemon 1961.

NII-Electronic Library Service



622

HEAEDZE S KE

F58% (1989)

18.

19.

20.

21.

Potosynthesis under field conditions. IlI. Some
effects of light, carbon dioxide, temperature, and
soil moisture on photosynthesis, respiration, and
transpiration of corn. Crop Sci. 1: 83—87.
FHEES 1961, KFEOH G & 7 ORIFEIEE
BT S0P BEWIERE D 9: 1169

Pitman, M.G., U. Liittge, A. Liuchli and E. Ball
1975. Diurnal changes in photosynthetic capacity
of barley leaves. Aust. J. Plant Physiol. 2: 101—
103.

Raschke, K. and A. Resemann 1986. The midday
depression of CO, assimilation in leaves of
Arbutus unedo L. : diurnal changes in photosynth-
etic capacity related to changes in temperature
and humidity. Planta 168 : 546—558.

HEERRIT- AR 8 1987, KFEEF O EGHEE 12

BRIETREORE HFMBE, CO, AR

22.

23.

24.

25.

HHLU T—. HIF#56: 163—170.

Schulze, E.-D., A.E. Hall, O.L. Lange and H. Walz
1982. A portable steady-state porometer for
measuring the carbon dioxide and water vapour
exchanges of leaves under natural conditions.
Oecologia 53: 141—145.

Shackel, K.A. and E. Brinckmann 1985. In situ
measurement of epidermal cell turgor, leaf water
potential, and gas exchange in Tradescantia
virginiana L. Plant Physiol. 78 : 66—70.

Sheriff, D.W. 1979. Stomatal aperture and the
sensing of the environment by guard cells. Plant
Cell Environ. 2: 15—22.

Whiteman, P.C. and D. Koller 1967. Species char-
acteristics in whole plant resistances to water
vapour and CO, Diffusion. J. Appl. Ecol. 4: 363
—377.

NII-Electronic Library Service





