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Single Leaf Photosynthesis of Rice Plants under Field Conditions II. Individual variations in single-leaf
photosynthesis and the physiological basis for it : Eiki KURODA** and Atsuhiko KUMURA (Faculty of Agriculture,
The University of Tokyo, Bunkyo-ku, Tokyo 713, Japan)

Abstract : A group of leaves, each of which was situated at the equivalent position on a stem (for instance, the
second leaf counted from the uppermost fully expanded leaf of each stem), were chosen and their individual
photosynthetic rates were estimated under field conditions. A rather large variation in single-leaf photosynthetic
rates (CER) was observed among them even though the measurements were conducted at approximately the
same time of a day and under the same light regime (saturation light intensity). The variation in CER amounted
to 9~12mg CO, dm~*h~! when it was expressed as the difference between the largest and the smallest values
found in a group of leaves. This variation was named “individual variation in single-leaf photosynthesis (CER)”’ ;
the nature and physiological basis of this variation were examined. (1) The individual variation in CER was
closely correlated with variations in stomatal conductance (gs). (2) Leaves having large g, values at a certain time
of a day also showed large g values at other times throughout the measuring period. Therefore, it seemed that
the rank in g of a leaf among leaves was kept rather constant over a period of time. (3) In the case where the
gs value of the first leaf was large, the values of the second and the third leaves on the same stem also tended
to be large. (4) The rate of bleeding from the section of basal part of a leaf was measured after sunset and
compared with gs values of the leaf in the daytime. The leaves which showed large g, values in the daytime tended
to exhibit Jarge rates of bleeding after sunset. (5) In the case where the bleeding rate of the first leaf was high,
those for the second and the third leaves on the same stem also tended to be high. (6) The obtained results
suggested that the basis for individual variation in CER was a variation in water supplying ability to leaves,
which, in turn, varied from stem to stem, probably due to a difference in the amount and activity of roots formed
on stem.

Key words : Bleeding rate, Rice plants, Single-leaf photosynthesis, Stomatal conductance.
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Fig. 1.
Note:
1) Experimental year: 1981.

2) CER: single-leaf photosynthesis under satu-
ration light intensity.

3) Materials: leaves at the equivalent positions
on individual stems (main stems or vigorous
primary tillers). Those leaves were showing
very similar appearance at the time of mea-
surement

4) Roman number : the leaf position numbered
from the uppermost full expanded leaf at the
time of measurement.

5) Arabic numbers in the parentheses: leaf
positions numbered from the lowermost leaf
in the case of main stems and the equivalent
positions in tillers.

6) n: number of leaves measured.

Individual variation in CER.
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Fig. 2. Correlation between g; and CER in a
group of leaves.

Note:

1) Time of measurement: 10: 00—10: 30 a.m.,
Aug. 31, 1981.

2) gs: stomatal conductance under saturation
light intensity for photosynthesis.

3) Materials: uppermost full expanded leaves
(the 17th or the equivalent leaves, when the
position is numbered from the lowermost
one).

4) Each solid circle denotes one leaf.

5) As for CER, see the note for Fig. 1.
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Fig. 3. Correlation between total nitrogen con-
tent and CER in a group of leaves.
Note :
1) Time of measurement and materials were
just the same with those for Fig. 2.
2) Each solid circle denotes one leaf.
3) As for CER, see the note for Fig. 1.

Table 1. Correlation coefficients between g, and CER for different leaf positions and dates.

Date
Leaf
position
Aug.10 Aug.l3 Augl4 Aug.24 Sept3 Sept.d Sept.l2 Sept.13 Sept.22 Oct.2
17 n 6 6 6 6 6 6 6 6 8 8
0.882* 0.758 0.931** 0.688 0.956** 0.846* 0.836* 0.823* 0.808* 0.928*
16 n 6 6 6 5 5 5 — 4 8 8
r 0.850* 0.948** 0.746 0.774 0.693 0.924* — 0.846 0.802* 0.807*
15 n 6 6 6 — -— — — — — —
0.752  0.917** 0.078 — — — — — — —
14 n 5 4 4 — — — — — — —
0.777 0.803 0.843 — — — — — — —_
Note :

1) Experimental year : 1980.

2) Times of day when the measurements were conducted were different from case to case.
3) n : number of leaves used for the calculation of correlation coefficient.

4) As for CER and g, see the notes for Figs. 1 and 2, respectively.

5) As for leaf position expressed in Arabic number, see the note for Fig. 1.
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Fig.4. Correlation between g values in the
morning and those in the afternoon obtained
for the same individual leaves.

in the morning and those in the afternoon
obtained for the same individual leaves.
Note:
1) Experimental year: 1981.
2) Each correlation coefficient was derived from

Note :
1) Experimental year : 1981. data obtained using a leaf group consisting of
2) The position of leaves used as the materials 8~12 leaves at the equivalent position on
is shown in Roman and Arabic numbers in stems.
each figure. 3) n: number of correlation coefficients.
3) Each solid circle denotes one leaf. 4) The leaf groups were different in leaf posi-
4) As for g,, and Roman and Arabic numbers, tions and times of measurement but all the
see the note for Fig. 1. results are combined here.
5) As for the meaning of g, see the note for Fig.
2.
Table 2. Correlation coefficients between total nitrogen content and CER.
Leaf Date
position Aug.10 Aug.l3 Augl4 -~ Aug24 Sept.3 Sept4d Sept.l2 Sept.13  Sept.22 Oct.2
17 n 6 6 6 6 6 6 6 6 8 8
r —0.473 0.434 0.122 0.384 0.070 0.085 0.648 0.199 0.336 0.571
16 n 6 6 6 5 5 5 — 4 8 8
r 0.373 0.598 0.381 0.560 —0.359 0.976** — 0.657 0.244 0.505
15 n 6 6 6 - — — -— — — —
0.855*  0.468** 0.234 — — — - — — —
4 n 5 4 4 - — — — — - -
0.881* 0.787 0.477 — — — — — — —
Note :

Materials and times of measurement were just the same with those for Table 1.
As for symbols, see the note for Table 1.
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Fig.6. Correlation between gs values on two adjacent days for the same individual leaves.

Note:
1) Experimental year: 1981.

2) The position of leaves used as the materials is shown in Roman and Arabic numbers in each figure.

3) Each solid circle denotes one leaf.

4) As for g, and Roman and Arabic numbers, see the note for Fig. 1 and 2.
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Fig.7. Frequency distribution of magnitude of

correlation coefficients between g, values
obtained on two adjacent days for the same
individual leaves.

Note:

1) Experimental year : 1981.

2) Each correlation coefficient was derived from
a leaf group consisting of 8~12 leaves at the
equivalent position on stems.

3) n: number of correlation coefficients.

4) The leaf groups were different in leaf posi-
tions and times of measurement but all the
results are combined here.

5) The interval between the first measurements
and the second ones varied from one day to
four days depending on the case.

6) As for the meaning of g., see the note for Fig.
2.
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Fig.8. Correlation between g, values for two
leaf positions on the same stem.
Note :
1) Date of measurement : Aug. 10, 1981.
2) I, II and III: the 1st, 2nd and 3rd full
expanded leaf from the top, respectively.
3) Each solid circle shows the relation between
two different leaves on the same stems.
4) As for g, see the note for Fig. 2.
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Fig.9. Frequency distribution of magnitude of
correlation coefficients between g values for
two leaf positions on the same stem.

Note:

1) Experimental year: 1981.

2) Each correlation coefficient was derived from
a stem group consisting of 8~12 stems.

3) n: number of correlation coefficients.

4) As for g, see the note for Fig. 2.

5) As for Roman numbers, see the note for Fig.
1.
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Table 3. Correlation coefficients for various combinations among gs, CER and bleeding rate.

Leaf

Mean bleeding

Date position n 2.-CER Bleed.-g; Bleed.-CER rate (mgH,0 h-!)
Aug.10 16 15 0.823** —0.013 0.055 73.4
15 15 0.886** 0.838** 0.880* 25.6
Aug.14 17 9 0.832** 0.328 0.234 118.3
16 9 0.918** 0.503 0.649 75.6
15 9 0.885** 0.307 0.445 29.2
Aug.20 17 15 (.898** 0.394 0.567* 124.2
Aug.22 17 9 0.962** 0.217 0.119 88.5
16 9 0.919** 0.505 0.631 63.9
15 9 0.792* 0.250 0.266 16.4
Sept.1 17 9 0.888** 0.691* 0.773* 88.3
16 9 0.959** 0.924** 0.983** 65.9
15 9 0.928** 0.846** 0.933** 15.5
Note :

1) Experimental year : 1982.
2) gs, CER and bleeding rate were measured with the same individual leavs.

3) Values of gs and CER used for calculating correlation coefficients were means of values obtained
in the morning and those in the afternoon, respectively.
4) Bleeding rates were measured after sunset using the leaves in which g,, and CER were measured in

the daytime.

5) As for CER and leaf position expressed in Arabic numbers, see the note for Fig. 1.
6) As for g, see the note for Fig. 2.

7) n : number of leaves used for measuring g, CER and bleeding rate.
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Fig.10. Correlation between bleeding rates for
two leaf positions on the same stem.

Note :

1) Experimental year: 1982.

2) I, II and I : the 1st, 2nd and 3rd leaf from
the uppermost full expanded leaf, respective-
ly.

3) Bleeding rates were measured after sunset.

4) Each solid circle shows the relation between
two different leaves on the same stem.

PUF, 2@ CER DEEMAERDOERIC OV TH
BLTHR,

KRETIE, EFDeERERL CER LoME
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% 81819252620 - SKFE T REZRD KER I Tz AE L
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&, NERBEENERY CO, HERAICET 2 b
D ENERRIGRICEET 2 b DICD T I25E, B
KERPEV DL Bbhs, EH5E, CER ©
AEMZERE SR THET 2 2 L 2R L Ta L
», Bhci~iz kS, #hidlREgEThH - 7z,

WwoE5, CER OEZEMZEL, CO, ##0E
TE2BERNTHD go EDORIERICEEL T,
FIT, NFEBWwTlE, BHIZ g 2FLELT

Combination of leaf position

IIvs Il
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I vs Il

n=7 3 n=>5

w
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0 .1..1Li

I 1 1 . n P Y
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Correlation coefficient

Fig. 11. Frequency distribution of magnitude of
correlation coefficients between bleeding
rates for two leaf positions on the same
stems.

Note :

1) Experimental year: 1982.

2) Each correlation coefficient was derived from
a stem group consisting of 9~15 stems.

3) Roman numbers: the leaf positions, see the
note for Fig. 1.

4) n: number of correlation coefficients.

5) Bleeding rates were measured after sunset.

HEMEROER S EET L L LT 5,
J[FLFEICAENEE N A ONS Z L0 Dn
DHEVITIRE SN T WSR2, Z DT End, K
FBIZB VT H[AEC AHENEE N H D, BIER
Wi E7- EHEN K &% phase 2H - - HIEL,
/N& V> phase B o 7HE L DBV g, DIEZE
Mz, 0w Tid CER OEZERZE % & A S REMED
EZzohd, UL, BAM, E6YRIN
X2, BZl, PE5VWiZHABUCHLEEIZ—
BLTEY g BEEHEREL, -Mtiob 2 EET—
HLTEY g, E2RTEANIRD 7z, g OF
ERZEO—EME 2 DEF OKRFLEE O A
WEDEULAIEEMEZERIEET A I L3 TER
WAL, HIREOEELS T L3RR 2 ERMIK X <
BELTWEbDEEZL2DONELD LS5 I2EbN
5,
ZOER®EZ 25 2 THKRDH 5D, HI3EK
WY& D, EHETL S OHEHEE L g, CER
DRI VEEWIEOMBEEENELET 2 2 & T
b5,
J[ALBHENEDARSIRREICIB S KTET 5 2 i k&
CHISNTWAY, FEDRMIREEL, &z L2
KoEE E, BEEABREZBEL TOAROEE L OE
WEDIREZ, 2LTE, KRBT, Bkss s
ENTWRTYH, BABERIBEN DN TEDK

NII-Electronic Library Service



B - M —BSEHTICB T 2 KFREZEOYESE (562 %) 355

RT Uy v VIMETT5 L, [QALREZFNRCELCE
BICKIGEUTEHL 32 Z £ BEI5 N T %59,

BEADOKOW|RADEEII LR 5D, D EDICE
FEEEBEUCTOL VS NIR-E-ZEDART v v
Y VDR TH 24, 502, WEDED
Wh W 2 IRAEEENIC K B B ICHR L BB T
B BB KEERTIX, FEEMOEG OEEE Y]
WL, ZOH THEFERZRELZ, Lizh-o
T, L ZOEHS L OBICBEEREANIEL T
Y, HVEEEIET 212, RESAOKOEEE
MR RT EAZ LTI THS S, TR
IE, ANFEER L ERRL I THE U BRI,
HA R A L OEOKEEE D 10% F91c L
MEEEY T, Z0EHERELEGLZRY, Ly
Lze, SHAKRESEIANE I MLV SR
FHRIRIDO T TIE, ZONEREHITONTDSL
BODBEDASPRE, D TREAME L CER
RELGFELRIZTIEIELIZLIATHAS,

W RS, HIREE CEEL T, MTE s SME
ERAESNDETA P AL Z DB THERT 20
BERHAHH, b7 ) Fovad h= (29 g
EEEEYICB T, BB L ORI 4 by A
ZUBYEREEN TV A I ESHSAICINTY
%, KFEOIRB L OHRUIKE 2 5 OHIRIC BT D
YA M IA SV OEEDEREIN TN E280 2
SDEENSTA MAAZUHBRTOL S EE
RKHESNDB EEZ SN TNWB, EADREEIR 227K
DEBBZ VISR, FRCESTHA b4 =
OB LS OHEEENH L, A P HA =i
i, BEDY N AL R R L0 KA BE
ERELSTIERANH 2129, Liehi> T, R
e g CER BEIZKENLTDARLTIDX
5 REERBLU T HHEAEC LT DWW T WS RS
bEZOND, Sk, HEEERAHEZOT.R
B (R & A A FRET 2 LENH 5 5,

DXL, go DEEMEESBEXDOELHLA L L
THobNAEI LDV TEZTHIW, KERT
Bons g LHIEHEE: OBE B3R 2EX
% &, HIEOMERIZ, STEHET,» SO HEEEY
ErEiir LTERETS GBI, F11K) Z&
WZH EDTWTWLEREEDNE L 515,

T3, HIREENZELZBEMNE L TERT L EWVD
@i, COLI2RLTELLZOTHA S, K
WE I —ICREEBRL T &N T 52,
AFRZ BT, BECIITAEES EBE L 2RO

AHAEEPESE L Tnws Z R mBINTY
B9, LlehioT, KRERTEHE SN SES L
26 OHRICIE, RED 2 W IZIRO LS 2
BCBELTWwE Z e RSN, SREIOHEZNT
UABZ1IRAETHY, DEDDHRIZDVTAS

L, ARDEREFN SN LIS T 28bt
THFEI6~18RDENSHERENTEY, RED
THIERD S EI072 0 OBOESHEL TWw, L
mLgns, M EHONENU TV EEICBWLT
b, ForOERICLVTET 2IROERLF DL
BIEMSEICIIEREYRH D, 2hio T, EECEE
LTOWBIROEFINEEICENEETNE 2 EiEHD
ZE9. ZLT, BOEBGEENE RS 2IEE
ELDETIIEET 5 EEI LMK X 2 HIH
EERL, BOEEMEEIME NS 2REE LD
ETREBEFOHIEEE /NS L B> Tnb I N
HREIND,

BB, (FULEONE»SEZ 52018, Ek
DEGDZ DNE B L FHCRKET 22 L3
CEENZEZATHD, Lich->T, EHEHER
LTWwBTRTOEEH CER OEED FIRERE
W2 L2082, ZORDDHFELZES M)
I 5720y, SEEHULEITDODNT, woF
SIED TR PLETHS S,

BEE AIRETOCHD, AEATEZE (R
HEHR) BUORFRFHERBO AL ICAES
MEEIC o7z, Fie, HEREEOHEIECEL, HR
BEIRFRFHAREMBER L VAR LS 28w
72, ZZWELTELSBILZRL LT3,

51 A X mk

1. Boyer, J.S. 1970. Differing sensitivity of photosyn-
thesis to low leaf water potentials in corn and
soybean. Plant Physiol. 46 : 236-—239.

2. gk . M= 1957, AKRBYIE I BT 2 BKE
e RED R > \»T. AFEL 25: 131—132.

3. Heath, O.V.S. and T.A. Mansfield 1962. A record-
ing porometer with detachable cups operating on
four separate leaves. Proc. Roy. Soc. London B
156 : 1—13.

4. FHRIE-FOREN - MHEK—-BE  #51983. AKFH
BEHEOHIREE I D WT. BYERE 52 : 574—581.

o ——— < HIE  H 1987, AFGOWAEE &

FHECEE OMRE OBIRIC D WT. HYELT 56 ; 38—43.

- BREHSEE - AR F5 1988, KFREES DLk
CEE, MEREBCRETEDARTF v vl k
ZEXEEOLBOMARMR. BIFC 57: 112—118.

7. AE WEEE—INERS - ABRE - BIERE
1972. /KFBEEIC B 2 [ILOBER L BRig Lk = DB

NII-Electronic Library Service



356 HAXED ¥ &

i &

5558 % (1989)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

th H 4 KILBAE LOEARERE L 0BG BIE

g 41: 93—101.

<EBRH - R IE - ANEEIE 1979, ZKFE

EHOETRBE L HEGEHE L OBFE-K[FLEE -

SIFEEECEHL T—. AEAD 48 543—550.

- BHEE 1986, KFRES OXLERKHEE 2xf
3 ESWEORE. HIFD 55 458—464.

%mxg— c BOREE - FEEE 1987, BBRETI

B BEZED CO, ZHHE B & U2 DBEEERO

Hﬂ#@Jiﬁﬁkow( HA{F#C 56 : 51—58.

. - 1989. lﬁl%—%ﬁﬁ BT 3
7J<$iéfl%@ﬁ%/\r32®%ﬁ5 XD B 1R EE
FETEBT 2 EELGHROER L Z DXEER.
HYEAD 58 : 342—346.

Kirkham, M.B., W.R. Gardner and G.C. Gerloff
1974. Internal water status of kinetin-treated,
salt-stressed plants. Plant Physiol. 53 : 241—243.
Klambt, D. 1968. Cytokinine aus Helianthus an-
nuus. Planta 82 : 170—178.

Kramer, P.J. 1983. Water Relations of Plants.
Academic Press, New York and London. 187—
234.

Kulaeva, O.N. 1962. The effect of roots on leaf
metabolism in relation to the action of kinetin on
leaves. Fiziol. Rast. 9: 229—239.

Kuraishi, S. and F. Ishikawa 1977. Relationship
between transpiration and amino acid accumula-
tion in Brassica leaf discs treated with cytokinins
and fusicoccin. Plant Cell Physiol. 18 : 1273—1279.
Meidner, H. and T.A. Mansfield 1968. Physiology
of Stomata. McGraw-Hill, London.

Morita, K. 1978. A physiological study on the
dynamic status of leaf nitrogen in rice plants.
Bull. Hokuriku Natl. Agric. Exp. Stn. 21: 1—61.
NHES 1961. KFEOXER L Z OREFEHERK
E@T%Eﬁm. B D9 : 1—169.

kL - EEEE 1967, EMo2FREIET 2
. B2k UMEOERABMRIZTTAA 2 F
v DOFEEW DO WT, B 36 509—513.
1969. B4

IKFBZE R

22.

23.

24.

25.

26.

27.

28.

29.

30.

DEFR LV NV RIZTIEEE N 1 KRB L
HHI NI A DA =V BYEOEE IZ > T,
H{E#d 38 : 459—465.

Oritani, T. and R. Yoshida 1973. Studies on nitro-
gen metabolism in crop plants XII. Cytokinins
and abscisic acid-like substances levels in rice
and soybean leaves during their growth and
senescence. Proc. Crop Sci. Soc. Japan 42 : 280—
287.

Slatyer, R.O. and S.A. Taylor 1960. Terminology
in plant- and soil-water relations. Nature 187 : 922
—924.

Stalfelt, M.G. 1929. Die Abhingigkeit der
Spaltsffnungsreaktionen von der Wasserbilanz.
Planta 8: 287—340.

EHEAMNER - BB 1957, AFGICHT 2 INE R T

WREOMENT. (1) ERFMEVSERR, FAlERR Y
FEREERIC RIZ T RE. (1) ZHBEMCWE 4

B RIZTERZEORE OV, BIER
26 : 165—175.

EEEA 1971, EORBENSSE LS. FE
REE. IFIDNER L B e, BEY, HE 82
—85.

WHER - 75 5 - MEES 1980, 0= 5
BB RRRE D L 2RI T S HTAE. 55 1 5
1 ABEDFEBRIC BT 2K HIEE 49: 127—
134.

van Overbeek, J. 1942, Water uptake by excised
root systems of the tomato due to non-osmotic
forces. Am. J. Bot. 29 : 677—683.

van Staden J. and G.G. Dimalla 1977. A compari-
son of the endogenous cytokinins in the roots and
xylem exudate of nematode-resistant and suscep-
tible tomato cultivars. J. Exp. Bot. 28: 1351—
1356.

Yoshida, R. and T. Oritani 1974. Studies on nitro-
gen metabolism in crop plants. XIII. Effects of
nitrogen top-dressing on cytokinin content in the
root exudate of rice plant. Proc. Crop Sci. Soc.
Japan 43 : 47—51.

NII-Electronic Library Service





