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Relationship between Leaf Water Content and Temporary Increase in the Net Photosynthetic Rate
Caused by Leaf Excision from Leaf Sheath in the Rice Plant : Yukindo TSUNO, Osamu OMOCHI, Takeshi
YAMAGUCH]I, Junichi NAKANO and Satomi AKAIDA (Faculty of Agriculture, Tottori University, Koyama, Tottori 680,
Japan)

Abstract : The photosynthetic rate and the water content in the rice leaf of potted plant, cv. Yamabiko, Ochikara
and Araki, were measured simultaneously by the assimilation chamber method and by g-ray transmittance of
99Tc-source through the leaf blade. During measurement, leaf was excised from its leaf sheath and the
measurement was continued until the photosynthetic rate reached a minimum. Within one minute after leaf
excision, the photosynthetic rate increased quickly with a concomitant decrease in leaf water. This phenomenon
was clearly recognized in the leaf with a lower rate of photosynthesis and higher water content except for leaf
showing a higher rate of photosynthesis and yellowy old leaf. It could generally be expressed by following
formula.

APn=4.950exp (—0.06Pn*) » A41/1, r=0.965**

Where, 4Pn is the difference between the rate before excision (Pn*) and the maximum rate of photosynthesis
induced by leaf excision. J1/1, is the difference in S-ray transmittance between before excision and when the
maximum photosynthetic rate was induced by leaf excision. It is considered that photosynthesis of the leaf in
which the stomata was insufficiently opened had been depressed by excess leaf water due to intercepting CO,
exchange between the intercellular space and mesophyll tissue. This postulation was supported by the experimen-
tal finding that the temporary increase in photosynthesis did not change with the stomatal aperture, and the air
amount in the leaf blade had a negative correlation with leaf water content. Depression of photosynthesis by the
excess water content in leaf was recognized with outdooor measurement under conditions at early morning and
in the daytime on cloudy days.

Key words : §-Ray transmittance, Intercellular CO, concentration, Leaf excision, Leaf water content, Photosyn-
thesis, Rice.
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Fig. 1. Illustration of simultaneous measure-

ment system for net photosynthesis and
water content using B-ray transmittance
through leaf blade of rice.
A, B upper side and cross section of assimi-
lation chamber, having temperature control
system. C: Acrylic plate covered on the GM-
tube and B-ray transmitted through small
slit in the plate. D:gB-ray source (*Tc,
100 Ci), setting a height of 10 cm above the
GM-tube.
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Time in min.

Fig. 2. Effect of leaf blade excision from leaf
sheath on net photosynthetic rate (Pn) of
leaf at ripening stage in cv. Yamabiko, Sep.
27-Oct. 11, 1990.

Air temperature was maintained at 30°C
(solid lines) and 25°C (broken line).
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Fig. 3. Relation between net photosynthetic
rate (Pn) before leaf excision from leaf
sheath and maximum increasing ratio of Pn
due to the leaf excision treatment.
Measuring periods : Open circles indicate the
values obtained during ripening stage in cv.
Yamabiko, Sep. 18-Oct. 9,1990. Solid circles
indicate the values obtained from booting to
early ripening stage in cv. Ochikara, Aug. 12
-Sep. 9.
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sheath on net photosynthetic rate (Pn) and g
-ray transmittance (41/1,) of leaf blade with
lower Pn before treatment.
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Fig. 5. Effect of leaf blade excision from leaf
sheath on net photosynthetic rate (Pn) and g
-ray transmittance (41/1,) of leaf blade with
higher Pn before treatment.
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Fig. 4. Effect of leaf blade excision from leaf Fig. 6. Relation between maximum increasing

amount of photosynthetic rate (4Pn) and
increment of B-ray transmittance through
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The numerals in the figure indicate net
photosynthetic rate before leaf excision.
Circled numeral on the each regression lines
is the estimated mean Pn before leaf exci-
sion.
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Fig. 7. Fitness of the calculation value of maxi-

mum increasing amount of net photosynth-
etic rate (4Pn) to the measured value.
Calculating equation : 4Pn=4.950 exp (—0.06
Pn*) - 41/1,, where, Pn* is the photosynthetic
rate before leaf excision and 4I/1, is the
same as in Fig. 6.
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Fig. 8. Effect of leaf blade excision from leaf
sheath on net photosynthetic rate (Pn) and
stomatal conductance (Sc) under outdoor
conditions.
®: Pn, (i:Sc.

et al.'”, Mederski®® i, [EIFEDYIEENE TR FLH
BoEIMEED T 5,

IS ICBEL T, 1994 FEicEHAREAKRCEFT L 72
KFEY v~ EaOFEICYIELE AL T, Pn, ZAEGE
B, [IZEE Q/r) BLUC #ERFICEETE
LERANARAEEE T, Tho0RLEEHL
7z, BSXIIK 100 HOBHERERAY £ LT, fEA
ERIREFHEL TAFERBALZ LD TH S, VI
ALFRIC X > T Pn i —RKs LR L, [ALZEE
(BHE) 8L 72 D1, AHEETD Pn OB WES (B
8K A, B) Th-7z, Ay, LUERETD Pn A3 20 AT
DEETIZ, MBI L 2XFLEEEDO LA EZFED S
ne, Pnoabsn—c 8L (B8XC, D).
TZWIEESHKEC, DO2FIL RS o t2hs,
Pn ODEVWEHETIIFACEREIZ0.3cms LT T
HoT, VBLETIDE» LA T 2HRIFD S
Nhinot, BIKERTLHSZ 8D, YBLE
WX DHBRO—RFH ERAORD S0,
B Pn BMEWETH Y, Pn O—BY EREDOEE I

NII-Electronic Library Service



HE o —KMEDOMIEE B E O —Rry L& & FERAS & ORER 497

350 e e e e mmecmcmeccca e T e m——————m
5 T 348 + 3. 4ppm

{CO2 concentration outside the leaf)

300}

. 250F
£
& Y 330.83-4.37X
5 A ro -0.969"
200} A
150F
@
100!

0 10 20 30 20 50 60
Pn(mgCO2dm %h!)

Fig. 9. Relation between intercellular CO, con-
centration (Ci) and net photosynthetic rate
(Pn) measured in the outdoor conditions.
Solid and double circle symbols indicate
intact leaf. Open symbols indicate excised
leaf. Same symbol means the same leaf
before and after excision. Open symbols
marked with # showed the increasing of Pn
by leaf excision.

Table 1. Water contents and air amounts in
middle part of 10th leaf blade on the main
stem (cv. Yamabiko, 1991).

Group Leaf Water content Air amount

(mg cm~?) (uL cm™?)

High water A 9.3 1.8
content B 9.3 1.4
C 9.8 1.1
Mean 9.5 1.4
Low water D 6.9 6.8
content E 7.1 6.6
F 6.9 5.7

Mean 7.0** 6.4**

**Significant difference between the mean of the
high water and low water content group at the
0.01 probability level.
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