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Dominant Factors in Reduction of Photosynthetic Rate Affected by Air Humidity and Leaf Water
Potential in Rice Plants: Tadashi HIRASAWA, Yukihiko IIDA** and Kuni ISHIHARA (Faculty of Agriculture,
Tokyo University of Agriculture and Technology, Fuchu, Tokyo 183, Japan)

Abstract : In order to clarify the dominant factor responsible for the reduction in photosynthetic rate caused by
1) an increase in leaf-air vapor pressure difference and 2) a decrease in leaf water potential in rice plants, changes
of intercellular CO, concentration were investigated as the leaf-air vapor pressure difference increased and leaf
water potential decreased.

As the leaf-air vapor pressure difference increased, intercellular CO, concentration decreased (Fig. 1 and 2).
As leaf water potential decreased, intercellular CO, concentration decreased in the leaves with water potential
higher than —5~-—6 bars, and conversely, increased when the water potential declined to lower than —5~—
6 bars (Fig. 2, 3 and 5). It was concluded that when leaf water potential was higher than —5~—6 bars, the
dominant factor responsible for the reduction in photosynthetic rate caused either by increasing the leaf-air vapor
pressure difference or by decreasing leaf water potential was the decrease of CO, supply through stomata to the
mesophyll ; whereas at leaf water potential lower than —5~—6 bars, the dominant factor was the decrease in
mesophyll photosynthetic activity. There was a change in the dominant factor responsible for the reduction of
photosynthetic rate as leaf water potential altered. The critical values of leaf water potential changing the
dominant factor were the same irrespective of the leaf position on the stem, leaf age, or nitrogen content in the
leaf (Table 1). However, a comparison of plants grown in soil and those cultured in solution shows that the
critical values of leaf water potential were lower in the soil-grown plants (Fig. 5). The leaf water potential of the
soil-grown plants declined slowly by withholding water from the soil, whereas the potential quickly dropped in
mannitol-added culture solution. The fact suggested that the decrease in the mesophyll photosynthetic activity
caused by a decrease in leaf water potential might be reduced owing to osmotic adjustment.

Key words : Air-humidity, Intercellular CO, concentration, Leaf water potential, Osmotic adjustment, Photosyn-
thesis, Rice plant, Stomata
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Fig. 1. Effects of leaf-air vapor pressure difference
on diffusive conductance (open circles),
photosynthetic rate (solid circles) and inter-
cellular CO, concentration of 14th leaves
(solution culture).

CO, concentration outside the leaf was
349.243.2 ppm.
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Fig. 2. Relation between leaf water potential and
intercellular CO, concentration of 15th (flag)
leaves (solution culture).

Solid circles, open circles and open tri-
angles indicate 6.6—11.3, 12.7—17.5 and 18.7
—239mmHg of leaf-air vapor pressure
difference, respectively. CO, concentration
outside the leaf was 348.2+11.4 ppm.

HEBELT W, B —5bar LED ¥, ODFWES T
1%, Ciiz v, DETIHE- TH 260 ppm 2> 557 210
ppm WA LT, &8, IhsDESTIE ¥, 1%
L THEENREWIZE CMEWEA®H - 7z,
W, 239 —5 bar £ DIEWESTIX Ci i ¥, DET
Yl L, ¥, #8—14~-—16 bar Tix Ci i34y
330ppm ko7 (B2E), ZOIZEhs, O
BT &> THEREENFED T 2 £ 5 ERI,
v, 23 —5bar & D BLER B TREREEE
DR, Tabb, BRAD CO, DHHEHEE DB
LSTHY, U, B —5bar & DIEWEBICB VT
RO EERBRDOEEDETCH >z,

ZDEAiT, KERERENEL T L FELENR
X, ¥, DIETIZE> TENAD CO, DHFEHEE
5ERMROLERROBEENLEDL S I by
Siz, FIT, ZOERLZERIEDLS ¥, DEDH
T, TEHO age HEVREBRHFICL>TEL
X pEBRE LI,

BOF A
360 |
340}
320 |-
300 |
280 |-
260 |-
20f

220 "g.'
200 *
180 |
160

i 1 Il L

-2 —4 —6

4 i

L 1
—8 —10 —12 —14 —16

[
3‘60O
340 [
320
300+
280
260 -
240 -
220 -
200 -
180 .

[ ! ! ! 1 | | ]
0 —2 —4 —6 —8 —10 —12 —14 —16
Leaf water potential (bar)

Intercellular CO2 concentration (ppm)

Fig. 3. Relations between leaf water potential and
intercellular CO, concentration of 12th (A)
and 14th (B) leaves (solution culture).

CO, concentration outside the leaf in Fig.
A and B was 364.3+£9.5 ppm and 364.8+8.5
ppm, respectively.
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Fig. 4. Effects of leaf water potential on
photosynthetic rate and diffusive conduct-
ance in soil (solid circles) and solution (open
circles) cultured rice plants*.

*Leaf water potential was decreased by
withholding water for 1-5 days before mea-
surements in soil cultured rice plants and by
adding certain amount of mannitol into cul-
ture solution about one hour before measure-
ments in solution cultured rice plants.

**Relative values to the maximum. The
maximum of photosynthetic rate was 47.7 mg
CO,/dm?/hr and 47.2mg CO,/dm?*/hr in soil
and solution cultured rice plants, respective-
ly. The maximum of diffusive conductance
was 1.28cm/sec and 1.45 cm/sec in soil and
solution cultured rice plants, respectively.
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Fig. 5. Relation between leaf water potential and
intercellular CO, concentration of 16th (flag)
leaves (soil culture).

CO, concentration outside the leaf was
334.0£7.5 ppm and the dotted line represents
the relation in solution cultured rice plants in
Fig. 2.
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Table 1. Leaf water potential where the dominant factor reducing photosynthetic rate changed from the
decrease of CO, supply through stomata to mesophyll to the decrease of mesophyll photosynthetic

activity.
" Leaf position used for Leaf water
Conditions measurements potential (bar)

12 th —4.5~—5.5

1~2 weeks after fully expanded 14 th —4.5~—5.5

15 th(flag) —4.5~—5.5

Solution culture* 1~2 weeks after fully expanded 15 th(flag) —4.5~—5.5
4~5 weeks after fully expanded 13 th —5.0~—6.0

4.04% of nitrogen content*** 15 th(flag) —4.5~—5.5

2.96% of nitrogen content 15 th(flag) —4 . 5~—=55

Soil culture** 16 th(flag) —5.5~—6.5

*Leaf water potential was decreased by adding certain amount of mannitol into culture solution about

one hour before measurements.

**Leaf water potential was decreased by withholding water for 1~5 days before measurements.

***On a dry weight basis of leaf blade.
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