EEAWEMER (Bull. Sand Dune Res.
Inst., Tottori Univ.) 22 : 55~66, 1983. 65

T & B BGRE, ABEE L S N
KFIRZNER & DBAMRD & #72 Cs, CAEMIDFEDE

B =" - MTAFHR - @5 E
Ml ET - RHEAWMER* - & (U AE

Response Differences of Photosynthesis, Transpiration
and Water Use Efficiency to Light Intensity
in C; and C, Crop Species

Waichi Agata,** Yoshichika Takeucur.* Yoshinobu Kawamitsu,**

Susumu Haxkovama,** Tomoshiro Takepa,** and Masao Toyama*

Summary

To make clear the response differences of photosynthesis, transpiration and water
use efficiency to light intensity in C; and C, crops belonging to Gramineae, the CO,
exchange and transpiration rates were measured with the attached leaves. Also,
water use efficiency, leaf conductance and intercellular CO, concentration were
calculated based on these measured data. The response of photosynhetic and
transpiration rates to light intensity were simultaneously measured using the open
system assimilation chamber method provided with a by-pass to dehydrate the water -
transpired by the leaves. In each crop, light intensity was changed in 9 steps from 110
klx to total darkness. During the measuring, temperature and relative humidity in
the chamber were maintained at 30+0.5°C and 64.3+1.249%, respectively. The results
obtained were as follows :

1) Light saturation point, maximum photosynthetic rate and initial slope in the
photosynthetic light response curve of C, crops were higher compared with those
of C; crops. )

2) The response of the transpiration and water use efficiency to light iritensity in
both crops saturated at 30 Klx and 10 kix, respectively. The transpiration of C,
crops was three fourths that of C; crops. On the other hand, the water use
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efficiency of C, crops was about twice that of C; crops.

Leaf conductance and intercellular CO, concentration of C; crops were larger
than those of C, crops.

There were, in the case of the present experimént, high positive correlations
between transpiration and photosynthetic rates in each of the crops.

The relations of water use efficiency and intercellular CO, concentration with
leaf conductance in all crops under high light intensity showed a high negative
correlation for water use efficiency and a high positive correlation for
intercellular CO. concentrations.

The higher water use efficiency of C, crops was mainly caused by restricting the
loss of water vapour from leaves with the smaller leaf conductance than those
of C; crops.

Under such small leaf conductance, it is considered that the C, crops maintain
their high photosynthetic rate by means of the high carboxylation efficiency and

of the large CO, gradient (from the atmosphere to the inside leaves).
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Table 1. Materials used in the experiment

Species
Japanese name . English name Cultivars Scientific name Ph‘ggfg&g‘;ﬁc
1, A4 b7 (=¥ kwV) paddy rice Nishihomare Oryza sativa L. Cs
2. A4 b (A4 AY) Paddy rice Ishikari O. sativa L. Cs
3. A4 b7 (EE3S) Paddy rice Myliang 23 0. Sativa L. G
4. AHR(BHTE) Upland rice Norin 7 0. Sativa L. Cs
5., A—Fv— K75 A(7#++ %) Orchard grass Aonami Dactylis glomerata L. C,
6. h—7xRA7(7>%v*x—31) Tall fescue Kentucky 31 Festuca elatior L. var. arundinacea Cs
7. bETAS(RTE) Maize Koh 7 Zea mays L. C,
8., YNT—(FL 4 vAR=Y) Sorgo Plains man Sorghum bicolor Moench. C,
9. NIFLF Job's tears Coix lacryma-Jobi L. var. ma- yuen C,
10, gt x Japanese millet Echinochloa utillis Ohwi et Yabuno C.
11, vyaztx African millet FEleusine coracana (L.) Gaertner C,
120 9—X7 5 X Rhodes grass Chloris gayana Kunth C,
13. #A474*E Fall panicum Panicum dichotomiflorum Michaux C,
14, 27V =ity Green panicgrass P. maximum Jacq. var. tricho C,
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Table 2. Photosynthesis, transpiration, water use efficiency, leaf conductance, and intercellular CO, concetration in C; and C, crops

under high light intensity (110kIx)

Photosynthesis Transpiration Water use Leaf Intercellular CO,
Name of crops (mgC0,/dm?/hr) (gH,0/dm?/hr) efficiency conductance  concentration

calculated measured calculated measured  (mgCO,/gH,0) (cm/s) (ppm)
a b Pn’ Pn a’ b’ Tr Tr Po/Tr 2 Ci

Nishihomare 0.038 2.24 47.6 48.7 0.045 027 491 506 9.62 1.36 258
[shikari 0.028 1.58 42.6 43.3 0.064 0.22 297 3.21 13.49 0.77 217
Myliang 23 0.018 1.07 39.5 450 0.047 0.19 3.33 3.64 12.36 0.90 229
Upland rice 0.078 3.01 34.6 350 0.102 0.32 286 3.00 11.67 0.74 225
Orchardgrass 0.079 2.04 23.2 24.1 0.074 0.23 2.74 2.82 8.85 0.88 278
Tall fescue 0.083 193 21.0 222 0.079 0.33 371 3.60 6.17 1.19 303
Average 0.054 198 34.8 36.4 0.069 0.25 342 3.5 10.31 0.97 252
+0.027 £0.59 9.8 £10.2 £0.019 +0.04 =£0.74 +0.73 +2.48 +0.23 +31

Maize 0.034 1.87 434 450 0.123 031 233  2.56 17.58 0.36 46
Sorgo 0.04 247 46.5 46.0 0.052 0.12 1.94 2.4 21.49 0.38 49
Job's tears 0.056 2.82 433 43.0 0.097 0.24 224 237 18.14 0.54 163
Japanese millet 0.047 2.61 46.5 49.6 0.044 014 259 2.50 19.84 0.55 151
African millet 0.043 254 48.8 487 0.044 0.15 2.78 2.9 16.29 0.62 148
Rhodes grass 0.038 2.37 50.3 53.2 0.0 0.16 250 2.76 19.28 0.61 130
Fall panicum 0.042 3.03 59.3 60.0 0.068 0.20 2.56 2.64 22.73 0.44 69
Green panicgrass 0.038 271 575 59.1 0.047 0.18 3.16 3.41 17.33 0.70 150
Average 0.043 255 49.5 50.6 0.066 0.19 251 2.67 19.08 0.53 113
+0.006 *£0.32 +5.6 +5.9 £0.027 *£0.06 +0.34 =*0.36 *2.05 +0.11 +47

Note. 1) a, b and a’, b’ indicate the constant values of the hyperbolic equation in the photosynthetic light response curve and in

the transpiration light response curve, respectively.

2) Pn’and Tr'indicate the respective values of photosynthetic and transpiration rates calculated by the hyperbolic equations.
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Fig. 2. Relationship between transpiration
(Tr) and photosynthesis (Pn) in C;
(---) and C,(—) crops.
Note. Numerals in the figure indicate the
species number in Table 1.
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Fig. 3. Relationship between leaf

conductance (g;) and water use
efficiency (Pn/Tr) in C; (0) and C,
(A) crops. The values of plots are
those obtained under high light
intensity (110klx).
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Fig. 4. Relationship between leaf

conductance (g;) and intercellular
CO, concentration (Ci) in C; (0) and
C, (A) crops. The values of plots are
those obtained under high light
intensity (110klx).
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Fig. 5. The specific difference the relation
between photosynthesis (Pn) and leaf
conductance (g;) under high light
intensity (110klx).

Note. Symbols are the same as those
shown in Fig. 3.
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