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Fig 1: Daily changes of the CO, flux, water vapour flux and water use efficiency in different leaf area
indices during the growing stge of rice.
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Table 1. Compare the gas exchange traits and water use efficiency among 27 rice cultivars with drought treatment.

Photosynthesis rate
(amol CO,.m?2s%)

Transpiration
(mmol H,0.m?s™)

WUE?

(famol CO,/ mmol H,0.)

Cultivar Control Drought % of control Control Drought % of control Control Drought
Taichung sen 1 1Y 10.90 £0.67 411 £1.26 37.74 2.57 £0.27 0.80 £0.15 31.12 4.23 511
Taichung sen 10 I 15.63 £2.43 8.12 +0.54 51.93 2.35+0.29 1.10 £0.13 46.81 6.63 7.36
Taichung sen 11 I 11.30 +1.23 4.32 +0.28 38.30 3.19 +0.50 0.81 +0.14 25.39 3.53 5.31
Taichung sen 17 | 14.22 £1.51 4.72 +0.62 33.20 2.57 +0.51 0.62 £0.15 2412 5.53 7.58
Tainung sen 12 | 14.14 £1.36 3.35+0.39 23.72 2.55+0.49 0.55 +0.10 21.57 5.54 6.07
Tainung select 2 I 13.62 +2.96 7.67 +0.82 56.34 2.36 +0.47 1.16 +0.26 49.15 5.76 6.57
Nan Lu 2 I 12.09 +1.16 6.67 +0.39 55.19 3.11+0.27 0.95+0.21 30.54 3.87 6.97
Tung Lu 3 I 12.18 +1.57 7.82 +0.83 64.22 2.00 +0.27 1.09 +0.25 54.50 6.08 7.14
IR8 I 12.88 +1.28 6.22 +0.92 48.31 3.07 +0.47 1.00 +0.13 32,57 4.18 6.20
IR28 I 12.68 +0.98 4.77 +0.56 37.62 2.56 +0.25 0.96 +0.22 37.50 4.94 4.93
IR36 I 13.19 +£1.53 7.73+0.76 58.61 2.88 +0.31 1.55 +0.28 53.82 4.57 4.97
IR54 I 15.38 +£1.50 7.52 +0.17 48.90 3.08 +0.20 1.18 +0.15 38.31 4.97 6.35
IR 60 I 12.96 +1.18 8.17 +0.87 63.07 2.60 +0.25 1.13 +0.13 43.46 4.97 7.17
IR 64 I 13.56 +1.43 6.22 +0.93 45.90 2.86 +0.28 0.84 +0.21 29.37 4.73 7.39
IR72 I 12.24 +1.30 7.46 +0.51 60.92 2.43+0.35 1.11 £0.07 45.67 5.02 6.69
CICA S8 | 14.07 £2.18 7.34 £0.41 52.18 251041 1.77 £0.20 70.52 5.60 4.13
Taikeng 2 JX 13.40 +0.96 7.33+0.89 54.71 2.67 +0.25 1.37 +0.15 51.31 5.00 5.32
Taikeng 8 J 12.97 +1.50 4.29 +0.31 33.12 2.79 +0.32 0.79 +0.22 28.31 4.64 5.43
Taikeng 9 J 13.17 +£1.18 4.79 +0.79 36.39 3.32+0.21 1.92 +0.42 57.83 3.96 2.49
Tainung 67 J 15.47 £1.46 6.01+0.88 38.86 3.55+0.49 1.12 £0.25 31.55 4.35 5.34
Tainung 71 J 11.03 +0.70 6.39 +0.27 57.95 2.82 +0.44 1.49 +0.23 52.83 3.90 4.27
KRI-24 J 13.52 +2.11 2.75+0.45 20.40 2.02 +0.26 0.82 +0.18 40.59 6.67 3.35
Koshihikari J 10.53 £1.02 4.33 +0.29 41.13 2.67 +0.32 1.04 +£0.20 38.95 3.94 4.15
LEMONT J 11.88 +1.22 6.79 +0.78 57.16 2.27 +0.20 1.59 +0.46 70.04 5.22 4.25
M202 J 16.62 +1.64 4.53 +0.47 27.28 2.50 +0.32 0.74 +0.13 29.60 6.64 6.05
Milyang 23 J 15.62 +0.84 6.67 +0.55 42.73 3.76 +0.42 1.25+0.13 33.24 4.14 5.53
Warisan mochiz J 9.95+1.18 4.09 +0.20 41.13 2.59 +0.37 1.21+0.24 46.71 3.84 3.38

 water use efficiency ;¥ Indica rice; * Japonica rice
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Table 2. Correlation coefficients for gas exchange traits and chlorophyll fluorescence parameters of 27 rice genotypes in drought treatment.

A’ o T WUE F’ FM’ Fo Fm qP gN ETR Fv/Fm Fv’'/Fm’
A 1 0.835**Y  0.837** 0.122 -0.048  0.007 -0.002 -0.067 0.067 -0.016 0.490** -0.043 0.111
Cc 1 0.965**  -0.306** -0.019  0.030 0.093 -0.048 0.043 -0.035 -0.212**  -0.127 0.083
T 1 -0.387**  -0.023 0.003 0.070 -0.028 0.020 -0.003 -0.285**  -0.091 0.047
WUE 1 0.045 0.083 -0.110 -0.071 0.014 -0.101 0.716** 0.070 0.054
F’ 1 0.901**  0.131 0.144**  -0.783**  -0.885**  0.628** -0.046 -0.650**
FM’ 1 0.168*  0.182**  -0.500**  -0.975**  0.711** -0.064 -0.275**
Fo 1 0.404**  -0.027 -0.057 -0.051 -0.804**  -0.023
Fm 1 -0.020 0.032 -0.049 0.218** -0.009
gP 1 0.507** -0.328**  0.013 0.932**
gN 1 -0.736**  0.084 0.280**
ETR 1 0.021 -0.163
Fv/Fm 1 0.014
Fv’/Fm’ 1

Z Abbrevation, A: photosynthetic rate; C: stomatal conductance; T: transpiration rate; WUE: water use efficiency; gP: photochemical quenching; gN:
non-photochemical quenching coefficient; ETR: electron transport rate; Fv/Fm: PSII maximum quantum yield; Fv’/Fm’: PSII effective quantum yield.
Y "™Sjgnificant at the 0.05 and 0.01 probability levels according to the analysis of two-tailed test.
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Fig 2. Water use efficiencies of 27 rice cultivars vs their ratios of carbon assimilation rate (A) to
transpiration rate (T) in pot-scale. Each symbol represent the mean for one cultivar. ("significant at the
0.01 probability level.)
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Studies on the Use Efficiency of I\/Ieteorologlcal
Resources for Rice. I1. Water Use Efficiency.*

Ming-Hwi Yao**, Shou-Hung Chen? and Shu Chen®

Abstract

Yao, M. H., S. H. Chen and S. Chen. 2005. Studies on the use efficiency of meterorological resources for rice. Il.
Water use efficiency. J. Agric. Res. Taiwan: 55:121-134.

There are several definition for water use efficiency (WUE). The aim of this study is to evaluate the water use
efficiency of 27 rice cultivars with different scale and measurement. The results showed the CO, flux measured by
Bowen ratio / energy system in field were consistent with the change of leaf area index. It could be used to decide the
water use efficiency in non-stress rice field. The experiment in pot indicated the different water requirement among
rice cultivars were related to the ratio of photosynthesis rate to transpiration rate of leaves. By the comparison with
the leaves of 27 rice cultivars, it showed the water use efficiency in indica and upland rice are higher than japonica
rice under drought treatment. It indicated the current japonica cultivars ought to improve the drought tolerance by
means of breeding. In addition, the PSII electron transfer chain (ETR) of the fluorescence parameter of drought
leaves could be used to quickly select the rice with high water use efficiency.

Key words: Rice (Oryza sativa L.), Evapotranspiration, Flux, Water use efficiency.
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