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Water use properties contributing to the maintenance of plant biomass and grain production in
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Drought is one of the major factors causing yield reduction in rice. NERICA upland rice, a hybrid of Oryza sativa L. and Oryza glaberima Steud.
is a crop with high-production potential in sub-Saharan rainfed regions of Africa. Objectives of the thesis aimed to determine the water use properties
that strongly contribute to maintaining the plant biomass (BY) and grain (GY) production in NERICA subjected to dry soils. The relationship between
GY and water use by plants is indicated by GY=BY X HI where HI is harvest index and furthermore, BY=WUE X T/VD where WUE is water use
efficiency, T is transpiration and VD is vapor water deficit. The research to analyze these directly processes from water absorption to the plant and
grain productions has never been.

In chapter 1, the contribution of transpiration and WUE to BY production in 29 cvs. including 16 upland NERICA, 3 lowland NERICA, 4 parents
of NERICA and 6 Oryza sativa was examined. Plants were grown in 4-L pots, and subjected to soil moisture treatments of 100, 40 and 10% of the
field capacity (FC) for 14 days after the flag leaf appeared. There was scarcely difference in WUE indicated by a liner regression between BY and
T/VD among cvs. across soil moisture treatments, although the variation might have resulted from large fluctuations of humidity during treatment.
Cultivars with higher transpiration had higher BY. Hence, the effect of soil drying on WUE was smaller.

In chapter 2, selected five upland NERICA cvs., Dular (drought resistant), Nipponbare (sensitive) and Hokuriku 193 were used to examine the
relationship between WUE and carbon isotope discrimination (CID) under different field water capacity soils. There was a significant difference in
CID between cvs. (p<0.05), but not between soil desiccation treatments. When same cvs. were grown in well-watered 12-L pots, CID was different
among cvs. In both results, there was no significant relationship between CID and WUE or the ratio of photosynthetic and transpiration as WUE on
the leaf gas exchange level. Therefore, CID would not be reflected the biomass and gas exchange level WUE.

In chapter 3, the differences between upland rice cvs. in high root penetrating ability under drought conditions were compared. Upland cvs.
(Terishirazu, Hitachihatamochi, and NERICA 1) and lowland cv. Koshihikari were grown in PVC pots of 0.85 m height. Drought treatment by
stopping irrigation was imposed approximately 10 days before the heading. Soil moisture content (SMC) monitored with a profile probe in all layers
was lower than 0.1 m*m™, and soil below 60 cm kept the highest SMC. When the absorbed soil water after treatment was calculated from the SWC,
NERICA 1 absorbed the largest amount of water among the cvs. across all soil layers. The root length density (RLD) decreased with increasing soil
depth in all cvs. Cultivars with a high RLD, such as NERICA 1, absorbed high amounts of water from the deep soil layers after withholding water.
RLD was able to be well regressed by a quadratic regression line of soil depth in all cvs.

In chapter 4, the water use properties that strongly contribute to maintaining BY and GY in upland NERICA was determined. Five NERICA
upland and 3 Oryza sativa cvs. were grown in 4- and 12-L pots. Treatment started after the flag leaves emerged. In 4-L pots with soil moisture levels
of 100, 40 and 10% of FC for 14 days, the relationship between BY and T/VD was well fitted by a line irrespective of cvs., and hence, when by a
subscript 0 for moist soils, BY/BY, =WUE/WUE, xT/T,, WUE/WUE, was approximately stable during the soil-drying cycles. For 10 days treatment
of withholding water in 12-L pots, T/T, was indicated by a single logistic-equation of the fraction of transpirable soil water (FTSW) regardless of the
cvs. and hence FTSW influenced BY/BY), through T/T,. Four positions (-5, -20, -60 and -80 cm) of irrigation along the soil depth were set in 100 cm
depth pots grown NERICA 1, NERICA 4 and Nipponbare. The average FTSW, FTSW estimated from both root distribution and SWC in different
soil depths in NERICA cvs. was higher to maintain BY, grain weight and harvest index.

It was concluded that the most important property for maintaining biomass and grain production in NERICA upland rice subjected to desiccated
soils is not the high WUE but transpiration maintenance and escaping the effect of root dehydration on harvest index depending on deep root
distribution in moist soils. Furthermore, cv. differences in the average FTSW under desiccated soils among NERICA upland rice and superiority of

the trait to Oryza sativa cvs. should be investigated.
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