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CGIAR Challenge Program on Water and Food (CPWF)
Developing a System of Temperate and Tropical Aerobic Rice (STAR) in Asia
the Yellow River Basin
Project output

Technical achievements
Firstly, Most data have been collected pertain to field experiments. Examples of data are: biomass, leaf area index, tiller number, yield components, soil moisture tension, groundwater table depth, N uptake, nematode counts, fungus score, soil organic matter content. Weather data collected on the sites. Other data pertain to variety screening: breeders’ scoring tables, yield, height. Farmer’s surveys include data on inputs and outputs used in crop production, farm size, labour use etc. Mostly, data are stored and processed in excel spreadsheets.
Various germplasm screenings and participatory variety selections were done in Philippines, India, Laos. Both in China and in the Philippines, the breeding of aerobic rice varieties is a long-term activity undertaken by CAU and IRRI, respectively, and promising materials are further tested in the STAR project. In the Philippines, the most promising varieties under aerobic conditions to date are still Apo, UPLRi5, UPLRi7, and Magat (hybrid rice). However, especially Apo seems to be susceptible to soil diseases (nematodes?), and screening for resistance to soil disease is showing promise with IR78877-208-B-1-2 (Apo/IR72) and IR80508-B-57-3-B (Apo/Aus). In northern China, no new varieties have been released since HD277, HD297 and HD502. In Laos, new promising liens are B6144F-MR-6-0-0-(2), IR55423-0166, and IR71525-19-1-1. Especially the latter variety consistently outperformed local check varieties and has good eating and cooking qualities. These varieties will be evaluated nationwide in 2007 and probably recommended for official release by the end of 2007. In Thailand and India, it is still too soon to make recommendations for variety release.
In addition, crop-water-nutrient relationships have also been researched and experiments and participatory research trials were executed in Philippines, China and India.
Key sustainability and environmental impact
Basically two types of yield decline have been identified: 1) a gradual decline with continuous monocropping of 2 aerobic rice crops each year, and 2) a total yield collapse in the tropical dry season even in the first year of aerobic rice cropping. Type 1 is common in any field crop (except flooded lowland rice!) and may have many causes such as nutrient depletion, loss of SOM, and disease infestation. Indications show that P application may reverse the gradual yield decline (crop rotations and the effect of fallowing are also being studied). Type 2 is more worrisome and the attention is focusing on this type. The presence and pathogenicity of nematodes and fungi in detail is studied.  It is still too soon to make any firm statements, but there should have a pretty good insight into soil sickness effects by the end of 2007.
Trade-offs between water use and yield quantified.
A synthesis of water use from field experiments was reported last year. This year, the ORYZA2000 model was used to extrapolate experimental findings to different environmental conditions: soil type, groundwater depth, irrigation water management, and different years. Full aerobic conditions and alternate wetting and drying which is an alternate aerobic-nonaerobic irrigation regime were analyzed. Water savings and distinguished between ‘real’ water savings (in depletion flows) and between ‘paper’ water savings (in re-usable percolation losses) were also quantified. To have more presence in the Yellow River Basin, the past year redirected the modelling work to a new study area close to Kaifeng (build on previous project’ activities!). The highlights of the study are reported in two journal papers in press in Agricultural water Management:

“Water savings in rice can be realized by alternate wetting and drying (AWD) under lowland conditions, or by aerobic rice in which the crop is grown under non-flooded conditions with supplemental irrigation. Field experimentation and simulation modelling are a powerful combination to understand complex crop-water interactions and to extrapolate site-specific empirical results to other environments and conditions. In the lowland area of the study site, rice yields under flooded conditions were around 8000 kg ha-1 with 900 mm total (rain, irrigation) water input. Irrigation water savings were 40-70% without any yield loss by applying AWD. In the upland area of the study site, aerobic rice yielded 2400-3600 kg ha-1, using 750-1100 mm total water input. ORYZA2000 satisfactorily reproduced the dynamics in measured crop variables (biomass, leaf area, N uptake) and soil water variables (ponded water depth, soil water tension). The root mean square error of predicted yield was 11% for lowland rice and 19% for aerobic rice, which was only one and a half times the error in the measured values. We concluded that ORYZA2000 is sufficiently accurate to extrapolate our results on AWD and aerobic rice to different management and environmental conditions in our study area.”

“Because of increasing competition for water, water-saving technologies such as alternate wetting and drying and aerobic rice are being developed to reduce water use while maintaining a high yield of rice. The components of the water balance of these systems need to be disentangled to extrapolate water savings at the field scale to the irrigation system scale. In this study, simulation modelling was used to quantify yield, water productivity, and water balance components of alternate wetting and drying and aerobic rice in the conjunctive surface-groundwater Liuyuankou Irrigation System, Henan. The study on aerobic rice was supported by on-farm testing. In the lowland rice area, where groundwater tables are within the root zone of the crop, irrigation water savings of 200-900 mm can be realized by adopting alternate wetting and drying or rainfed cultivation, while maintaining yields at 6400-9200 kg ha-1. Most of the water savings are caused by reduced percolation rates, which will reduce groundwater recharge and may lead to decreased opportunities for groundwater irrigation. Evaporation losses can be reduced by a maximum of 60-100 mm by adopting rainfed cultivation. In the transition zone between lowland rice and upland crops, groundwater tables vary from 10 cm to more than 200 cm depth, and aerobic rice yields of 3800-5600 kg ha-1 are feasible with as little as 2-3 supplementary irrigations (totaling 150-225 mm of water). Depending on groundwater depth and amount of rainfall, either groundwater recharge or net extraction of water from the soil or the groundwater takes place.”
After the calibration of ORYZA2000 for aerobic rice (see above), the model was integrated in a GIS environment and used an extensive database with daily weather data to simulate yield potential, water use and water-productivity of aerobic rice on the Yellow River Basin. The maps will show promising locations and recommendation domains for aerobic rice (work to be finished in 2007).

Contribution to Project goal
The data generated by the experiments and participatory R&D will enable us to 1) Identify and develop aerobic rice varieties with high yield potential, 2) Develop insights into key processes of water and nutrient dynamics that allow us to derive prototype management practices, 3) Identify key sustainability and environmental impact issues, and propose remedial measures, such as crop rotations, 4) Develop practical technologies for crop establishment and weed control, 5) Characterize and identify target domains and quantify the potential amounts of water savings and rice production. Ultimately, the development and adoption of aerobic rice will lead to more rice being produced using less water because of increased water productivity. Thus, water scarcity will be alleviated as a constraint to agriculture, economic development, and nature conservation. 
Contribution to CPWF

The development of the aerobic rice technology encompasses the breeding and selection of aerobic rice varieties and the NRM packages to go with it. This project directly identifies or develops germplasm with high yield potential under aerobic management, stress tolerance, weed competitiveness, and grain quality. It screens germplasm from both upland and lowland environments and from a range of geographic areas, including temperate and tropical Asia, West Africa (Oryza glaberrima), and Brazil. Multilocation trials are established at all nearly all project sites. Promising varieties are tested in farmer participatory varietal selection.
The experiments on irrigation will reveal crop-water relationships as a basis for irrigation optimization and for quantifying water use, water productivity, and water use-yield trade-offs in aerobic rice. The experiments on nitrogen will reveal crop-nutrient relationships to derive fertilizer recommendations. Water x nitrogen experiments will reveal interactions.
The development of aerobic ricer is placed in a cropping system context. In China and India, the main cropping system is rice wheat, and aerobic rice can have positive impacts on the wheat crop (by not having puddle soil with adverse physical properties for upland crops). In the Philippines, aerobic rice will be tested in the rice-rice cropping system.
Conclusions

The outputs of the project are coming together in the ‘aerobic rice technology’, which consists of aerobic rice varieties and appropriate management options that can help farmers get ‘the best’ out of the varieties (in terms of yield, profitability, labour savings, etc). In China (YR), initial packages of the aerobic rice technology are coming together, based on released aerobic rice varieties, and recommendations for seed density, sowing depth, row spacing, seed coating, and weed control. In India (IGP), Laos and Thailand (Mekong), NARES partners and breeders are getting more and more interested in aerobic rice for water-short upland and lowland environments. However, it is too soon to have any outcomes at the farm level as the development of aerobic rice just started with this project. In the Philippines, many NARES partners and irrigation managers are picking up an interest in aerobic rice technology: Bulacan Agricultural State College , Central Luzon State University, local governments of the Visayas and Cebu, Bohol irrigation system, Bureau of Soil and Water Management. Initial management packages (varieties, plus NRM recommendations) are being drafted for the wet season.
Dissemination

Two international workshops on aerobic rice together have been co-organized with an ADB-funded project for the development of water-saving technologies in rice (AWD and aerobic rice) in South Asia (one in April and one in September). At these workshops, we reviewed our progress so far and focused on sustainability issues and breeding strategies. The main outcomes of the workshops were the refined workplans for each partner (no papers or proceedings were produced). 
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