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1. Brief content of thesis

The research was conducted to investigate effects of different nitrogen fertilizers including: urea, urea-nBTPT [N-(n-butyl) thiophosphoric triamide], NPK briquette and NPK IBDU (Isobutylidene diurea) on nitrous oxide emission, ammonia volatilization and rice yield in rice cultivation in the Mekong Delta. 
Research 1: Investigating the dissolve and hydrolysis of nitrogen fertilizer types in laboratory conditions. The results showed that effect of urease inhibitor amend in urea-nBTPT fertilizer was rather lower than in urea fertilizer. This rate in IBDU fertilizer was also very low (17,3%) following 3-month incubation due to IBDU having 90% of the N in water-insoluble form.

Research 2: Investigating the concentration of nitrogen in soil and in floodwater following nitrogen fertilizer application. The findings showed that concentration of NH4+-N in floodwater and in soil (0 - 3 mm from surface) tended to be higher in broadcast application prill urea treatment and urea-nBTPT treatment during the initial 1 to 3 DAF and gradually decreased then. Meanwhile, the concentrations of NH4+-N in floodwater and in 0-3 mm soil of NPK briquette treatment were low and remained during the stage of the survey. Deep placement of NPK briquette had higher NH4+-N at the depth of 5 cm and 10 cm. 
Research 3: Research on nitrous oxide emission and ammonia volatilization in rice cultivation 
(1) Effects of nitrogen fertilizer types and alternate wetting and drying irrigation (AWD) on nitrous oxide emission and rice yield in rice cultivation. The results showed that cumulative N2O emissions of urea-nBTPT, NPK briquette or NPK IBDU treatments (1.67, 1.47 or 1.29 kgN2O.ha-1, respectively) were significantly lower than that of urea treatment (2.47 kgN2O.ha-1). Meanwhile, cumulative N2O emissions of AWD irrigation (1.77 kgN2O.ha-1) were not significantly higher than those of FP irrigation (1.69 kgN2O.ha-1). Besides, rice yield in AWD treatment (4.71 t.ha-1) was higher than that in FP treatment (4.31 t.ha-1). Similarity, both total N in straw and in grain and recovery efficiency in AWD treatment was had higher than that in FP treatment. 
(2) Impacts of nitrogen fertilizer types on ammonia volatilization after N application (1, 3, 5 and 7 days after fertilization - DAF) in the rice field. The findings indicated that cumulative NH3 volatilizations were rather low (3.14% - 5.94%). High NH4+ concentration in floodwater after top-dressing application of urea and urea-nBTPT enhanced NH3 volatilization. This study also revealed the low NH3 volatilization of urea treatment was rather low in potential acid sulfate soil (pH = 4.5), the application of N fertilizer in the presence of water and floodwater pH ≤ 7.
Research 4: Effects of different nitrogen fertilizers on rice yield and nitrogen use efficiency. The findings showed that application of urea-nBTPT and NPK briquette at the rate of 80 kgN.ha-1 did not increase rice yields (5.80 t.ha-1 and 5.77 t.ha-1, respectively) compared to urea treatment (5.17 t.ha-1) but they were higher than those of urea treatment at the rate of 100 kgN.ha-1 (4.83 t.ha-1). Besides, plant and grain N uptake were significantly higher in nBTPT-treated urea (0.69% and 1.14%) and NPK briquette (0.68% and 1.15%) than in urea (0.63% and 1.08%) at the rate of 80 
kgN.ha-1.  Rice yields in 3 seasons were high at the rate of 80 kgN.ha-1 equivalent to this of 100 kgN.ha-1 on potential acid sulfate soil and alluvial soil in the Mekong Delta. Therefore, the rate of 80 kgN.ha-1 was recommended to reduce both fertilizer costs and environmental impact. 
2. New findings of thesis 

The study showed that application of new nitrogen fertilizer types such as urea-nBTPT, NPK briquette and NPK IBDU decreased significantly N2O emission compared to urea. These are important implications for farmers in applying new nitrogen fertilizers that aim to effectively reduce greenhouse gas emissions from rice cultivation in the Mekong Delta, contribute to the effort in reducing the impact of climate change. 

The result also showed that alternate wetting and drying irrigation increased rice yield and nitrogen recovery efficiency compared to farmers' irrigation practice, and reduced N2O emissions when new fertilizer types were applied. This is new and significant findings in recommending farmers in the Mekong Delta to apply AWD technique in rice cultivation for increasing rice yield and saving irrigation water to cope with water scarcity in the area.

Furthermore, the study result indicated that in potential acid sulfate soil with soil pH = 4.5, the application of N fertilizer in the presence of water and floodwater 
pH ≤ 7, therefore the ammonia volatilization of urea treatment was rather low. The research also found out that high ammonium concentration in floodwater after broadcasting urea and urea-nBTPT enhanced NH3 volatilization flux compared to NPK NPK briquette and NPK IBDU treatments. This could lead to N loss by N leaching and NH3 volatilization. High NH4+ concentration in 10 cm soil depth in NPK briquette deep placement treatments was found. Therefore, rice plants could uptake nitrogen effectively throughout the season, although NPK briquettes were deep placed once at 10 days after sowing.

Last but not least, rice yields were high at the rate of 80 kgN.ha-1 equivalent to this of 100 kgN.ha-1 in Winter-Spring and Summer-Autumn season on potential acid sulfate soil and alluvial soil in the Mekong Delta. Therefore the rate of 80 kgN.ha-1 was recommended to reduce both fertilizer costs and environmental impact. 

Application of urea-nBTPT or NPK briquette increased efficiency of N uptake in rice plants compared to urea application, but rice yield in these treatment was similar to urea application treatment. Rice yield in NPK briquette and NPK IBDU treatments was maintained although they were applied only one time at the beginning of the crop. Fertilizer deep placement can be an effective method if mechanization was applied in applying of fertilizer. 

In conclusion, although the rice yield did not increase considerably, new nitrogen fertilizers contributed effectively to reduce N2O emission and increase straw and grain N uptake so it should be recommended to farmers.

3. Application of research findings

The thesis provides scientific data on effects of different nitrogen fertilizers including: urea-nBTPT, NPK briquette and NPK IBDU on nitrous oxide emission. This is meaningful to recommend famers to apply new nitrogen fertilizers in order to minimize environmental impact. 
AWD technique contributes to increase rice yields without increasing N2O emissions. Famers should apply AWD irrigation combined with new nitrogen fertilizers to save irrigation water and increase nitrogen use efficiency. Therefore, this method increases economic efficiency and help cope with water scarcity in the area.

The concentration of ammonium in floodwater increases highly following broadcasting application urea and urea-nBTPT enhance ammonia volatilization. Therefore, it should continue improving the fertilizer production and application methods combined with both nutrient management and cultivation practices to increase fertilizer use efficiency but reduce direct and indirect green-house gases emissions.
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