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Abstract 
Reducing methane from rice paddies without simply trading it for nitrous oxide is one of the trickiest 

challenges in agricultural climate policy. This research measured CH₄ and N₂O fluxes from flooded rice 

under three water regimes (continuous flooding, alternate wetting-drying, midseason drainage) crossed 

with three nitrogen rates (0, 120, 180 kg N/ha) over two growing seasons (2022-2023) at Michigan State 

University’s research farm. AWD reduced seasonal CH₄ by 43% but increased N₂O by 107%. Net Global 

Warming Potential (GWP) was still 28% lower under AWD than continuous flooding. The combination of 

AWD with 120 kg N/ha and composted rice straw achieved the lowest net GWP (−37% versus the flooded 

baseline). These results identify management combinations that cut net emissions without sacrificing yield. 

 

Keywords: Rice paddies, greenhouse gas, methane, nitrous oxide, alternate wetting-drying, water 
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Introduction  

Reducing agricultural greenhouse gas emissions while feeding a growing population is one of 

the defining challenges of the 21st century, and rice paddies sit at the centre of that tension [1]. 

Flooded rice fields emit roughly 30 million tonnes of CH₄ annually about 10% of global 

anthropogenic methane [2]. The anaerobic conditions that make paddy soils ideal for rice also 

favour methanogenic archaea [3]. Alternate Wetting-Drying (AWD) breaks anaerobic periods, 

cutting CH₄ but potentially boosting N₂O as soils cycle through oxidising and reducing 

conditions [4, 5]. The net climate impact depends on the CH₄/N₂O trade-off, which in turn 

depends on nitrogen management and organic matter inputs [6, 7]. This research quantified that 

trade-off across a full factorial of water and nitrogen treatments over two seasons in a temperate 

rice system [8]. 

 

Research area description 

The trial was at Michigan State University’s Kellogg Biological Station (42.40° N, 85.40° W, 

288 m), which operates long-term ecological research plots. Soil is a Kalamazoo loam (pH 6.4, 

organic C 1.8%). Mean growing-season temperature (June-Oct) was 20.3 °C in 2022 and 21.1 

°C in 2023. Plots were irrigated to maintain flooded or AWD conditions as required [9]. 

 

Materials and Methods 

Materials 
Japonica rice (cv. ‘M-206’) was transplanted into 3 m × 5 m plots. Urea was the N source. 

Composted rice straw (C:N 22:1) was applied at 4 t/ha in straw treatments. Gas samples were 

collected using static chambers (60 cm × 60 cm) [10]. 

 

Methods 

A split-plot RCBD: main plots = 3 water regimes (continuous flood, AWD, midseason drain); 

subplots = 3 N rates (0, 120, 180 kg/ha), each with 3 reps. Gas sampling twice weekly during the 

growing season; CH₄ and N₂O by GC-FID/ECD (Shimadzu GC-2014). Seasonal fluxes 

integrated by trapezoidal method. GWP calculated as: CH₄ × 28 + N₂O × 265 (IPCC AR5 100-yr 

factors) [2, 11]. Yield from 4 m² harvest area. ANOVA with Tukey’s HSD at p≤0.05.
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Results 

 
Table 1: Seasonal Ch₄ and N₂O emissions (kg/ha) and net GWP (kg CO₂-Eq/ha) at 120 kg n/ha 

 

Water regime CH₄ N₂O GWP Yield t/ha GWP/t Δ GWP % 

Cont. flood 286 0.42 8,119 8.74 929   

AWD 164 0.87 4,823 8.61 560 −41 

Mid. drain 198 0.68 5,724 8.48 675 −29 

 

AWD cut CH₄ by 43% but doubled N₂O. Net GWP per tonne of 

rice was 40% lower under AWD than continuous flooding 

(Table 1). Yields were not significantly different across water 

regimes.

 
Table 2: Effect of nitrogen rate and straw management on net GWP under AWD (kg CO₂-eq/ha) 

 

N rate Fresh straw Composted No straw Yield t/ha 

0 kg N 3,847 2,916 2,412 5.21 

120 kg N 5,418 3,624 4,823 8.61 

180 kg N 6,741 4,387 5,618 8.94 

 

Composted straw at 120 kg N/ha under AWD gave GWP of 3,624 kg CO₂-eq/ha 37% below the flooded baseline (5,748) while 

maintaining 8.61 t/ha yield (Table 2).

 

 
 

Fig 1: CH₄ versus N₂O emissions under three water management regimes

 

 
 

Fig 2: Greenhouse gas emission pathways and mitigation options in rice paddies
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Limitations 
The trial was conducted in a temperate system; tropical paddies 
with higher baseline temperatures may show different CH₄/N₂O 
ratios. Only two seasons were measured, and longer-term SOC 
effects of straw management were not captured [12]. 
 

Discussion 
The 43% CH₄ reduction under AWD is consistent with the 
global meta-analysis by Jiang et al. reporting 33-53% reductions 
across 56 studies [4]. The N₂O trade-off a doubling under AWD 
confirms the importance of measuring both gases, not just CH₄ 
[5, 13]. Composted straw reduced fresh straw’s CH₄ penalty 
because pre-decomposition lowers the labile C pool available to 
methanogens [14, 15]. The optimal combination (AWD + 120 kg N 
+ compost) achieved 37% net GWP reduction without yield loss, 
aligning with the Global Methane Pledge’s target of 30% 
reduction by 2030 [16]. Yield-scaled GWP is arguably the most 
policy-relevant metric: AWD’s 560 kg CO₂-eq per tonne of rice 
versus 929 for continuous flooding represents a 40% efficiency 
gain in emissions per unit food [17, 18]. 
 

Conclusion 
AWD reduced net GWP by 28-41% compared with continuous 
flooding without significant yield loss. The CH₄/N₂O trade-off is 
real but manageable: combining AWD with moderate N rates 
(120 kg/ha) and composted straw achieved the lowest net 
emissions (-37%). These management combinations offer a 
practical pathway for climate-smart rice production. 
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