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Abstract

Reduced tillage (RT) is widely promoted to enhance soil organic carbon sequestration,
yet its long-term effects on greenhouse gas (GHG) emissions and crop performance remain
uncertain under climate change. We used the long-term Garte-Süd field experiment, estab-
lished in 1970 in Göttingen, Germany, to compare RT with conventional tillage (CT) on
a silt loam Luvisol. In 2023, rainout shelters (2 m × 2 m) were installed to exclude 50 % of
rainfall. Crop yield, soil CO2 and N2O emissions, soil mineral nitrogen (N), microbial bio-
mass carbon (MBC), and dissolved organic carbon (DOC) were quantified under RT and
CT at two soil depths (0–10 cm and 10–30 cm). These variables were measured from March
to August 2025 under Faba bean, and from October 2025 onward under Winter wheat.
Our results showed that rainfall exclusion did not significantly affect cumulative CO2 and
N2O fluxes, likely because high soil water retention buffered the moderate water deficit.
Instead, gas fluxes were mainly regulated by soil temperature, water-filled pore space, and
mineral N, with emission peaks following management events. RT did not affect soil CO2

efflux but tended to increase N2O emissions. RT also decreased soil mineral N availability,
particularly NO3−, while reduced rainfall further constrained N dynamics and accelerated
leaf senescence, with limited effects on plant growth. However, RT showed slightly higher
chlorophyll than CT under reduced rainfall, suggesting improved buffering of soil water
and nutrient availability. RT was associated with greater labile C availability in the topsoil
(0–10 cm), as indicated by the highest MBC and relatively high DOC, suggesting enhan-
ced microbial activity and substrate turnover in topsoil. In 2025, RT did not significantly
affect Faba bean yield or yield components, but it consistently increased weed biomass and
weed proportion, suggesting a potential shift in crop-weed competition with implications
for crop productivity and nutrient use efficiency over time. Overall, long-term RT reshaped
topsoil C and N dynamics more strongly than reduced rainfall, while the main agronomic
trade-off was increased weed pressure rather than yield loss. These findings highlighted
the need to combine conservation tillage with integrated weed management under variable
rainfall conditions.
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