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Abstract
Conservation agriculture (CA) systems represent a set of three soil management principles that include minimal soil disturbance, permanent soil cover and crop rotations. Long-term CA based systems experiments are rare in sub-Saharan Africa. Therefore, long-term experiments in two ecotopes in Alice and Phandulwazi Jozini ecotopes (2012 - 2021) in Eastern Cape in South Africa were conducted to assess the impacts of CA based systems on soil water storage, soil organic carbon (SOC) and soil productivity. The experiment was established in summer 2012 arranged in a split-split plot design. The main plot was allocated to tillage at two levels, no-till (NT) and conventional tillage (CT), the subplot was allocated to crop rotation at four levels, maize-fallow-maize (MFM), maize-fallow-soybean (MFS), maize-wheat-maize (MWM) and maize-wheat-soybean (MWS) and the sub sub-plot was allocated to crop residue management at two levels, residue removal (R-) and residue retention (R+). Crop rotation significantly affected the biomass and carbon input at Phandulwazi Jozini ecotope, however, it interacted with residue retention at Alice ecotope. Biomass and carbon inputs followed the order: MWM > MWS > MFM > MFS. Generally, retention of residues increased the biomass and carbon input, however, it was only significant with MWM and MWS while it was not significant in MFS and MFM rotations. CT was associated with higher CO2 fluxes than NT. Residue retention resulted in higher CO2 fluxes than their removal. The soil water storage was significantly higher in NT as compared to CT while soil temperature increased in CT than NT. Maize, soyabean and winter wheat yields were significantly higher in NT as compared to CT. The CA systems constitute an in-situ soil and rainwater conservation strategy in Eastern Cape that increase agro-ecosystems resilience to climate change (such as declining or increasing rainfall, increase in temperature) and climate variability (periodical drought, dry spells) and thereby boosting crop yield for ensuring food security.
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