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Effects and Mechanisms of Phosphorus Fertilizer and Maize Straw on Exchangeable

Aluminum of Red Soil

DIAO Huiling"?, LIAN Xudong'?, ZHANG Lu"*", CAI Zejiang"?, XU Minggang'*

(1 Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences/State Key Laboratory of
Efficient Utilization of Arid and Semi-arid Arable Land in Northern China, Beijing 100081, China; 2 Hengyang Red Soil
Experimental Station of Chinese Academy of Agricultural Sciences/Qivang Farmland Ecosystem National Observation and
Research Station, Qiyang, Hunan 426182, China; 3 Institute of Eco-Environment and Industry Technology, Shanxi Agricultural
University; Soil Health Laboratory in Shanxi Province, Taiyuan 030031, China)

Abstract: To explore the regulatory effects of phosphorus fertilizer (KH,PO,) and straw on exchangeable aluminum in red soil
derived from different parent materials, a constant-temperature incubation experiment was conducted to determine the changes in soil
pH, exchangeable aluminum, organically bound aluminum, and phosphorus availability and their interrelationships. The soils were
derived from Quaternary red clay (red soil) and from granite (latosolic red soil). For each soil, ten treatments were established:
different amounts of chemical phosphorus fertilizers (0 (CK), 5 (P1), 10 (P2), 15 (P3), 25 (P4), 50 (P5), and 100 mg/kg (P6)), maize
straw (20 g/kg, S), and their combined application (P5S, P6S). The results showed that, compared to CK, the content of exchangeable
aluminum in red soil significantly increased by 7.3% to 13.9% under P1 to P5, but there was no significant change under P6. All
phosphorus application treatments significantly reduced the content of exchangeable aluminum in latosolic red soil, and the reduction
increased with the increase in phosphorus application rate, ranging from 23.1% to 54.1%. The single-straw application or combined
application of straw and phosphorus fertilizer treatments decreased the content of exchangeable aluminum in red soil and latosolic

red soil by 22.8% to 33.3% and 89.1% to 95.9%, respectively. Random forest model analysis indicated that pH, middle stable
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organo-Al complex, and aluminum phosphorus had the greatest impact on the content of exchangeable aluminum in the two soil

types. In conclusion, maize straw can effectively reduce the exchangeable aluminum content in red soil, with a better effect than

phosphorus fertilizer, and its effectiveness is more pronounced in latosolic red soil compared to red soil. The reduction in

exchangeable aluminum content by adding phosphorus fertilizer and maize straw is primarily due to increased soil pH and the

promoted formation of aluminum phosphorus and middle stable organo-Al complex.

Key words: Red soil acidification; Exchangeable aluminum; Aluminum speciation; Phosphorus speciation; Organic-inorganic

combined application
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Table 1 Basic physicochemical properties of tested soils
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Fig.2 Contents of available phosphorus in red soil (A) and latosolic red soil (B) under different treatments
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Fig.4 Contents of exchangeable aluminum in red soil (A) and latosolic red soil (B) under different treatments
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