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Figure 1 Distribution characteristics of iron- and aluminum-bound organic carbon (Fe/Al-OC) and its proportion in total soil organic carbon (fe/ar.oc)
in surface and deep soils across tropical and subtropical forests in China. Geographic distributions of fr./a1.oc contents at (a) 0~10 cm and (b) 40~50 cm

depths. (c¢) Variations in Fe/Al-OC and fre/a1.0c contents at 0—10 and 40—-50 cm depths. (d) Correlations of Fe/Al-OC and fg./a1.0c contents with latitude
and longitude
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Figure 2 The contents of different forms of iron and aluminum oxides and their correlations with iron- and aluminum-bound organic carbon. (a)
Contents of different forms of iron and aluminum oxides at 0-10 and 4-50 cm depths. NS indicates no significant differences in iron and aluminum
oxide contents between surface and deep soils. (b) Correlations between iron and aluminum oxides and SOC, Fe/Al-OC and frear.oc. Asterisks indicate
significant correlations (*P<0.05, **P<0.01, ***P<0.001). SOC, soil organic carbon; Fe/Al-OC, iron-aluminum bound organic carbon; fgeaj.oc, the
proportion of Fe/Al-OC to total organic carbon; Fey, free iron; Fe,, amorphous iron; Fe,, organically complexed iron; Aly, free aluminum; Al,,

amorphous aluminum; Al,, organically complexed aluminum
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Figure 3 Variable importance for predicting iron- and aluminum-bound organic carbon (Fe/Al-OC) contents. (a, ¢) Random forest model. The x-axis
shows increase in the root mean squared errors (IncMSE) from random forest for individual variables. Different colors show various aspects of variables
in explaining Fe/Al-OC. Root mean squared error (RMSE) represents the average errors of predicted and observed values. (b, d) Partial dependence
plots show the dependence of Fe/Al-OC contents over environmental variables. BD, bulk density; Fe, iron; Mn, manganese; Aly, free aluminum; Si,
silicon; P, phosphorus; MAT, mean annual temperature; MAP, mean annual precipitation; Al, aluminum; Fey, free iron; Al,, organically complexed
aluminum; Al,, amorphous aluminum; Fe,, amorphous iron; Fe,, organically complexed iron; ST, soil temperature; DON, dissolved organic nitrogen;
DOC, dissolved organic carbon; Na, sodium
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Figure 4 Variable importance for predicting fre/a1.oc- (2, ¢) Random forest model. The x-axis shows increase in the root mean squared errors (IncMSE)
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variables. Al, aluminum; Mn, manganese; Fe, iron; MAT, mean annual temperature; Si, silicon; Fegy, free iron; DON, dissolved organic nitrogen; Al,,
organically complexed aluminum; MAP, mean annual precipitation; Aly, free aluminum; BD, bulk density; DOC, dissolved organic carbon; Al,,
amorphous aluminum; Fe,, organically complexed iron; Fe,, amorphous iron; P, phosphorus; Na, sodium; SW, soil water content
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Figure 5 The molar ratios of iron- and aluminum-bound organic carbon to free iron oxides (Fe/Al-OC:Fey). (a) Distribution of Fe/Al-OC:Fe4 ratios in
surface and deep soils. Panels (b) and (c) show correlations of Fe/Al-OC:Fed with iron and aluminum oxides and environmental variables. Feg, free iron;
Fe,, amorphous iron; Fe,, organically complexed iron; Aly, free aluminum; Al,, amorphous aluminum; Al,, organically complexed aluminum; MAT,
mean annual temperature; MAP, mean annual precipitation; ST, soil temperature; SW, soil water content; BD, soil bulk density; DOC, dissolved organic
carbon; DON, dissolved organic nitrogen; SOC, soil organic carbon; N, soil nitrogen; P,,, available phosphorus; K,,, available potassium; Ke,
exchangeable potassium; Ca,,., exchangeable calcium; Na,, exchangeable sodium; Mg.,., exchangeable magnesium; Si, silicon; Al, aluminum; Fe,
iron; Mg, magnesium; Ca, calcium; Na, sodium; K, potassium; Mn, manganese; P, phosphorus. Asterisks indicate significant correlations (*P<0.05,
**P<0.01, and ***P<0.001)
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Contents and drivers of iron- and aluminum-bound organic
carbon in tropical and subtropical forest soils in China

S 1 . 1 : 1 1,2 : 1,2 1,2
Qiuxia Wu', Ying Yang', Yanyu Jiang', Fuzhong Wu'*?, Qiufang Zhang'***, Rong Shang'*’ &
Xiangyin Ni'*?

' School of Geographical Sciences, Fujian Normal University, Fuzhou 350117, China
2 Key Laboratory for Humid Subtropical Eco-Geographical Processes of the Ministry of Education, Fujian Normal University, Fuzhou 350117, China

* Sanming Forest Ecosystem National Observation and Research Station, Sanming 365002, China
* Corresponding author, E-mail: nixy@fjnu.edu.cn

Adsorption and coprecipitation of iron and aluminum oxides with organic carbon are fundamental mechanisms for the
long-term persistence of terrestrial soil organic carbon (SOC). Ferralsols are widely distributed in tropical and subtropical
areas in southern China, with high degrees of weathering and high contents of iron and aluminum oxides. However, the
extent to which these iron and aluminum oxides are associated with SOC and the mechanisms underlying SOC long-term
stabilization remain largely unknown.

Here, we collected surface (0—10 cm) and deep(40—50 cm) soil samples at 138 sites along north—south (2000 km) and
east—west (1000 km) transects in Ferralsol areas in tropical and subtropical evergreen broadleaved forests in southern
China. The contents of free, amorphous and organically complexed iron and aluminum oxides were determined by the
dithionite-citrate-bicarbonate (CBD) method, and the contents of iron- and aluminum-bound organic carbon (Fe/Al-OC)
and their contributions to total soil organic carbon (fge/a1.oc) Were subsequently calculated. The results revealed that the
contents of iron- and aluminum-bound organic carbon in the surface and deep soils were 1.57 and 0.83 mg g ', respectively,
accounting for 7.39% and 9.98% of the SOC content. The contents of iron and aluminum oxides in tropical and subtropical
forest soils followed the order of free iron/aluminum (Fey, Alg) > organically complexed iron/aluminum (Fe,, Al,) >
amorphous iron/aluminum (Fe,, Al,). However, there were no significant differences in the various forms of iron and
aluminum oxides between surface and deep soils. In the surface soil, the contents of Feg, Fe,, and Fe, were 14.11, 3.04, and
1.57 mg g ', respectively, whereas in the deep soil, they were 16.24, 2.72, and 3.83 mg g ', respectively. For Aly, Al, and
Al, in the surface soil, the contents were 6.54, 2.59, and 4.19 mg g, respectively, whereas in the deep soil, they were 6.89,
2.46, and 3.85 mg g ', respectively.

In both surface and deep soils, soil minerals were the primary factors explaining the Fe/Al-OC content, with relative
contributions of 39.6% and 38.8%, respectively. The soil silt and clay content had a significant positive effect on the
accumulation of Fe/Al-OC at both soil depths. Iron and aluminum oxides explained 21.4% and 39.5%, respectively, of the
variations in the Fe/Al-OC contents in the surface and deep soils. The Fe/Al-OC content reached saturation with increasing
contents of iron and aluminum oxide, suggesting that the accumulation of Fe/Al-OC is not only controlled by iron and
aluminum oxides but also limited by carbon input. Additionally, more than 70% of the sampling sites had a molar ratio of
iron and aluminum-bound organic carbon to free iron less than 1, and at all the other sites, the ratios did not exceed 6,
suggesting that the binding of iron-aluminum oxides with organic carbon in tropical and subtropical forest soils primarily
follows a monolayer adsorption mechanism. In this study, the contents of three forms of iron and aluminum oxides and
iron- and aluminum-bound organic carbon and the underlying mechanisms in Ferralsols in southeastern China were
assessed, and the results highlight the considerable potential of iron and aluminum oxides for long-term SOC sequestration
in highly weathered tropical and subtropical forests.

soil organic carbon, mineral protection, iron and aluminum oxides, ferralsols, tropical and subtropical forests
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