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Abstract

Aluminum concentrations decreased on soil exchange sites and in soil solutions after a
whole-watershed wollastonite (CaSiO3) treatment at the Hubbard Brook Experimental Forest
in New Hampshire. This study was conducted to determine whether these decreases could be
explained by changes in organically bound Al (Alog) in soils. The concentrations of Alorg,
exchangeable Al (Alkci) and other chemical properties in organic (Oi + Oe, Oa) and 0-10 cm
mineral soil layers were measured using samples collected prior to treatment (1998) and
afterwards (2002, 2006, 2010 and 2014). Compared to pre-treatment values, Alog
concentrations in the Oa horizon and the 0-10 cm mineral soil layer increased by 312% and
803%, respectively; over the same period, Alkci concentrations in these horizons decreased by
57% and 15%, respectively. Through 2014, the Al pool in the 0-10 cm mineral soil layer
increased by 602% compared to the pretreatment value, whereas the Alkci pool in the Oa
horizon decreased by 84%. In the surface Oi + Oe horizon, no significant changes in soil Al
concentrations and pools were observed after the treatment, though Alkci concentrations
showed a slight decrease. Aluminum is migrating downward from the Oa horizon to the 0-10
cm mineral layer. The predominant form of Al binding has shifted from weaker exchangeable
Al to stronger organically bound Al. This conversion of exchangeable Al to organically bound

Al has reduced Al solubility and contributed to improved forest health.
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Table 2. Organically bound aluminum, exchangeable aluminum and extractable aluminum pools in soils at the Hubbard Brook Experimental Forest
before and after the wollastonite (CaSiOs) treatment on watershed 1. T Means + standard errors. Means followed by different letters in a row are

significantly different (P < 0.05).

Year
Property 1998 ‘ 2002 2006 2010 2014
Oi + Oe horizon
Dry mass, kg m 3.887+0.317 A Bt 4.699+0.446 A 3.972+0.249 AB 4.425+0.604 A 2.844+0.230 B
Organically bound Al, mol. m 0.187+0.052 A 0.200+0.071 A 0.158+0.038 A 0.326+0.098 A 0.250+0.129 A
Exchangeable Al, mol. m 0.058+0.022 A 0.051+0.015 A 0.046+0.011 A 0.068+0.030 A 0.036+£0.021 A
Total extractable Al, mol. m? 0.245+0.073 A 0.251+0.083 A 0.203+0.047 A 0.393+0.122 A 0.286+0.149 A
Organically bound H, mol. m 2.444+0.235 A 2.293+0.247 A 2.036+0.128 A 2.711+0.396 A 1.879+0.148 A
Exchangeable H, mol. m™ 0.277+0.033 A 0.164+0.019B C 0.193+0.018 B 0.159+0.022B C 0.101+0.010 C
Exchangeable Ca, mol. m? 0.205+0.019 D 1.553+0.145 A 1.196+0.079 B 0.912+0.077B C 0.647+0.043 C
Bases, mol; m? 0.281+0.024 D 1.710+0.157 A 1.370+0.087 A B 1.052+0.085B C 0.763+0.048 C
Exchangeable acidity, mol, m2 0.330+0.036 A 0.215+0.025 A B 0.239+0.020 AB 0.226+0.035 A B 0.137+0.024 B
Total acidity, mol, m2 2.961+0.268 A 2.708+0.297 A 2.432+0.150 A 3.263+0.475 A 2.266+0.227 A
CECe, mol, m? 0.611+0.055 D 1.925+0.171 A 1.608+0.098 A B 1.278+0.106 B C 0.900+0.058 C D
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Figure 1. Trends in exchangeable Al, organically bound Al and total extractable Al
concentrations in Oi + Oe, Oa and upper mineral horizons from 1998 to 2014. Treatment with
wollastonite (CaSiOs) occurred in October, 1999.

The size of the Al pools in different horizons reflects the combination of the Al
concentrations and the soil masses. In the Oi + Oe horizon, no significant changes were
observed in soil mass, exchangeable Al or organically bound Al concentrations. As a result, the
various Al pools in this layer remained relatively constant after treatment. The pattern in the
Oa horizon was much different. Since the mass of soil in the Oa horizon decreased continuously
and significantly after the treatment (Johnson et al., 2014; Table 2), this change affected both
exchangeable and organically bound Al pools. Since the concentration of exchangeable Al in
the Oa horizon decreased significantly after the wollastonite treatment, the exchangeable Al
pool in the Oa horizon dramatically decreased through the 16-year analysis period (Table 2).

However, the pool of organically bound Al remained approximately constant in the Oa horizon
15



