Determination of organic carbon fractions of agricultural and forest soils on the basis of their degree of oxidation with permanganate
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OBJECTIVE

The aim of the present study was to determine the KMnO, reactivity of soil organic carbon (SOC) in soils developed from a wide variety of parent materials and under different land use (forest vs. agriculture) and type of forest (Fagus sylvatica L.,
Pinus radiata D. Don., Quercus ilex L.), all located in the Basque Country (N Spain).
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Fig. 1. Maps of (A) soil lithology, (B) total annual precipitation, and (C) mean annual air temperature of the Basque Country. On top, in an overhead, location studied, grouped by land use and lithology. M:zlsr‘\luunses » O .o 11r 5o 1e o

of sampling sites (purple=beech; green=pine; blue=holm oak; black=agriculture).

RESULTS AND DISCUSSION
1. Kinetics of POC of beech soils (0 — 24 h)

2. Comparison of POC-1h in agricultural and forest soils (under beech, pine, and holm oak
stands) and also in different forest stands

»POC of all soils was predominantly influenced by SOC (Fig. 4).
»The cumulative POC as a fraction of SOC ranged from 3.7 to 12.5%

»The cumulative amount of SOC oxidized by
KMnO, increased with time, following a logarithmic
trend (Fig. 2).

»The slopes of the regression equations obtained
for each soil were highly correlated with the SOC
content (r=0.85) (not shown).
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Fig. 2. Kinetics of SOC oxidation by 33 mM KMnO, at room
temperature in some of the beech soils studied.

Fig. 3 (A) The mean fractions and (B) the mean rates of SOC
oxidation by KMnO,, both at each time interval (0-1 h, 1-3 h, 3-6 h,
6-24 h), for each group of beech soils (grouped by SOC contents).
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after 1 h, from 3.9 to 17.5% after 3 h, from 6.7 to 22.5% after 6 h, and
from 13.0 to 33.0% after 24 h. There was therefore a large fraction of
SOC not oxidizable by KMnO, after 24 h (>65%) (Fig. 3 A).

>In those beech soil samples with SOC contents > 40 g kg™ soil, the
mean ratio of POC/SOC after 1 h incubation was > 8.5%, whereas that
of soils with SOC contents < 40 g kg* was <7.3% (Fig. 3A).

»The reaction rate was greater in the first hour of reaction (Fig. 3B),
with a mean value of 0.077 g POC g! SOC h, which was 4.8, 9.2,
and 17.7 times greater than the rates of reaction of the 1-3 h, 3-6 h,
and 6-24 h intervals.
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»Agricultural soils had a significantly higher (P=0.08) KMnO, oxidability (%POC/SOC) compared with forest
soils with the same range of SOC content (8.4 vs. 6.8%), probably attributable to the lower recalcitrance of
crop residues (wheat) compared with those of forest stands.

»>When grouping all forest soils, two main groups were distinguished: A and B forest soils with <40 g kg and
>40 g kg SOC, respectively. The A soils had a more regular pattern and a significantly lower (at P<0.05)
POC/SOC ratio than B soils (7.5 vs. 8.8%) (Fig. 4).

»Within the B type soils (Fig. 4), B1 and B2 type soils were distinguished: POC values above and below the
regression line, respectively, with a mean POC/SOC ratio of 10.0 and 6.7%, respectively. In general, no clear
relationship was found between the different SOC oxidability of these two soil groups (B1 and B2), and soil
properties (soil pH, C/N ratios, and clay content), except for beech soils. Lithology had no clear effect.
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