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Introduction

The evolution of forest soil is related to the environmental conditions and the nature of the 

vegetation as source of the soil organic matter. The aim of this study is to study the soil 

organic matter mineralization of a holm oak (Quercus ilex sp. Rotundifolia) soil with 

mesic-xeric pedoclimate and a pine (Pinus pinea) soil with cryic-udic pedoclimate, in an 

incubation experiment at controlled temperature and soil moisture.

Materials and Methods

The soil samples were taken from the A  epipedon of both the pine and the holm oak soils, 0

placed in the mountain area of Guadarrama, in Madrid (Spain). To simulate aerobic 

condition we used the Guckert's et al. device (1968), adapted by Polo et al. (1982). Air-

dried and sieved through a 2 mm, soil samples (35 g) by quadruplicate were placed into 500 

ml vessels. 

Three vessels without soil were used as blanks. Soil samples moisturized at 2/3 of the field 

capacity were placed into a thermostatic bath at 282 ºC. CO - and NH -free air was used to 2 3

drag the evolving CO . The evolving CO  was collected in 50 ml of 1M NaOH. Carbonates 2 2

were precipitated with BaCl , and each day the trapped CO  was titrated with 1M HCl.2 2

Electric conductivity (EC) and pH were determined in soil/H O 1:2.5 (w/w) extract. Total 2

organic carbon (TOC) was measured by dry combustion at 540 ºC (Nelson and Sommers 

1996) and nitrogen (N) by Kjeldahl digestion (Bremmer 1996). Total humic substances 

(THS) were extracted with a mixture of 1M Na P O  and 0.1M NaOH, centrifuged at 3.000 4 2 5

rpm and filtered using Whatman No. 42 filters (Swift 1996). 

An aliquot of this extract was acidified to pH 1 with concentrated H SO , centrifuged to 2 4

separate humic acids (HA), and the coagulated HA was re-dissolved with 0.1M NaOH. 

THS, HA and total oxidable C were determined by the Walkley-Black method, after they 

were dried in a thermostatic bath at 60 ºC. Extractable bases and cation exchange capacity 

(CEC) were determined using the ammonium acetate (pH 7) method (Sumner and Miller 

1996). Results, analysed by quintuplicate, were referred to dried matter at 105 ºC.
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According to USDA Soil Taxonomy (1998) the pine soil was classified Humic Lithic 

Dystrocryept and the holm oak soil Humic Lithic Dystroxerept. The differences in soil 

characteristics were mainly due to the topoclimatic effect, related to the altitude.

The Humic Lithic Dystrocryept under pine of Pinus sylvestris had more content of soil 

organic matter and also oxidable carbon, with a similar distribution in the profile (Table 1 

and 2). Base saturation percentage (BS %) was also bigger in the pine soil. The N content 

and the % of THS and HA were lower in pine soil than in holm oak soil, and only THS and 

HA contents in the surface horizon were higher in pine soil. The ratio HA/FA showed that 

the polimerization level of humic substances (9.1; 0.9; 1.3; 1.0; 1.1; from O  to B -C l w

respectively) was higher in the surface horizon for holm oak soil than in deep horizons.

Results and Discussions

The soil characteristics (Table 3) affected the soil organic matter mineralization as it was 

shown by the evolving CO  (Fig. 1). The ratio C/N is larger in the soil under pine (42.36) 2

than in the soil under holm oak (25.04).

Table 1. Physicochemical characteristics of pine soil

Soil
horizon

pH % TOC % C
oxidable

% C THS % C HA % N % Base
saturation

Ol 5.6±0.2 20.3±2.7 5.0±1.2 1.6±0.5 1.4±0.2 0.40±0.03 40.8±3.5

A0 5.9±0.2 11.9±2.2 3.8±0.5 1.3±0.5 1.0±0.1 0.28±0.01 46.3±2.1

A1 5.7±0.2 5.9±0.7 2.8±0.9 0.7±0.3 0.4±0.1 0.14±0.01 40.2±2.6

A2 5.3±0.1 2.7±0.1 1.3±0.2 0.3±0.1 0.2±0.1 0.06±0.01 29.4±4.5

Bw 5.3±0.2 3.1±0.1 1.1±0.1 0.1±0.1 0.1±0.1 0.01±0.01 21.2±1.1

Table 2. Physicochemical characteristics of holm oak soil

Soil
horizon

pH % TOC % C
oxidable

% C
THS

%
C HA

% N % Base
saturation

Ol 5.5±0.1 14.8±2.7 4.6±0.3 1.4±0.1 1.3±0.1 0.53±0.01 40.6±1.8

A0 5.8±0.1 12.3±0.7 4.3±0.4 2.5±0.1 1.2±0.1 0.49±0.02 41.7±1.6

A1 5.4±0.1 4.3±0.2 2.8±0.2 1.0±0.1 0.6±0.1 0.18±0.01 22.1±0.8

A2-Bw 4.9±0.1 2.7±0.1 1.2±0.1 0.5±0.1 0.3±0.1 0.08±0.01 4.9±1.4

Bw-C 4.9±0.1 2.6±0.1 1.0±0.1 0.4±0.1 0.2±0.1 0.06±0.01 6.4±0.7

Table 3. Physicochemical characteristics of the studied soils

Sample pH EC
(ms/cm)

%
TOC

% N C/N %C
THS

%C
HA

%C
FA

HA/FA

Pine 5.9 114.6 11.86 0.28 42.36 1.30 1.02 0.28 3.64

Holm Oak 5.8 165.9 12.27 0.49 25.04 2.47 1.20 1.27 0.94
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The total mineralisation coefficient (TMC) defines the C-CO  evolved each day (Cx) in 2

5
relation to the oxidable total carbon (Ct), TMC = (Cx/Ct)*10 . This rate shows that the 

mineralization of the incubated samples has different stages; first intense, an intermediate 

slower and less intense, and the last is almost constant, very slow and little intense until the 

conclusion of the experience.

The regression coefficinet of the linear relation log (C)-t was r=0.99 for the holm oak soil 10

and r=0.98 for the pine soil (CL= 99%), so the cumulative mineralization adjusted to the 
m

power model: C = k * t  , where C is the total C-CO  evolved per 100 g of sample, t is the 2

time in days, and k and m are constants which depend on the environmental conditions and 

the nature of the organic matter (Hernández-Apaolaza et al., 2000). The value of m was 

higher for the holm oak soil than for the pine soil, but both were less than one. In the holm 

oak soil it is bigger than in the pine soil, what agrees with the maximum values of the total 

mineralisation coefficient.

Figure 2 represents the cumulative mineralisation as a function of time, and shows higher 

mineralisation in the holm oak soil than in the pine soil.

Figure 1. Total mineralisation coefficient
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Figure 2. Cumulative amount of mineralized C
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The mineralisation in the holm oak soil is bigger than in the pine soil, what is related to the 

existence of a smaller ratio C/N in the holm oak soil. The ratio pH Ol-A/pH BwC was 

bigger in the holm oak soil than in the pine soil. This concurs with the character of this soil. 

Although both soils were clasiffied within dystric subgroup, the behaviour of them with 

increasing depth was very different. This was related mainly to the soil organic matter 

evolution.

Conclusion

Total mineralisation coefficient and mineralised C showed that the microorganisms' 

activity in the pine soil at the begining of the incubation experiment was more intense than 

in the holm oak soil. This was related to the humification index defined by C/N ratio. 

After aproximately two weeks, the microorganisms' activity was more intense in the holm 

oak soil, due to the adaptation of the microbial population that it was related to the base 

saturation ratio (BS A  horizon/BS B  horizon) of the soil horizons with respect to the B  0 w w

horizon. It was 6.52 for the holm oak soil and 2.18 for the pine soil.
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