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Abstract

With the aim of finding out how climate change
may affect Galician soils, undistorted soil mono-
liths from a mountainous area in inland Galicia
(Navia) were translocated for burial in two areas in
the same region where different climatic condi-
tions prevail: Sobrado (central Galicia) and
Ponteareas (southern coastal zone). The changes in
climate involved in the translocation were evalu-
ated by calculation of a climatic factor that
included the moisture content of the soil and the
effective mean temperature. This factor revealed
that 32 months after translocation, the ‘climatic
efficiency’ had increased by 1.37 ( Navia Sobrado)
and by 1.73 (Navia Ponteareas). Throughout the
32 months of the experiment, there was a notable
decrease in the total C and N contents of the soils,
which was clearly related to the intensity of the
change in climate affecting the soils. The decrease
in both C and N followed first order kinetics and
revealed that between 60 and 55% of the total C
and N of the soils was of a recalcitrant nature. The
results indicate that if the temperature of the
atmosphere continues to increase, a large part of
the C and N of Galician soils would be rapidly lost.

Keywords:
Climate change, soil organic matter mineralization,
CO2 emission.

Introduction

Although it is nowadays widely accepted that the
increase in greenhouse gases in the atmosphere is
causing an increase in the temperature of the
earth’s surface, the effects of these increases on the

biogeochemical cycle of carbon is still under
debate (Thorning et al., 1989). Some researchers
suggest that the increase in temperature would lead
to a negative feedback type of response, as there
would be an increase in photosynthetic activity
and therefore an increase in the amount of CO2
fixed by the plant biomass (Grifford, 1994),
whereas others suggest that the increase in temper-
ature would generate a positive feedback response
by stimulating the mineralization of organic
matter, thereby increasing the concentration of
atmospheric CO2 (Kirschbaum, 2000). This uncer-
tainty about the consequences of climate change
results from the complexity of the relationships
between soil respiration and the main climatic
parameters (moisture content and temperature),
which make it difficult to predict the effect of
climate change on processes that affect the decom-
position of soil organic matter (Kirschbaum,
2000).
Galicia (NW Spain) is situated in an area in

which, because of its northern latitude, it is
expected that the effects of climate change will be
intense (Lloyd and Taylor, 1994). It is therefore
important that studies are carried out that allow
prediction of the behaviour of soils under condi-
tions of changing climate. The particular physiog-
raphy of Galicia, i.e. with a strong altitudinal
gradient that has created different climatic regions
within the area, allows such studies to be carried
out using a technique rarely referred to in the avail-
able literature: the transfer of soil monoliths from
one climatic region to another and the analysis of
different edaphic properties after a certain period
of time (Kirschbaum, 2000). In the present study,
we present the data corresponding to the variation
in the contents of carbon and nitrogen in a soil
subjected to this type of experiment.
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Material and Methods

Sampling sites and experimental design- The study
was carried out in 3 different climatic regions in
Galicia: an inland mountainous area (Navia),
central zone (Sobrado) and a littoral zone
(Ponteareas). At the Navia site a humic Cambisol
(ISSS Working Group, 1998) under mixed pasture
crops was selected for study (Table 1). In June 1997
soil monoliths were extracted using PVC cylinders
(40 cm Ø x 25 cm length). Immediately following
their extraction, the monoliths were transported
and buried in the selected areas: 8 monoliths were
buried in Sobrado (Ns) and another 8 in
Ponteareas (Np); both of these areas have a similar
type of soil, topography and vegetation to the site
from which the soil was removed. Another 8
control monoliths were left in the sampling site
(also within the PVC cylinders) (soil N or in situ).
The experiment allowed study of the effects on the
soil of a moderate change in climate (Navia-
Sobrado) and of a more drastic change (Navia-
Ponteareas). Soil analyses were carried out on 4
occasions between November 1997 and March
2000 and were always made on two previously
undisturbed samples.

Climatic characterization- The edaphic climate
throughout the experiment was characterized by a)
A thermal factor (Ft), calculated from the thermic
integral of temperatures above 5°C and expressed
as effective mean monthly temperature; b) A mois-
ture factor (Fm), obtained from Thornthwaite’s
diagram, assigning the soils a value from 1 (totally
wet) to 0 (totally dry) depending on the moisture
content of the control section throughout each
month; c) A combined factor, obtained from the
product [Ft x Fm] (Wildung et al., 1995). As this
product includes moisture and temperature
factors, it may be considered as an estimate of the
climatic efficiency from the perspective of biolog-

ical activity. The integral of the monthly values of
this factor allows rapid comparison between the
different points.
Soil analysis- Four soil samplings were carried

out during the study (in November 1997, 1998 and
1999 and in March 2000); samples (upper 10 cm)
were always taken from two monoliths that had not
already been sampled. After air drying, the samples
were sieved (<4 mm) and analyzed to determine
the total contents of carbon and nitrogen (10 repli-
cates per monolith) using the methods described
by Guitián and Carballas (1976). The results are
expressed as means and their standard deviations
of all of the determinations made on the same soil
at each sampling time.

Results and Discussion

Climatic data- The effectivemean temperature for the
study period was 10 °C in Navia, 11.3 °C in Sobrado
and 14 °C in Ponteareas, demonstrating the existence
of a clear thermic difference (Fig. 1). As regards the
moisture content, the state of the control sections
were similar in all three soils, although inNavia it was
slightly drier. The period during which the biological

activitymay have been limited
due to lack of water was there-
fore similar in all three loca-
tions. For the period of the
study, the combined factor
was 1.73 times higher in Pon-
teareas than in Navia and 1.37
times higher in Sobrado than
in Navia (Fig. 1).
Total C and N- During the
period of study the total con-
tents of C andN in the in situ

soil remained almost constant, and only varied due
to the heterogeneity of the soil and seasonal changes.
In the transferred soilsNs andNp there was a grad-
ual decrease in both parameters (Table 2).At the end
of the period of study, the carbon and nitrogen con-
tents of soil Ns were respectively 84 and 82%, of
those of the original soil, where those of soil Np
were respectively 57 and 56% of those of the origi-
nal soil. The results therefore clearly indicate a
strong decrease in these properties, which was
stronger the more intense the change in climate.
Kinetics of the process- The total C and N

contents obtained at the different times during the
study allowed us to determine how the decrease in
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Table 1.
Geographic and climatic characteristics of the sites (values for the
period 1960-1990)

Location
Mean monthly temperature Annual precipitation

Altitude maximum minimum mm

Navia 910 m 15.5 3.6 1453

Sobrado 500 m 16.5 6.7 1428

Ponteareas 50 m 21.7 8.5 1543



both elements had taken place. Thus, if a bicom-
partmental model is considered for the edaphic
carbon (easily mineralizable carbon and recalci-
trant carbon), the carbon concentrations can be
fitted to a first order equation of the type:

log (Ct - Cr) = a + b [(Ft x Fm) t]

where Ct is the total carbon content at each time,
Cr is the recalcitrant carbon, which is considered
invariable given the short duration of the experi-
ment, [(Ft x Fm) t] represents the difference (for
time t) between the value of the combined climatic
factor in the location under consideration
(Sobrado or Ponteareas) and the original location
(i.e. Navia), a is a constant, which at t = 0, i.e. the
start of the study, represents the log of the mineral-
izable carbon originally present, and b is the rate of
mineralization, which will logically have a negative
value. The correlation coefficient and the values of
the constants are shown in Table 3. The value of a
shows that for soil N, 39% of the carbon may be
considered as easily mineralizable and the
remaining 61% as recalcitrant, at least for the dura-
tion of the experiment. These values, deduced
from the decay curve are similar to those deduced
for Galician soils, considering the fraction not
bound to organic matter as the rapidly mineraliz-
able fraction (Carballas et al., 1979) and confirms
that, for soils in the temperate zone, the pool of
organic matter in a soil with a rapid rate of
turnover represents between 35 and 40% of the
total of the organic matter (Trumbore et al., 1996).
The application of a similar model to the

nitrogen data, considering two compartments
(easily mineralizable nitrogen and recalcitrant
nitrogen), also provided a good fit to the experi-
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Table 2.
Variation in the total contents of carbon and nitrogen with time. In each row different lowercase letters
indicate significant differences at p < 0.01. In each column, different capital letters indicate significant
differences at p < 0.01.

Soil Nov 1997 Nov 1998 Nov 1999 Mar 2000 mean value

Total carbon (%)

N A6.78±0.29a A7.41±0.76b A6.66±0.83a A6.93±0.73ab 6.95±0.33

Ns B6.20±0.45a B5.96±0.58a B5.32±0.22b A5.67±1.04ab

Np C5.47±0.40a B5.91±0.42a C4.84±0.52b B3.59±0.54c

Total nitrogen (%)

N A0.553±0.119a A0.666±0.015b A0.608±0.019a A0.610±0.020a 0.609±0.046

Ns A0.513±0.059ab B0.540±0.017b B0.445±0.015c B0.493±0.056a

Np B0.412±0.037a C0.513±0.020b C0.412±0.012a C0.328±0.045c
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Figure 1.
Evolution throughout the experiment of the
climatic factors for Navia (N), Sobrado (S) and
Ponteareas (P): a) thermic integral, b) moisture
factor, and c) combined climatic factor.



mental data (Table 3). The values of the constants
indicate that 56% of the nitrogen initially present
would be recalcitrant (a similar proportion to that
obtained for carbon) and that the remaining 44%
would be mineralizable in the short term. Further-
more, the value of b (-0.0052) was very similar to
that obtained for carbon, suggesting that the effect
of climate on the dynamics of both elements is
similar.

Conclusions

The translocation of soil monoliths to simulate the
effect of climate change caused a notable decrease
in the organic matter content of the soils. The
decrease was related to the intensity of the change
in climate, estimated by a climatic index. Despite
the short duration of the study, the results demon-
strated the risk of the loss of organic matter that
Galician soils would suffer under the effect of
climate change, with the following consequences:
a) an increase in the atmospheric concentration of
CO2 generated by the mineralization of organic
matter, b) the lack of a pool of easily mineralizable
organic matter would lead to a decrease in the
microbial population, causing a decrease in the
degradative capacity of the soil and c) if climate
change affected the pool of humified organic
matter, there may be a reduction in the properties
associated with the presence of organo-mineral
compounds, causing a decrease in the efficacy of
the filtering capacity of the soil.
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Table 3.
Kinetic parameters obtained by fitting the values
of the changes in total carbon and nitrogen to the
bicompartmental model

(***, p < 0.001; ** p < 0.05)

R2 Recalcitrant
fraction

a

Total carbon 0.95*** 61 % 0.357

Total nitrogen 0.85** 56 % -0.660




