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ABSTRACT: The agriculture of the Argentinean pampean region is undergoing a reconversion process 
as a result of a more intensive use of agrotechnologies. The ongoing changes are likely to overlap with 
the greenhouse warming-related climatic changes and atmospheric CO2 increase predicted for the 
next century. The goal of this study is to assess the potential impact of such changes on certain proper- 
ties of soils of the Rolling Pampas, which support 10 to 15 % of the national grain crop and oilseed pro- 
duction. Rotation of wheat/soybean-maize crops in 45 agricultural soils was simulated using the EPIC 
model (Erosion/Productivity Impact Calculator; US Dept of Agriculture), which was previously cali- 
brated and validated for local conditions, for the 1996 to 2050 period under 2 scenarios: (1) no climate 
change, and (2) climate change conditions derived from regional climate parameters projected by the 
GISS general circulation model combined with a CO2 concentration of 550 ppm. The 1971 to 1995 
period was simulated under neutral conditions with the purpose of defining soil conditions for 1996. It 
was found that in the event of a change in climate, physical proporties would change to a lesser degree 
than chemical properties. The soil bulk density would decrease by 8% with respect to the baseline sce- 
nario in soils under nsk of erosion. In contrast, since it was assumed that the erosive storm pattern 
would remain unchanged, there would be no variations in the erosion rate. A general decrease in 
potential soil fertility of 6 to 10% for total organic N and 7 to 20% for organic C would take place after 
a 55 yr period. The sustainability of certain soils of the Carcarana River basin, particularly the Vdla 
Eloisa series, would be at a higher risk. 
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1. INTRODUCTION 

The agriculture of the Argentinean pampean region 
is undergoing an intensification of grain production 
promoted by the government and private sectors. Ana- 
lysts predict that this trend will continue well into the 
next century. 

General circulation models (GCMs) predict an 
increase in temperature and precipitation in the pam- 
pean region (Burgos & Molion 1991). Some studies fur- 
ther predict a global decrease in wheat yields as a con- 
sequence of climate change (Rodriguez & Fernandez 
1993). Thus, impacts of the potential changes in cli- 

mate should be accounted for in the agrotechnological 
evolution of Argentinean agriculture. 

The potential variations in the properties of agricul- 
tural soils are less well known. Diaz et al. (1994) have 
reported that under a climate change scenario the soil 
organic matter content and erosion rate would de- 
crease with regard to current values in the Arrecifes 
River basin. 

The goal of the present study was to assess potential 
modifications in the properties of the Rolling Pampas 
agricultural soils, which cover 45 % of the area in this 
sub-region and support 10 to 15% of the nation's grain 
crop and oilseed production. 

A simulation model following the method proposed 
by Easterling et al. (1992) was selected for evaluating 
the effects of a potential climate change on the vari- 
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ables which affect water balance, nitrogen balance, pose, the original values for radiation conversion effi- 
erosion rate and soil productivity. ciency and maximum stomata1 conductance were 

replaced by the values reported by Rosenzweig & 
Parry (1994). 

2. METHODS Model calibration and validation for the study area 
had been previously carried out with regard to tillage 

The climate change scenario was defined following a systems (Diaz 1993a), chemical degradation (Diaz & Di 
literature review process. Solar radiation, precipitation Giacomo 1994) and crop productivity (Diaz 1993b). 
and monthly temperatures were modified in accor- The typical crop rotation system (involving one crop- 
dance with the selected scenario and then used as ping season of wheaWsoybean and of maize the next) 
inputs for the EPIC (Erosion/Productivity Input Calcu- was simulated for 45 agricultural soils of the Arrecifes 
lator) model. The values for radiation conversion effi- and Carcaran6 River basins of the Rolling Pampas for 
ciency and maximum stomatal conductance were also the 1971 to 1995 period. The soil terminology used in- 
modified. The WXGEN weather generator included in cludes an alphanumeric reference to the erosion risk: 
the model was used to produce synthetic sequences of H0 = low; H1 = slight; H2 = moderate; H3 = severe. 
daily weather data, which interacted with the nutrient In EPIC 100 different sequences of generated daily 
balance, erosion and crop growth submodels. weather are possible. We tried 5 of them; since no sig- 

2.1. Climate change scenarios. The climate change nificant differences were found among these scenar- 
scenario was based on regional information produced ios, the one which best simulated the observed yield 
with the GISS general circulation model (NASA God- ranges for Pergamino County ('Partido de Pergamino') 
dard Institute for Space Studies; Hansen et al. 1988), was selected. The final condition of the soil properties 
coupled with a CO2 concentration of 550 ppm. Adjust- (1995) was used as input for the simulation of the 2 sce- 
ment factors are presented in Table 1. narios compared for the 1996 to 2050 period: (1) no cli- 

The weather stations considered were the following: mate change and 330 ppm of CO2-the baseline con- 
Junin (34" 33' S, 60" 55' W), Marcos Juarez (32" 42'S, dition-and (2) climate change and 550 ppm of CO2. 
62" 09' W), Oliveros (32" 33' S, 60" 51' W), Pergamino The physical properties selected were: (1) soil depth, 
(33'56' S, 60" 33' W), Rosario (32" 55' S, 60' 47' W) and (2) field capacity, (3) wilting point, and (4) topsoil bulk 
San Pedro (33" 41' S, 59" 41' W). The Junin and Rosario density. The maximum water holding capacity is deter- 
stations belong to the Servicio Meteorologico Nacional mined by these variables. The chemical properties 
(SMN), and the remainder to the Instituto Nacional de  considered were: (1) topsoil organic C concentration, 
Tecnologia Agropecuaria (INTA). and (2) soil profile organic N concentration. The 

The advantage of using synthetic climate sequences annual rainfall erosion rate and the mean maize, wheat 
for the analysis of climate change impacts on regional and soybean yields were also considered. 
agriculture has been confirmed by previous studies 2.3. Study area. The Rolling Pampas is a subregion of 
(Favis-Mortlock et al. 1991). the vast pampean plain, located between 32" S, 64" W 

2.2. The EPIC model. The EPIC model was devel- and 36" S, 57" W. The topography is slightly rolling, with 
oped in late 1985 to estimate the impacts of soil erosion slopes of 5 %  or less. The annual mean temperature is 
on agricultural productivity in the USA. EPIC contains 15 to 18"C, with 200 to 220 frost-free days from October 
interrelated modules based on physical concepts to May. The mean annual precipitation ranges between 
which simulate erosion, crop growth, nutrient balance 900 and 1100 mm and the mean annual potential evap- 
and other processes (Williams et al. 1984). otranspiration is between 1200 and 1300 mm. In general, 

EPIC was adapted by Easterling et al. (1992) in soils are deep and of the Mollisol type. The Vertic Argiu- 
order to simulate the responses of photosynthesis and dolls are dominant in the vicinity of the Parana River; En- 
evapotranspiration to an increase in CO2. For this pur- tic Hapludolls are found in the southwest of the region, 

and Haplustolls on the western side of the 

Table 1 Adjustment factors for temperature, radiation and precipitation Carcarafia River basin. The the 
based on GISS model outputs for the parnpean region soils are Typic Argiudolls. 

The Arrecifes and Carcaraiia River 

Variable Jan  Feb Mar Apr May Jun JUI ~ u g  Sep o c t  Nov Dec 

Temperatured 5 7  5.1 6.1 5 5  5 0  4.1 4.3 5 2  3.6 3.3 4.3 5.4 
Radiationb 1.0 1.0 1.0 1 0 1.1 1.1 1.1 1 0 1.1 1.0 1.1 1.0 
Precipitationh 1.3 1.6 1.2 1.2 1 0  1.3 1.4 1 0  0.8 1.0 1.1 1.1 

aThe factor is added; bthe factor is multiplied 

basins presented 2 advantages for the 
study: (1) 70% of the area is covered by 
agricultural soils where the prevailing 
production system consists of continuous 
rotation of grain crops and oilseeds, and 
(2) rainfall erosion is the main soil quality 
limiting factor. 
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2.4. Assumptions of the simulation. The methodol- 
ogy for simulating future conditions implies a series of 
assumptions, such as: 

(1) The use of synthetic weather data can produce 
satisfactory results. This assumption has been verified 
for Pergamino County (Diaz & Di Giacomo 1994). 

(2) The climate change scenario considered is certain 
to occur. This assumption is likely to be incorrect due 
to the current limitations in knowledge on this issue 
(Hulme et al. 1990). 

(3) The climate is in equilibrium. EPIC does not mod- 
ify the parameters during the simulation process. 

(4) The management schedule and the rotation sys- 
tem are representative of typical management prac- 
tices. 

(5) The future technological scenario does not differ 
from the current situation. This assumption results 
from the lack of information on the agrotechnological 
pathways for the next 50 years. 

3. RESULTS 

The effects of climate change on soil properties can 
be assessed by means of 2 variables which define soil 
quality and consequently its sustainability: water-hold- 
ing capacity and potential fertility level. 

Following this criterium, results are presented in 2 
sections according to: (1) changes in physical proper- 
ties related to water storage, and (2) evolution of soil C 
and N concentrations as indicators of changes in chem- 
ical properties. 

3.1. Physical properties 

In relative terms, the topsoil bulk density is the phys- 
ical variable which most significantly changed with 
respect to the baseline scenario (no climate change). 
However, in only 9 % of the cases (4 out of a total of 45 
soils) is its value estimated to increase by 1 to 10%. 
These soils belong to the following series: Casilda 
severely eroded phase (CaH3), Correa severely eroded 
phase (CrrH3), Villa Eloisa (VelHO) and Villa Eloisa 
severely eroded phase (Ve2H3). 

The water parameters fluctuate within a wide range: 
from 0.216 to 0.421 m3 of water per m3 of soil for the 
field capacity, and from 0.153 to 0.340 m3 of water per 
m3 of soil for the wilting point. In spite of the soils being 
very diverse and having different properties, no differ- 
ences are found between the 2 scenarios with regard to 
the final values for the soil profile. 

The loss of topsoil depth is estimated to be similar 
with or without climate change. Only 9 out of the 45  
soils having a depth between 0.97 and 2.69 m would 

suffer a l % greater decrease by the year 2050 should 
climate change occur. This small difference would 
have a certain spatial pattern, since it would affect soils 
with moderate to severe erosion risk (Arrecifes moder- 
ately eroded phase, ArH2; Arrecifes severely eroded 
phase, ArH3; Casilda moderately eroded phase, CaH2; 
Correa severely eroded phase, CrrH3; Hansen 
severely eroded phase, Ha4H3; and Villa Eloisa 
severely eroded phase, Ve2H3). Delgado series (De)- 
a shallow Haplustoll-would be an exception, since its 
final depth under the climate change scenario was esti- 
mated at  2 cm greater than under the baseline sce- 
nario. As suggested by the GISS model, an increase in 
precipitation is likely to improve the water balance in 
the areas having the lowest water holding capacity and 
depth among all the environments under consideration 
(represented by the lower limit of the ranges). 

Comparison of the initial and final soil depth indi- 
cates that the mean annual erosion rate would not vary 
as a result of climate change. This is considered to be a 
valid comparison since the weather data generated 
under both conditions (baseline scenario and climate 
change scenario) were the same, as monthly half-hour 
rainfall and its 10 yr frequency remained constant. 

Loss of soil depth would range between 0 and 17 cm 
in a 55 yr period. Assuming a soil bulk density of 
1.3 Mg m-3, the average rate would range between 
0 and 40 t ha-' yr-l. The estimate of the average rate 
corresponding to the 1971 to 1995 period, for which 
measured cllmate data were used, is slightly higher 
(5 to 42  t ha-' yr-l). 

3.2. Chemical properties 

A general reduction in the total organic N content of 
the soil profile is predicted under climate change con- 
ditions. By the middle of the next century this parame- 
ter is estimated to range between 4061 and 13644 g 
Mg-' under baseline scenario conditions, and between 
3649 and 12354 g Mg-' should temperature, precipita- 
tion, radiation and CO2 levels increase. The average 
relative decrease would be 8%. The magnitude of 
organic N loss is shown in Table 2. 

Organic C would follow the same decreasing trend 
as organic N, although more markedly (Table 3). EPIC 
simulates a 0.63 to 1.47 % range of organic C content in 
the topsoil for the year 2050 under a non-climate- 
change situation. However, this range would be 
between 0.5 and 1.36% under climate change condi- 
tions. 

The estimated decrease would be 7 to 20%. The 
greatest decreases correspond to soils of the Carcaraiia 
River basin (Baldissera, Hughes, Maciel and Villa 
Eloisa series). 
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Table 2. Distribution of soil organic N content in different soils 
under the baseline and c h a t e  change scenarios 

Final organlc No. of cases No. of cases 
N content (baseline scenario) (climate change 
(g Mg-'1 scenario) 

Table 3. Distribution of soil organic C content in different sods 
under the baseline and climate change scenarios 

Final organic No. of cases No. of cases 
C content (baseline scenario) (climate change 
("/.l scenario) 

0.50-0.69 4 10 
0.70-0.89 12 16 
0.90-1.09 10 7 
1.10-1.29 12 11 
1.30-1.49 7 1 

4. DISCUSSION 

4.1. Physical properties 

Two soil series of the eastern part of the Carcarana 
River basin, Correa (CrrH3) and Villa Eloisa (VelHO 
and Ve2H3), are characterized by the lowest variation 
in water-holding capacity under climate change condi- 
tions. In these cases a decrease in soil profile depth 
occurs together with an  increase in soil bulk density. 
The topsoil becomes more dense as a result of the addi- 
tion of fine material from the subsurface layer caused 
by plowing. Under climate change conditions the accu- 
mulated loss in soil depth would be 10, 6 and 17 cm 
respectively for each soil type, as a consequence of 
rainfall erosion. However, the fact that water parame- 
ters did not vary means that the potential soil storage 
capacity would not be modified. These results indicate 
that the variation in the physical properties would be 
restricted to the topsoil, with only a moderate impact 
on the soil profile characteristics. 

The annual average erosion rate would not differ 
under the 2 scenarios, even though a 20% decrease in 
precipitation during September and a 20 to 60% 
increase from January to April are predicted by the 
GISS model. Robertson et al. (1987) stated that soil loss 
due to rainfall erosion could either be lower or higher 
depending on the interactions between the environ- 
ment and the production system. In the wheat planting 

area of England a precipitation increase would 
enhance soil erosion under a climate change scenario 
(Favis-Mortlock et al. 1991). In both of the cited studies 
the current situation was considered as the baseline 
scenario. 

A 40 to 60% decrease in the erosion rate was found 
when comparing the conditions in both river basins 
under the climate change scenario with regard to the 
mean values for the 1971 to 1995 period (18 cases out 
of 45). The erosion rate would increase only in 5 soil 
series, namely the Vertic Argiudolls (Portela, Rio Tala 
and Ramallo) and the soils with high clay content 
(Urquiza and Arroyo Dulce), located in the area having 
the highest relative precipitation (San Pedro). 

The comparison with historical data is only partially 
appropriate, since while observed weather data were 
used for 1971 to 1995, the information for years after 
1996 was simulated. One additional limitation is 
related to the fact that erosion is more dependent on 
the maximum half-hour storm intensity than on total 
precipitation (Wischmeier & Smith 1978). At present 
there is almost no information on potential variations in 
storm intensity caused by climate change (Parry & 
Carter 1988). Consequently, even though EPIC uses 
the average monthly erosion intensity as a variable, 
the values under both scenarios were the same. 

Further, Favis-Mortlock (1994) found that erosion 
indices estimated with synthetic precipitation values 
were lower than the real values, thus identifying a sig- 
nificant limitation of the weather generators included 
in EPIC. 

4.2. Chemical properties 

EPIC produces daily sirnulations of C balance and N 
balance by comparing the supply and loss processes in 
the soil profile. The incorporation of crop residues and 
their decomposition are 2 of the processes involved. 

Under climate change conditions with an increase in 
COz, EPIC simulates 5 to 20% decreases in biomass 
production with respect to the baseline scenario. Other 
studies have indicated the possible reduction in grain 
yield of the main crops of the pampean region 
(Rodriguez & FernAndez 1993, Rosenzweig & Parry 
1994). 

A higher mineralization rate as a consequence of cli- 
mate change also adds to the potential soil fertility loss. 
The increase in the organic matter decomposition rate 
with temperature and soil moisture was demonstrated 
by Ayanaba & Jenkinson (1990) and by Orchard & 
Cook (1983), respectively. 

The consequence of erosion for the reduction of C 
and N final content would not be significant, since no 
differences were found between the 2 scenarios and 
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since it is only a surface process. According to La1 
(1995) the annual average C decrease in the ecosys- 
tems due to erosion would amount to 0.38% of the 
accumulated soil C .  

Should both climate change and increase in CO2 
occur, soil sustainability under continuous agriculture 
would be at risk. Under such conditions, by the middle 
of the next century soil production capacity and soil 
quality would be lower than under a scenario with no 
change in climate or as compared to the current condi- 
tions. At the end of the past decade Michelena et al. 
(1989) measured a 47 % decrease in the natural fertility 
of soils of the Rolling Pampas, which at that point had 
been subject to 20 yr of continuous agriculture. There- 
fore, the scenarios used for the analysis of sustainabil- 
ity degradation should always take into account the 
environment-agroecosystem interactions. 

Simulation could be used to compare different tech- 
nological scenarios (e.g. land use, rotation type and 
frequency, planting dates) and to analyze quality indi- 
cators such as organic C and N dynamics, in order to 
develop a strategy for sustainable soil use. 

5. CONCLUSIONS 

The potential impacts of climate change combined 
with an increase in CO2 on soil properties can be sum- 
marized as follows: 

(1) No changes would occur with regard to most 
physical variables. The exception would be the topsoil 
bulk density of 4 soils of the Rosario region character- 
ized by moderate to severe rainfall erosion risk, where 
the subsurface clay carried to the topsoil would cause a 
1 to 10% increase in this parameter with respect to the 
values without climate change. 

(2) There would be no differences in the average 
erosion rate under the 2 scenarios. This is probably due 
to the fact that it was not possible to use variable values 
for maximum precipitation intensity. 

(3) A general decrease of 20 to 4 0 %  in the annual 
erosion rate with respect to the historical average for 
the 1971 to 1995 period is predicted. This rate would 
increase by 1 to 20% in 6 soil series of the Arrecifes 
River basin due to a relative increase in runoff. The 
example illustrates one of the problems encountered in 
the literature when comparing the results obtained 
with real and generated weather data. 

(4) The chemical degradation of the soils would 
include a 6 to 10% reduction of organic N and a 7 to 
20 % reduction of organic C in the topsoil with respect 
to the no-climate-change situation. This difference 
could be explained by a lower dry matter production 
and an  increase in the mineralization rate due to global 
warming. 

(5) The decline in sustainability of the permanent 
agricultural production system due to the soil quality 
degradation points out the need to consider alternative 
land use and management scenarios. 

The EPIC model outputs differ according to the com- 
bined climate-soil and management-practices condi- 
tions at each site, which function additively to the spe- 
cific initial conditions. It is therefore suggested that 
additional studies on the issue be conducted in the 
near future. The main objective of such studies should 
be to provide orientation for actions in order to ensure 
soil quality preservation and sustainability of agro- 
ecosystems in the event of a change in climate. 
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