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ABSTRACT

Starting in the 1970's, the Pampa Arenosa sub-region experienced an increasing water
regime that generated an increased area for dryland farming. With increasing agricultural
activity, examining the land is an essential strategic tool for its planning. The objective of this
work was to highlight the importance of considering several climate scenarios when setting the
productivity index in the sector of longitudinal dunes in the Pampa Arenosa sub-region in the
province of Buenos Aires, Argentina. The climate scenarios were set in relation to the shifts in
average rain values, according to the Pettitt Test. The land were classified according to their
productivity index. It was found that the productivity index of the land increased with the rain,
reaching its highest value in the period right after the abrupt shift. Land of moderate productive
capacity whose productivity index values are between 65 and 51 comprised the majority of the
area of our study.

Keywords: agro climatology, land evaluation, Pettitt test, rainfall.

Importancia dos cenéarios climéticos na determinacéo de indices de
produtividade na sub-regido Pampa Arenosa da provincia de
Buenos Aires, Argentina

RESUMO

A partir da década de 70, a sub-regido Pampa Arenosa experimentou um aumento no seu
regime de 4gua, 0 que permitiu o crescimento da area dedicada a agricultura de secas. Em vista
da intensificacdo da atividade agricola, uma avaliacdo da terra € uma ferramenta estratégica
essencial para o planejamento. O objetivo do trabalho foi destacar a importancia de considerar
diferentes cenarios climaticos, na determinacio do indice de Produtividade, no setor de dunas
longitudinais da sub-regido Pampa Arenosa na Provincia de Buenos Aires, Argentina. Os

@ This is an Open Access article distributed under the terms of the Creative Commons
@ Attribution License, which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.


http://www.ambi-agua.net/seer/index.php/ambi-agua/index
http://dx.doi.org/10.4136/1980-993X
http://dx.doi.org/10.4136/1980-993X
http://www.ambi-agua.net/splash-seer/
http://www.ambi-agua.net/splash-seer/
https://doi.org/10.4136/ambi-agua.2286
mailto:irigoin.julieta@inta.gob.ar
mailto:mcassani@agro.uba.ar
http://orcid.org/0000-0003-0811-1795
https://orcid.org/0000-0002-6553-3321
https://orcid.org/0000-0003-2368-6722
https://orcid.org/0000-0002-7936-3466

2 Silvia Patricia Pérez et al.

cenarios climaticos foram estabelecidos de acordo com as mudancas nos valores médios de
precipitacdo, pelo teste Pettitt. As terras foram classificadas pelo indice de produtividade.
Verificou-se que o indice de produtividade do solo aumentou com 0 aumento da precipitagéo,
atingindo sua maxima expressao climatica no periodo ap6s a mudanca abrupta. As terras de
capacidade produtiva moderada com valores de indice de Produtividade entre 65-51 ocuparam
a maior area da area de estudo.

Palavras-chave: agroclimatologia, avaliacdo da terra, precipitacdo, teste de Pettitt.

1. INTRODUCTION

The Pampa region, located in the east-central part of the country (30°S - 40°S y 56°0 -
65°0), is Argentina’s main agricultural area. The Pampa Region has a humid temperate climate
(Cf in the Koppen-Geiger classification, as revised by Kottek et al., 2006). East winds
predominate, driven by a semi-permanent anticyclone from the coast of Brazil. After being
drawn across the Brazilian coastline, maritime subtropical air moves southeast, reaching up to
40° latitude in summer and about 30° latitude in winter. In this way, the Pampa Region receives
sea winds throughout the year, with a moisture gradient decreasing from east to west (Pérez et
al., 2015).

Several studies indicate that the westward advance of the agricultural frontier in the
Pampas during the last quarter of the twentieth century (Viglizzo et al., 1995) was partly a
consequence of increased rainfall (Castafieda and Barros 1994; Pérez et al., 2011; 2015; Pérez
and Sierra 2012). This increase in precipitation acted synergistically with an increasing demand
from international markets (Trigo, 2005) and technological innovations (Satorre, 2005).

Some authors believe that the above-mentioned increase in rainfall is permanent. They
attribute it to increased energy in the climate system caused by global warming. In their view,
this has led to an increased thermal regime throughout the country, affecting the whole of its
climate (Carril et al., 1997; Minetti et al., 2003; Barros, 2004). In contrast, others (Suriano and
Ferpozzi, 1993; Roberto et al., 1994; Pérez et al., 2003; 2011; Sierra and Pérez, 2006, Pérez et
al., 2015) suggest that these changes are reversible. In their view, the Pampas have a long-term
water cycle with wet and dry phases separated by transition periods during which the
agricultural frontier either advances or retreats.

Starting in the 1970’s, the Pampa Arenosa sub-region experienced an increasing water
regime that generated an increasing area for dryland farming.

With increasing agricultural activity, examining the land becomes an essential strategic
tool for its planning.

Several methods are used when creating land evaluation systems in terms of adaptability
and/or vulnerability (De la Rosa et al., 2004). In Argentina, the most frequent quantitative
indirect classification is the productivity index (PI). This system was developed initially by
FAO (Riquier et al., 1970) and adopted by the National Institute of Agricultural Technology
(in Spanish, Instituto Nacional de Tecnologia Agropecuaria) according to the local agro-
ecological conditions. The productivity index relates the property values or levels that have
some influence on land productivity (Irigoin, 2011).

The objective of this work was to highlight the importance of considering several climate
scenarios when setting the productivity index in the sector of longitudinal dunes in the Pampa
Arenosa sub-region in the province of Buenos Aires, Argentina.
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2. MATERIAL AND METHODS

The area of study comprises the second-level administrative subdivisions of Nueve de
Julio, Carlos Casares, Pehuajé and Trenque Lauquen, which are located in the province of
Buenos Aires, Argentina, in the sector of longitudinal dunes of the Pampa Arenosa sub-region.
Annual rainfall data from four towns in the Pampa Arenosa sub-region for the period 1918-
2011 was used (Table 1). Data was provided by the National Weather Service and the National
Institute of Agricultural Technology.

The homogeneity of the precipitation series was tested using Alexandersson and Moberg’s
(1997) Standard Normal Homogeneity Test (SNHT) on AnClim software (Stépanek, 2006).
The test was applied to series of annual values, using the average annual rainfall of each sub-
region as a reference series.

Table 1. Locations of towns in the Pampa Arenosa sub-region.

Town/City Latitude (S) Longitude (W) Altitude (msl)
Nueve de Julio 35° 27 60° 53" 76
Carlos Casares 35° 557 61° 20 88
Pehuajo 35° 48 61° 54" 85
Trenque Lauquen 35° 58" 62° 43 80

With the homogeneous precipitation series of each town, shifts in the average values were
found using the Pettitt test. The climate scenarios were defined using the temporal series of
rainfall for the periods before and after the shifts in the average values, identified as the dry
period (DP) and the humid period (HP), respectively.

The productivity index (PI) was obtained by using the changes introduced by the National
Institute of Agricultural Technology (INTA) for the Pampa region (Sobral and Nakama 1988;
Maccarini, 1990; Sobral et al., 2010). This parametric index comprises the following factors:
Macro-climate condition (H); drain (D); effective depth (Pe); surface texture (Ta); sub-surface
texture (Tb); salinity (Sa); sodicity (Na); organic matter (Mo); cation-exchange capacity (T),
current and potential water and wind erosion (E).

The quantitative expression of the productivity index is calculated by multiplying the
factors listed above. This multiplication intends to highlight the influence of each factor on the
final value of the index (Equation 1):

PI=H * D « Pe « Ta * Tb « Sa * Na *Mo = T * E, @

The results of the PI calculation are positive values, the highest of which is equal to 100,
where the highest value represents the greater productive capacity of the land.

2.1. Climate factor of the PI

The climate factor H of the P1 was calculated following the INTA methodology (Sobral
and Nakama 1988; Maccarini, 1990).

The climate factor was calculated using Thornthwaite’s global humidity index (Im), the
soil moisture regimes (Moscatelli, 1991; Van Wambeke and Scoppa, 1980) and the 16°C
isotherm (Table 2).

El Im (Thornthwaite, 1948; 1955) was obtained from the difference between the annual
water excess (humidity index, Ih) and the deficiencies (aridity index, la) as the result of the
water balance for maximum water storage capacity in soil of 100 mm and its relation with the
potential evapotranspiration (ETP) estimated by Thornthwaite, where Im= (lh-1a)/ETP
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(Castellvi Senti and Castillo, 2001). The value for Im for the area as a whole was obtained from
the average of the value for Im for each area.

Table 2. Conversion of climate characteristics into coefficient H values (Macroclimate condition)
(Maccarini 1990).

Global humidity index Average annual temperature Macro-climate condition
(Im) (°C) (H)
>10 >16 100
10to 0 >16 95
0to-10 >16 90
-10 at ustic/aridic >16 75

2.2. Edaphics factors of the Pl

The edaphic information for the different factors that make up the PI is the following:
drain, alkalinity, salinity, texture, cation-exchange capacity, content of organic matter, current
and potential water and wind erosion. All this data was obtained from soil charts (INTA, 1990).

The PI value was obtained for each taxonomic unit defined at a series level, from the use
of conversion tables (Irigoin, 2011), where each edaphic factor participating in the parametric
equation is classified into categories or ranges with their respective coefficients with values
between 0 and 1 (Sobral et al., 2010, Sobral and Nakama, 1988).

The PI value of the cartographic unit was calculated by weighing the PI values of each
taxonomic unit and in relation to the percentage of area covered by each of them.

The P1 values of the cartographic units were divided into six productive categories: very
high (>80), high (80-66), moderate (65-51), moderately low (50-36), low (35-20) and very low
(<20) (Irigoin, 2011).

3. RESULTS AND DISCUSSION

3.1. Homogeneity Test

According to the Homogeneity Test (SNHT), two of the annual precipitation series
available (Table 3) showed a T value lower than the critical value (Khalig and Quarda, 2007),
and can be considered homogeneous at the level of significance o = 0.05. The other two series
showed T values higher than the critical value and were thus considered non-homogeneous. For
the analysis, the non-homogeneous series were adjusted according to the method proposed by
Alexandersson (1986).

Table 3. Test results of the SNHT applied to annual precipitation series for the Pampa
Arenosa sub-region.

Town/City Shiftyear T Value Adjusted shift year Adjusted T value
Nueve de Julio 1984 7.107

Carlos Casares 2010 4.157

Pehuajo 1935 10.747 * 1954 2.191
Trenque Lauquen 1972 14.080 * 2010 4.647

(* indicates that the T value exceeds 95%).

3.2. Pettitt Test

The shifts in the values of the annual precipitation average according to the Pettitt Test
(Pettitt, 1979) (Table 4) were produced in 1962 and 1965, thus defining the dry scenarios, before
the shift (1918-1962/65) and wet, after the shift (1962/65-2005).
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Table 4. Results after the Pettitt Test for the annual precipitation of the Pampa Arenosa sub-

region.
. . Average annual rainfall (mm) Rainfall increase (%)
Town/Cit Shift
owni-Tty I year Before the shift After the shift

Nueve de Julio 1962 893 16.8
Carlos Casares 1965 787 22.5
Pehuajo 1965 820 19.3
Trenque Lauquen 1962 708 38.3

The average of Nueve de Julio (Figure 1) showed a positive abrupt change, with the
average annual precipitation rising from 893 mm during the 1918-1962 sub-period, to 1043 mm
during the 1963-2011 sub-period.
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Figure 1. Annual precipitation and means for sub-periods in the Nueve de
Julio by Pettitt’s method.

The average of Carlos Casares (Figure 2) showed a positive abrupt change, with the
average annual precipitation rising from 787 mm during the 1918-1965 sub-period, to
964 mm during the 1966-2011 sub-period.
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Figure 2. Annual precipitation and means for sub-periods in the Carlos
Casares by Pettitt’s method.
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The average of Pehuajo (Figure 3) showed a positive abrupt change, with the average
annual precipitation rising from 820 mm during the 1918-1965 sub-period, to 978.2 mm during
the 1966-2011 sub-period.
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Figure 3. Annual precipitation and means for sub-periods in the Pehuajo by Pettitt’s
method

The average of Trenque Lauquen (Figure 4) showed a positive abrupt change, with the
average annual precipitation rising from 708 mm during the 1918-1962 sub-period, to
979.2 mm during the 1963-2011 sub-period.
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Figure 4. Annual precipitation and means for sub-periods in the Trenque Lauquen by
Pettitt’s method.

3.3. Productivity Index
Table 5 shows the productivity indices in the sector of longitudinal dunes in the Pampa
Arenosa sub-region in the province of Buenos Aires, Argentina. In the study area,
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approximately 458,700 hectares have values of productivity index between 65 and 51,
indicating that these lands have some type of permanent limitations for the production of
common crops. On the other hand, these IP values would indicate that the feasible yield to
obtain will correspond between 65 and 50% of the optimum yield for the region (Sobral and
Nakama, 1988). A similar area (460,720 hectares) corresponds to lands of moderately low
productive capacity with IP values of 50-36. These two IP categories represent more than half
of the study area, approximately 54.7%. At the same time, lands with severe and very severe
limitations for agriculture occupy 668,320 hectares with IP values of less than 35.

Table 5. Classification of the lands according to the Productivity Index (PI) for the study
area and for each Town/City, expressed in % of occupation and km?.

Productivity Index (PI)

Town/City Occupation 100-81 80-66 65-51 50-36 35-21  20-0
Nueve de Julio km? 885 623.1 1717.8 2152 1026.2 614.9
% 2.1 145 401 5.0 23.9 144
Carlos Casares km? 0.0 2000 8304 283 9435 516.5
% 0.0 7.9 33.0 11 37.5 20.5
Pehuajé km? 0.0 34 13126 13817 740.6 1081.8
% 0.0 0.1 29.0 30.6 16.4 23.9
Trenque Lauguen km? 0.0 0.0 726.2 2982.0 1340.1 4196
% 0.0 0.0 13.3 54.5 245 7.7
Study area km? 88,5 826.5 4587.0 4607.2 40504 2632.8
% 0.5 4.8 27.3 27.4 241 15.7

According to the PI values for both climate scenarios and their location, we can observe a
shift in the productivity of the land as the consequence of shifts in the climate factor.

The PI weighted average obtained for the period right after the abrupt shift for the Nueve
de Julio area was 48.5, for Carlos Casares was 43.7, for Pehuajé was 39.9 and for Trenque
Lauquen was 46.1 (Figure 5). On the other hand, the PI values for the period before were 39.4,
36.1, 36.9 and 34.4, respectively, according to the transect of these areas, from East to West
(Figure 6).
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Figure 5. Distribution pattern of the classes of productivity index
of the land (P1) for the period after the abrupt shift in the area of
Nueve de Julio (A), Carlos Casares (B), Pehuaj6 (C) and Trenque
Lauquen (D).
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Figure 6. Distribution pattern of the classes of productivity index
of the land (PI) for the period before the abrupt shift in the area of
Nueve de Julio (A), Carlos Casares (B), Pehuaj6 (C) and Trenque
Lauquen (D).

In this way, the land resulted of moderately low productive capacity (50-36), both for the
period after the abrupt shift and for the period before, thus showing that such land has permanent
edaphic limitations for the production of conventional crops. The productivity index is
interpreted as a proportion of the potential maximum yield of the most common crops in the
region, eco-typically adapted, under a determined level of management.

4. CONCLUSION

The Pettitt Test (Pettitt, 1979), applied to the annual precipitation series of the Pampa
Arenosa sub-region, showed that the sub-region had abrupt positive shifts during the second
half of the 20" century. This sub-region was considerably affected by such shifts. Indeed, they
changed from a semi-arid steppe climate (Bs in the Képpen Climate Classification System)
(Kdppen, 1948) during dry phases to a dry-summer subtropical climate (Cw in the Kdppen
classification) during wet phases, which significantly affects agricultural capacity.

It was found that the PI of the lands increased with the rain, reaching its highest value in
the period right after the abrupt shift for all the studied areas. The Trenque Lauquen area was
the area most positively affected by increasing precipitation.
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