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INTRODUCTION

The semiarid Prosopis caldenia woodlands of San Luis, Central Argentina, have been incorporated into intensive agriculture and livestock operations that involve highly-productive perennial pastures and annual forage crops. Native woodlands remain as fragmented relicts forming a complex landscape pattern of rangelands, croplands and cultivated pastures. The study area of 6,000 km2 is economically important in terms of agriculture and animal production. Pristine woodlands are disappearing at sustained rates. As a result of incorrect management practices, lands have been degraded resulting in C and N losses, reduction of fertility, and soil erosion. There is no available study on the consequences of land use changes in this ecosystem. Furthermore, evaluation of soil recovery after cultivation is badly needed, as an aid for monitoring and evaluation of soil management and conservation practices.

Many soil parameters are modified following land use changes: soil organic matter (Burke et al. 1997), total N and organic C (Ihori et al. 1995; Koerner et al. 1997), microbial variables (Follet and Schimel 1989), soil structure (Ladd et al. 1996) and soil enzyme activities (García Alvarez and Ibañez 1994). Microbial biomass C seems to be a very good indicator (Martens 1995) to monitor those changes. Differences based on presence and absence of woody-plants have been documented in aridlands (Burke 1989). In Prosopis woodlands, total N, organic C, microbial biomass C are currently determined by microsite type: under or outside the tree canopy (Mazzarino et al. 1991; Aguilera et al. 1997).

We investigated microbial processes associated with soil organic matter and their relationships with soil aggregation as an aid to evaluate land use effects. Our hypotheses were: (a) biogeochemical shifts associated with cultivation in this former Prosopis-woodland must include reductions of soil organic carbon (SOC) and depression of soil microbial processes, (b) pastures of perennial grasses may recover SOC via sustained high soil microbial activity, and (c) soil microbial variables should be related to aggregation. 

MATERIALS AND METHODS

The study area corresponds to the San Luis Experimental Station of INTA (National Institute for Agro-Technology). We divided the area in two distinct sites: lowlands and uplands. The whole area belongs to a former Prosopis caldenia woodland. Paddocks have remained with the same land use at least for the last 10 years. For each site, paddocks with native woodlands, perennial pastures of weeping lovegrass (Eragrostis curvula) and cultivated annual rye crops (Secale cereale) were evaluated. Five composite soil cores of ten cylinders 10-cm depth were obtained on 3 October 1997, at the beginning of the growing season, when temperature and moisture are favorable for microbial processes. In this site, mineralization rates have been found to be at a maximum at October (Aguilera and Cortés 1998). Native woodlands were sampled under and outside the influence of Prosopis-canopies (N=40; 5 replicates x 2 sites x 4 land uses [U=under Prosopis; B=between Prosopis; E=pastures of Eragrostis; S=crops of Secale]). 

We measured SOC by a micro-method of the Walkley-Black procedure, microbial biomass carbon (MBC) by the fumigation-extraction method, soil respiration (RESP) by measurement of CO2-evolution in an alkali trap and calculated the ratio MBC/ SOC expressed as percent. Size distributions of the dry aggregates were calculated by laser diffraction of the dry samples using a Malvern Mastersizer S, with the Free-Fall Dry module. Soil samples were previously sieved to pass a 4-mmm screen. Textural analysis was performed in a Mastersizer Micro using water as dispersant and sonication and also by the traditional pipette method.

Analysis of variance were performed with site and land-use as factors. Means were separated according to Tukey's test. Pearson correlation coefficients were calculated between mean land-use values (MBC, RESP) and average percent dry-aggregates > 1000 (m.

RESULTS AND DISCUSSION

Average SOC was relatively low (< 1%) across all land-use types in this ustipsament soil. Under Prosopis trees, SOC was higher than between Prosopis and Eragrostis pastures (Figure 1). Secale crops had the lowest value (SOC=0.42 %). In this semiarid site, the soil beneath trees is the most important reservoir of soil carbon. Deforestation results in SOC-losses that are related to the original tree density. When perennial grasses dominate (native grasses between Prosopis, and introduced grasses in Eragrostis pastures), SOC achieved intermediate levels. Uplands showed less SOC than lowlands, and a significant interaction between site*land use suggested that differences between sites were important under Prosopis and Eragrostis pastures. 


Land-use affected the microbial activity expressed as RESP. Secale crops ranked lowest (RESP=11.1 (g.g-1.d-1). MBC showed also Secale crops as the lowest, and Eragrostis pastures as the highest. Native woodlands, regardless tree location, were intermediate. Neither site nor site*use were significant. The high SOC reservoir under trees determined the lowest ratio MBC/SOC.  Eragrostis pastures showed a rather important microbial activity. The ratio which indicates changes in SOC dynamics (Sparling 1992), showed that Eragrostis pastures have the potential to restore soil attributes after cultivation of former woodlands. Perennial pastures of Eragrostis curvula have shown increases in SOC (Demmi et al. 1986).

Table 1.-  Percent distribution of soil particles and dry-aggregates for native woodlands (between and under Prosopis-trees), annual crops (Secale cereale), and perennial pastures (Eragrostis curvula). Columns indicate percent distribution (classes < 250 (m and >1000 (m) using a: Malvern Mastersizer S (S),  textural analysis by the pipette method (P), and textural analysis by a Mastersizer Micro (M). Letters indicate significantly different groups (P<0.05) according to Tukey's test.

	LAND USE
	%<250 (m

(S)
	%<250 (m

(P)
	%<250 (m 

(M)
	%>1000 (m 

(S)
	%>1000 (m (P)

	Between Prosopis 
	79.0  (b)
	96.5
	98.4
	  8.8 (ab)
	0.3

	Under Prosopis
	83.5 (ab)
	96.5
	98.4
	12.7  (a)
	0.3

	Secale cereale
	85.7  (a)
	96.5
	98.0
	 5.5  (b)
	0.3

	Eragrostis curvula
	79.7 (ab)
	96.5
	98.5
	10.8 (ab)
	0.3
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Figure 1.- Soil organic carbon (SOC), CO2 respired (RESP), microbial biomass carbon (MBC), and percent MBC/SOC for land-use types in former woodlands of Prosopis (Solid bars=lowlands; open bars=uplands). Letters indicate significantly different groups (P<0.05) according to Tukey's test. (U=under canopies of Prosopis; B=between canopies of Prosopis; E=pastures of Eragrostis; S=crops of Secale). 


Particle distributions showed significant differences among land uses only for < 250(m- and > 1000(m-size classes (Table 1). Textural analyses either by pipette or laser diffraction were similar among sites or land uses. Differences between size determinations of dry samples (S) and dispersed samples (P and M) are due to the degree of aggregation of the soil particles. Mean comparisons of > 1000(m-aggregates, discounting the negligible proportion of coarse-sand (P), ranked Secale crops with the least aggregation and soil under Prosopis the highest. Native grasses (between Prosopis) and cultivated grasses (Eragrostis pastures) showed intermediate values.

The degree of aggregation was correlated to the MBC (P<0.01) and RESP (P<0.06) (Figure 2). Consequently, soil microbial variables were positively associated with soil structure. Soil microbial variables may be useful to describe soil organic matter dynamics, resulting in an early sign for amelioration of soil characteristics after deforestation. 

ACKNOWLEDGEMENTS


This work was supported by funding of INTA-PEI 87-032 "Ecología y Manejo de Ecosistemas de Pastizal en la Región Semiárida y Arida Central" and 580-201 "Sustentabilidad de Agroecosistemas en San Luis". This research was developed as part of the "Programa de Cooperación Científica con Iberoamérica" (CSIC-INTA). We thank Sergio Sayavedra for assistance in the laboratory. Avelino García Alvarez and Agustín Sánchez López provided support for manuscript preparation and aggregation analysis in Spain. Carlos Starker from CAS Instrumental SRL (Argentina) graciously provided texture analysis using a Mastersizer Micro.

[image: image2.emf]0

10

20

30

U B E S

RESP (ug.g

-1

.d

-1

)

a

ab

a

 b

site ns

use 0.007

site*use ns

0

50

100

U B E S

MBC (ug.g

-1

)

b

b

a

c

site ns

use 0.04

site*use ns

0.0

0.5

1.0

1.5

U B E S

SOC (g%)

a

b b

c

site 0.001

use 0.001

site*use 0.01

0.0

0.5

1.0

1.5

U B E S

MBC / SOC %

b

ab

a a

site 0.05

use 0.002

site*use ns

 

Figure 2.-  Pearson correlation coefficients for  the variables microbial biomass carbon (MBC) and soil respiration (RESP) and percent aggregates estimated by laser diffraction using  a Malvern Mastersizer S.
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