The influence of grazing on soil and runoff 
in vegetated erosion-areas of the Central Eastern Alps 
G. Markart (1), B. Kohl (1), R. Starnberger (2) and W. Gallmetzer (3)

(1) Department of Natural Hazards and Alpine Timberline, Federal Research and Training Centre for Forests, Natural Hazards and Landscape (BFW), Rennweg 1 – Hofburg, A-6020 Innsbruck, Austria, (Gerhard.Markart@uibk.ac.at)
(2) GeoVille GmbH, Museumstraße 9-11, A-6020 Innsbruck, Austria
(3) Department of Hydraulic Engineering, Autonomous Province of Bolzano, Cesare Battisti Road 23, I-39100 Bolzano, Italy, (Willigis.Gallmetzer@provinz.bz.it)
Abstract
Impacts of annual short-term grazing by cattle on surface runoff and on physical soil properties have been analyzed on formerly eroded areas, now stabilized by bioengineering methods and on natural grassland at the Tanaser Mountain near Eyrs (Southern Tyrol) at about 2400 m a.s.l.. Grazing did not affect surface runoff at the vegetated plots, mainly due to the high content of coarse material forming a scaffold and also due to the low grazing intensity because of the steepness of the terrain. However, the sample areas on natural grassland, especially those without grazing restrictions over the past decades, showed a high increment in surface runoff from 1999 to 2004. This may be due to the soil conditions prior to the experiments in 2004. In 1999 the experiments were carried out more than one month later than in 2004; consequently drier soil conditions may have limited the infiltration due to hydrophobic effects. In addition, to a certain extent, the increase of runoff is also a consequence of the mechanical impact by grazing.

Introduction and problem
Over centuries extensive grazing resulted in severe erosion at the steep terrain at Tanaser Berg, community of Eyrs, South Tyrol (Italy). In 1979 the Department of Hydraulic Engineering, Autonomous Province of Bolzano initiated a comprehensive program for greening highly eroded slopes above the timberline. Slopes have been vegetated by use of mulch seeding with long straw and were subsequently fenced off from the surrounding pastures. In 1999 the land owners achieved the re-opening of the vegetated plots for grazing (two weeks a year). However, as the impacts on the vegetated land were still unknown, a detailed scientific study over a period of five years was started.
Research area
The south exposed test-site (see fig.1) is located in the Vintschgau, community of Laas (South-Tyrol, Italy). Soils with about 30% silt, 30% sand and low content of clay (2%) have developed on phyllite-gneisses. Erosion at Tanaser Berg is mainly caused by human impact (high grazing pressure) and disturbing the geomorpohological condition. In some sites soil layers of 40-80 cm thickness have been ablated.
Methodical approach

In seven sample areas located between 2200-2400 m a.s.l., torrential rain simulations, using a transportable spray irrigation installation for large plots (50m²), have been performed with precipitation intensities of about 100 mm h-1 in 1999 and 2004. Fig. 2 gives an overview of the experimental setup, the method is also described in Kohl and Markart (2002). Buryable TDR-waveguides have been inserted into the ground for monitoring changes in the soil moisture content during the experiments. 
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Fig.1: Location of the test plots at Tanaser Mountain

Additionally the above-ground biomass and the dead biomass from representative mini plots (30 x 30 cm) have been analyzed and most important soil physical characteristics determined in the laboratory. Florineth und Graiss (2003) give a detailed description of the vegetation characteristics.
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Fig.2: Simulation of torrential rain at plot BF7, size = 50 m², iN = 100 mm h-1
Results
At the four greened plots (BF1-BF4), situated on loose soil, rich in gravel (see table 1) no surface runoff has been observed in 1999. The repetition of the irrigation in 2004 showed a slight increase of ψconst at BF1 (from 0 to 0,05), however not on the other three plots. At BF5, a Carex sempervirens – lawn, with annual short-term grazing, an increase of ψconst from 0 to a value of 0,1 was observed. The most significant increase was noticed at BF6 and BF7, from 0,07 to 0,53 and 0,31, respectively.
Table 1:
Runoff coefficients ψconst (when runoff is constant) on the seven sample areas during the rain simulation experiments in 1999 and 2004.

	Plot No.
	Type of Vegetation
	Land-use
	ψconst

	
	
	
	1999
	2004

	
	
	
	
	

	BF1
	greened
	Annually grazed for 14 days since 1999
	0,002
	0,05

	BF2
	greened
	No grazing 
	0,001
	0,001

	BF3
	greened
	Annually grazed for 14 days since 1999
	0,001
	0,001

	BF4
	greened
	No grazing
	0,001
	0,02

	BF5
	Carex sempervirens - lawn
	Annually grazed for 14 days since 1999
	0,00
	0,1

	BF6
	Carex sempervirens - lawn
	Pasture
	0,07
	0,53

	BF7
	Carex sempervirens - lawn
	Pasture
	0,07
	0,31


Drain pore volume at BF1-BF4 is very high (between 35 and 50 Vol.%), about 35 Vol.% at BF5 (35 Vol.%) and much lower at BF6 and BF7 (about 14 Vol.%).
The volume of the active above-ground biomass was similar in 1999 and 2004, except at BF5 (table 2). At BF1/BF2 and BF5 a higher content of dead biomass (necro-mass) was measured in 1999 than in 2004. Litter content at BF5 and BF6/BF7 increased dramatically in the five years, from 148 g m-² and 256 g m-², respectively, to about 485 g m-². Mosses and lichen only developed on loose soils, rich in skeleton and poor in vegetation cover. With increasing ground cover the volume of Calluna vulgaris (living and dead) increases too.
Table 2:
Distribution of above-ground biomass at three irrigated test-plots in 1999 and 2004 (in g m-²). Data are from harvested lawn-blocks (30 x 30 cm) – extrapolation to larger units is limited.

	Year
	Sample area
	Biomass
	Necro- mass
	Litter
	Mosses + Lichen
	Calluna

	
	
	
	
	
	
	living
	dead

	
	
	
	
	
	
	
	

	1999
	Greened 1981 (BF1/BF2)
	217,6
	589,2
	65,7
	100,0
	0,0
	0,0

	
	Carex sempervirens - lawn, until 1999 no grazing (BF5)
	325,0
	592,2
	148,2
	0,0
	7,4
	56,3

	
	Carex sempervirens - lawn, grazed (BF6/7)
	183,1
	212,1
	256,1
	40,9
	99,8
	45,7

	
	
	
	
	
	
	
	

	2004
	Greened 1981 (BF1/BF2)
	180,7
	193,1
	74,1
	56,4
	0,0
	0,0

	
	Carex sempervirens - lawn, until 1999 no grazing (BF5)
	169,1
	213,3
	486,3
	9,0
	341,6
	279,8

	
	Carex sempervirens - lawn, grazed (BF6/7)
	164,0
	261,0
	484,8
	10,8
	323,8
	174,7


Discussion
The infiltration at the greened plots (BF1-BF4) is mainly influenced by the high content of gravel in the soil. The higher the content of skeleton the higher the potential infiltration rate (Agassi and Levy 1991). In addition, the high skeleton content reduces the effects of mechanical impact (e.g. compaction). Steepness of the terrain and the low ground cover of the greened sites are further reasons for low attractiveness to cattle and low runoff potential.
The slight runoff increase at BF5 in the 2004-experiment may be explained by a downslope wind and wetting repellency caused by accumulated above-ground necro-mass and litter. The 1999 experiments have been conducted in June, the 2004 irrigations at the beginning of August. Antecedent moisture content was much higher in August 2004 than in June 1999 due to weeks of dryness in summer 2004. Waste products cause wetting repellency and a decrease of the infiltration potential and the abstraction time (time period between beginning of precipitation event and start of runoff - Doerr et al. 2003). 
Repellency effects, thatched roof effect caused by high litter content and reduction of drain pore volume due to mechanical impact by cattle, can be considered as the main causes for the increase of surface runoff at BF6 and BF7 from 1999 to 2004. Compaction always reduces drain pore volume at first (Assouline et al. 1997; Schindler 1989). Comparative investigations between sheep-runs and cow paddocks in New Zealand by Drewry et al. (2000) showed that soils with minor mechanical impact by sheep showed higher hydraulic conductivity. Increasing mechanical stress was followed by a significant decrease of macro pore volume. 
The investigations by Florineth and Graiss (2003) at Tanaser Mountain showed that controlled pasturing did not result in negative consequences on frequency of plant species. But Florineth and Graiss observed a significant reduction of groundcover – a fact which may trigger erosion process in torrential rain (Scherrer and Naef 2003). 

Final conclusions
The greened plots BF1-BF4, on soils rich in skeleton, did not show negative changes of runoff behavior between 1999 and 2004. Many of the loose stones at these sample areas are kept stable by the sparse vegetation cover. Therefore it is recommended that grazing within the greened fenced area is reduced to a minimum to prevent mechanical loading on the upper soil, the loosening of skeleton and subsequent initial erosion.
In the case of continuous pasturing, runoff behavior of near nature grassland at BF5 will become similar to the runoff behavior of BF6 and BF7, i.e. higher surface runoff in torrential rain must be expected from the Carex sempervirens lawns. Due to the steep terrain surface runoff will concentrate within a few meters (Auerswald 1992, Kohl 2010), this will result in a higher erosion potential of the underlying greened areas.
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