
Tento projekt je spolufinancován Evropským sociálním fondem a Státním rozpočtem ČR InoBio – CZ.1.07/2.2.00/28.0018 



Universität für Bodenkultur Wien 

Department für Wald- und Boden-

wissenschaften 

Lecture Mendel University 2013    I    Univ. Prof. DI. Dr.H:Hager 14.12.2013 1 

Influences of Forest Management 

upon Water Quality 

 

 
Univ.Prof.i.R. DI Dr. Herbert Hager 

Institute of Forest Ecology 

Universität für Bodenkultur, Wien  
 

 

 



Universität für Bodenkultur Wien 

Department für Wald- und Boden-

wissenschaften 

Lecture Mendel University 2013    I    Univ. Prof. DI. Dr.H:Hager 14.12.2013 2 

Forest Managment & Water quality 

 
 

Water quality: What is water quality? 

 Several aspects: physical WQ (temperature, conductivity, turbitity…) 

    chemical WQ (disolved ions, DOC, DON…)  

    microbial WQ (content of microorganisms.. For  

     example Escherichia coli etc.) 

Concentrate on „chemical WQ“ , highlight with case studies 

But first: Consider forest soil as puffer storage and transformer 
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Forest Managment & Water quality 

 introduction cont. 

Influence of forest vegetation on WQ: 

 direct influences: turnover, root zone, N-fixing, 

 vegetation of forest floor 

 indirect influences: deposition from atmosphere, forest 

 pests 

Forest managment as factor of influence 

 fertilization, clearcutting, site preparation, herbicides 

 and pesticides etc. 

Summarizing 
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General considerations: Soils and Ecosystem 

Processes and Biogeochemistry 

Soils: act as buffer and transformator for ionic compounds 

which travel  with the water through forest ecosystems 

Soils: the reaction and these functions may depend on depth, 

texture, buffer range, mineralogy and other chemical properties 

Ecosystem processes and biogeochemistry in forest sites are 

further determining factors 

Speeding up of nutrient cycles, depostion of trace constituents 

from the atmosphere and N-transformation may play an 

important role  
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General considerations: Soils and chemical loads 
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Acidification of forest ecosystem 

processes 

Growth beech 
Growth spruce 
Wood production 
Beech sawlog 
Spruce sawlog 
Spruce full tree 
Energy plantation 
Litter erosion 
Change bee to spr 
Litter rakeing 
Acid deposition 
Protons  
Amon-N 
Pasture (milk) 
Pasture (meat) 
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Species selection: conversion to conifersacidif. 
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Species selection: conversion to conifersacidif. 
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Species selection: conversion to conifersloss of 

rooting and NO3 leaching 

NO3 in seepage water  

77-year old spruce stand 

after mixed hardwood 

compared with beech old 

growth (Kreutzer et al. 

1986)  

Deposition of N in spruce 
         in beech 
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Ecosystem processes: Break down of groundvegetation 
Allium ursinum dynamic in European beech forest; Jandl,1992 
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Ecosystem processes: Break down of groundvegetation 
Allium ursinum dynamic in European beech forest; Jandl,1992 
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N-fixing tree species  
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Ecosystem processes: nitrogen fixing tree species 
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Indirect Influences: Depostion from 

the atmosphere 

How stand properties:  

e.g. height and density may 

influence depostion of 

atmospheric trace 

constituents 

deposition velocity is a 

function of zo 
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Indirect Influences: Depostion from 

the atmosphere 
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Indirect Influences: Depostion from 

the atmosphere 

Weekly deposition of N in 

the vicinity of chicken 

stalls (Sieghardt&Hager, 

1992) 

Upper part: open field 

Lower part: spruce forest 
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Indirect Influences: Depostion from 

the atmosphere 

Weekly deposition of N in 

the vicinity of chicken 

stalls (Sieghardt&Hager, 

1992) 

Upper part: open field 

Lower part: spruce forest 
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Indirect Influences: Depostion from 

the atmosphere 

Soil water under high 

deposition of N in the 

vicinity of chicken stalls 

(Sieghardt&Hager, 1992) 

N tot 

NO3 
NH4 
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Indirect Influences: Depostion from 

the atmosphere 

Soil water under high 

deposition of N in the 

vicinity of chicken stalls 

(Sieghardt&Hager, 1992) 

K Ca 

Mg Al 
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Indirect influences: pest outbreak 
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Influences of management: Lime application 

4t/ha of dolomite 

applied 

In 7 years: 7.2t/ha 

of humus and 

170kg/ha N lost  
From Kreutzer 1995 
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Fertilizer treatments 

Jul Aug Sep Oct Nov Apr May Jun Jul Aug Sep Oct

1991 1992

0

50

100
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250

NPK

NPK+ BIOMAG

BACTOSOL

CONTROL
BACTOSOL

+ BIOMAG

Nitrate in 

soil solution

(60 cm depth)

Forest revitalization trial Viehberg
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Harvesting and Clearcutting:Bormann&Likens (1979); 

Hubbard Brook Experimental Forest (HBEF) 
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Harvesting and Clearcutting:Bormann&Likens (1979); 

Hubbard Brook Experimental Forest (HBEF) 

Average annual loss 

or gain of nutrient 

elements in treated 

(W2) and untreated 

(W6) forested 

watershed HBEF 

W2 clearcut and 

herbicide 
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Different methods of site preparation 

after Rehfuess (1981)  

Corg and N stores 

A = Pine old growth 

U = 9yr old Pine + 

herbicide 

F = rototilling 

V = deep plowing 

C N 
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NO3 in river and spring water vs. 

Soil leachate (Balazs, 1992) 

from  6 watershed 

studies in Hessia 

(Germany) 
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Forest management and suspended 

sediment (Fredericsen et al., 1975) 

Clearcut and roads vs slope 

inclination in watershed 

25% clearcut plus roads 

100% clearcuts 

100% clearcut plus roads  

undisturbed 
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Forest management and suspended 

sediment (Stott et al., 2001) 

Numerous are the studies on sediment yield  

and logging operations: for example (see below) 
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Forest management and suspended 

sediment (Mcdonald et al., 2003) 

Logging operations 

increase TSS but 

precautions can make a 

difference   BMP 
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Agrochemicals in forestry and agriculture 

with the USA after Norris (1991) 

 Total use (1000t/yr)  use per unit area(kg/km2*yr) 

  AGR     FOR   AGR   FOR 

Insecticide 138924       71     90.3  0.092 

Herbicide 202030     169   131.4  0.220 

Fungicide   22700         9     14.8  0.011 
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Summarizing water quality 

 Soils and site factors very important (puffer range, CEC 

cation content, minerals for weathering) 

 Tree species selection, especially conifers 

acidification >>load, nutrient cycling, rooting depth 

“nutrient pump“ 

 N-fixing tree species similar to N-input from atmosphere 

 Acidogenic atmospheric input >> also chemical loads  

 Ecosystem predisposition, instability 
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Summarizing water quality(cont.) 

 Mobilizing compartments in the forest ecosystem 
>>chem. load 
 e.g. fertilizing, limeing, pest outbreak, die back, site 

preparation 
 lost rooting depth (Kreutzer et al. 1986, conversion) 
 Clearcutting or slash & burn 

 Climatic caused nitrification bursts (Matzner, 1993) 
 Last not least: denitrification may ameliorate NO3 in 

springs 
 Logging and roading can increase TSS but BMP! 
 Little use of agrochemicals  forest yield good water 
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