
G.J. Heij and J.W. Erisman (Editors). Acid Rain Research: Do we have enough answers ? 
�9 1995 Elsevier Science BV. All rights reserved. 293 

Evaluation; integration 

H.F. van Dobben 

DLO Institute for Forest and Nature Research, P.O.B. 23, 

Wageningen, Netherlands 

6700 AA 

Introduction 
Since the early 1980s the ecological effects of atmospheric deposition have 

become the subject of intense research activities. In this research the main 

focus of interest was forest, with emphasis on soil chemistry and tree physio- 

logy. The choice for this subject was primarily inspired by the work of Ulrich 

and co-workers (Ulrich et al. 1979, Ulrich 1983). Their publications resulted in a 

broad public concern over forest decline, in analogy with the fish decline in 

lakes and streams, which was a known result of acid deposition. Van Breemen 

et al. (1982) observed a nearly complete nitrification of atmospheric ammonia 

in acid forest soil, resulting in an internal generation of acidity. This publication 

strongly stimulated research in the field of forest soil chemistry. The past 

decade of research has unequivocally shown a strong relationship between 

atmospheric deposition and a large number of biological and chemical 

changes in forest ecosystems. These deposition-related changes are de- 

scribed in detail in the preceding papers. Some of the highlights are summa- 
rized below for the two main topics: the soil and the trees. 

Effects of atmospheric deposition on forest soil 
The most important results can be summarized in three points: 

In spite of the high deposition, nitrogen is still largely retained in most forest 
soils; for sulphur, however, leaching equals deposition (De Vries 1994). In 

Dutch forests, soil solution is dominated by SO4, NO3 and AI. Absolute 

concentrations of these ions strongly depend upon the tree species, and 

decrease in the order spruce forest (Norway spruce, Douglas fir) > pine forest 

(Scots pine, black pine) > deciduous forest (oak, beech). Leaching of NH4 
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hardly occurs; if nitrogen is leached this is in the form of NO3, which may be 

partly derived from atmospheric ammonia through nitrification. If net nitrification 

occurs (i.e., if the leaching of NO3 exceeds the deposition of NOx), acidity is 
generated internally. 

The deposited or generated acidity is largely buffered by the release of AI from 
secondary AI-compounds (Van Breemen et al. 1982; De Vries 1994). This 

buffer mechanism has two important implications. Firstly, a strong drop in pH 

may be expected if the store of secondary AI-compounds becomes exhausted. 

For some Dutch forest soils this may be the case within a few decades (see De 

Vries et al. 1995 for further discussion). Secondly, phytotoxic effects of AI may 

be expected. Critical levels of AI in soil solution for the occurrence of such 

effects have often been stated as AI/Ca = 1 (relative) or AI = 0.2 mmolc.m-3 

(absolute) (De Vries & Heij 1991). 

Atmospheric deposition of nitrogen compounds leads to a strong increase in 
the amount of plant-available N. A good quantification is lacking, but changes in 

both the physiology of trees (Steingr5ver & Jans 1995), and in the species 

composition of understorey vegetation (De Vries et al. 1995) indirectly show the 

importance of this effect. 

There are a few general comments to be made. 

(1) deposition of ammonia is often stated as an important source of acidity in 

forest soil. It should however be stressed that in the present situation in The 

Netherlands, the contribution of SO2 to soil acidification exceeds the contri- 

bution of NH3, due to the large retention of N in the soil/vegetation system (De 

Vries 1994). The relative importance of atmospheric compounds may however 

change in the future, depending upon the success of various abatement 

measures. 
(2) These is still a large uncertainty about the phytotoxic effect of AI. The critical 

levels for AI in soil solution (and, consequently, the critical loads for acid) are 

based on model calculations and laboratory observations (De Vries & Kros 

1991; Sverdrup & Warfvinge 1993). However, in a recent field survey no direct 

relation was found between AI concentration and tree vitality (Hendriks et al. 

1994), and the kinetic model approach has also been criticized (HSgberg & 

Jens~n 1994). In laboratory experiments with herbaceous species the critical 
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levels for AI (both absolute and relative) far exceeded the above-stated values 
of N/Ca = 1 or AI = 0.2 mmolc.m-3 (Pegtel 1987, Kroeze et al. 1989, Van 

Dobben 1991). 

Effects of atmospheric deposition on tree physiology 
Good knowledge exists concerning deposition-related changes in leaf and 

needle nutrient concentration in Dutch forests (Van den Burg & Kiewit 1989). 

However, there is considerable uncertainty about other effects of deposition on 

tree physiology. The most important known effects are summarized below. 

Leaf and needle N concentrations are generally high (often exceeding the 

concentrations considered optimal for biomass increment), and base cation 

and P concentrations are low (often approaching or exceeding deficiency 

levels) (Hendriks et al. 1994). The low base cation levels are often ascribed to 
interference of AI or NH4 with uptake (Roelofs 1991). Again, the relation with 

tree vitality is unclear. In the field survey mentioned earlier (Hendriks et al. 

1994) vitality appeared to be only weakly correlated with leaf and needle N and 

P concentration. 

During the past few decades, forest growth has strongly increased over large 

parts of Europe. A high production was noted at the Speuld monitoring site 

(SteingrSver & Jans 1995). Survey studies based on tree-ring analyses indicate 

a 20-50% increase of forest production since c. 1950 (Kenk & Fisher 1988, 

Becker et al. 1994). This increase is usually ascribed to a higher availability of N 

through atmospheric deposition, although some authors state increased 

atmospheric CO2 as a possible cause. At the Speuld site the increase in 

growth was accompanied by a strong increase in needle to fine root ratio 

(SteingrSver & Jans 1995). This is probably a general phenomenon, which 
might increase the drought sensitivity of trees. A strong increase in productivity 

and concomitant increase in shoot/root ratio as a result of NH3 deposition was 

also shown for some herbaceous species (Van Dobben 1991). 

Very high levels of NH3 deposition or concentration (> c. 50 kg N ha-l.y -1 or 

> c. 10 #g.m-3 NH3) probably result in a reduction of tree growth, at least for 

Pinus sylvestris. This was shown in both laboratory (fumigation) experiments 
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(Steingr6ver et al. 1995) and in field (fertilization) experiments (Tamm & 

Popovic 1995). Negative effects of NH3 on tree growth may be enhanced in the 

presence of 03 (Steingr6ver et al. 1995). 

For most tree species there is no significant trend in vitality in The Nether~ands 

since 1984 (Hilgen 1994). As stated above, the hypothesized relations between 

loss of vitality (defined as defoliation or discolouration) and soil chemistry 

(acidification or high AI or NH4 concentrations) could not be confirmed in the 

field. 

Critical levels and critical loads 

The relation of some of the above-described phenomena with atmospheric 

deposition (of acidity, nitrogen, or both) is now well understood and in some 

cases quantitatively well described. The known quantitative relations have in 

turn led to the formulation of critical loads and critical levels, which have 

become important tools for policy makers (De Vries & Kros 1991). However, 

critical values are based on chemical or physiological criteria, and not on 

observed visible effects in the field. In general, it seems that up to now 

researchers have failed to confirm the hypothesized relationship between 

atmospheric deposition and forest decline (or, in particular, tree vitality) in the 

field. Therefore critical levels and critical loads must be considered as best 

guesses according to the present state of knowledge, of concentration or 

deposition values where the risk of ecological effects is reduced to an accep- 

table level. For a discussion of the differences in philosophy underlying critical 

levels and critical loads the reader is referred to Van der Eerden (1995). 

The apparent absence of a simple and direct link between abiotic parameters 

and vitality has gradually caused a shift in research focus towards combina- 

tions of atmospheric deposition and other abiotic or biotic factors (see Van der 

Eerden 1995). However, the study of such combination stresses is a difficult 

one, be it only because the number of possible combinations tends to multiply 

explosively. 
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Table 1: Overview of changes in non-forest ecosystems in The Netherlands (including non-tree components of 
forests) that are partly or completely ascribed to atmospheric deposition. 

ecosystem effect 

soft water 

heathland 

chalk 
grassland 

pine forest 

epiphytic 
lichens 

wet oligo- 
trophic 
grassland 

alder swamp 

dune 
grassland 

floating 
rich-fen 

various 
pioneer 
communities 

extinction of many diatom 
spp., dominance of a few spp. 

decline of isoetid spp., 
increase of submerged mosses 

decline of amphibians, hampered 
reproduction 

replacement of Calluna and 
Erica by grasses 

decline of rare spp. 

decrease in species richness, 
dominance of Brachypodium 

extinction of terrestrial lichens, 
increase of grasses 

decline of mycorrhiza- 
forming fungi 

hampered reproduction of 
great tit 

extinction of many spp. 

change in dominance of spp. 

strong decline 

strong decline of charac- 
teristic spp. in undergrowth 

decline of lichens, 
increase of grasses 

change in dominance of 
moss spp. 

strong decline 

cause source 

acidification 

acidification, 
eutrophication 

acidification 

eutrophication 

acidification 
(eutrophication) 

eutrophication 

eutrophication 

eutrophication, 
(acidification?) 

acidification 

SO 2 toxicity 

acidification 

eutrophication, 
(acidification?), 
desiccation, 
reclamation 

eutrophication, 
desiccation 

eutrophication 

acidification 

eutrophication 

Van Dam et al. (1981), 
Van Dobben et al. (1992) 

Roelofs (1983), 
Arts (1990) 

Leuven et al. (1986), 
Van Dam & Buskens (1993) 

Aerts et al. (1990) 
Berdowski (1987), 

Van Dobben (1991), 
Houdijk et al. (1993) 

Bobbink & Willems (1987), 
Bobbink (1989) 

De Vries (1982), 
Van Dobben et al. (1994) 

Jansen & Van Dobben (1987), 
Arnolds & Jansen (1992) 

Graveland et al. (1994) 

De Wit (1976), 
Van Dobben (1993) 

Horsthuis & 
Schaminee (1993), 
Bink et al. (1994) 

Bink et al. (1994) 

Veer et al. (1993) 

Kooyman (1993a,b), 
Van Wirdum (1993) 

Bink et al. (1994) 
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Non-forest ecosystems 
Research into the ecological effects of atmospheric deposition was not 

completely restricted to forests; other (semi-)natural ecosystems have also 

been the subject of study. Surprisingly, clear effects of atmospheric deposition 

on presence or vitality of organisms in non-forest ecosystems are claimed by a 

great number of authors, and for a highly diverse group of ecosystems, despite 

a significantly lower research effort. These ecosystems include freshwater 

(both plankton and macrophytes), cryptogamic epiphytes, heathland, coastal 

and inland dunes, but also forest undergrowth. Effects on animals have been 

reported as well, e.g. on amphibians and birds, besides the well-known fish 

decline. These effects are treated in detail by e.g. Cals et al. (1993), Bink et al. 

(1994) or Bobbink & Roelofs (1995), and are summarized in Table 1. In some 

of these cases, field observations are supported by experimental results, both 

from field (manipulation) and laboratory studies. In the terrestrial environment 

the latter is especially true for the heathland ecosystem (Aerts & Berendse 

1989, Van Dobben 1991, Houdijk 1993). 

Comparison of forest and non-forest ecosystems 
We might wonder to what extent the insight gained in the study of non-forest 

ecosystems could also be applicable to forests. In general, two mechanisms 

seem to underlie the field effects of atmospheric deposition: (a) intolerance to 

acidification, and (b) differential growth response of species to nitrogen 

enrichment, resulting in competitive displacement. Now the most intensively 

studied forest trees generally belong to acid-resistent species (most conifers, 

oak, beech etc.); and inter-species competition is either absent (in mono- 

cultures) or only effective on a very long time-scale (possibly longer than one 

rotation period). Still, some of the processes shown in lower vegetation might 

also be effective in forests. This can be made clear with an example. Common 

heather, Calluna vulgaris, is a woody and long-living species (like forest trees), 

but by the simple fact of its lower stature, lends itself better for an experimental 

approach (Hell 1984, Berdowski 1987, Van Dobben 1991). The results of field 

and experimental work clone with this species are summarized below. 
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An example: Calluna 
Calluna appeared to be highly resistent to both high SO2 concentrations and 
low soil pH. In monoculture, a high availability of nitrogen (either as dissolved 

NH4 or as gaseous NH3) initially leads to a strongly enhanced growth. 

However, under high levels of atmospheric deposition, several mechanisms 

cause trouble for this species in the long run: 

(1) an increased shoot/root ratio decreases its drought tolerance; 

(2) an increased amino acid content increases its palatability for plague insects; 
(3) a decreased sugar content decreases its frost hardiness. 

In general, the species becomes more susceptible to various stress factors, 

which will ultimately lead to its replacement by grasses which are more 

competitive in a nitrogen-rich environment. 

It is tempting to transfer this mechanism directly to forest trees. Both the 

enhanced growth, the change in shoot/root ratio and the increase in amino 

acid content have also been shown there. There is little reason to suppose that 

the enhanced susceptibility for plagues or extreme weather conditions found 

for Calluna is absent in trees. Increased sensitivity to frost and fungal infections 

has in fact been shown in some cases (Aronsson 1980, Van Dijk et al. 1992). 

The analogy with lower vegetation may therefore be considered as a warning 

signal for the forest (De Visser 1994). If this analogy is true, strong effects have 

not occurred hitherto in forest trees because of (a) the absence of inter-species 

competition, and (b) a long response period. 

Conclusion 
The above warning signal was derived from the physiological response of the 

trees to atmospheric deposition. However, some of the effects on other forest 

components than the trees may be considered as warning signals indicating a 

tendency towards destabilization of the forest ecosystem as a whole. The most 

apparent of these signals are (a) the depletion of soil buffer substances, in 

particular AI, (b) the increase of ruderal species in undergrowth, and (c) the 

decline of mycorrhiza-forming fungi. 
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The relation between the above changes and tree vitality is still unclear. 

However, each has a possible link with tree vitality. Aluminium is phytotoxic, but 

also serves as a buffer that protects forest soils from a dramatic drop in pH. 

Forest undergrowth may be an important sink for nutrients (Mugasha & Pluth 

1994, Melin et al. 1983) but it may also hamper rejuvenation of trees (Wagner 

1994). Mycorrhiza fungi are important for water and nutrient uptake by trees. 

Changes in these factors show us that the forest is at risk, and at any given 

moment large changes might be triggered by some secondary factor. Such 

changes could be comparable to the changes observed in the ecosystems 

summed up in Table 1, and might therefore include a decline of the dominant 

species (i.e., forest dieback). It is clear that this risk will become larger as the 

magnitude and duration of critical load exceedence increases. On the other 

hand manipulation experiments (Boxman et al. 1995) have shown that at least 

some of the parameters that are now at 'danger' levels may rapidly return to 

'safe' levels if deposition drops below the critical load. 

Acknowledgements: Thanks are due to E. Steingr~ver and W. de Vries for helpful comments on an earlier version of 
the manuscript. 



301 

R e f e r e n c e s  

Aerts, R, Berendse, F. 1989. Above-ground nutrient turnover and net primary production of an 
evergreen and a deciduous species in a heathland ecosystem. Journal of Ecology 
77:343-356. 

Aerts, R, Berendse, F, de Caluwe, H, Schmitz, M. 1990. Competition in heathland along an 
experimental gradient of nutrient availability. Oikos 57:310-318. 

Arnolds, E J M, Jansen, A E. 1992. New evidence for changes in the macromycete flora of The 
Netherlands. Nova Hedwigia 55:325-351. 

Aronsson, A. 1980. Frost hardiness in Scots pine (Pinus sylvestris L.) I1: hardiness during winter 
and spring in young trees of different mineral nutrient status. Studia Forestalia Suecica 
155:1-27. 

Arts, G. 1990. Deterioration of atlantic soft water systems and their flora, a historical account. 
Diss., Nijmegen, 197 p. 

Becker, M, Bert, G D, Bouchon, J, Picard, J-F, Ulrich, E. 1994. Tendences & long terme 
observ(~es dans las croissance de divers feuillus et r~sineux du nord-est de la France depuis 
le milieu du 19e si~cle. Revue Foresti~.re Fran(;aise 56:355-341. 

Berdowski, J J M. 1987. The catastrophic death of Calluna vulgaris in Dutch heathland. Diss., 
Utrecht, 132 p. 

Bink, R J, Bal, D, van dan Berk, V M, Draaijer, L J. 1994. Toestand van de natuur 2. Rapport 
IKC-NBLF 4:246 p. Wageningen. 

Bobbink, R. 1989. Brachypodium pinnatum and the species diversity in chalk grassland. Diss., 
Utrecht, 141 p. 

Bobbink, R, Willems, J H. 1987. Increasing dominance of Brachypodium pinnatum (L) Beau in 
chalk grasslands: a threat to species-rich ecosystems. Biological Conservation 40:301-314. 

Bobbink, R, Roelofs, J G M. 1995. Ecological effects of atmospheric deposition on non-forest 
ecosystems in Western Europe. In: J-W Erisman, G J Heij & T Schneider (eds.): Proceedings 
Speciality Conference Acid Rain Research: Do we have enough answers? October 10-12, 
1994, 's-Hertogenbosch, Netherlands. 

Boxman, A W, De Visser, P H B, Roelofs, J G M. 1995. Experimental manipulations: forest 
ecosystem responses to changes in water, nutrients and atmospheric loads. In: J-W 
Erisman, G J Heij & T Schneider (eds.)" Proceedings Speciality Conference Acid Rain 
Research: Do we have enough answers? October 10-12, 1994, 's-Hertogenbosch, 
Netherlands. 

Cals, M, de Graaf, M, Roelofs, J. 1993. Effectgerichte maatregelen tegen verzuring en 
eutrofi~ring in natuurterreinen, 188 p. Vakgroep Oecologie KUN / Directie NBLF Ministerie 
van L, N en V. 

De Visser, P H B. 1994. Growth and nutrition of Douglas fir, Scots pine and pedunculate oak in 
relation to soil acidification. Diss., Wageningen, 185 p + app. 

De Vries, I M. 1982. De invIoed van luchtverontreiniging / zure neerslag op hogere planten. 
Rapport RU Utrecht / RIN Leersum :180 p + bijl. 

De Vries, W. 1994. Soil response to acid deposition at different regional scales: field and 
laboratory data, critical loads and model predictions. Diss., Wageningen, 487 p. 

De Vries, W, Heij, G J. 1991. Critical loads and critical levels for the environmental effects of air 
pollutants. In: G J Heij & T Schneider (eds.): Acidification Research in The Netherlands: final 
report on the Dutch Priority Programme on acidification, 205-214. Elsevier, Amsterdam. 

De Vries, W, Kros, J. 1991. Assessment of critical loads and the impact of deposition scenarios 
by steady state and dynamic soil acidification models. In: G J Heij & T Schneider (eds.): 
Acidification Research in The Netherlands, final report of the Dutch Priority Programme on 
acidification, 569-624. Elsevier, Amsterdam. 

De Vries, W, Leeters, E E J M, Hendriks, C M A, Van Dobben, H F, Van den Burg, J, Boumans, L 
J M. 1995. Large scale impacts of acid deposition on forests and forest soils in The 
Netherlands. In: J-W Erisman, G J Heij & T Schneider (eds.): Proceedings Speciality 
Conference Acid Rain Research: Do we have enough answers? October 10-12, 1994, 
's-Hertogenbosch, Netherlands. 



302 

De Wit, A. 1976. Epiphytic lichens and air pollution in The Netherlands. Bibliotheca Licheno- 
Iogica 5:115 p. + ann. Cramer, Vaduz. 

Graveland, J, Van der Wal, R, Van Balen, J H, Van Noordwijk, A J. 1994. Poor reproduction in 
forest passerines from decline of snail abundance on acidified soils. Nature 368:446-448. 

Heil, G. 1984. Nutrients and the species composition of heathland. Diss., Utrecht, 139 p. 
Hendriks, C M A, de Vries, W, Van den Burg, J. 1994. Effects of acid deposition on 150 forest 

stands in The Netherlands. Report DLO Winand Staring Centre 69.2:55 p. Wageningen. 
Hilgen, P R. 1994. De vitaliteit van het Nededandse bos 12: Verslag van de landelijke inventari- 

satie in 1994. Rapport IKC-N 10:41 p. Wageningen. 
Horsthuis, M A P, Schaminee, J H J. 1993. Verspreiding en ecologische spectra van 24 

plantengemeenschappen in Nederland. IBN Rapport 021:170 p. Wageningen. 
Houdijk, A L F M. 1993. Atmospheric ammonium deposition and the nutritional balance of 

terrestrial ecosystems. Diss., Nijmegen, 127 p. 
H6gberg, P, Jens~n, P. 1994. Aluminium and uptake of base cations by tree roots: a critique of 

the model proposed by Sverdrup et al. Water, Air and Soil Pollution 75:121-126. 
Jansen, E, Van Dobben, H F. 1987. Is decline of Cantharellus cibarius in The Netherlands due to 

air pollution? Ambio 16:211-213. 
Kenk, G, Fischer, H. 1988. Evidence from nitrogen fertilization in the forests of Germany. 

Environmental Pollution 54:199-218. 
Kooijman, A M. 1993a. Changes in the bryophyte layer of rich fens as controlled by acidification 

and eutrophication. Diss., Utrecht, 159 p. 
Kooijman, A M. 1993b. The decrease of rich fen bryophytes in The Netherlands. Biological 

Conservation 59:139-143. 
Kroeze, C, Pegtel, D M, Blom, C J C. 1989. An experimental comparison of aluminium and 

manganese susceptibility in Antennaria dioica, Arnica montana, Viola canina, Filago minima 
and Deschampsia flexuosa. Acta Botanica Neerlandica 38:165-172. 

Leuven, S E W, den Hartog, C, Christiaans, M M C, Heijligers, W H C. 1986. Effects of water 
acidification on the distribution pattern and the reproductive success of amphibians. 
Experientia 42:495-503. 

Melin, J, NSmmik, H, Lohm, U, Flower-Ellis, J. 1983. Fertilizer nitrogen budget in a Scots pine 
ecosystem attained by using root-isolated plots and 15-N tracter technique. Plant and Soil 
74:249-263. 

Mugasha, A G, Pluth, D J. 1994. Distribution and recovery of 15-N urea in a tamarack/black 
spruce mixed stand on a drained minerotrophic peatland. Forest Ecololy and Management 
68:353-363. 

Pegtel, D. 1987. Effect of ionic AI in culture solutions on the growth of Arnica montana L and 
Deschampsia flexuosa (L) Trin. Plant and Soil 102:85-92. 

Roelofs, J G M. 1983. Impact of acidification and eutrophication on macrophyte communities in 
soft waters in The Netherlands I: Field observations. Aquatic Botany 17:139-155. 

Roelofs, J. 1991. Vegetation under chemical stress: effects of acidification, eutrophication and 
alkalinization. Diss., Nijmegen, 165 p. 

SteingrSver, E, Dueck, T, Van der Eeerden, L. 1995. Assessment and evaluation of critical levels 
for 03 and NH3. In: J-W Erisman, G J Heij & T Schneider (eds.): Proceedings Speciality 
Conference Acid Rain Research: Do we have enough answers? October 10-12, 1994, 
's-Hertogenbosch, Netherlands. 

Steingr5ver, E, Jans, W W P. 1995. Physiology of forest-grown Douglas-fir trees: Effects of 
pollution and drought. Report RIVM 793315. Biithoven. 

Sverdrup, H, Warfvinge, P. 1993. The effect of soil acidification on the growth of trees, grass and 
herbs as expressed by the (Ca+Mg+ K)/AI ratio. Reports in ecology and environmental 
engineering 2:108 p. University of Lund. 

Tamm, C-O, Popovic, B. 1995. Long-term field experiments simulating increased deposition of 
sulphur and nitrogen to forest plots, manuscript. 

Ulrich, B. 1983. A concept of forest ecosystem stability and of acid deposition as driving for 



303 

destabilization. In: Ulrich B, Pankrath J (eds.): Effects of accumulation of air pollutants in 
forest ecosystems; Proceedings of a workshop held at G5ttingen, May 16-18, 1982, 1-29. 
Reidel, Dordrecht. 

Ulrich, B, Mayer, R, Khanna, P K. 1979. Deposition von Luftveruntreinigungen und ihre 
Auswirkung in WaldSkosystemen in Soiling, 291 p. Saued~inder, Frankfurt a/M. 

Van Breemen, N, Burrough, P A, Velthorst, E J, Van Dobben, H F, De Wit, T, Reijnders, H F R. 
1982. Soil acidification from atmospheric ammonium sulphate in forest canopy throughfall. 
Nature 299:548-550. 

Van Dam, H, Suurmond, G, Ter Braak, C J F. 1981. Impact of acidification on diatoms and 
chemistry of Dutch moorland pools. Hydrobiologia 83:425-459. 

Van Dam, H, Buskens, R F M. 1993. Ecology and Management of Moorland Pools - Balancing 
Acidification and Eutrophication. Hydrobiologia 265:225-263. 

Van Dijk, H F G, Van Der Gaag, M, Perik, P J M, Roelofs, J G M. 1992. Nutrient availability in 
Corsican pine stands in the netherlands and the occurrence of Sphaeropsis sapinea - A field 
study. Canadian Journal of Botany 70:870-875. 

Van Dobben, H F. 1991. Integrated effects (low vegetation). In: G J Heij & T Schneider (eds.): 
Acidification Research in The Netherlands, final report of the Dutch Priority Programme on 
acidification, 465-523. Elsevier, Amsterdam. 

Van Dobben, H F. 1993. Vegetation as a monitor for deposition of nitrogen and acidity. Diss., 
Utrecht, 214 p. 

Van Dobben, H F, Mulder, J, Van Dam, H, Houweling, H. 1992. Impact of acid atmospheric de- 
position on the biogeochemistry of moorland pools and surrounding terrestrial environment. 
Agricultural Research Reports 931:232 p. Pudoc, Wageningen. 

Van Dobben, H F, Vocks, M J M R, Jansen, E, Dirkse, G M. 1994. Veranderingen in de 
ondergroei van het Nederlandse dennenbos over de periode 1985-1993. IBN Rapport 
085:37 p. Wageningen. 

Van Wirdum, G. 1993. Basenverzadiging in soortenrijke trilvenen. In: M Cals, M de Graaf en J 
Roelofs (eds.): Effectgerichte maatregelen tegen verzuring en eutrofi&ing in natuurterreinen; 
proceedings van een symposium op 30 oktober 1992, 97-126. Katholieke Universiteit, 
Nijmegen. 

Van den Burg, J, Kiewiet, H P. 1989. Veebezetting en de naaldsamenstelling van groveden, 
douglas en Corsicaanse den in het Peelgebied in de periode 1956 t/m 1988: een onderzoek 
naar de betekenis van de veebezetting voor het optreden van bosschade. Rapport De 
Dorschkamp 559:77 p. Wageningen. 

Van der Eerden, L J M. 1995. Thematic report on effects (with special emphasis on combination 
stress). In: G J Heij & T Schneider (eds.): Final report of the Dutch Priority Programme on 
Acidification, third phase. Elsevier, Amsterdam, in prep. 

Veer, M, van der Meulen, F, Hell, G W, Kooijman, A M. 1993. Ecotoopbeheer in droge duinen: 
sturende processen en limiterende factoren. In: M Cals, M de Graaf en J Roelofs (eds.): 
Effectgerichte maatregelen tegen verzuring en eutrofi&ing in natuurterreinen, proceedings 
van een symposium op 30 oktober 1992, 147-170. Katholieke Universiteit, Nijmegen. 

Wagner, R G. 1994. Toward integrated forest management. Journal of Forestry 92:26-30. 


