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11 General introduction 

Inn the Netherlands, grasses such as Deschampsia flexuosa (L.) Trin. dominate the undergrowth 

vegetationn of Scots pine {Pinus sylvestris L.) forests. These forests are also characterised by thick litter 

layers.. Together these factors may hamper spontaneous forest regeneration (Van Wieren et al., 1988; 

Vann Wieren, 1997) although there is some discussion about this role organic matter (Emmer, 1995a; 

Fanta,, 1986). It is thought that by disturbing the litter layer or by reducing the grass vegetation, 

conditionss for forest regeneration can be improved and species diversity will be enhanced 

(Kuiterss et al., 1996). 

Onee of the management options to establish these changes in soil and undergrowth vegetation is 

thee introduction of large herbivores. In the last decades, grazers have been introduced in open 

landscapes,, such as coastal dunes and heathlands, where grazing appeared to be an effective 

measuree to counteract the grass-encroachment (Bokdam and Cleichman, 1989; Kooijman and 

Dee Haan, 1995; Olff and Ritchie, 1998). In forest ecosystems, however, trees play a major role 

throughh their continuous litter input and by affecting the irradiation and temperatures at the soil 

surface.. It is therefore not clear, whether grazing in forests is equally effective in counteracting grass 

dominancee and whether stocks of soil organic matter can be reduced. This research focuses on the 

reductionn of both grass dominance as well as the reduction of the large pools of soil organic matter 

andd the pools of nutrients therein. 

Scotss pine ecosystems 
Inn the Netherlands, Scots pine stands cover about 40% of the Dutch afforested area (Van den Burg, 

1997).. Most of these forests were planted on inland drift sands, because Scots pines were able to 

stabilisee the sand and were capable to grow on these nutrient poor and acidic sandy soils. The Scots 

pinee stands are characterised by the development of an ectorganic Mormoder type humus profile 

(Greenn et al„ 1993), which is indicative for retarded decomposition in nutrient poor ecosystems. 

Thee accretion phase, in which organic matter in the ectorganic horizons accumulates, may last to 



aboutt 100 years (Emmer, 1994), The organic matter is hardly mixed into the mineral soil. Since the 

parentt material is highly quartzitic and poor in nutrients, the humus profiles are the most important 

poolss of carbon and nutrients and form the major rooting environment (Emmer, 1995a). In many 

forestt ecosystems, the humus profile is characterised by large spatial variability in morphological and 

chemicall properties (Riha etal, 1986; Butzke, 1988; Grigal et al., 1991; De Boer, 1996), This even 

holdss for the monotonous vegetation in the planted Scots pine stands with evenly spaced and even 

agedd trees and very homogeneous undergrowth vegetation (Emmer, 1997). 

Inn most of the more or less even aged pine stands, the undergrowth is dominated by Deschampsia 

flexuosaflexuosa (Fanta, 1986). The abundance of this species has increased dramatically over the past 

decades,, which is attributed to increased N deposition (Heij and Schneider, 1991;Tamm, 1991). 

Inn nutrient poor environments, plants are well adjusted to the low-nutrient status; they grow slowly, 

usee nutrients efficiently and produce poor-quality litter (Hobbie, 1992). In that way, the pools of 

nutrientss may increase, but the availability remains low, which prevents the establishment of fast 

growingg plants (Berendse, 1994; Van Breemen, 1995). An increase in input of nutrients by 

atmosphericc deposition can increase the availability of nutrients and faster growing species can 

takee advantage of that and become dominant (Boot, 1990). 

Inn the pine stands, establishmentt of seedlings of deciduous trees may occur, but only after a decline 

off the competitively strong Deschampsia flexuosa (Fanta, 1986; Prach, 1989). Apart from low light 

levels,, this may be connected to inhibitory effects of Deschampsia roots on tree seedlings (Jarvis, 

1964).. Selective grazing of the Deschampsia flexuosa sward and the disturbing effects of animals 

mayy provide improved conditions for seedling establishment (Pigott, 1983, Hester et al., 1996). 

However,, intensive browsing of the seedlings and saplings suppresses large-scale establishment of 

QuercusQuercus robur, Betula pendula and Fagus sylvatica and may hamper the succession of Scots pine 

forestss to broad-leaved forests (Prach, 1989; Raggers, 1994). 

Forestt grazing 
Crazingg is widely reported to restore or maintain the (high) species diversity in open vegetation 

(e.g.,, Johnson, 1956; Bülow-Olsen, 1980; Smith and Rushton, 1994; Pettit et al, 1995). For example, 

Kooijmann and De Haan (1995) reported that in tall-grass communities in the Dutch coastal dunes 

grazingg significantly increased the number of species. In forest areas, grazing by cattle is less common, 

butt is, for example, known from the British woodlands (Putman, 1986} and the open coniferous 

forestss of interior British Columbia (Meidinger and Pojar, 1991). 

Herbivoress may be a natural part of the forest ecosystems, but the effects of grazers and particularly 

browserss on trees can decrease wood production and regeneration of trees, so herbivores are often 

seenn as a destructive factor (Ammer, 1996; Reimoser et al, 1999). Browsing can also reduce nutrient 

cyclingg and tree growth, through selective feeding on highly palatable species with better litter 

quality,, (Pastor et al, 1993). In Scots pine stands, however, browsing is subordinate to grazing of the 

undergrowthh vegetation, because the palatable parts of the even aged pine trees occur mostly too 

highh for the grazers. 

Evenn without browsing, the effects of grazing in forests may differ from the impact on open 

88 vegetation. Firstly, grazing can reduce the standing crop of the undergrowth vegetation, but a 



substantiall part of the litter input (i.e. tree litter) remains unaffected. Secondly, the tree canopy can 

bee an important factor for the microclimate in the soil because of the interception of light. This can 

reducee the impact of grazing on soil climate. Lastly, in forests, spatial patterns in the canopy may 

leadd to spatial differentiation in litter input and microclimate, leading to higher spatial variability 

inn site factors and therefore higher variability in the impact of grazing. 

Possiblee impacts of grazing in forests 
Thee effects of grazing on the pools of organic matter and nutrients are the resultant of changes in 

inputt of litter and nutrients from the undergrowth vegetation, and, on the other hand, changes in 

ratess of decomposition of organic matter and mineralisation of nutrients like nitrogen (N). Both will 

bee further explained below. 

Biomass Biomass 

Crazingg very likely reduces the input of litter, as standing crop is consistently lower under grazing 

conditionss (Marrs et al., 1989). The production of above ground biomass production of grasses and 

herbss are, however, reported in literature as either stimulated or suppressed, depending on species 

andd site factors (McNaughton, 1979; Holland et al., 1992; Agarwal et al., 1993; Milchunas and 

Lauenroth,, 1993), although according to Belsky (1986) results giving evidence for increased biomass 

productionn often lack appropriate experimental design. The impact of grazing on below ground 

biomasss production (roots) is less often described. Root growth of most species is reduced by 

defoliation,, as a direct result of the reduction in amount of photosynthetically active tissue 

(Youngner,, 1972), but some species can maintain root growth, even when defoliation has caused 

aa major imbalance in rootshoot biomass ratios (Richards, 1984). 

SoilSoil organic matter 

AA reduction of above ground biomass can alter the microclimate at the soil surface and cause an 

increasee of temperatures (Crawly, 1983), leading to changes in microbial species composition and 

higherr decomposition rates (Carreiro and Koske, 1992). This effect is mainly reported from clear-

cutting,, where the removal of trees causes a strong increase in microbial biomass and decomposition 

off soil organic matter (Johnson et al, 1995; Paul and Clark, 1996). It may, probably to a lesser extent, 

alsoo occur when the undergrowth vegetation is consumed by herbivores. In combination with a 

reductionn in litter input, increased decomposition rates due to grazing may lead to lower stocks of 

soill organic matter. On the other hand, a shift in vegetation to less palatable species with lower litter 

qualityy or a reduction in the quantity of (root) litter input may reduce the decomposition in the soil 

(Hendncksonn and Robinson, 1984). 

Nutrients Nutrients 

Thee consumption of above ground biomass and the concurrently lower litter input reduces the input 

off nutrients to the soil. However, the impact of grazing on the nutrient status of the soil also depends 

onn mineralisation of nutrients. Besides better physical conditions as mentioned above, Bardgett et al. 

(1998)) described an increase in root exudation after grazing, which can positively affect the 9 



rhizospheree communities and result in increased mineralisation of nutrients that plants need for 

regrowth.Thiss is, however, a short-term impact of grazing. On the longer term the reduced root biomass 

andd decreased litter quantity and quality become more important and mineralisation decreases 

(Pastoretal.,, 1993; Bardgett et al„ 1998). In a comparative study, Van Wijnen et al, (1999) also 

foundd lower N-mineralisation, which was attributed to decreased litter quantity and quality. 

Locally,, deposition of urine and/or dung increases the input of nutrients to the soil (Day and 

Detling,, 1990). In this research, however, herbivores were considered only as a sink and not as part 

off the nutrient cycle. Therefore, the manured parts were not studied and the research focuses on 

thee grazed parts of the terrain. 

Objectivess and approach 
Thee individual effects of grazing may not all lead to the same net impact on soil organic matter and 

nutrientss in the soil. In addition, it is not known which effect has the largest impact on stocks of soil 

organicc matter and nutrients, so the combined effect from reduced input and altered decomposition 

ratess is hardly predictable and may vary among ecosystems This is also reflected by an analysis of 

aa world-wide data set on changes in soil organic matter and stocks of nitrogen, which showed that 

responsess to grazing were nearly equally divided between negative and positive, suggesting that the 

sitee factors and grazing practice (e.g., grazing intensity) determine the grazing response (Milchunas 

andd Lauenroth, 1993), In combination with the spatial variability in site factors, as can be expected 

inn forest ecosystems, the impact of grazing on organic matter and nutrients in the organic layer of a 

grass-encroachedd Scots pine forest, cannot simply be derived from theoretical changes in litter input, 

decompositionn rates and nutrient mineralisation. 

Thee objective of this research was therefore to test whether the aims of grazing, i.e. counteracting 

grass-encroachmentt and reducing the soil organic matter stocks, could be achieved in this type of 

ecosystems.. The research was focused on both dynamics of organic matter and nutrients and the 

followingg questions will be answered in this thesis: 

11 Is grazing effective in reducing stocks of soil organic matter, taking into account spatial 

variabilityy in soil parameters? 

22 Can the nutrient status of the soil be reduced by grazing, through reduced input of litter 

andd successive changes in the processes determining the availability of nutrients, such as 

decompositionn and mineralisation? 

Thee research questions will be answered in four chapters 2, 3, 4 and 5. All chapters are based on data 

fromm a seven-year grazing experiment in a 70 year-old Scots pine stand planted on drift sand near 

Kootwijkk (5 46'E, 52 10'N, 30 m above sea level) in The Netherlands (Figure 1.1). The soils can be 

classifiedd as Haplic Arenosols (FAO, 1998) on which a Mormoder humus form (Green et al., 1993) 

developedd with pronounced horizon differentiation and hardly any organic matter mixed into the 

minerall soil. The herb layer is dominated by Deschampsia flexuosa (L.) Tnn. Soil and vegetation 

developmentss are similar to those in other forest stands of similar age on drift sand as described by 

100 Emmer(1995a). 



Inn the stand, three rectangular sites of 1 ha were fenced. The first site was used as a control and was 

nott grazed. The 'heavily' grazed site was grazed every summer (June) for a period of 20 days by five 

cows.. After this period, no edible grass was left. The 'moderately' grazed site was grazed for half of 

thiss period by the same cows. The first grazing period was in 1990, the last in 1996. 

Figuree 1.1: Research location 

Kootwijk k 

Backgroundd information on research design 
Thiss research was performed in two phases. In the first phase (1990-1995), it was part of the 

Nationall Forest Crazing Project (Kemmers et al„ 1996; Kuiters et al., 1996; Van Wieren et a l , 1997). 

Thee experimental design, sampling strategy and chemical analyses were performed within the 

constraintss of the common research topics and the finances of this national project. The main 

objectivess in this phase were to measures changes in the soil parameters as influenced by grazing. 

Thatt means that during these years, the humus profile was the central study object and properties 

ass soil organic matter stocks, pH and morphological features were extensively studied. 

Fromm 1995 on, the grazing experiment was continued within the scope of this PhD thesis. Continuing 

ann existing experiment had both advantages and disadvantages. The main advantage of continuing 

thee experiment, already five years old, was that it was possible to study the impact of grazing over a 

longerr term than the normal 2 or 3 years (Weatherhead, 1986;Tilman, 1989). The disadvantages 

concernn the sampling strategy, e.g., the use of composite samples in the earlier years and a slight 

differencee in sampling between the initial situation and later years. In 1995, the focus on the soil 

compartmentt only was extended to the interactions between soil and vegetation, but at first, it 

wass not clear whether the undergrowth of the several sites had also been comparable in the initial 

situation.. By using a second control plot, just outside the heavily grazed site and comparing it with 

thee original control site we checked if the sites could be compared in biomass measurements. 

Thee two control sites appeared to be very similar. In addition, the second control site appeared 

too be logistically much more convenient, and was therefore used for further measurements. 11 1 



Outlinee of the thesis 

Inn Chapter 2, the spatial variability of a number of humus profile properties is discussed. Properties 

concernedd were considered as relevant for the impact of grazing and to be easily determined. The 

extentt and scale of the spatial variability should be known before the first research question could be 

answered.. In this chapter, the initial spatial variability was studied, as well as the possible 

explanationn of spatial variability by several site factors. The impact of grazing on the patterns and the 

possiblee differences between grazing densities was investigated. The first research question is not 

completelyy answered in this chapter, but will be further discussed in chapter 5. 

Chapterr 3 and Chapter 4 deal with the nutrient cycling in the grazed sites vs. the control site and will 

answerr the second research question. The nutrient cycle is divided into two parts. The first part 

(chapterr 3) focuses on the input of litter to the soil. The aim of this chapter is to quantify changes in 

organicc matter and nutrient input due to grazing in Dutch pine forests and assess the contribution of 

biomasss consumption and reduced production of grass shoots and roots to this. A reduction in input 

off nutrients, due to grazing, may lead to lower pools of nutrients in the soil. The availability may also 

bee reduced, but depends on the decomposition and mineralisation rates too. The impacts of grazing 

onn the various processes affecting decomposition rates of organic matter are difficult to separate, but 

theirr combined effects may show changes in nutrient availability, which is studied in chapter 4. 

Inn Chapter 5, the impact of grazing on soil organic matter is discussed and question 1 is answered. 

Duee to large spatial variability, monitoring of these stocks appeared nearly impossible within 

constraintss of an acceptable amount of soil samples. Therefore, the results on spatial variability 

(chapterr 2), input of litter {chapter 3) and decomposition of soil organic matter (chapter 4) are 

combinedd and used in a model, which simulates the accumulation of soil organic matter. The model 

wass used to explore the possible limits of the impact of grazing on soil organic matter. Results from 

measurementss and model are compared and the usefulness of the laborious sampling design is 

evaluated. . 

Chapterr 6 deals with a numerical experiment, which was performed to test whether the concept of 

consistencyy of litter input and decomposition patters can give a better explanation of high spatial 

variabilityy in the ecosystem studied. By using a conceptual model, impact of consistency of litter input 

patternss and decomposition patterns were simulated. In addition, the impact of variability in these 

factorss was simulated. 

Inn Chapter 7, conclusions of preceding chapters are combined and discussed, in order to give an 

answerr on the research questions on organic matter and nutrient status of the soil. In addition, 

thee implications of these conclusions for biodiversity and forest regeneration are discussed. 

12 2 
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