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44 Impac t of grazin g on litte r decompositio n 

andd nutrien t availabilit y in a grass-encroache d 

Scotss pine forest . 

withwith A.M. Kooijman and J Sevink, submitted to Forest Ecology and Management. 

Abstrac t t 
Inn a grass-encroached Scots pine forest, grazing was found to reduce the above ground and 

beloww ground biomass production of Deschampsia flexuosa. This led to a reduction in the 

inputt of litter and nutrients to the soil (Chapter 3). Its consequences for decomposition rates 

andd nutrient availability were studied in a seven-year experiment with two grazing 

intensitiess and non-grazed control in a pine stand. 

Decompositionn of fresh litter (needles and grass leaves) was not different between grazed 

andd non-grazed sites. There were differences between nutrients in turnover rates, which may 

bee important as to which nutrient becomes (the most) limiting. The net release of N was 

relativelyy slow and a 30% decrease in N-availability, as suggested by a decrease in 

N-mineralisationn and BaCI2-extractable ammonium, did not occur before seven years of 

grazing.. In contrast, K leached very rapidly from dying and dead needles and grass leaves. 

Potassiumm availability in the soil was reduced already after a few years of grazing. Calcium 

levelss in the soil increased due to the increasing importance of Ca-rich pine needles and 

becausee Ca is preferentially bound to the soil exchange complex. The reduced availability of 

bothh N and K may at least partly explain the reduced biomass production of the grass 

vegetation. . 

Keywords:Keywords: forest grazing, decomposition, nutrient availability, Deschampsia flexuosa 



Introduction n 
Inn the Netherlands many ecosystems, among which heathlands, dune areas and pine forests 

havee become dominated by tall grasses, at least partly due to atmospheric deposition of nitrogen 

(e.g.,, Aerts, 1989; Heij and Schneider, 1991; Kooijman et al., 1998). In open vegetation types, grass-

encroachmentt leads to a decrease in biodiversity, while in addition, in forests natural regeneration is 

reduced.. Crazing by sheep or cattle is used to counteract this process (Bokdam and Gleichman, 1989; 

Walliss de Vries, 1994; Kooijman and De Haan, 1995; Kuiters et al., 1996). According to Olff and 

Ritchiee (1998), grazing has relatively large effects on the relatively infertile ecosystems in moist 

climates,, because of a change in plant competition from light to nutrients. 

Wee executed an experimental study on the effects of grazing on carbon and nutrient cycling in 

Scotss pine forests. In this experiment, grazers removed aboveground biomass, which led to a decrease 

inn input of organic matter to the soil (chapter 3). The lower biomass also led to higher irradiation, 

probablyy higher soil temperatures and possibly concurrent higher rates of litter decomposition 

(Crawley,, 1983; Jansson and Berg, 1985; Codteaux et al., 1995). As a result, carbon stocks in the 

soill may decrease. However, rates of litter decomposition may also decrease, e.g. because of a shift 

inn litter quality (Pastor et al., 1993): the importance of pine litter relative to grass litter increases and 

pinee litter may be less decomposable than grass shoots and roots because of their higher lignin 

contentt (Dijkstra, 1998). A lower litter input due to grazing also means a lower nutrient input to the 

soill and a probable decrease in the overall nutrient availability (Mcintosh, 1997) and productivity of 

thee grazed vegetation as well (Vickery, 1981; Befsky, 1986; Putman, 1986). Nutrient losses through 

consumptionn of biomass can be compensated by urine deposition (Day and Detling, 1990), but this 

remainss a local effect. 

Tablee 4.1. Yearly litter input to the soil compartment and export through consumption of organic matter and nutrients 

(g.mm .y ) Data derived from chapter 3. 

contro ll  pine litter 

pinee roots 

grasss shoots 

grasss roots 

grazedd pine litter 

pinee roots 

grasss shoots 

grasss roots 

consumedd shoots 

reductio nn in tota l inpu t (%) 

OMM N 

4255 2.9 

400 0.1 

1000 0.9 

8500 11.5 

4255 2.9 

400 0.1 

500 0.4 

6255 8.5 

155 0.35 

200 23 

PP K 

0133 0.8 

0022 0.1 

0.055 1.4 

0.500 0 7 

0133 0.8 

0022 0.1 

0.011 0.7 

0.400 0 5 

0.022 0.2 

233 30 

Mgg Ca 

0222 0.88 

0.044 0.10 

0.077 010 

0.200 0.40 

0.222 0.88 

0.044 0.10 

0.033 0.05 

0.155 030 

0.022 0.02 

177 10 



Inn the previous chapter the changes in litter and nutrient inputs due to grazing were discussed 

(seee also Table 4.1). Above ground grass biomass appeared to be 50%% lower and the production of 

abovee ground biomass 35% lower in grazed conditions than under non-grazed conditions. Litter input 

wass however especially affected through the 30% decreased root production, the latter being a mam 

sourcee for soil organic matter. Total litter input decreased by 20% and, since tree litter input remains 

unaffected,, the significance of tree litter compared to dead grass roots and shoots increased by 10%. 

Thee input of nutrients by litter similarly decreased; N and P by 2 0 - 2 3 % and K by 30%. 

Thiss chapter deals with the impact of grazing on litter decomposition and nutrient availability. 

Moree specifically the following questions will be answered: i) Does grazing lead to increased rates 

off decomposition?; ii) Does grazing lead to a decrease in nutrient availability!1 

Material ss  & Method s 
ResearchResearch area and experimental design 

Thee study area was located in a drift sand area north of Kootwijk (5Ü46'E, 52'J10'N, 30 m above sea 

level)) in The Netherlands. In 1928, Scots pine (Pinus sylvestris L.) was planted to stabilise the drift 

sandd (350 trees per ha). The sand is highly quartzitic and well sorted (Koster, 1978), The soils are 

classifiedd as Haplic Arenosols (FAO, 1998) and in the mineral soil some slight development of an 

AA or AE horizon occurred, sometimes with some organic matter mixed in, but never deeper than 5 cm. 

Onn the acidic sand, a Mormoder humus form (Green et al., 1993) has developed with distinct horizon 

differentiation.. The herb layer was dominated by Deschampsia flexuosa (L.) Trin., with some patches 

off Vaccinium myrtillus L. Soil and vegetation development are similar to other forest stands of similar 

agee on drift sand as described by Emmer (1995a). Data on input of organic matter from grass roots 

andd shoots were derived from estimations on standing biomass and turnover rates. Tree litter fall was 

measuredd by using litter traps. Nutrient input was calculated by using litter input and nutrient 

contentss of the various litter types. Methods are extensively described in Chapter 3. 

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 for a period of twenty days by 5 cows. 

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

periodd (ten days) by the same 5 cows. The first grazing period was in 1990, the last in 1996 

LitterLitter decomposition 

AA litterbag experiment was used to estimate the possible effects of altered conditions on 

decompositionn rates of grass and needle litter between grazed and non-grazed situations over a 

one-yearr period. In October 1996, fresh needle litter and standing dead grass shoots were collected 

justt outside the heavily grazed site to fill 360 polyethylene litterbags (15x10 cm) with three grams 

off litter; mesh size was 300 Lim (grass) or 1000 pirn (needles). In November 1996 the litterbags were 

distributedd over 10 plots in the control site and 10 plots in the heavily grazed site; from each plot one 

bagg was retrieved after 2, 4, 12, 16, 20, 24, 32, 42 and 52 weeks. After four weeks of field incubation 

aa one-month period of severe frost occurred, which interrupted decomposition. Litterbags were dried 

att 70 g Cfo r48 hours and the litter was weighed. The material of 0, 12, 24 and 42 weeks was ground 

andd used for nutrient analyses. Concentrations of C and N in all litterbags were measured via a CNS 



analyzer.. Concentrations of P. K, Ca and Mg were determined on composite samples, consisting of five 

replicates,, which were digested with a HNO /HCI mixture in the microwave (Bettmelh et al . 1989) 

Concentrationss were measured in these extracts on an ICP-OES Nutrient stocks in the litterbags were 

correctedd for weight loss. 

N-mineralisation N-mineralisation 

Inn 1990, 1992 and 1994 the LF and H horizons were sampled for determination of potential 

N-mmeralisation.. Twenty random samples in the control site and both grazed sites were combined to 

onee composite sample per horizon per site. Since composite samples give only mean values, in 1996 

fivee plots were individually sampled and not combined. Because the 1990 sampling method differed 

slightlyy from that of later years, the 1990 data were used only to determine initial differences in soil 

propertiess between plots and not for further comparisons. Initial differences were not significant 

(Kemmersetal.,, 1996). 

Differencess in potential N-mineralisation were measured as an indication for differences in 

NN availability Samples for N-mmeralisation experiments were kept at field moisture and were 

processedd immediately after sampling. After removing the roots, from each sample 10 subsamples 

weree taken, of which five were analysed immediately, the other five were incubated in petri dishes for 

fourr weeks (moisture content 300% w/v ; 20 C) and then analysed in the same way. Concentrations 

off N H / and NO were measured colon metrical ly in a 1 M KCI extract (w/v 1:25) by means of a 

continuouss flow auto analyzer. The increase in NO ; concentrations after four weeks was interpreted 

ass net nitrification and the increase of the summed NH :
+ and NO, concentrations were interpreted 

ass net mineralisation. 

ExtractableExtractable nutrients 

Inn 1990, prior to the first grazing period, and after 3 (1992), 5 (1994) and 7 (1996) grazing periods 

thee humus profile was sampled for determination of pH and organic matter content at 50 points per 

site,, placed at the intersections of a rectangular grid (15x15m) The L, F, H horizon and the upper 

55 cm of the mineral soil, further referred to as A horizon, were sampled separately. For all soil samples 

aa monolith sampler was used, having a sampling surface of 42cm (Wardenaar, 1987). 

Inn 1990, 1992 and 1994 the LF, H and A horizons were sampled for determination of extractable 

nutrients.. Twenty random samples in the control site and both grazed sites were combined to one 

compositee sample per horizon per site. Since composite samples give only mean values, in 1996 five 

plotss were individually sampled and not combined (same plots as for N-mmeralisation). This strategy 

wass repeated in 1997 with eight individual plots in the heavily grazed site and eight plots in a second 

controll site, directly adjacent to the heavily grazed site. Because the 1990 sampling method differed 

slightlyy from that of lateryears, the 1990 data were used only to determine initial differences in soil 

propertiess between plots and not for further comparisons. Initial differences were not significant 

(Kemmersetal.,, 1996). 

Thee grid point samples were used for pH, which was measured potentiometrically in suspensions of 

soill material in distilled water and 1 M KCI; weight, volume ratios (soil.liquid) were 1 10 for organic 

422 samples and 1:2.5 for mineral samples. 



Ass another measure for nutrient availability, in addition to the N-mineralisation as described above, 

extractablee cations were estimated Samples for extraction were air dried and extracted with a 

0.1255 M BaCI. solution (soil/solution 1:25 (w/v)). K, Na, Ca, Mg, and Mn were determined in 

thee extract by an AAS or ICP-OES, NH : with an auto analyzer. Extractable acidity was measured by 

meanss of a titration of the extract with 0 02 M NaOH to pH 8.3 in a N atmosphere (Thomas, 1982) 

Thiss fixed endpomt may overestimate the acidity values, but this overestimation is small. The CEC .... 

wass calculated by summing the extractable acidity and cations without Na (mainly water soluble), 

expressedd as mmol .kg OM and base saturation was calculated as the sum of [K], 2[Ca] and 2[Mg] 

ass part of the CEC ..... Extractable cation contents are expressed as percentage of the CEC .... The 

remainingg parts of the samples were dried at 7 0 ' C and ground for analyses on nutrient contents. 

TotalTotal stocks 

Inn 1990, priorto the firstgrazmg period, and after 3 (1992), 5 (1994) and 7 (1996) grazing periods 

thee humus profile was sampled for determination of organic matter content at 50 points per site, 

placedd at the intersections of a rectangular grid (15x15m). The L, F, H and the A horizon, were sampled 

separately.. For all soil samples a monolith sampler was used, having a sampling surface of 42cm 

(Wardenaar,, 1987). 

Inn 1997 eight plots in the heavily grazed site and eight plots in a second control plot, directly adjacent 

too the heavily grazed site, the LF, H and A horizons were sampled separately for determination of total 

stockss of nutrients (same as for extractable nutrients). 

Forr loss on ignition (LOP'o), a measure of the organic matter content, dried and ground samples were 

heatedd to 550 : C for 16 hours Concentrations of N in all soil samples were analysed via a CNS- analyser. 

Otherr nutrient contents of the LF horizon were determined via digestion as described for the litterbag 

samples.. This method was not useful for the H and A horizons, since mineral parts were partly 

digestedd and nutrient contents of organic matter were overestimated (Emmer and Verstraten, 1993). 

Forr these horizons, the extractable nutrient concentrations were converted to total stocks, by using 

thee ratio between total and extractable fractions, according to Wessel and Tietema (1995). Stocks 

off total and available nutrients were calculated with stocks of organic matter. Due to high spatial 

variabilityy (Chapter 2), significant differences in stocks of organic matter between grazed and 

non-grazedd situations were not found and nutrient stocks were calculated by using equal values 

off organic matter stocks for all sites. Therefore, significant differences in nutrient stocks in the soil 

representt differences in concentrations only. 

StatisticalStatistical analyses 

Differencess between grazed and non-grazed situations were tested using One Way ANOVA and t-test 

withh grazing treatment as independent parameter. Differences were considered significant when the 

probabilityy level was lower than 0.05. 
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Result s s 
LitterLitter decomposition 

Thee decomposition of fresh litter in the litterbags showed low variation between replicates (Figure 4.1) 

Crazingg had little effect on weight loss. For a short period in spring, weight loss of needles in the 

grazedd site was significantly larger than in the control site, but overall decomposition rates did 

nott differ. This suggested that differences in decomposition conditions due to grazing, such as 

temperaturee and soil moisture, did not significantly affect decomposition of fresh litter. 

Figuree 4.1 Remaining dry weight (% of initial amount) as a function of time in decomposing grass leaves {Deschompsia 

flexuosa)flexuosa) and Scots pine needles. The different lines represent grass leaves, control (  ); grass leaves, grazed ( I ); needles , 

controll ( V ); needles, grazed ( T ) Significant differences between grazed and control situations are indicated by + 

gras ss leave s needle s s 

o o 

timetime (weeks) 

00 10 

timetime (weeks) 

++ + 

44 4 

Whilee it was expected that grass weight loss was larger than that of needles, this was not the case. 

Afterr one year, the weight loss of the grass litter was less than 30%, while needle litter lost 40% of 

itss weight, which may partly be due to differences in mesh size between grass litterbags and needle 

itterbags.. It may also be that, after another year, the final amount lost by decomposition is higher 

inn grasses. Crass shoot decomposition was reported to continue at more or less constant rates for 

2-2.55 years (Van Vuuren, 1992), while decomposition rates of Scots pine needles decrease after 

11 year and even more after two years (Berg et af, 1998). 

Thee amount of N in the litterbags increased in all cases (Figure 4.2). Carbon to N ratios in the 

needlee litter decreased from 68 to 32 during the incubation time and in grass litter C to N ratios 

decreasedd from 78 to 41. Phosphorous stocks in the litterbags did not change. The amount of K 

showedd first a rapid decrease for both needle and grass litter, after which they remained constant. 

Initiall concentrations of K in litterbags were very small compared to K concentrations in living grass 

shootss or needles (15 mg.g and 5.7 mg.g respectively, chapter 3), which indicates that most K has 

alreadyy been leached when leaves or needles are dead. The amount of Ca remained nearly constant 

inn the grass litter, but showed a decrease in needle litter. The slow decrease of Mg in both types of 



litterr is intermediate between K and Ca. Differences in rates of release between K, Mg and Ca 

conformm to results of Wessel and Tietema (1995) on decomposition of Douglas fir needle litter and to 

Staaff and Berg (1982) on decomposition of Scots pine needle litter. 

Figuree 4.2 Total amounts of N, P, Kr Ca and Mg (mg perg initial litter) as a function of time in decomposing grass leaves 

(Deschampsia(Deschampsia flexuosa) and Scots pine needles. The different lines represent grass leaves, control f I ); grass leaves, 

grazedd (  ); needles, control ( V ); needles, grazed (  ). 

OO 10 20 

timetime (weeks} 

00 6 

0.55 . 

0.44 . 

55 0.3 
"5 5 

ff 0.2 

\\ o.i 

I11 0.0 00 10 20 

timetime (weeks) 

1 1 

1.55 _ 

^ ^ 
££ 1.0 _ 

gr
gr

 i
n

iti
a

l 
p 

p 
un

 n
 

\ \ ^ ^ g'no o 

K K 
\ \ 

\ \ 
\ \ 

^ ^ g ^ ^ ff -~-"££| 

00 10 20 

timetime (weeks) 

00 10 20 

timetime (weeks) 

00 10 

timetime (weeks) 

N-mineralisation N-mineralisation 

Thee results from the N-mmeralisation experiment (Figure 4.3) give an indication for the potential net 

nitrificationn and net mineralisation under optimal conditions Net mineralisation was higher in the LF 

horizonn and differences between the grazing treatments were larger in this horizon than in the H 

horizon.. In the control site, net mineralisation was more or less constant over the years. In the heavily 

grazedd site, N-mineralisation first increased and reached a peak after three years of grazing (1992). 

Laterr it showed a decrease, illustrated by the significantly lower net mineralisation after seven years 

off grazing, which amounted to a 3 0 % decrease. Mineralisation of the LF material in the moderately 

grazedd site was comparable to the control site. 45 5 



Figuree 4,3 Net nitrification (black bars) and total net mineralisation (grey bars) after four weeks of incubation in LF and H 

horizonss from the control (c), moderately grazed (m) and heavily grazed (h) sites. 
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ExtractableExtractable nutrients 

Duringg the grazing experiment the pH(H ;0) values were 3.5-4.1 in the LF horizon and 3.3-3.7 in 

thee H and A horizon. Values for pH(KCI) were 2.7-2.9 (LF horizon), 2.5-2.7 (H horizon) and 3.0-3.3 

(AA horizon). There were some differences between the years, which most likely can be attributed to 

seasonall fluctuations in temperature and precipitation. However, since there were no differences 

betweenn the grazing treatments, this cannot be an impact of grazing. 

Figuree 4.4 CECe.. in the LF and H horizons in the control, moderately and heavily grazed sites in 1992, 1994, 

19966 and 1997. 

5 5 

CECC eff 

[~JJ contro l 
l~~ii moderately 

 heavily 

19922 1994 1996 1997 

LFLF horizon 

19922 1994 1996 1997 

HH horizon 

Thee cation exchange capacity (CECeff) fluctuated in time, both in the LF horizon and in the H horizon, 

butt differences between the grazing treatments were small and mostly not significant (Figure 4.4). 

Thee base saturation was more constant in time; in the LF horizon there was again no clear impact of 

grazingg (Figure 4.5). In contrast, in the H horizon, the base saturation was higher in the grazed site 

afterr seven years of grazing. More important than this increase, however, is the shift in cations that 

contributee to this CECeff due to grazing. Potassium showed a significant decrease in the heavily 

grazedd site in all horizons. Calcium and magnesium both showed significant increases in their 

contributionn to the CEC. 

Thee decrease in the relative importance of K may have implications for nutrient cycling, since K is, 

besidess a contributor to the CEC, also a macro nutrient important for plant growth. After seven years 

off grazing the available N and K in the LF horizon of the heavily grazed site were significantly lower 

thann in the control site (Table 4.2). Total stocks were not significantly different between the grazing 

treatments. . 



Figuree 4.5 Basesaturation and extractable K, Mg and Ca as % of the total CECeff; in the LFand H horizon and the upper 

55 cm of the mineral soil (A) in the control, moderately and heavily grazed sites. Significant differences between grazed and 

non-grazedd situations are indicated by an *. 
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Tablee 4.2 Input of nutrients and extractable, mineralised and total nutrient stocks in grazed and control site. a) stock of 

organicc matter in both sites: 5.5 kg m in the LF horizon and 2.2 kg.m for H horizon; b) results from BaCI,-extracts 1997, 

NN = extractable NH4+; c) results from N-minerahsation experiment 1996 (net increase m NH.,+ and NO, - ); d) results from 

digestionn of LF horizon 1997, e) calculated from extractable nutrients (1997). Significant differences between grazed and 

non-grazedd situations are indicated by an *. 

NN P K 

controll grazed control grazed control grazed 

inpu tt  littertotal 15.4 11.9 0.70 0 55 1.6 1.3 

g.rrr 2.y_1 1 

stock ss  a> extractable LF bl 

g.rrr22 extractable H b> 

mineralisationn LF c> 

mineralisationn H c' 

totall LF d> 

totall H e> 

Discussio nn and conclusion s 
Thee aim of this chapter was to assess the impact of grazing on rates of decomposition and nutrient 

availability,, given the probably altered conditions for breakdown and lower litter input which were 

discussedd in the previous chapter. In this way, it might become clear whether the lower production 

off Deschampsia flexuosa in the undergrowth vegetation could be explained by a decrease in nutrient 

availability. . 

DecompositionDecomposition rates 

Thee unchanged weight loss of fresh litter in the htterbag experiment in the grazed site suggested 

thatt altered conditions of breakdown due to increased irradiation are not important. This was also 

observedd in other Scots pine stands (Pan and Siepel, 1995). Decomposition rates of older and more 

decomposedd soil organic matter were not studied. However, since litter weight loss appeared not 

affectedd by potentially better breakdown conditions, there is litter reason to assume that 

decompositionn rates of lower horizons (F and H) have increased. It is also not clear whether 

decompositionn rates in the F and H horizons have instead decreased, but there are some theoretical 

arguments.. The amount of fresh, i.e. easily decomposable, organic matter has decreased due to 

grazing,, which leads to a shift in the ratio labile to refractory organic matter. Since at least some 

labilee organic matter is needed for a further breakdown of the more refractory components, the latter 

willl likely decrease. In addition, due to the increasing significance of the pine litter compared to grass 

rootss and shoots, the lignin rich organic material will become more important, possibly resulting in 

evenn lower decomposition rates. Thus, the lower input of litter potentially reduces the total amount 49 



off soil organic matter but this may to some extent be counteracted by the unchanged or even 

lowerr rates of decomposition. This v.ill be further explored m the next chapter. 

NutrientNutrient availability 

Whilee changes in the amount of soil organic matter due to grazing remain obscure, the 

availabilityy of nutrients seems more clearly affected. Furthermore, there are differences between 

nutrientss in turnover rates, which may be important as to which nutrient becomes the (most) 

limitingg factor. 

Thee release of N and Pfrom decaying litter takes some time. During the one year of the litterbag 

experimentt both nutrients were still immobilised, and it may take another half year, before they are 

nett released (Van Vuuren, 1992, Tietema, 1993). This means that it may take a few years before a 

reductionn in N and/or P availability due to grazing will occur. This is supported by the N-mineralisation 

studyy and the ammonium levels, which suggest that decrease rn N-availability does not occur before 

sevenn years of grazing. However, initially there may even be an increase in N-minerahsation, possibly 

duee to increased root death after the first sudden removal of above ground biomass by the cows. 

Thus,, N-availability decreases under a grazing regime, but it may take some time. A decrease in 

N-availabilityy was also found by Pastoretal, (1993) and Ritchie et al. (1998) Whether N becomes 

aa limiting nutrient to plant growth is not clear. Nitrogen concentration in living grass did not differ, 

butt retranslocation was higher under grazed conditions, which suggests that some limitations occur 

(Lemairee and Chapman, 1996). On the other hand, the N:P ratios of grass shoots, ranging from 14 to 

17,, suggest that N and P are in balanced supply (Koerselman and Meuleman, 1996). Also, the input 

off N via atmospheric deposition of about 4 gr.m y (Van Breemen and Verstraten, 1991) more or less 

balancess the decrease due to grazing, which may make the decrease less important in a relative 

sense.. Nevertheless, it is still possible that both the availability of N and P (not measured), decrease 

andd lead to a lower production of biomass. 

Inn contrast, K is a relatively mobile ion. The litterbag experiment showed that K is leached from the 

litterbagg almost completely within 10 weeks and it should be kept in mind that concentrations of K 

inn dead biomass were already very low, because of the leaching of K from dying cells (chapter 3) 

Potassiumm levels in the soil profile were 30% lower under grazed conditions, both in mg per kg soil 

andd in relative contributions to the cation exchange capacity. Potassium levels seemed to decrease 

afterr a few years of grazing already, but were not statistically detectable due to the sampling strategy 

inn the earliM y^ars The reduced ieveis of K at the cation exchange complex may, besides the high 

mobilityy of K, bt due to interactions with the divalent cations Ca and to a lesser extent Mg. Calcium 

evelss are twice as high in pine litter, and further increase in importance because pine litter is not 

reducedd by grazing, while grass litter is. Furthermore, divalent cations, and especially Ca are 

preferentiall bound to the soil exchange complex (McBride, 1994; Wessel 1997) Potassium may be 

exchangedd and since root biomass and thus uptake are also much lower under grazed conditions, 

subsequentlyy leaches out of the ecosystem. Because K-levels in living grass are relatively high and 

amountt to 15 mg.g , compared to 6 mg g in pine needles, this decrease in K-availabihty in the soil 

mayy impose serious problems to the productivity of Deschampsia flexuosa Limitations of K were also 

500 found in a mowing experiment (Oomes, 1990) 



Thus,, the availability of both N and K is clearly reduced, which may at least partly explain the reduced 

productionn of the grass vegetation under a grazing regime. It is not known which of these two is the 

mainn limiting factor. However, since it takes at least a few years before N availability will be reduced, 

whilee the reduction of K may start immediately and because K levels are much higher in the grass 

thann in the pine needles, we opt for the latter. 
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