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33 Impact of grazing on the input of organic matter 

andd nutrients to the soil in a grass-encroached 

Scotss pine forest. 

WithWith A.M. Kooijman, Forest Ecology and Management, in press 

Abstract t 
Inn the Netherlands grazing is used as a measure to counteract grass-encroachment in Dutch 

pinee forests. A seven-year experiment with moderate and heavy grazing intensities vs. non-

grazedd control situations was performed to evaluate the impact of grazing on nutrient 

cyclingg in these forest ecosystems. In this paper changes in organic matter and nutrient 

inputt to the soil compartment due to grazing are quantified. 

Grazingg resulted in a 50% reduction of grass shoots, which was partly caused by a lower 

biomasss production (35%). Grass root production and input also decreased by about 30%. 

Totall litter input in the pine stand was only reduced by 20%, due to the lack of impact on 

treee litter input. The relative contribution of pine litter to the total litter input increased from 

aboutt 30% to 40%. 

Grazingg also reduced the input of nutrients, but reduction was not equal for all nutrients. 

Changess in nutrient input were not a result of changed nutrient concentrations in litter, but 

weree due to shifts in the relative contribution of different litter types. Potassium was most 

reducedd (30%) and reduction was mainly due to biomass consumption, while the input of N 

andd P (20-23% reduction) was mainly affected by decreased production of grass roots and 

shoots.. The input of Ca was least affected by grazing: 10% reduction. 

Reducedd input of fresh litterand nutrients and an increased contribution of pine litter may 

resultt in lower decomposition rates and presumably decreased nutrient availability. This may 

affectt biomass production and nutrient cycling through the grass layer. 

Keywords:Keywords: nutrient cycling, Pinus sylvestns, Deschampsta flexuosa, organic matter, roots. 



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 e t a l , 1998). In open vegetation, this grass-

encroachmentt leads to a decrease in biodiversity; in forests, natural regeneration is also reduced. 

Grazingg by sheep or cattle is used to counteract these processes (Bokdam and Gleichman, 1989, 

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

Ritchiee (1998) these ecosystems belong to the relatively infertile types in moist climates where 

grazingg is thought to have relatively large effects, because of a supposed shift from competition 

forr light to competition for nutrients. 

Whilee the effects of grazing on light availability are direct and obvious, indirect effects related to 

decreasedd nutrient cycling and productivity are also important (Kooijman and Smit, in press). In large 

partss of the area grazers remove aboveground biomass, which leads to a decrease in input of organic 

matterr and nutrients to the soil. Because of this consistently lower nutrient input the overall nutrient 

availabilityy probably decreases (Mcintosh, 1997) and productivity of the grazed vegetation as well 

(Vickery,, 1981; Belsky, 1986; Putman, 1986). Nutrient losses in the form of consumed biomass can be 

compensatedd by urine deposition (Day and Detling, 1990), but this remains a local effect. 

Mostt studies on the impact of grazing on nutrient cycling were performed on grasslands or pastures. 

However,, in forest areas the situation is more complicated, because the grazed vegetation is overgrown 

byy trees, which are not directly affected by large herbivores. Browsing may be important in forests 

(Pastoretal ,, 1993), but in Dutch pine forests the trees are not browsed because they are too high. 

Thee trees may alter the effect of grazing in different ways. Firstly, the reduction in total litter input 

duee to the lower input of grass litter is probably less than without trees, because tree litter input 

remainss the same. This implicates that total nutrient input may be only slightly reduced and the 

effectt of grazing is restricted. Secondly, pine litter is less decomposable than grass shoots and roots 

(Dijkstra,, 1998), and a larger proportion of pine litter may therefore lead to lower litter decomposition 

ratess and nutrient cycling, which amplifies the effects of grazing 

Inn order to study the impact of grazing on nutrient cycling in pine forests an experimental study 

wass performed (with different grazing intensities). The aim of this chapter is to quantify changes in 

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

off biomass consumption and reduced production of grass shoots and roots. Changes in decomposition 

ratess and nutrient availability are treated in the following chapter. 

Materialss and Methods 
StudyStudy area and experimental design 

Thee study area is in a former drift sand area north of Kootwijk (5''46'E, 52C10'N, 30 m above sea 

level)) in The Netherlands. Mean annual precipitation is 757 mm, and during the experiment annual 

precipitationn varied between 602 and 959 mm (Van Boxel and Cammeraat, 1999). In 1928, Scots 

pinee (Pmussylvestns L.) was planted to stabilise the drift sand. Tree density is 350 trees per ha, tree 

heightt is 10-15 m. The sand is highly quartzitic and well sorted (Koster, 1978). The soils are classified 

ass Haphc Arenosols (FAO, 1998) and have a Mormoder humus form (Green e t a l , 1993). The herb 



layerr is dominated by Deschampsia flexuosa (L.)Trin., with some patches of Vaccinium myrtillus L. Soil 

andd vegetation development are similar to other forest stands of similar age on drift sand as 

describedd by Emmer (1995a). 

Inn a homogeneous stand, three rectangular sites of 1 ha were fenced. In 1990, prior to the first 

grazingg period all sites were sampled to document their initial composition and test whether initial 

differencess existed between them, which was not the case (Kemmers et al., 1996). In each site, 

500 humus profiles were sampled (Sevink et al., 1993) in a rectangular grid (15x15 m spacing), at 

11 m north of the grid point. The first site was used as a control and was not grazed. In some cases a 

secondd control site, directly adjacent to the heavily grazed site and logisticaIly more convenient, was 

used.. Differences between the two control sites were tested with a Student's t-test and appeared not 

significantt (a = 0.05). The 'heavily' grazed site was grazed every summer for a period of 20 days by 

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

off this period by the same cows, either earlier than or following the grazing in the heavily grazed site. 

Thee first grazing period was in June 1990, the last in June 1996. 

AbovegroundAboveground biomass of the grass layer 

Crasss iitter input was not measured directly, but in order to get an estimation of this under grazed 

(bothh heavily and moderately) and non-grazed (first control) conditions, July standing crop was used, 

byy lack of any other turnover rate for Deschampsia flexuosa found in literature. The standing crop 

wass measured in July 1994 and July 1996 in 50 plots of 25x2 5 cm per site according to the sampling 

grid,, at 1 meter south and west of the grid points respectively. A lower standing crop and as such 

litterr input under grazed conditions may be a result of both direct consumption and decreased 

productivity.. The latter was estimated as July standing crop of living biomass in 1997, the first 

yearr after the end of the grazing regime, in ten randomly selected grass plots of 50x50 cm per site. 

Thee heavily and moderately grazed plots were compared with the first and second control plots 

combined,, because differences between these plots were not significant. In order to estimate 

differencess in nutrient content between living biomass and grass litter under grazed and non-grazed 

conditions,, living and dead grass shoots were sampled in November 1997 in ten randomly selected 

plotss in the heavily grazed and in the second control site. 

Alll samples were dried at C for 48 hours and weighed. Contents of C and N (g/kg) were measured 

onn a CNS Elemental Analyser. For determining contents of K, P, Ca, Mg, Fe and Al (g/kg) samples 

weree digested with HCI/HNO; in the microwave-oven (Bettinelli et al., 1989) and elements were 

measuredd on an ICP-OES (Inductive Coupled Plasma Optical Emission Spectrometer). Input of 

nutrientss to the soil was estimated by multiplying the means of nutrient concentrations in litter 

andd input of organic matter. The input of K was calculated using concentration in fresh leaves and 

needles,, because K will leach and reach the soil before Iitter does. 

BelowgroundBelowground biomass of the grass layer 

Thee input of grass roots to the soil compartment was estimated in two different ways: via rootstocks 

andd via ingrowth cores. Stocks of grass roots were sampled in July 1992, 1994 and 1996 with a 

monolithh sampler (Wardenaar, 1987) in the 50 plots per site according to the grid. After drying at 29 



70"C,, fine grass roots ( < 2mm) were separated from soil organic matertal by hand picking and 

weighed.. The input of dead grass roots to the soil compartment was estimated by multiplying these 

rootstockss by a turnover rate of 0 96 y (Aerts et al., 1992). Roots and rhizomes were sampled in 

Novemberr 1997 for the analysis of nutrient contents in the same plots used for aboveground biomass 

sampling.. In the laboratory, living roots and rhizomes were separated from soil samples and the 

remainingg mineral particles were rinsed off with demineralised water after which roots and rhizomes 

weree dried at 70 ' C and analysed as described for aboveground biomass. 

Apartt from the root input calculated from stocks and turnover rates, which may give an overestimation 

off the real root input, mesh bag ingrowth cores (Persson, 1990; Steen, 1991) were used to test 

differencess in root growth between grazed and ungrazed conditions. Mesh bags (mesh size 2mm) 

withh a volume of 1500 cm (depth 0-30 cm), filled with sieved sand (organic fragments and roots 

removed)) were placed in a hole drilled with a monolith sampler. In both the heavily grazed and the 

firstt control site, 25 bags were placed at randomly selected locations. Bags were removed after 3 

(nn = 5), 6 (n = 10) and 12 (control: n = 7; grazed: n = 9) months and dried at 70" C for 48 hours. Sand 

wass removed by gently shaking the bags; pine and grass roots were separated and weighed. Length 

measurementss were performed on roots collected after one year, via image analysis (TNTmips 5.7). 

LitterLitter input from trees 

Treee litter fall was measured from May 1997 to December 1998 with litter traps of 2.5*2.5m, 

whichh were placed about 1 meter above the ground. Two traps were placed in the first control and 

bothh grazed sites and one in the second control site. The traps were emptied every month and litter 

wass dried at , needles, branches and cones were weighed separately. In October 1996 fresh 

needlee litter was sampled in the second control site and nutrient concentrations were determined; 

itt was assumed that needle litter nutrient concentrations were not (yet) seriously affected by 

grazing.. In July 1997 living needles were collected by clipping 1-2 branches of three trees in 

eachh of the four sites for the determination of nutrient contents. Chemical analyses were carried 

outt as described before. Nutrient concentrations of twigs and cones were not determined but 

nutrientt input via twigs and cones were estimated via dry weight and nutrient concentrations 

givenn by De Vries et al. (1990). 

Treee root growth was measured with ingrowth cores, as described for grass roots. Pine rootstocks 

couldd not be measured because the dried roots fell apart when touched and could not be separated 

fromm organic soil samples. Estimation of pine root input was therefore based, besides on the root 

ingrowthh experiment, on root stock data and turnover rates given by Persson (1979) and 

Dee Vries etal. (1990). 

SoilSoil organic matter and nutrients 

Inn order to be able to relate litter input data to soil stocks of organic matter and nutrients, in July 

19977 the humus form was sampled in the same plots as for above ground biomass. The samples were 

dividedd into L and F combined, H and Ah horizons (according to Green et al., 1993). The nutrient 

contentt of the LF horizon was analysed as described before for biomass samples. Because of the high 

300 proportion of sand to organic matter in the H horizon, nutrient contents were estimated via extraction 



withh 0.125 M BaCI. (Van Wesemael, 1993) and converted to total stocks, using the ratio between 

totall and exchangeable fractions according to Wessel and Tietema (1995). 

StatisticalStatistical analysis 

Onee way ANOVA with grazing treatment as independent parameter was used to test whether 

differencess between grazing treatments were significant for measured stocks and nutrient contents. 

Whenn only two treatments were available for comparison, an 'independent sample t-test' was used 

Differencess were considered significant, when probability level was lower than 0.05. 

Factorr analysis (PCA, SPSS 8.0) was performed to test whether there were differences between 

thee treatments or between different types of litter, based on nutrient concentrations. 

Results s 
ImpactImpact of grazing on litter production 

Thee aboveground biomass and rootstocks of Deschampsia flexuosa show temporal fluctuations, 

whichh correspond to differences in precipitation between the successive years (Van Boxel and 

Cammeraat,, 1999), (spring) droughts leading to lower biomass and relatively wet years leading to 

higherr biomass. Despite these year-to-year fluctuations, grass standing crop is strongly decreased 

duee to grazing, as indicated by the 1994(5 years of grazing) and 1996 (7 years of grazing) above 

groundd biomass, which was 50% lower in the heavily grazed site (Figure 3.1). The indirect effect of 

grazingg is apparent in reduced biomass production measured in 1997, the year following the end 

off the grazing treatments. In the moderately grazed site, this reduction is 20% and in the heavily 

grazedd site biomass production is significantly reduced by 35%. 

Figuree 3.1 Above ground grass biomass in three experimental sites; Dark grey: maximum standing crop; 

tightt grey: left-over after grazing. Significant differences between grazed and non-grazed plots are indicated by *. 
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Rootstockss showed a significant decrease in the grazed sites in all years (Figure 3.2). In 1996, after 

77 years of grazing, stocks of fine grass roots under grazed situations were reduced by 20-30%. 

Althoughh temporal patterns in grass root production, estimated through ingrowth cores, differed 31 1 



betweenn the heavily grazed site and the first control site, after 12 months root growth in the grazed 

sitee was significantly lower than in the control site, both in length and weight (Figure 3.3). The weight 

too length ratio did not differ significantly, which indicates that at both sites roots had comparable 

thickness.. Pine roots were less abundant in the cores; differences in growth of pine roots between 

thee grazed and the control site were not significant. 

Figuree 3.2 Stocks of fine grass roots in three experimental sites. 
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Figuree 3.3 Roots of Deschampsia flexuosa and Pinus sylvestris in ingrowth cores. Figure 3.3A : root weight after 3, 6 and 12 

months;; Figure 3.3B: root length after 12 months. Significant differences (p < 0.05) between grazed and controi site are 

ndicatedd by * 
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Thee tree litter fall fluctuated between seasons for all three components (needles, cones and branches) 

ass indicated by the time lag between the period of main needle fall in autumn and the input of pine 

coness in early summer (Figure 3.4). The cumulative amounts of tree litter input showed no 

distinguishedd differences between the grazing treatments. 



Thee total litter input of grass shoots and roots and pine litter combined may be reduced with about 

20%,, which is less than the reduction of input from the grass layer (both roots and shoots) alone, 

becausee of the lack of impact of grazing on tree litter input (Figure 3.5). 

Figuree 3.4 Cumulative tree litter fall in 1997 and 1998 

6000 _ 

400 0 

total l 

OO needles 

®® cones 

 branches 

Figuree 3.5 Total litter input from grass biomass and trees combined, under heavily grazed and non-grazed conditions after 

sevenn years of grazing. Significant differences between grazed vs. non-grazed situations are indicated by an * 
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ImpactImpact of grazing on nutrient input 

Underr grazed conditions, only dead leaves of Deschampsia flexuosa had significantly lower N and P 

concentrationss than under non-grazed conditions (Table 3.1). Fresh grass leaves and other sources of 

litterr showed no differences in chemical composition between grazed and control situations. However, 

thee various sources of litter are clearly differentiated from each other, which is also indicated by high 

eigenvaluess for both axes from the factor analysis and an explained variance of 79% with only two 

factors.. The data in Table 3.1 furthermore show, that the fresh grass leaves and needles had higher N, 

PP and K concentrations than standing dead grass and needle litter The high concentrations of Fe and 33 3 



All in grass roots are very similar to those of the LF material. This suggests that roots constitute an 

importantt input for the LF material, which is in line with observations by Emmer (1995b) and Nierop 

(1999)) in non-grazed Scots pine ecosystems. 

Sincee nutrient concentrations in most forms of litter are not (yet) affected after seven years of grazing, 

changess in nutrient input due to grazing are mainly the result of shifts in the relative contribution of 

differentt litter types. This is illustrated by Figure 3.6 in which the net impact of heavy grazing on 

nutrientt input to the soil is presented, scaled against the nutrient stocks in soil organic matter. 

Thee input of K is most strongly affected by grazing due to the strong decrease in grass shoots, with 

highh K contents. The inputs of N and P are mainly reduced due to the lower grass root input. Calcium 

mostlyy comes from the trees, which are not affected by grazing, so the total decrease in Ca input is 

relativelyy low. The reduction in input of Mg is intermediate between that of N and P, and Ca, because 

thee input of this nutrient by grass roots and needles is rather similar. 

Tablee 3.1 Nutrient concentrations (mg.g ) in biomassand litter. Significant differences (p < 0.05) between the grazed sites 

andd the (second) control site are indicated by an *. 

material l grazing g 

intensity y 

NN P K Ca Mg Fe Al 

meann stdev mean stdev mean stdev mean stdev mean stdev mean stdev mean stdev 

freshh needles control 3 16.6 0.60 1.07 0.09 5.71 0.06 2.33 0.14 0.77 0.11 0.11 0.03 0.18 0.07 

moderatee 3 16.9 2.76 1.12 0.13 5.98 0.68 2.55 0.47 0.80 0.16 0.14 0.05 0.20 0.06 

heavyy 3 16.3 1.08 1.09 0.06 6.31 0.32 2.06 0.10 0.85 0.17 0.12 0.01 0.23 0.03 

needlee litter control l 9.1 1 0.45 5 1.57 7 3.35 5 0.12 2 0.37 7 

freshh leaves control 5 21.1 1.48 1.53 0.28 14.4 1.70 1.19 0.08 1.48 0.17 0.09 0.02 0.02 0.01 

(grass)) heavy 5 23.3 2.21 1.36 0.20 15.5 1.69 1.16 0.09 1.47 0.15 0.09 0.01 0.03 0.01 

standingg crop control 10 14.2 1.51 0.98 0.09 10.7 1.23 0.77 0.14 1.04 0.13 0.06 0.02 0.02 0.01 

(grass)) moderate 10 13.5 1.63 0.85 0.10* 11.0 1.49 0.75 0.14 0.92 0.12* 0.08 0.01* 0.03 0.01 

heavyy 10 14,8 2.00 0.94 0.11 11.0 2.53 0.75 0.09 1.03 0.07 0.08 0.02 0.02 0.01 

standingg dead control 5 9.7 1,82 0.48 0.10 2.22 1.05 1.18 0.22 0.71 0.17 0.13 0.04 0.06 0.02 

(grass)) heavy 5 7.4 0.67* 0.27 0.07* 1.25 0.33 1.02 0.14 0.59 0.04 0.15 0.04 0.05 0.01 

rhizomess control 4 15.7 2.03 0.94 0.16 3.04 0,64 0.74 0.14 0.42 0.05 0.57 0.09 0.33 0.06 

heavyy 5 16.8 0.65 0.88 0.11 2.81 0.85 0.66 0.09 0.34 0.04* 0.56 0.08 0.30 0.05 

grasss roots control l 

heavy y 
13.66 1.65 061 0.07 0.82 0.15 044 009 0 23 0 02 1.64 0.20 1.26 0.22 

13.88 1.35 0.61 0.09 0.89 0.22 0.49 0.09 0.24 0.02 1.38 0.38 0.90 0.32* 
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Figuree 3.6 Input through litter input (curved arrows), export through consumption (straight arrow) of Organic Matter, 

N,, P, K, Mg and Ca, after seven years of grazing. All arrows are in g.m \y and stocks in the soil are in g.m . Left-side: 

control;; right-side: grazed. 
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Discussion n 

Despitee uncertainties in some input fractions the results clearly show that even in pine forests grazing 

hass a significant impact on litter input. Standing crop, and thereby the input of grass shoots to the soil 

compartmentt after seven years of heavy grazing has decreased by 50%. This reduction is not only due 

too consumption, but also to a decrease in shoot productivity. After seven years of grazing, the July 

standingg crop of grass shoots was up to 35% lower under grazed conditions. Measurements of the 

amountss consumed appeared to be incorrect and are thus not shown, but the above ground reduction 

inn productivity suggests that the importance of direct consumption strongly decreases. Input of grass 

roots,, although not eaten, also decreased, probably because the reduced shoots cannot maintain the 

samee root biomass as before (Rodriguez et al., 1995). 

Roott production in the ingrowth cores decreased even more under heavily grazed conditions. 

Thee amounts of root biomass in the cores were however much lower than root biomass in the soil, 

whenn measured as rootstocks, multiplied with the turnover rate of 0.96 y derived from Aerts et al. 

(1992).. This difference may be caused by the sandy fillings of the cores, which offers higher mechanical 

resistancee and lower nutrient availability than the very loose F horizon, the main rooting location 

(Steen,, 1991; Vogt, 1998). The reduction in root litter input amounts to 25% and the combined 

reductionn in input of grass shoots and roots leads to a total reduction of understorey litter with 

30%,, i.e. 250 g.m :. 

Becausee the input of pine litter remained largely unaffected, at the ecosystem level heavy grazing 

resultedd in a total reduction of litter input with 20% instead of 30%, However, qualitative changes 

inn litter input may surmount the quantitative changes, because pine litter increases in significance; 

itt accounts for 30% under non-grazed conditions and amounts to 40% tn the heavily grazed site. 

Thiss may imply a drop in decomposabiiity, because pine litter supposedly has lower rates of 

decompositionn than grass litter (Dijkstra, 1998). 

Thee decomposabiiity of litter under grazed conditions may also decrease because of the lower 

nutrientt input (Hobbs, 1996). The input of nutrients to the soil compartment decreases with the 

inputt of litter, but not equally so and different nutrients seem to be affected differently. Plant 

macronutrientss such as N, P and K are affected most, and with 23% (N and P) and 30% (K) the 

decreasee is higher than expected, based on the total decrease in organic matter. This is partly due to 

thee large decrease in grass roots, of which N and P concentrations are relatively high and resorption 

fromm dying roots is negligible (Aerts et al., 1992). Also the decrease of N and P input via grass shoot 

litterr is relatively large due to increased retranslocation of nutrients from the dying leaves under 

grazedd conditions. The decrease in K input is mainly caused by the 50% reduction in grass shoots, 

whichh have high concentrations of K. Input is particularly through leaching (Lambers et al., 1998) 

andd to a lesser extent to shoot litter input, as evidenced by farge differences on K concentrations 

betweenn living and dead grass shoots. The input of Ca is only reduced with 10%, because of the high 

contributionn of Ca input by tree litter. 

Thee impact of decreased nutrient input on nutrient cycling depends on the nutrient stocks already 

presentt in the soil. The yearly input of N and P is rather small, compared to the stocks and reduced 

inputt is not expected to reduce stocks in the soil at short term. The reduction in K input is expected to 

366 be of higher importance, since the yearly input is relatively large. However, based on a decreased 



nutrientt input and an expected reduction in litter decomposition, due to a shift in litter quality, we 

mayy hypothesise that nutrient availability will decrease due to grazing. This hypothesis will be tested 

inn the following chapter. 

Conclusions s 
•• The impact of grazing on the input litter is mainly indirect, through reduced production of grass 

rootss and aboveground biomass of the herbal layer. The direct impact, the export of grass shoots 

andd nutrients contained in these, ts less important. 

•• Crazing affects litter quality through a relative increase of tree litter and reduction of the mam 

sourcee of input; the grass roots. 

•• Crazing leads to an overall decrease of nutrient input and presumably slower cycling of these 

nutrients,, connected with a decreased importance of the grass layer for cycling. 

•• Crazing has more impact on the input of the macronutrients N and P and especially K; the input 

off Ca is least affected. 
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