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Thee relation between microbial dynamics, phosphorus availability and 

phosphatasee activity in decomposing phosphorus poor Calluna vulgaris 

litter r 

Abstract t 
Thee relationship between microbial dynamics, phosphorus (P) availability and 

microbiall  acid phosphatase activity in decomposing P poor litter was studied by 

meanss of a laboratory incubation experiment. The litter originated from a dry 

heathlandd ecosystem, dominated by Calluna vulgaris (L.) Hull., in the Netherlands. 

Thee highly weathered acid sandy soil had low available P concentrations and as a 

resultt plant productivity at the site was limited by the availability of P. Acid 

phosphatasee activity did not play a role in the low P availability in the litter of this P 

poorr heathland, because phosphatase activity was very high throughout the 

experimentt and therefore did not restrict P mineralization. Instead low P availability 

inn litter was caused by rapid microbial P immobilization. Within 48 days 85% of 

totall  P present in the decomposing litter was incorporated in microbial biomass. Of 

thee remaining P, 7% was present as inorganic P, while 9% remained in the litter. 

Thee distribution of P over the P pools changed only slightly over the duration of the 

experiment,, despite the high acid phosphatase activity measured throughout the 

experiment. . 
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Introduction n 

Loww P availability in soils may be the most important factor limiting plant growth in 

manyy terrestrial ecosystems (Attiwil l and Adams, 1993). Within soil, the majority of 

inorganicc P is in mineral form, bound to Ca, (amorphous) Al and/or Fe solid phases, 

andd is therefore largely unavailable for plant uptake in the short term (Addiscott and 

Thomas,, 2000). Plants are therefore highly dependent on the cycling of P by organic 

matterr decomposition. Microbial biomass plays a key role in organic matter 

decompositionn and the associated mineralization of nutrients (Wu et al., 2000). 

Microorganisms,, plant roots and mycorrhizae produce specific enzymes to degrade 

differentt chemical compounds present in organic matter. Extra cellular enzymes are 

freee enzymes that are released to the soil from living cells. One of these extra 

cellularr enzymes is acid phosphatase. This specific enzyme hydrolyzes the C-O-P 

esterr bonds in organic P compounds and releases inorganic P into the soil 

(Tabatabai,, 1994). 

Manyy heathland ecosystems in the Netherlands have highly weathered acid sandy 

soilss with low inorganic P concentrations (van Vuuren, 1992; Diemont, 1996). The 

plantt communities of these ecosystems are dominated by the dwarf shrub, Calluna 

vulgarisvulgaris (L.) Hull., which produces P poor litter with a nitrogen (N)/P ratio of >16, 

indicatingg that P, rather than N, is the more important limiting nutrient for 

vegetationn growth (Koerselman and Meuleman, 1996). In these P-limited 

ecosystems,, competition for P between plants and microorganisms is likely to be 

strong.. Decomposing litter is an important source of P for plants and 

microorganisms.. The timing and rate of P release during litter decomposition is 

importantt for plant growth as well as for microbial biomass dynamics. Previous 

studiess have suggested that the mineralization of P within litter with a low P 

contentt is slow (Kwabiah et a l, 2003). Others have found that if microbial demand 

and/orr plant demand for P is high, more acid phosphatase is produced, enhancing 

organicc P mineralization (Moorhead and Sinsabaugh, 2000). Our hypothesis is that 

inn P limited ecosystems, such as many of the Dutch heathlands, high phosphatase 

activityy might not result in higher P availability as the mineralized P wil l be 

immobilizedd in the P limited microbial biomass. A laboratory incubation experiment 

wass carried out (1) to study the relationship between P availability, microbial P and 

microbiall  phosphatase activity during the initial stages of the decomposition of P 

poorr C. vulgaris litter and (2) to determine whether phosphatase activity plays a role 

inn the low P availability in these P poor ecosystems. 
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Materialss and methods 

SamplingSampling and litter preparation 
Litterr was collected at a Dutch heathland site called 'Oldebroekse heide' (52°24' N, 
5°55'' E) located in the center of the Netherlands. The heathland is dominated by the 
dwarff  shrub C. vulgaris. The soil is a nutrient-poor, well-drained, acid sandy Haplic 
Podzoll  (FAO, 1998), with a mormoder humus form (Green et al, 1993). The 
heathlandd is dominated by the dwarf shrub C. vulgaris with an average age of over 
155 years. The C. vulgaris plants form a dense, intertwined canopy. Ready-to-fall C. 
vulgarisvulgaris litter, consisting of shoots, flowers and branches (under 1.5 mm in diameter 
andd under 20 mm in length (40 mm for branches)), was collected in autumn 2001 
outsidee the climate manipulated plots by lifting the plants and placing a plastic sheet 
underneath.. The shrubs were gently shaken and senesced litter was collected. Part 
off  the litter we collected had been in direct contact with the soil surface and 
thereforee further inoculation with soil extracts of microflora and microfauna was 
nott necessary. The collected litter was taken to the laboratory where it was dried in 
thee open air in the laboratory at 20°C in order to let macrofauna escape. The litter 
wass bulked, homogenized and stored in plastic bags at 3°C. The litter consisted of 
56%% flowers, 27% shoots and 4% branches (on a mass basis); the remainder consisted 
off  small unidentifiable particles. Chemical composition of the bulked litter is 
summarizedd in table 1.1. 

Tablee 1.1 Initial chemical composition of bulked litter. Total C, N, P, Ca, Mn in g kg ' and 
initiall  C/N and N/P (kg kg ') ratio and lignin and cellulose (g kg0). 

c c 
543 3 

N N 

11.81 1 

P P 

0.61 1 

Ca a 

3.53 3 

Mn n 

0.20 0 

C/NN ratio 

46 6 

N/PP ratio 

19 9 

lignin n 

563 3 

Cellulose e 

393 3 

IncubationIncubation experiment 
Fifteenn grams of the litter was weighed in petridishes (14 cm diameter * 1.2 cm 
height)) and the gravimetric moisture content adjusted to 200% on a mass basis. The 
petridishess were closed with a loosely fitting cover to allow aeration for microbial 
respirationn and put in a tray in an incubator at a temperature of 10°C. Small jars 
filledd with water and moist tissue paper were also placed in the incubator and the 
wholee was loosely covered by a plastic sheet to provide a moist atmosphere in order 
too minimize evaporation from the petridishes. This temperature and moisture level 
representedd prevailing long term average temperature and moisture conditions in 
Octoberr when the bulk of litter falls. During incubation the samples were regularly 
weighedd and evaporation was compensated by adding deionized water to maintain 
constantt moisture content. Initial microbial and chemical characterization of the 
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plantt litter material was performed before the addition of water (day 0). After 48, 80, 
108,, 206 days of incubation five replicate samples were removed from the incubator 
andd analyzed. 

ChemicalChemical analysis. 
Firstt the CO2 and N2O production rates of the samples were measured by removing 
alll  replicates from the petridishes and putting them in airtight bottles. The samples 
weree left to rest for one night at 10°C in the incubator and the next day CO2 and 
N2OO production rate was determined by gas chromatography analysis of the 
headspacee CO2 accumulation in the airtight bottles on respectively a Carlo Erba gas 
chromatographh and a Varian 3600 gas chromatograph. The litter held in the bottles 
wass divided into several sub samples for further analysis. Moisture content was 
determinedd by drying a subsample at 70°C for 48 h. Acid phosphatase (EC 3.1.3.2) 
wass determined as described by Tabatabai and Bremner (1969) and Eivazi and 
Tabatabaii  (1977). The procedure is based on the colorimetric estimation of the p-
nitrophenoll  released by acid phosphatase activity when soil is incubated with a 
bufferedd sodium/?-nitrophenyl phosphate solution (pH 6.5) and toluene at 37°C. 
Microbiall  biomass carbon (C) and N was determined by fumigating a 4.5 g moist 
litterr (1.5 g dry weight) for 24 h with ethanol free CHCb , then extracted with 50.0 
mll  0.5M K2SO4 (for 1 h). At the same time a non-fumigated sub sample was also 
extractedd with 0.5M K2SO4. (Brookes et al, 1985; Vance et al., 1987). Extractions 
weree analyzed for dissolved organic carbon (DOC), dissolved organic nitrogen 
(DON),, N-NH4+, N-NO3 and N-NO2 on a Skalar continuous flow auto-analyzer. 
Microbiall  biomass C was estimated as the difference between the DOC 
concentrationn of the fumigated and unfumigated extracts. Microbial biomass N was 
estimatedd as the difference between the summed DON, N-NH41 and N-NOr (because 
N-NO2""  was not detectable) concentration of the fumigated and unfumigated 
extracts.. Because of analytical problems DON was not measured at day 0. DON is 
pann of the lysed microbial cells after fumigation, but microbial biomass C and N at 
dayy 0 was very low, indicating that DON could never been a substantial part of the 
lysedd microbial N. An extractability of 0.45 was assumed when calculating the 
microbiall  C and N (Wu et al, 1990). 

Inorganicc P (Pi) was analyzed by shaking a subsample of 1.5 grams of moist litter 
correspondingg with 0.5 grams of dry litter with 50.0 ml 0.5 M NaHCÔ  (pH 8.5 for 
300 minutes) (Olsen et al., 1954). The resulting solution was filtered and dissolved P 
concentrationss were determined colorimetrically by the ammonium molybdate 
ascorbicc acid method as described by Murphy and Riley (1962). Microbial biomass P 
wass determined by the fumigation extraction method as described by Brookes et al. 
(1982).. Here 1.5 grams of moist litter (0.5 g dry litter) was fumigated for 24 h with 
ethanoll  free chloroform and extracted with 50.0 ml 0.5 M NaHCOi (pH 8.5). In the 
extractt P concentration was also determined colorimetrically by the ammonium 
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molybdatee ascorbic acid method. Microbial biomass P was calculated as the 

differencee between dissolved P concentration of the fumigated and unfumigated 

extract.. An extractability of 0.40 for P was assumed (Brookes et al., 1982). 

Totall  C and N content of the samples was measured by a CNS analyzer (Vario EL 

analyzerr (Elementar)) and total contents of other chemical elements by an ICP-OES 

(Perkinn Elmer) after HNCh + HC1 digestion (4.0 ml HNCb 65%, 1.0 ml HC1 37% and 

1.00 ml H2O) in a microwave oven (Multiwave (Anton Paar)). 

Calculations Calculations 

Assumingg that microbial biomass is intermediate to the organic matter and inorganic 

NN and P, the net N and P mineralization rate is the rate at which inorganic N and P 

iss produced and the net microbial C, N and P immobilization rate is the rate at 

whichh microbes immobilize C, N and P. Net P and N mineralization and 

nitrificationn rate was calculated respectively as the change in litter inorganic P (P.), 

N-NELff  plus N-NO3 and N-NCh concentration over time. Net C, N and P microbial 

immobilizationn is calculated as the change in the microbial C, N and P pool over 

time. . 
Thee amount of C respired as CO2 for the first period (0 to 48 days) was calculated 

fromm total C analyses of the samples at day 0 and day 48. This was done because the 

CO22 respiration measurement at day 0 was carried out before the addition of water. 

Ass a result we probably underestimated respiration at day 0 as the addition of water 

wil ll  most likely have led to a temporal peak in respiration (Pulleman and Tietema 

1999).. Consequently, the exact respiration dynamics between day 0 and day 48 were 

thereforee unknown. The amount of C respired as CO2 for the time steps 80, 108 and 

2066 days was calculated from the direct CO2 respiration rate measurements. 

Dataa of dry litter remaining in the litterbags as percentage of initial was fitted to a 

singlee negative exponential decay model (eq. 1.1) (Hunt, 1977). 

Xtt = X H*ek ' (1.1) 

Where;; Xt = mass litter left at time t (gram); Xo = mass initial amount of litter (gram); 

tt = time (years); k = fractional weight loss (year '); 

StatisticalStatistical analysis 

Dataa was tested for homogeneity of variance using Levene's homogeneity of 

variancee test (Levene, 1960). One-way analysis of variance was performed to test 

differencess between means of one variable between the different time steps, using a 

postt hoc Turkey test in case of equal variances and a Tamhane's T2 test in case of 

unequall  variances. Differences were called significant at the P < 0.05 level. Al l tests 

weree performed in the Compare Means Procedure in the statistical program SPSS 

11.00 (SPSS Inc., 2001) Data are reported as means  standard deviation. 

Bivariatee correlation analyses were carried out to test the relationship between the 

variouss variables and derivatives. Correlation analysis was only performed with the 
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dataa collected at day 48, 80, 108 and 206. Day 0 was excluded from these analyses 

duee to lack of significant decomposition processes at this day. Correlation analysis 

wass performed in the Correlation Procedure in SPSS 11.0. 

Results s 

LitterLitter mass loss 

Thee percentage remaining of initial mass after 206 days of incubation amounted to 

79%% (Fig. 1.1). The fractional weight loss constant k, calculated from the single 

exponentiall  decay model (r2 = 0.91), was 0.4015 year '. 

Figuree 1.1 Decomposition of C. vulgaris litter expressed as percent weight remaining of 
initiall  litter. Error bars indicate standard deviations (n=5). Different letters indicate 
significantt differences between successive time steps at P< 0.05. 
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MicrobialMicrobial P and inorganic P 

Thee total P concentration of the incubated litter at day 0 was 0.61 g kg ' litter and 

increasedd during the experiment to 0.77 g kg ' litter (Fig. 1.2). During decomposition 

thee availability of inorganic P (Pi) increased slightly from 0.01 to 0.05 g kg ', 

comprisingg on average 6.7% ) of the total P concentration in the litter (Fig. 

1.2).. The slight increase in Pi was in contrast to the increase in microbial P. Already 

afterr 48 days microbial P had increased to 0.57 g P kg ', which was 85% ) of the 

totall  amount of P present in the litter material. Microbial P immobilization rate was 

veryy high in comparison to net P mineralization rate during this first stage of litter 

decompositionn (Fig. 1.3). After 48 days of decomposition microbial P immobilization 

andd net P mineralization rates were both very low. Microbial P was on average 13 to 
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166 t imes h igher than P,. After 206 days of incubat ion 7 8% (  11%) of total P was 

presentt in the microbial P pool, 6% (  3%) was present as P, and 16% (  8%) was in 

thee organic P pool. 

Figuree 1.2 Total P, microbial P and inorganic P dynamics in g kg during 206 days of 

incubation.. Error bars indicate standard deviations (n=5). Different letters indicate 

significantt differences between successive time steps within one variable at P< 0.05. 

500 100 150 200 

timee (day) 

totalPP —°— microbial P -o--inorganic P 

Figuree 1.3 Microbial P immobilization rate and net P mineralization rate in g kg1 day' 

duringg the four incubation periods. Error bars indicate standard deviations (n=5). Different 

letterss indicate significant differences between successive time intervals within one variable 

att P< 0.05. 
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MicrobialN,MicrobialN, NHs, NOsandDON 

Thee total N concentration of the incubated litter increased from 12.27 g kg ' to 15.38 

gg kg' (Fig. 1.4). The N-NH-r and N-NO:t concentration increased as well. No 

changess in N-DON concentration were found during the experiment (Fig. 1.4). 

Microbiall  N increased rapidly during the first incubation period and at 48 days a 

clearr peak in microbial N was present. Only 5 to 10% of total N was mineralized or 

takenn up in the microbial biomass. Net N immobilization was much higher than net 

NN mineralization or nitrification (Fig. 1.5). Denitrification was negligible during the 

wholee incubation experiment as N2O fluxes were not detectable (results not shown). 

Figuree 1.4 Total N, microbial N, NH4, NCh and DON dynamics in g kg during 206 days of 
incubation.. Error bars indicate standard deviations (n=5). Different letters indicate 
significantt differences between successive time steps within one variable at P< 0.05. Notice 
thee y-axis is composed of two segments with different scales. Significant differences in NH4 
andd NCh are not drawn for the purpose of clarity. 
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MicrobialMicrobial C, DOC and CO2 respiration 

Microbiall  C increased rapidly from 2.07 g C kg ' at day 0 to 12.18 g C kg ' at day 48, 

remainedd constant from day 48 to 80 and had decreased with 61% at 108 days (Fig. 

1.6).. From day 108 to 206 microbial biomass C remained constant. The peak in 

microbiall  C at day 48 was about 2% of the total C present in the incubated litter at 

dayy 48. The DOC concentration increased steadily during the incubation 

experiment.. Average CO2 respiration was highest from day 0 to day 48 and 

decreasedd steadily during the remainder of the experiment (Fig. 1.7). From figure 1.7 

itt is clear that the amount of C respired as CO2 per day for each incubation period of 
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thee exper iment was much h igher than the microbial C immobi l iza t ion rate or C that 

wass present as DOC. 

Figuree 1.5 Microbial N immobilization rate, net N mineralization rate, nitrification rate and 

DONN production rate in g kg ' day ' during the four incubation periods. Error bars indicate 

standardd deviations (n=5). Different letters indicate significant differences between 

successivee time intervals within one variable at P< 0.05. 
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Figuree 1.6 Total C, microbial C and DOC dynamics in g kg ' during 206 days of incubation. 

Errorr bars indicate standard deviations (n=5). Different letters indicate significant 

differencess between successive time steps within one variable at P < 0.05. Notice the y-axis 

iss composed of two segments with different scales. 
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Figuree 1.7 Average CCh respiration rate, microbial C immobilization rate and DOC 
productionn rate in g kg ' day ' in each time interval. Error bars indicate standard deviations 
(n=5).. Different letters indicate significant differences between successive time intervals 
withinn one variable at P< 0.05. 
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Tablee 1.2 Microbial C/N and N/P ratios on a mass basis at the 5 time steps. Standard 
deviationss between brackets (n=5). Different letters indicate significant differences between 
sequentiall  time steps within one variable at P< 0.05. 

dayy microbial microbial 

C/NN (stdev) N/P (stdev) 

00 21.6(1.1)., 1.0(0.2). 

488 10.3(0.4)h 2.1(0.2)b 

800 22.2 (4.5). 0.9 (0.2). 

1088 8.3 (1.2)J 1.4 (0.4)j 

2066 10.4 (2.1)j 1.4(0.7)d 

AcidAcid phosphatase activity 

Acidd phosphatase activity increased from the start of the experiment and remained 

highh during the whole incubation experiment (Fig. 1.8). Phosphatase activity 

fluctuatedd between 7.27 and 12.03 g/>NP kg ' h ' , with a minimum at day 80. 

MicrobialMicrobial C/Nand N/P ratio 

Differencess in the sizes of the microbial C, N and P pool during incubation, lead to 

varyingg microbial C/N and N/P ratios during incubation (Table 1.2). In the first 48 

dayss of incubation, the microbial C/N ratio decreased significantly to a value of 10. 

Thiss was because of higher microbial N immobilization relatively to microbial C 
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immobilization.. Microbial P immobilization was relatively small compared to 

microbiall  N immobilization. This resulted in an increase in microbial N/P ratio. But 

ass further microbial P immobilization ceased, due to P depletion of the litter, and 

microbiall  biomass N decreased, the microbial N/P ratio decreased again. During the 

lastt two incubation periods (i.e. 80 to 108 and 108 to 206 days), the microbial C/N 

andd N/P ratios remained constant. 

CorrelationCorrelation analysis 
AA significant correlation between microbial N and acid phosphatase activity was 

found.. (Pearson's correlation coefficient was 0.65 (P < 0.01, n=20)). No other 

significantt correlations between the variables were found. 

Figuree 1.8 Enzyme acid phosphatase activity in g p-nitrophenol (/>NP) kg ' h '. Error bars 
indicatee standard deviations (n=5). Different letters indicate significant differences between 
successivee time steps at P < 0.05 
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Discussion n 

Thee percentage remaining of initial mass in the incubation experiment after 206 

dayss was 79%. This corresponded very well with the percentage remaining of initial 

masss of C. vulgaris litter incubated in litterbags at a dry heathland in a region 

adjacentt to the area where the litter used in this study was collected (van Vuuren, 

1992).. They found that approximately 84% of the incubated mixture of leaves and 

flowerss was left after 7 months of incubation. 

Initiall  growth of the microbial biomass on the substrate was very high. In the first 

488 days microbial biomass P, N and C increased rapidly to a community size found 
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inn other studies in heathland ecosystems (Jensen et al., 2003; Jonasson et al., 1996; 

Schmidtt et al., 1999). Within 48 days microorganisms immobilized 84.6% of total P 

presentt in the decomposing litter. The P, and N (N-NH4% N-NOs) pools were small 

comparedd to the microbial P and N pools. At its highest level. Pi was only 7.3% of 

totall  P in the incubated litter. And at its greatest level, N-NHrwas only 1.3% of total 

NN and 0.4% of total N was NOs. Jonasson et al. (1996) and Kwabiah et al. (2003) 

foundd low levels of P. in soil and a large proportion of total P incorporated in 

microbiall  biomass. Our results indicated that also in decomposing C. vulgaris litter a 

largee proportion of total P was immobilized in microbial biomass. A low level of P, 

wass present during the whole incubation experiment. This Pi was not immobilized 

inn microbial biomass probably because P mineralization, by the extra cellular 

enzymee acid phosphatase, and microbial P immobilization took place simultaneously 

butt at different microsites in the decomposing material. Because of the low Pi levels 

duringg the experiment P became limitin g to microbial growth. Microbial C and N 

decreasedd through P depletion of the litter material and P limitation to the microbial 

biomass.. This suggests interactions between intracellular C, N and P nutrient cycles 

off  the microorganisms. These interactions were reflected in the changes in microbial 

C/NN and N/P ratios (Table 1.2). Approximately 4.6% of total P was not mineralized 

orr taken up in the microbial biomass in the time span of the experiment. This 

fractionn may have consisted of more recalcitrant P-bonds that were protected from 

enzymaticc attack in high molecular weight compounds (Hens and Merckx, 2001). 

Althoughh the acid phosphatase activity was high during the whole experiment, the 

moree recalcitrant P bonds could not be mineralized. This agrees with work carried 

outt by Tarafdar and Claassen (1988),who also found that decomposition of organic P 

compoundss was not limited by acid phosphatase activity, but by the availability of 

hydrolysablee organic P sources. 

Thee N-NH4" and N-NO3 concentrations increased during incubation, indicating that 

NN was not limiting microbial growth or decomposition. Another indication that N 

wass not limiting microbial growth or decomposition was the decrease in microbial N 

att 80 days (Fig. 1.4). Changes in N-NH4- and N-NCh pools were smaller than 

changess in microbial N pool, indicating that microbial N increase or decrease was 

nott dependent on the size of the N-NH4' and N-NCb pool. The same accounted for 

DON:: the DON pool stayed more or less equal during the second half of the 

incubationn experiment. Although the microbial population was not growing from 

dayy 108 to 206, they stayed active, which can be concluded from the ongoing CO2 

respirationn and weight loss. Microorganisms possibly decoupled catabolism from 

growth,, because of P limitation. This is a common feature found with many 

differentt microorganisms, when growing under nutrient limiting conditions (Dawes, 

1989;; Tempest and Neijssel, 1992; Larsson et al., 1995). 
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Thee acid phosphatase activity measured in this study (8-12 g />NP kg1 hr ') was 
higherr than the ranges found in other studies for a variety of ecosystems (Olander 
andd Vitousek, 2000). However, when comparing the ratio between acid phosphatase 
activityy and microbial biomass C (634-3787 g pNP (kg microC)' hr1), ratios fitted 
veryy well within data found in other studies. For example Carpenter-Boggs et al. 
(2003)) found a ratio of 884 for a grassland Mollisol. Jordan et al. (2003) even found a 
ratioo that was much higher: 13428 for a forested Ultisol. High acid phosphatase 
activityy has been reported to be a response to low P availability (Sinsabaugh et al., 
1993;; Tabatabai, 1994; Johnson et al., 1998). However, although phosphatase activity 
iss high during the experiment, this does not result in high P availability, because of 
rapidd microbial P immobilization and P depletion of the litter material. Olander and 
Vitousekk (2000) suggested that the absence of a relationship between Pi and 
phosphatasee activity could be caused by excess levels of Pi. Results from this study 
indicatedd that at low levels of P! a relationship between Pi and phosphatase activity 
cann also be absent. Although no relationship between P. and phosphatase activity 
wass found, a strong positive correlation between phosphatase activity and microbial 
NN was found. Olander and Vitousek (2000) also found evidence for an interaction 
betweenn the N and P nutrient cycles. They showed that N additions stimulated 
phosphatasee activity at an N limited site, probably caused by increased productivity 
andd thus P demand in response to the alleviation of N deficiency. In this study 
microbiall  N levels increased and decreased with the same trend as phosphatase 
activity.. Changes in microbial N corresponded with changes in microbial N/P ratios. 
Higherr N/P ratios indicate relatively higher P limitation, resulting in increasing 
microbiall  P demand and as a result a higher phosphatase activity. This suggests that 
regulationregulation of phosphatase activity is through microbial P demand and, in particular, 
thee relative microbial N/P content of the microbial biomass. 

Conclusions s 
Acidd phosphatase activity did not play a role in the low P availability in the litter of 
thiss P poor heathland ecosystem because phosphatase activity was very high and did 
nott restrict P mineralization. Instead low P availability in the litter was caused by 
rapidd microbial P immobilization. We hypothesize that microbial biomass plays an 
importantt role in preserving P in an active soil pool and in regulating P availability 
too plants in this heathland ecosystem. 
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