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1. Introduction

In ski areas fertilizers and lime are applied to improve the soil fertility to enable a fast
revegetation and a reduction of the erosion after the construction of ski runs. High amounts
of fertilizers are also occasionally used to conserve the snow on the ski runs (SCHONTHALER
1983). SineH (1949), CHARDEZ et al. (1972), and Kast Viswanarn & Prrrar (1977) found in
arable land and forest soils, that different fertilizers cause conspicuous qualitative and
quantitative changes in the soil amoeba, testacea, and eciliate community, respectively.
Forssner (1985) stated, that the biomass of protozoa amounts about one third of the whole
zoomass of alpine soils. This indicates the importance of the protozoa in this terrestrial
ecosystem.

Thus, we performed an experiment to investigate the effects of recommended maximum
concentrations of compound fertilizer, thomasphosphate, and lime on the microfauna,
especially on the protozoa of an alpine pseudogley. In a second experiment we assessed the
influenece of ammonium sulphate, which is often used for the chemical preparation of ski
runs.

2. Material and methods
2.1. Site description and treatments

Both experiments were performed in the ski area of the SchloBalm, Bad Hofgastein, Salzburg,
1965 m above sea level. The study site is a grazed alpine pasture with dwarf shrubs, E, 10—15°,
mica-slate, pseudogleyic brown earth. A detailed description including the soil profile is given by
BERGER ef al. (1985).

Experiment 1: On June 17, 1984, 600 kg compound fertilizer ha—! (NPK; 16:16:16; 96 kg N,
42 kg P, and 79 kg K ha-!; containing chlorine), 600 kg thomasphosphate ha=* (14.59, P,0;, 38 kg
P ha—; 459, Ca0), and 4,000 kg lime ha=! (crushed limestone, CaCO;) were applied in a randomized
block design (3 blocks). The fertilizers were dissolved in spring water and applied with a watcring
can. The control plots received only water.

Experiment 2: Four plots, each 1 m x2 m were treated on June 13, 1983 and June 17, 1984,
with 0;°100, 400, and 1,200 kg ammonium sulphate ha—' ((NH,),80,; 219, N, 0, 21.2, 84.8, and
254.5 kg N ha-*). The application was done as described in experiment 1.

2.2. Sampling and counting procedures

Experiment 1: The 3 blocks were sampled on October 4, 7, and 15, 1984. Ten cubes (side = 5 cm)
of the top soil were taken from each plot (0.5 m x 1.0 m) and pooled into 1 sample, from which a
subsample (n = 10) of 0.4 g fresh soil was used to estimate the abundance of the active ciliates,
nematodes, and rotatoria. The soil was suspended in 8 ml water and examined at a magnification
of x40 (objective 4:1, ocular 10 :1). This method has been proven to yield reliable counts for re-
latively fast moving soil microorganisms, like ciliates and nematodes (Foissver 1983). The abundance
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and species number of the testacea were determined from a subsample (n = 10) of 0.1 g fresh soil
stained with aniline blue to descriminate between full and empty tests (ScnonBORN 1978). The
examination of the suspension (3 ml) was performed at a magnification of %100 (objective 10:1,
ocular 10:1). The species number of the ciliates was determined using the technique described by
FoissNer (1985), however, 50 g instead of 30 g air dried soil were employed. This sample was also
used to estimate the abundance of the ciliates (culture method!). Six replicates of each 10 ul were
examined under x40. For the estimation of the abundance of the fast moving and dominant spe-
cies Lugol’s solution was added. The determination of the biomass was done according to the
method of FoissNEr (1985).

Experiment 2: Samples were collected on July 5, September 5, and October 18, 1983, and Sep-
tember 19, 1984. All other procedures were the same as described in experiment 1.

2.3. Chemical analysis

Soil water content: air-drying, 14 days at 20 °C.

pH-value: with a glass pH electrode in a 1 :2.5 soil/water suspension.

Humus content: according to pE LEENHEER (ALva 1972).

Total nitrogen: acecording to KseLpant (STEUBING 1965).

Ammonium- and nitrate-nitrogen: according to the method of ALVA (1972).
Calcium-carbonate: according to SCHEIBLER, gas-volumometric with HCl1 1 :1 (ALVA 1972).
Phosphoric-acid and potash: CAL-method according to ScuirLLER (1969).

CO,-release: according to IserMEYER (1952).

2.4. Statistical analysis

Following indices were used to characterize the community structures: species identity (SoREN-
SEN 1948), dominance identity (RENKONEN 1938), the similarity index of Bray & Curtis (1957),
and Shannon’s diversity index and the evenness component (P1ELou 1966). The data in experiment
1 were analyzed with a two-way analysis of variance and the Dunnett-test was used for multiple
comparison (DUNNETT 1955, 1964, SoxaL & Rourr 1981). The diversity values were compared by
using the method of HurcrEsoN (1970). Since the 4 experimental units of each treatment of the ex-
periment 2 are not independent, an analysis of variance cannot be performed (EisENzARrT 1947,
HurLBERT 1984).

3. Results and discussion
3.1. Abiotical factors and CO,-release

Experiment 1: The NPK treatment causes no conspicuous change of the pH value,
whereas it is significantly increased by lime and the high Ca-content of thomasphosphate,
which is reecommended for the fertilization of acid soils (Table 1, Fig. 1a; Scurrrir &
ScuHacHTSCHABEL 1979, RUuckENBAUER 1982). In spite of this increase the CO,-release
-— which proves to be more an index of microbial activity than on the quantity of microbial
cells (GorrBrowska & PEpziwiLk 1984) — is not altered significantly (Table 1, Tig. 1b).
Likewise, BAATH ef al. (1980) find no changes in the microbial biomass after the application
of lime. Contrary, Ma1 & FiepLER (1969) report on a significant increase of soil respiration
6 vears after a “moderate” liming. KaszuBIiak ef al. (1983) ascertain a similar bacterial
biomass in the control and the NPK treatment, whereas SCHINNER et al. (1980) show that
compound fertilization reduces the CO,-release conspicuously. A similar tendency is dis-
cernable from our experiment (Fig. 1b).

Experiment 2: One year after the first application of ammonium sulphate, the COy,-
release and the NH,* — nitrogen are about 40%, and the total — nitrogen is about 509/
higher in the fertilized sites than in the control. The differences among the fertilized plots
are insignificant (Table 2). Two months after the second fertilization the total — nitrogen
is similar in all sites. Only the NH,© — nitrogen concentration is about 409, (100 kg ha-1),
70%, (400 kg ha™t), and 1609, (1,200 kg ha-1) higher as compared to the control. On Sep-
tember 19, 1984, the fertilized sites have higher contents of approximately 509, total —
nitrogen and 2109, NH,* — nitrogen than the control. The CO,-release is 359, higher in
the plots 100 and 400 kg ha-! compared to the unfertilized soil. In the sample 1,200 kg ha-1
the soil respiration is only 79, higher than in the control.
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Fig. 1. Arithmetic mean (n = 3) of the soil pH, the CO,-release, and some community parameters
after compound fertilizer (NPK), thomasphosphate (TP), and lime (Ca) application. a: soil pIL
b: CO,-release. ¢, d: abundance of rotatoria and nematoda. e, f, g, h: species number (above, full
and empty tests; below, full tests), abundance, biomass, and diversity and evenness of the testacean
communities. i, j, k, 1: species number, abundance, biomass, and diversity and evenness of the
ciliate communities. *, *, **, with P < 0.10, P < 0.05, or P < 0.01 different from the control (¢).

dm: dry mass.
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Table 2. Effect of ammonium sulphate on selected chemical parameters 1 year after the first and
2 and 3 months after the second application?)

Date Treatment Total-nitrogen NH,*-nitrogen COy-relcase
June 17, 19842) Control 299 44 51.3
100 kg ha—! 420 5.7 74.8
400 kg ha—t 519 6.3 66.0
1,200 kg ha—t 482 6.4 71.9
August 15, 1984 Control 420 5.3 —
100 kg ha! 449 7.5 —
400 kg ha™t 5568 9.0 —
) 1,200 kg ha™! 471 13.5
September 19, Control 358 2.2 95.7
1984 100 kg ha-* 484 5.3 126.0
400 kg ha?! 601 8.4 130.9
1,200 kg ha—t 543 6.8 102.3

1y First treatment, June 13, 1983; second treatment, June 17, 1984. All data in mg 100 g=* dry
mass.

2) The samples were taken prior to the second treatment.

3.2. Testacea

Experiment 1: Both the mean and the total species number are not significantly differ-
ent, however, both parameters (full tests) are increased in the fertilized samples (Table 1,
Fig. 1e). So far, only CuarDEZ et al. (1972) investigated the effects of fertilizers on the
testacean communities. Three years after the application of 325 kg urea ha-! they find a
statistically significant decrease in the species number, whereas PK and NPK cause no mar-
ked changes. Urea reacts alkaline, similar as thomasphosphate and lime. The last 2 induce
greater modifications in the species composition than NPK (Table 4).

Only Schoenbornia humicola and Trinema enchelys show significant treatment effects
(F = 10.46, P < 0.01 and F = 6.33, P < 0.05). They are more abundant in the thomas-
phosphate plots than in the control (Tables 1, 5). Trinema lineare is the most dominant
species in all sites. It also causes the high mean abundance in the thomasphosphate treat-
ment, where also Centropyxis aerophila var. sphagnicola, Corythion pulchellum, Nebela par-
vula, Plagiopyxzis declives, and T. complanatum are more abundant compared to the other
sites. Although the mean abundances and biomasses are rather different only thomasphos-
phate increases the biomass significantly (P ~ 0.1; Table 1, Figs. 11, g). All treatments
cause a significant alteration of the diversity index, however, qualitative and quantitative
changes are conspicuous only after the thomasphosphate application (Tables 1, 4, Fig. 1h).
CuARDEZ ef al. (1972) observe a doubling of the abundance and biomass 3 years after the
NPK treatment and a loss of two-thirds after the urea application.

Experiment 2: The differences in the species number, abundance, diversity, and evenness
component are inconspicuous among the treatments and do not show a uniform trend (Ta-
ble 3). Contrary, the mean biomass is about 30 %, higher in the site 1,200 kg ha~* than in the
other plots. This is mainly due to the increased dominance of C. aerophila var. sphagnicola,
one of the largest species in this area. However, the abundances of other testacea are not
markedly changed. Sineu (1949) finds that the abundances of the soil naked amoebae are
much higher in the plots treated with complete minerals and ammonium sulphate than in
the control sites.

The mean ratio of full to empty tests is distinetly higher in the site 1,200 kg ha! than
in the other treatments (Table 3). Very probably this is also due to the raised dominance
of C. aerophila var. sphagnicola, since aceording to LousiEr & PArkinson (1981) empty
sediment particle tests disappear more slowly than those tests which are made of platelets.

Pedobiologia 29 (1986) 4 26D
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Table 4. SrENSEN, RENKONEN, and Bray & Curris index between the testacean and ciliate com-
munities of the control and the fertilized sites2)

Index Testacea Ciliata
NPK TP Ca NPK TP Ca
SORENSEN Ky 72 69 77 81 69
RENKONEN; individuals 79 85 86 86 61 79
RENKONEN; biomass 61 61 75 78 68 78
Bray & Curris K 56 80 88 53 60
1) Data in %. All indices were calculated on means of 3 replicates per treatment.
2) NPK, compound fertilizer; TP, thomasphosphate; Ca, lime.
Table 5. Relative abundance of testacea in experiment 1)
Species Relative abundance (%)
C NPK TP Ca
Arcella arenaria var. compressa CHARDEZ 4+ @) + @ — —
Assulina muscorum GREEFF — - 0.4 (1) 0.3 (1)
Centropyxis aerophila DEFLANDRE — + Q) + @) 0.4 (1)
Centropyzis aerophila var. sphagnicola 3.4 (3) 7.5 (3) 3.8 (3) 5.4 (3)
DEFLANDRE
Centropyxis elongata (PENARD) — 2.5 (3) 0.6 (2) 0.6 (2)
Centropyxis minuta DEFLANDRE — — — + @)
Centropyxzis sylvatica DEFLANDRE + (1) — + @) —
Corythion dubium TARANEK + 1) 0.5 (1) 4+ (2) +  (2)
Corythion pulchellum PENARD 6.7 (3) 7.6 (3) 4.3 (3) 5.4 (3)
Cyclopyxis eurystoma DEFLANDRE + (1) + @) 0.2 (2) 0.4 (1)
Cyclopyxis kahli DEFLANDRE + @ 1.0 (2) — 0.7 (2)
Difflugia sp. — — — 0.4 (1)
Edaphonobiotus campascoides SCHONBORN, — 0.5 (2) — —-
ForssNErR & MEISTERFELD
Euglypha compressa CARTER — — — 0.3 (1)
FEuglypha cristata LEIDY — S+ D) — —
FEuglypha laevis (BHRENBERG) 1.4 (3) 2.6 (2) 0.6 (3) 0.6 (3)
Euglypha rotunda WaiLrs & PENARD 14.6 (8) 15.7 (3) 10.4 (3) 19.4 (3)
Fuglypha strigosa (ENRENBERG) + (1) + ) — + ()
FEuglypha sp. + (D 1.0 (1) — —
Heleopera petricola LEIDY —— + (1) + (D —_
Nebela parvula Casn 4+ (2) — 0.2 (1) + (1)
Phryganella acropodia (Herrwic & Lusser) 4.4 (3) 3.1 (3) 1.5 (3) 7.6 (3)
Plagiopyxis declivis THOMAS + (3) 0.5 (3) 2.1 (3) 0.4 (3)
Sehoenbornia humicola (SCHONBORN) 2.9 (3) 6.6 (3) 5.1 (3) 1.1 (3)
Sehoenbornia viscicula SCHONBORN 3.7 (3) 7.2 (3) 0.6 (3) 2.0 (3)
Tracheleuglypha acolle BoNNET & TioMas + @) — — 0.4 (1)
Trinema complanatum PuNarD 15.1 (3) 6.1 (3) 13.9 (3) 12.8 (3)
Trinema enchelys (EURENBERG) 3.0 (3) 0.5 (2) 2.9 (3) 2.7 (2)
Trinema lineare PENARD 44.8 (3) 37.1 (3) 53.4 (3) 39.1 (3)
Species number: full tests 10 16 15 19
full & empty tests 20 22 19 23

1y -, not present; -, only empty tests present; (1), (2), (3), in 1, 2, or 3 blocks present.
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Table 6. Relative abundance of ciliates in experiment 11)

Species Relative abundance (%)
c NPK TP Ca

Blepharisma hyalinum PERTY — — — + Q)
Bryometopus pseudochilodon KAxL + (@ 0.2 (3) 0.3 (2) —
Chilophrya terricola FoissNER + @ — — —
Cinelochilum margaritaceum PERTY — — + (@) —
Colpoda henneguyi FABRE-DOMERGUE 0.9 (3) 2.6 (3) 3.3 (3) 2.7 (3)
Colpoda inflata (STokES) 9.6 (3) 12.0 (3) 19.5 (3) 11.9 (3)
Cyclidium muscicola KanL 6.6 (3) 6.6 (3) 13.6 (3) 7.8 (8)
Cyrtolophostis acuta KanL 0.5 (2) 0.7 (3) 0.2 (2) 1.0 (8)
Dileptus anguillula Kanz, + @ 0.1 (1) 0.2 (2) —
Dileptus terrenus FOISSNER — + @ — —
Drepanomonas revoluta PENARD — 0.1 (1) 0.4 (1) —
FEnchelys multinucleata (DRAGESCO & — 0.1 (1) — —

Dracusco-KERNEIS)
(fonostomum affine (STEIN) 2.6 (3) 0.9 (3) 4.2 (3) 1.9 (3)
Gonostomum franzi FoissNer 0.2 (1) + (1) + 1) + (©
(frossglockneria acuta FoISSNER 1.9 (8) 1.0 (3) 0.6 (3) 0.7 (2)
Hemisineirra filiformis (FoissNeRr) 0.1 (1) — — —
Hemisincirra gellerti (Fo1sSNER) 0.4 (3) 0.7 (2) 2.4 (3) 1.5 (3)
Hemisincirra gracilis (FOISSNER) — — 0.1 (1) —
Histriculus muscorum (Kamnw) + (@ 0.1 (1) 0.2 (1) —
Holosticha sigmoidea FoissNur 0.2 (1) — 1.6 (1) —
Keronopsis muscicola (KAnL) + Q) + @) + @) -
Lamtostyla perisincirra (HEMBERGER) 0.2 (1) 0.1 (1) 0.3 (2) 0.1 (3)
Leptopharynz costatus MERMOD 1.3 (3) 3.2 (3) 6.3 (3) 4.3 (3)
Microdiaphanosoma arcuata GRANDORI & 0.2 (2) 0.3 (2) 0.1 (1) —

(ARANDORI
Nivaliella plana FoissNER 6.3 (3) 1.6 (3) 8.7 (3) 0.6 (3)
Oxytricha setigera STOKES 0.1 (1) 0.2 (1) L1 (2) —
Paracolpoda steinic (MAUPAs) 556.0 (3) 60.0 (3) 21.9 (3) 65.5 (3)
Plagiocampa rouxt Kaun + @ 0.1 (1) — —
Platyophrya macrostoma FoIssNER — — 0.2 (1) 0.1 (1)
Platyophrya vorax KanuL — + 1) — —
Protospathidium serpens (KAL) e 4+ (1) 0.3 (2) —
Pseudochilodonopsis mutabilis Fo1ssNER — 0.2 (1) 0.3 (2) 0.1 (1)
Pseudocyrtolophosis alpesiris 10I1SSNER 2.3 (2) 2.8 (3) 5.9 (3) 0.8 (3)
Pseudoplatyophrya nana (Kaur) 0.5 (2) 0.4 (2) 0.5 (2) 0.5 (1)
Pseudoplatyophrya terricola FoIsSNER S— + (1) — 0.1 (1)
Sathrophilus muscorum (Kawur) 8.3 (3) 5.7 (3) 7.1 (3) 0.1 (1)
Spathidium muscicola KAanL — 0.1 (1) 0.2 (2) + @
Spathidium muscorum (DrAGESCO & + (1) - 0.1 (2) 0.2 (1)

Dragrsco-KERNIS)
Spathidium spathula O. F. MULLER — 0.4 (1) — —
Urosomoida agilis (ENGELMANN) 2.7 (3) + (1) + (D 0.2 (1)
Vorticella asty(liformis FoissNEr — - 0.1 (1) —
Species number: 27 32 32 22

1) —, not present; 4, only qualitative detectable; (1), (2), (8), in 1, 2, or 3 blocks present.
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Moreover, it must be taken into account, that in communities which are dominated by
small species as T.linera, Euglypha rotunda, and Schoenbornia spp. the abundances of
the unstained empty tests are considerably underestimated by the direct counting proce-
dure (FoissNER 1983).

3.3. Ciliata

Experiment 1: The treatments cause no statistically significant changes in the number
of active individuals and the species number. But it is evident from the mean and the total
species number and the SoRENSEN index that liming slightly alters the species composition
(Tables 1, 4, Fig. 1i). The mean abundances (cultivation method) are high after the lime
treatment and low after the thomasphosphate application as compared to the control.
However, the differences cannot be guaranteed at o = 0.05 (Table 1, Fig. 1j). After lim-
ing Colpoda henneguyi, C.inflata, Leptopharynz costata, Paracolpoda steinit — the most
dominant species in all treatments — and Cyrtolophosis acutus attain distinctly higher mean
abundances than in the other treatments. But the two-way analysis of variance suggests
that only the last species shows a significant treatment effect (Tables 1, 6; F = 4.02,
P < 0.1). In all blocks the biomass is increased distinetly after lime application indicating
a true treatment effect (Table 1, Fig. 1k). Thomasphosphate increases the diversity index
by about 409, compared to the control. This is mainly due to the increased species number
and the reduced dominance of P. steinii (Fig. 11).

A pronounced change of the coenosis, indicated by low values of the Bray & Curtis
index, is only recognizable after phosphate and lime application (Table 4). However, the
communities react very differently, because both qualitative and quantitative changes are
contrary (Fig. 11, j). The high abundance after liming is perhaps due to the considerably
increased pH value and hence better soil conditions for bacteria on which many ciliates
feed (Franz & Lous 1959, Mar & Fieprer 1979, FoissNer ef al. 1982). Rosa (1962) also
finds that liming raises the abundance of the ciliates. But in contrast to our results, he
states an increased species number as well. Kast Viswanara & Prioar (1977) report on a
positive correlation between the coneentration of superphosphate (which reacts acid;
RuckeNBAUER 1982) and the abundance of the ciliates in an agricultural soil. Our results
suggest, that about 4 months after the application the abundance is slightly reduced by
heavy doses of the alkaline thomasphosphate (Fig. 1j).

Experiment 2: Active ciliates are only present in the control site on September 5, 1983
(6 individuals gt dry mass). The species numbers show considerable temporal variations
but the differences among the treatments are not arranged uniformly. Moreover, they are
independent from the concentration of ammonium sulphate (Table 3). On October 18, 1983
and September 19, 1984 quantitative investigations have been made. The data are rather
similar indicating that the applied fertilizer does not conspicuously change the ciliate com-
munity.

3.4. Nematoda and Rotatoria

Experiment 1: The nematodes are significantly less abundant after the NPK fertilization
and liming. A reducing effect of high concentrations of compound and nitrogenous ferti-
lizers upon nematode communities is also reported by Franz (1975) and SaLy & MaruwLr-
kova (1978). A few months after the application, a probable toxic effect of the compound
fertilizer on lower metazoa is also suggested by the decreased mean abundance of the ro-
tatoria (Table 1, Figs. 1e, d).

Experiment 2: About 3 weeks after the first application of ammonium sulphate the
abundance of the nematodes is distinctly reduced. In the control site the abundarice declines
during the growing seasons, while the fertilized plots show an inverse dynamics. Three
months after the second fertilization the amount of nematoda is about 309, higher in the
fertilized sites than in the control (Table 3). :
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4. Final remarks and practical relevance

The treatment of an acid alpine pasture with heavy doses of different fertilizers signifi-
cantly influences some soil biological characteristics. The pH value is increased by the al-
kaline thomasphosphate and lime and slightly decreased by the acid ammonium sulphate.
Perhaps, the changes in the Ht+-concentrations are accountable for modifications in the
reproduction success in several species. From our results it ean not be concluded, whether
the testacean and ciliate communities are altered by the pH value alone, or rather by other
factors following the changes of the H+-concentrations as alteration of the microbial and/or
root biomass, since NPK treatment neither modified the pH value nor any parameter of the
protozoan communities significantly.

The application of the long-lasting available thomasphosphate, which is also allowed in
“organic farming systems”, yields neither significantly qualitative nor quantitative de-
creases in the soil microfauna. This fertilizer even increases the biomass of the testacea, a
very important group of soil protozoa, which provide one third of the zoomass in alpine
soils (ForssNer 1985). The NPK treatment has no influence on the protozoa a few months
after the application. But the nematode community is significantly affected by the easily
soluble compound fertilizer. Most likely, excessive liming also reduces the abundance of
these soil organisms at least a few months after the application.

With regard to ammonium sulphate, which is most widely employed to harden the snow
on the ski runs, the effects do not seem to be very serious on the protozoa. However, the
lower metazoa need a few weeks to overcome the depression which is caused immediately
after the fertilization.
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6. Zusammenfassung

Experimentelle Freilanduntersuchungen zur Wirkung von Mineraldiingern und Kalk
auf die Mikrofauna eines Almweidebodens

Im ersten Experiment wurde 4 Monate nach der Anwendung der empfohlenen Maximalkonzen-
trationen von NPK (600 kg ha—'), Thomasphosphat (600 kg ha~1) und Kalk (4000 kg ha-!) mittels
randomisierter Blockanlage die Struktur der terrestrischen Testaceen-, Ciliaten- und Nematoden-
zénose einer Almweide untersucht. Der pH-Wert des Bodens nach Thomasphosphat- (x = 3,9) und
Kalkbehandlung (X = 4,9) ist signifikant hoher (P < 0,05) als in der Kontrolle (X = 3,7). Testa-
ceen: Die Unterschiede in der Artenzahl sind nicht signifikant. Nur Schoenbornia humicola und
Trinema enchelys zeigen Behandlungseffekte (P < 0,05). Sie sind in den Thomasphosphatflichen
hiufiger als in der Kontrolle. Die mittleren Abundanzen und Biomassen sind ziemlich verschieden,
aber nur Thomasphosphat erhoht die Biomasse signifikant (P ~ 0,1). Ciliaten: Die Diinger verursa-
chen keine signifikanten Verdnderungen in der Anzahl der aktiven Individuen (direkte Methode)
und der Artenzahl (Kulturmethode). Cyrtolophosis acuta tritt nach der Kalkbehandlung hiufiger
auf als in der Kontrolle (P < 0,1). Durch Kalkung wird auch die Biomasse signifikant crhéht
(P < 0,05). Nematoda: Die Abundanz wird durch Kalk (P < 0,05) und NPK (P < 0,01) signifikant
verringert. Eine wahrscheinlich toxische Wirkung von NPK auf niedere Metazoen wird auch durch
die niedrige mittlere Abundanz der Rotatorien indiziert.

In einem zweiten Experiment wurden 4 Flichen einer Almweide mit 0, 100, 400 und 1200 kg
Ammoniumsulfat ha=! behandelt. Dieser Dinger wird héufig zur chemischen Priiparation von Ski-
Pisten verwendet. Es treten keine bemerkenswerten Unterschiede in der Artenzahl und Abundanz
der Testaceen auf. Durch eine erhdhte Dominanz von Centropyzis aerophila var. sphagnicola ist in
der Fliche 1200 kg ha-* die Biomasse um ca. 30 %, héher als in den anderen Flichen. Die qualitati-
ven Verdnderungen in der Ciliatenzonose sind gering und unabhingig von der Konzentration des
Dingers. Die Abundanz der Nematoden ist einige Wochen nach der ersten Behandlung betrichtlich
vermindert.

Die Untersuchungen zeigen, daB die Testaceen- und Ciliatenzonosen durch hohe Diinger- und
Kalkkonzentrationen nicht ernstlich beeintrachtigt werden. Thomasphosphat, das auch im ,,bio-
logischen Landbau‘* verwendet wird, erhoht die Biomasse der Testaceen signifikant, wogegen das
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schnell verfiighare NPK, das saurc Ammoniumsulfat und hohe Mengen ‘ven Kalk zumindest wenige
Wochen nach der Anwendung die Abundanz der Nematoden reduzieren.

Sechliisselworter: Protozoa, Testacea, Ciliata, Nematoda, Rotatoria, Kalk, Mineraldiinger, Almweide,
Ski-Piste.
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Synopsis: Original scientific paper
Bergrr, I, W. ForssNer & H. Apam, 1986. Field experiments on the effocts of fertilizers and

lime on the soil microfauna of an alpine pasture. Pedobiologia 29, 261—272.

In the first experiment the structurc of the terrestrial testacean, ciliate, and nematode com-
munities of an alpine pasture was studied by means of a randomized block design 4 months after
the application of the recommended maximum concentrations of NPK (600 kg ha), thomasphos-
phate (600 kg ha~1), and lime (4,000 kg ha-1). The pII value of the thomasphosphate (X =3.9) and
lime treatment (X = 4.9) is significantly higher (P <¢ 0.05) than in the control (X = 8.7). Testacea:
The differences in the species number are insignificant. Only Schoenbornia humicola and Trinema
enchelys show treatment effects (P < 0.05). They are more abundant in the thomasphosphate plots
than in the control. The mean abundances and biomasses are rather different, but only thomas-
phosphate increases the biomass significantly (P ~ 0.1). Ciliates: The fertilizers cause no signifi-
cant changes in the number of active individuals (direct method) and species number (culture me-
thod). Cyriolophosis acuta is more abundant in the lime treatment than in the control (P < 0.1).
Liming also increases the biomass significantly (P < 0.05). Nematoda: Their abundance is roeduced
significantly by lime (P < 0.05) and NPK (P < 0.01). A probably toxic effect of NPK to lower
metazoa is also indicated by a low mean abundance of the rotatoria.

In a second experiment we treated 4 sites of an alpine pasture with 0, 100, 400, and 1,200 kg
ammonjum sulphate ha-1, a fertilizer often used to conserve the snow on the ski runs. There arc
no conspicuous differences in the species number and abundance of the testacea. Due to an in-
creased dominance of Centropyxis aerophila var. sphagnicola, the biomass is about 309 higher in
the site 1,200 kg ha~! than in the other plots. The qualitative changes in the ciliate community are
inconspicuous and independent from the concentration of the fertilizer. The Nematoda show a con-
siderable decrease a few weeks after the first application.

The results obtained indicate that the testacean and ciliate communities are not seriously af-
fected by heavy doses of fertilizers and lime. Thomasphosphate, also allowed in “organic farming
systems”, increases the biomass of the testacea significantly, whereas the easily soluble NPK, the
acid ammonium sulphate, and high amounts of lime reduce the number of the nematodes, at least
a few weeks after the application.

Key words: Protozoa, Testacea, Ciliata, Nematoda, Rotatoria, lime, fertilizer, alpine pasture, ski
run.
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