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Abstract — Soil enzyme activities are “sensors” of soil grigamatter (SOM) decomposition since
they integrate information about microbial statusd gphysico-chemical condition of soils. We
measured dehydrogenase enzyme activity in a decidigmperate oak forest in Hungary under litter
manipulation treatments. The Sikfit Detritus Input and Removal Treatments (DIRT)ject
includes treatments with doubling of leaf litterdawoody debris inputs as well as removal of leaf
litter and trenching to prevent root inputs. We diyyesized that increased detrital inputs increase
labile carbon substrates to soils and would in@eamzyme activities particularly that of
dehydrogenase, which has been used as an indafasoil microbial activity. We also hypothesized
that enzyme activities would decrease with detrigraoval plots and decrease labile carbon inputs to
soil. After ten years of treatments, litter remolaadd a stronger effect on soil dehydrogenase #ctivi
than did litter additions. These results showed thathis forest ecosystem the changed litter
production affected soil microbial activityeduceditter production decreased the soil dehydrogenase
activity; increased litter production had no sigeaht effect on the enzyme activity.
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Kivonat —Az avar mennyiségének hatasa egy cseres-tolgyes &rthlajaban a dehidrogenaz
enzim aktivitasara. A talajenzimek a talajban l8vszerves anyag (SOM) bomlasanak "szenzorai",
mivel informéaciét adnak a talaj mikrobiolGgiai émikai-kémiai &llapotarél. Egy magyarorszagi
mérsékelt Ovi tolgyerben mértik a dehidrogendz enzim aktivitAsat az awannyiségének
csokkentésével és novelésével. A ikt DIRT Projectben (Detritus Input and Removaldtneents)

az alabbi kezeléseket alkalmaztuk: dupla mennyiséggél avar, dupla mennyiséggavar, valamint
levél és gyokér megvonasos kezelések, ahol a ggkkek a parcellakra torténbendvését
akadalyozzuk meg. Azt feltételeztiik, hogy a meghéawear input hatdsara megndvekszik a talajban a
labilis, azaz a kbnnyen bonthat6é szén szubsztraknyisége és az enzimek aktivitdsa. Kulondsen a
dehidrogenaz enzim aktivitdsanak valtozasat vagok,az egyik legéltaldnosabban hasznalt mutato a
talaj mikrobidlis aktivitasdnak mérésére. Tovablaa faltételeztilk, hogy a talaj enzim aktivitasa
csokkenni fog az avarmegvonasos kezelésekben, iis ladzén szubsztratok mennyiségének
csokkenésével. Eredményeink azt mutatjak, hogguielteltével az avar produkcié csdkkenése ebben
az erdei 6koszisztémaban a talaj dehidrogenaz esiinitasanak csokkenését okozta, ugyanakkor az
avarprodukcio ndvekedése nem okozott szignifiké@twzast az enzim aktivitasdban

télgyerdé / dehidrogendz aktivitds / Sikékat Project / avarmennyiség megduplazasa /
avarmegvonas / talajenzimek
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1 INTRODUCTION

Soil enzyme activities are “sensors” of soil orgamatter (SOM) decomposition since they
integrate information about microbial status angigptp-chemical condition of soils (Aon —
Colaneri 2001, Baum et al. 2003). All soils contaigroup of enzymes that determine soil
metabolic processes (McLaren 1975) which, in tuteapend on its physical, chemical,
microbiological and biochemical properties (Makonda Ndakidemi 2008). Enzymatic
processes are closely related to soil quality, theyicipate in the processing of unavailable
forms of nutrients readily assimilated by plants¢8baugh et al. 1994).

Soil dehydrogenase enzymes (DHA) (EC 1.1.1.1) asead the main components of soil
enzymatic activities participating in and assurihg correct sequence of all the biochemical
routes in soil biogeochemical cycles (Ladd 198%tdbmination of DHA in soil gives large
amount of information about biological charactécisif the soil Wolinska —Stepniewska
2012). Dehydrogenase enzyme is often used as aumea$ any disruption caused by
pesticides, trace elements or management pratctdie soil, as well as a direct measure of
soil microbial activity (Chendrayan et al. 1979gVors et al. 1982; McCarthy et al. 1994).
Soil DHA is considered to exist in soils as intégrarts of intact cells (Taylor et al. 2002).
Dehydrogenase enzyme is known to oxidize soil doyaratter by transferring protons and
electrons from substrates to acceptors (Makoi —kid@ani 2008). These processes are part of
respiration pathways of soil micro-organisms arngl @osely related to the type of soil and
soil air-water conditions (Kandeler et al. 19969v&ral environmental factors, including soil
moisture, oxygen availability, oxidation reductipotential, pH, organic matter content, depth
of the soil profile, temperature, season of theryéaavy metal contamination and soill
fertilization or pesticide use can affect signifidg DHA in the soil environment (Dkhar —
Mishra 1983; Baruah — Mishra 1984; Sinsabaugh.e2@08; Xiang et al. 2008Volinska —
Stepniewska 2012; Kumar et al. 2013).

We measured DHA in a deciduous temperate oak farestungary under litter
manipulation treatments. Our research in the &Rikf DIRT Project (SIK) constitutes an
important part of an international long term projedich involves five experimental sites in
the USA (H.J. Andrews Experimental Forest, BoudSsgperimental Forest, Harvard Forest,
University of Michigan Biological Station, Santat®i (Nadelhoffer et al. 2004) and one in
Germany (Universitat Bayreuth BITOK). We hypothesizthat increased detrital inputs
would provide increased labile carbon substratessdads and increase dehydrogenase
activities, which is used as indicator of soil roloial activity (Thalmann 1968a; Chendrayan
et al. 1979; Nannipieri et al. 2002). We also hjesized that dehydrogenase activities would
decrease in detritus removal plots with decreasésbile carbon inputs to soil.

2 METHODS

2.1 Area and project descriptions

The Sikbkut Project was established in 1972 for the longitetudy of forest ecosystems. It
is located in the south part of the Bikk MountainsNorth-Eastern Hungary N 47°55’
E 20°46’ at 325 m altitude. This forest has beestqmted since 1976, and it is part of the
Bikk National Park. Mean annual temperature (MAB) 10°C and Mean Annual
Precipitation (MAP) is 550 mm (Antal et al. 1998pil pH ranged between 4.85 and 5.50
depending on the plots (Téth et al. 2007). BotH pbi and humus content was lower in
detritus removal treatments. Humus content rangddden 2.66% and 3.14% (Varga et al.
2008). In the control plots the carbon content Wd®9% (0-5 cm), and 3.25% (5-15 cm)
(Toth et al. 2011). According to the FAO Soil Cidéisation, the soil is a Cambisols. This
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forest is a semi-natural stand (Quercetum petraea&s community) without forest
management activity (Jakucs 1985; Kotroczo et @.22. The Sikdkut Project is a member
site of the Hungarian LTER Network (Long Term Egptal Research) and the ILTER
Network (International Long Term Ecological Resbafoom 1995 (Kovacs-Lang et al. 2000).

Six treatments were established at the &ikf DIRT experimental site in the autumn of
2000 each in three replicates orx 7 m (49 m2) plots. Detritus was not manipulatedhia
Control plots (CO). There were normal litter inputsthe CO plots. The average leaf-litter
production was 3547 kg Hgear” between 2003 and 2010 (Kotrocz6 et al. 2012). § hare
two types of detritus additions: double the normadount of leaf litter was applied to the
Double Litter (DL) plots by adding leaf litter remed from NL plots; while in the Double
Wood plots (DW) the amount of wood detritus (braesshtwigs and bark) was doubled.
Annual wood litter amount was measured by boxesegldo the site and its double amount
was applied in the case of every DW plots (averifi&kg year). In three treatments of
detritus removal were also applied: abovegrounditdetremoved by rake in the No Litter
plots (NL), living roots severed by trenching irethlo Roots plots (NR), and both NL and
NR treatments in No Inputs plots (NI). The NR and@\ts were trenched around 40 cm
wide and 100 cm deep. The soil dug out was placeside the plot. Root-proof Delta MS
500 PE foil was put in the trenches, which wasmre thick and 1 m wide. Then the trenches
were filled with soil. Plants were cleared to ehiaie root production (bushes were cut out at
the establishment). Weeds were also controlled gdalbn (agent: 480 g*l glifosate-
ammonium) and dry plant residues were raked. Tkeildd description of the treatments is in
Nadelhoffer et al. (2004), Sulzman et al. (2005)trEcz0 et al. (2008). These processes were
replayed every year.

2.2 Soil sampling and measuring of dehydrogenaseame activity

Soil samples were collected 11 times from Febr2a0 to November 2012. Five cores were
taken from each plot 15 cm depth with a 2 cm di@méakfield soil corer (Oakfield
Apparatus Company, USA). Three analytical replisaier sample per assay were used. The
samples were homogenized and stored for one we#lCat

DHA was determined using the reduction of 2.3.pHenyltetrazolium chloride
(TTC) method (Thalmann 1968b). Samples of 2 g fiakist soils were mixed with 2 ml
1.5% TTC thoroughly into test tubes. The samplesewrixed on a vortex and incubated
at 30°C. The control contains only 2 ml Tris buff@vithout TTC). After 24 h, the
triphenyl formazan, a product from the reductionTd@iC, was extracted by adding 10 ml
ethanol to each tube and shaken for 1 min. Samwk® further incubated at room
temperature for 2 h in the dark (shaking the tudemtervals). The soil suspensions (12
ml) were then filtered and the optical density bk tclear supernatant was measured
against the blank (ethanol) at 546 nm (red colariGanesys 10 spectrophotometer. A
standard curve was plotted using a range of tripheirmazan (TPF) (Reanal, Budapest,
Hungary) concentrations between 0 and 40 pg TPE BHA was expressed as pg TPE g
dry soil 24 h'.

Soil moisture content was measured by TDR 300 (Tibwemain Reflectometer)
instrument in the field in volumetric water contepér cent (vwc%). There were two
measurements at each plot at the time of soil sagqpb determine DHA. Soil temperature
was measured by an ONSET, StowAway TidbiT-type -ttadger (Onset Computer
Corporation, USA), in the middle of each plot at tth depth. Data-loggers were
programmed to measure soil temperature every hamity mean of the soil temperature
values was used in the paper.
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2.3 Statistical analyzes

We used one-way ANOVA to determine significant tneent effects; significant mean
differences were evaluated at the level of p=0£l6giTukey’s test.

3 RESULTS AND DISCUSSION

We started to measure soil DHA in 2010, ten yeltey ¢he establishment of treatments. In
general, activities were lower in removal treatrsefML, NR, NI) than the control (CO) or

addition treatments (DL, DW). Our data show that dehydrogenase activity is fairly stable
in the control plots compared to the treated p(&igure 1). There is a temporal trend in

dehydrogenase activity; the effect of detritus reah@s increased.
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Figure 1. Soil dehydrogenase enzyme activity ani@agjments between 2010 and 2012
(ug TPF g' dry soil 24h*+ SE). Different letters denote significant treatidifferences
within each year (p<0.05, ANOVA and Tukey's test).

DHA were significant lower in NR than in DL treatnte in 2010 (p=0.029). In 2011
there were higher significant differences in delog#gmnase activity among treatments, enzyme
activity was higher in DL and DW treatments thanmalhremoval plots (p<0.001). In 2012
litter removal treatments differed significantlytranly to DL and DW treatments but also
controls (p<0.001)Kigure 1). The enzyme activities were higher in DL and DMatments
than controls, but not significantly. In contrast our initial hypothesis, dehydrogenase
activities did not increase significantly with esthleaf litter or wood additions. This is
generally in agreement with our earlier resultslitber decomposition (Fekete et al. 2007),
soil respiration (Kotroczé et al. 2008), arylsulf#se and saccharase activities (Fekete et al.
2017). At the other DIRT site in H.J. Andrews Experiméiarest (HJA) in Oregon, Brant et
al. (2006a) showed that, soil from the doubled wtredtment had a higher fungal:bacterial
ratio, and soil from the no inputs treatment hdoveer fungal:bacterial ratio, than the control
soil. These changes were the result of alteranaihe size and composition of the microbial
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community. Brant et al. (2006b) reported microlti@mimass values at three DIRT sites: HJA,
SIK and BOU (Bousson Experimental Forest in Pervasyh). They found significant
differences in biomass between treatments at Stkh#t site DW plots had a larger biomass
than the NR plots and suggestive evidence thaDWeplots had a larger biomass than the NI
plots. Btaiska et al. (2013) report that, DHA is increasinghwihe diversity of plant
communities; this suggest that there is a relakignbetween the composition of soil organic
matter and microbial enzymatic activity. Mamathalet(2001) studying soil from red sandy
loam areas show that, the DHA is higher in soilered by plants and in the rhizosphere than
non-rhizosphere.

Table 1. Mean values and standard errors of dehyenase activity, soil moisture content
and soil temperature in terms of the treatmentsil (ioisture and temperature
values are the mean values of the days of the merasuts). Significant
differences in dehydrogenase activity between rmeats showed in Figure 1
(p<0.05, ANOVA and Tukey's test).

Treatments Dehyclgogena_se ag}ivity Soil moisture Soil temperature
(ug TPF g dry soil 24h™+ SE) (vwc% + SE) (°C)
2010
NL 0.43+0.12 34.07£1.95 8.29+4.09
NR 0.32+0.12 41.00+2.01 9.63+4.20
NI 0.41+0.10 38.36+£2.02 9.46+4.26
CO 0.62+0.12 34.84+2.63 8.92+3.86
DL 0.93+0.17 34.38+2.56 9.28+3.64
DW 0.65+0.17 35.07+2.99 9.60+4.14
p=0.029 p>0.05 p>0.05
2011
NL 0.20+0.08 18.82+3.39 17.69+3.21
NR 0.29+0.11 25.89+4.84 17.93+3.22
NI 0.22+0.08 21.68+4.44 18.02+3.30
CO 0.73+0.13 20.88+4.44 17.86+3.20
DL 0.98+0.20 21.87+4.41 17.13+2.96
DW 1.17+0.23 21.30+4.62 18.07+3.27
p<0.001 p>0.05 p>0.05
2012
NL 0.14+0.03 19.93+3.22 12.50+5.68
NR 0.17+0.03 20.66+3.59 12.4615.75
NI 0.09+0.03 21.32+3.87 12.52+5.76
CO 0.60+0.06 16.18+2.51 12.47+5.76
DL 0.78+0.10 17.36+2.67 12.87+5.34
DW 0.68+0.10 18.26+3.12 12.58+5.75
p<0.001 p>0.05 p>0.05

We measured the soil moisture and soil temperatutke days when soil sampling was
made to determine DHA. We did not find significamtatment differences within each year in
soil moisture and in soil temperaturgable ). The soil moisture values were the highest in
2010 Figure 2); this year was extremely rainy. Contrarily, yea@d1 and 2012 were dry and
warm; instead of that the DHA showed same valuegénCO plots than in 2010. In the
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removal plots DHA decreased in 2011 and 2012. Riglihe higher soil moisture caused the
higher DHA in 2010. However, we did not find coa®bn between soil moisture and DHA in
years 2010, 2011 and 2012. Kumar et al. (2013) sdasignificant correlation between DHA
and soil moisture. Other authors also attributediticrease in microbial activity in forest soil
to higher soil moisture (Gorres et al. 1998). Feket al. (2011) also found correlation
between soil moisture and enzyme activities (afplsatase and saccharase) in &kt
between 2004 and 2006. Our results suggest thahgels in soil organic matter content had
higher effect on DHA than soil moisture. In othardses also found that more organic matter

maintained larger and more active microbial biomasd higher DHA (Chodak et al. 2010;
Bonanomi et al. 2011).
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Figure 2. Soil moisture content (vwc%) among treatta between 2010 and 2012.

After ten years of treatments, litter removal hadt@nger effect through time on soll
dehydrogenase activities than did increase littputs. Ectomycorrhizal fungi associated with
roots of trees in deciduous forests produce enzyandghus can increase the surrounding soil
enzyme activities (Colpaert — van Laere 2006; SmittRead 2008). These fungi are
responsible for the mobilization of essential plantrients by decomposing litter and soil
organic materials (Courty et al. 2006). Decompositdf severed roots (NR and NI) would
result in the disappearance of mycorrhizal fungd ahizosphere microbes, causing a
considerable reduction in microbial and enzymeviids (Fekete et al. 2011).

4 CONCLUSION

Our findings showed that the changes of litter padidn significantly affected soil microbial
activity, and by extension general nutrient cycliagd SOM dynamics in this forest
ecosystem. When the litter production decreasatidshydrogenase activity also decreased.
Increased litter production caused no significactease in enzyme activity. After ten years
of treatments, loss of inputs had a greater imgpect increased inputs.

Acta Silv. Lign. Hung. 9, 2013



Dehydrogenase activity in a litter manipulation ekment 31

Acknowledgments: We thank Csabané Koncz for long hours of field &imbratory work.
Special thanks are due to Dr. Kate Lajtha and Brde&well (Oregon State University,
Corvallis, USA) and Dr. Kristin Vanderbilt (Univetg of New Mexico, Albuguerque, USA)
for their substantial contribution in establishithg experiment. This research was supported
by the European Union and the State of Hungaryinanced by the European Social Fund in
the framework of TAMOP 4.2.4. A/2-11-1-2012-0001ativnal Excellence Program’. The
work was supported by TAMOP 4.2.1./B-09/1/KONV-2e0@07, TAMOP-4.2.2_B-10_1-
2010-0024 and TAMOP-4.2.2.C-11/1/KONV-2012-0010jects. The TAMOP projects are
implemented through the New Hungary Developmenh Pto-financed by the European
Social Fund and the European Regional Developmeamd .F

REFERENCES

ANTAL, E.—BERKI, I. —JUSTYAK, J.— KISS, GY. —= TARR, K. = VIG, P. (1997): A sikékuti erdstarsulas
hé- és vizhaztartasi viszonyainak vizsgalata admudztulas és az éghajlatvaltozas tikrében,
Debrecen. pp 83. (in Hungarian).

AON, M. A. — COLANER, A. C. (2001): Temporal and spatial evolution of enzifmactivities and
physico-chemical properties in an agricultural .sépplied Soil Ecology 18: 255-270.

BARUAH, M. — MISHRA, R. R. (1984): Dehydrogenase and urease activitiescan freld soils. Soil
Biology and Biochemistry 16: 423—-424.

BAUM, C. — LEINWEBER, P.— SCHLICHTING, A. (2003): Effects of chemical conditions in re-veet
peats temporal variation in microbial biomass acid phosphatase activity within the growing
season. Applied Soil Ecology 22: 167-174.

BLONSKA, E. — LASOTA, J. — JANUSZEK, K. (2013): Variability of enzymatic activity in fest
Cambisols and Brunic Arenosols of Polish lowlanebatr Soil Science Annual 64: 54-59.

BONANOMIA, G. — D’AscoLIC, R. — ANTIGNANIA, V. — CAPODILUPOA, M. — COZZOLINOA, L. —
MARZAIOLIC, R.—PUOPOLOA G.—RUTIGLIANOC, F. A. — SCELZAB, R.— SCOTTI, R.— RAOB, M.

A. — ZOINAA, A. (2011): Assessing soil quality under intensiwdtigation and tree orchards in
Southern ltaly. Applied Soil Ecology 47: 184-194.

BRANT, J.B.—MYROLD, D. D. —SULZMAN, E.W. (2006b): Root controls on soil microbial commntyni
structure in forest soils. Oecologia 148: 650-659.

BRANT, J.B. —SULZMAN, E. W. —=MYROLD, D. D. (2006a): Microbial community utilization of addle
carbon substrates in response to long-term carlogut i manipulation. Soil Biology and
Biochemistry 38: 2219-2232.

CHENDRAYAN, K. — AHLYA, T. K. — SETHUNATHAN, N. (1979): Dehydrogenase and invertase
activities of flooded soils. Soil Biology and Biaaistry 12: 217-273.

CHODAK, M. — NIKLINSKA , M. (2010): Effect of texture and tree species owrobial properties of
mine soils. Applied Soil Ecology 46: 268-275.

COLPAERT, J.V. —VAN LAERE, A. (2006): A comparison of the extracellular enzyaotivities of two
ectomycorrhizal and a leaf-saprotrophic basidiortgyceolonizing beech leaf litter. New
Phytologist 134: 133-141.

COURTY, P. E. — POUYSEGUR R. — BUEE, M. — GARBAYE, J. (2006): Laccase and phosphatase
activities of the dominant ectomycorrhizal typesanlowland oak forest. Soil Biology and
Biochemistry 38: 1219-1222.

DKHAR, M. S.— MISHRA, R. R. (1983): Dehydrogenase and urease activitiesadfenZea mays L.)
filed crops. Plant and Soil 70: 327-333.

FEKETE, I. —VARGA, Cs. —KOTROCZQ ZS. — KRAKOMPERGER ZS. — TOTH, J.A. (2007): The effect of
temperature and moisture on enzyme activity indkiltf Site. Cereal Research Communication
35: 381-385.

FEKETE, I. —VARGA, Cs. —KOTROCZzQ Zs. — TOTH, J.A. —VARBIRO, G. (2011): The relation between
various detritus inputs and soil enzyme activitinsa Central European deciduous forest.
Geoderma 167-168: 15-21.

Acta Silv. Lign. Hung. 9, 2013



32 Veres, Zs. et al.

GORRES J. H. — DICHIARO, M. J. — LYONS, J. B. — AMADOR, J. A. (1998): Spatial and temporal
patterns of soil biological activity in a forestdaan old field. Soil Biology and Biochemistry 30:
219-230.

JAKUCS, P (ed.) (1985): Ecology of an Oak Forest in HundaAkadémiai Kiadd, Budapest.

KANDELER, E. (1996): Nitrate. In: Schinner, F. — Ohlinger, -RKandeler, E. — Margesin, R. (ed).
Methods in soil biology. Springer. Berlin, HeidelgeNew York. pp. 408-410.

KOTROCZQ Zs. — FEKETE, |. — TOTH, J. A. — TOTHMERESZ B. (2008): Effect of leaf- and root-litter
manipulation for carbon-dioxide efflux in forestilsadCereal Research Communication 36:
663—-666.

KOTROCZQ ZS. —VERES ZS. — FEKETE, |. —PAPP, M. = TOTH, J.A. (2012): Effects of Climate Change
on Litter Production in a Quercetum petraeae-cémwiest in Hungary. Acta Silvatica et Ligniaria
Hungarica 8: 31-38.

KOVACS-LANG, E. —HERODEK, S.— TOTH, J.A. (2000): Long Term Ecological Research in Hungary.
In: The International Long Term Ecological ReseaNgtwork. Perspectives from Participating
Networks. Compiled by the US LTER Network Officebijuerque New Mexico. 38—40.

KUMAR, S.— CHAUDHURI, S.— MAITI, S.K. (2013): Soil Dehydrogenase Enzyme Activity in Natur
and Mine Soil - A Review. Middle-East Journal ofestific Research 13: 898—906.

LADD, J.N. (1985): Soil enzymes. In: Soil Organic Matted d@iological Activity. Nijhoff, Dordecht

MaAKolI, J. H. J. R. — NDAKIDEMI, P. A. (2008): Selected soil enzymes: Examples of theiential
roles in the ecosystem. African Journal of Bioteatbgy 3: 181-191.

MAMATHA , G. — JAYANTHI, S.— BAGYARAJ, D. J— SURESH C. K. (2001): Microbial and enzymatic
analysis from sandal root zone soil growing in sathdy loam. Indian Journal of Microbiology
41: 219-221.

MCCARTHY, G. W. — SIDDARAMAPPA, R. — REIGHT, R. J. — CODDLING, E. E. — GAO, G. (1994):
Evaluation of coal combustion by products as swilrlg materials: their influence on soil pH and
enzyme activities. Biology and Fertility of Soilg:1167-172.

MCLAREN, A. D. (1975): Soil as a system of humus and clay imhseldl enzymes. Chemica Scripta
8: 97-99.

NADELHOFFER K. — BOONE, R. — BOWDEN, R. — CANARY, J.— KAYE, J.— MICKS, P.— RICCA, A. —
MCDOWELL, W. — AITKENHEAD, J. (2004): The DIRT experiment. In: Foster, D. RAber, D. J.
(ed) Forests in Time. Yale Univ. Press, Michigan.

NANNIPIERI, P.— KANDELER, E. — RUGGIERQ P. (2002): Enzyme activities and microbiologicat an
biochemical processes in soil. In: Burns, R. G. Biak, R. P. (ed.) Enzymes in the Environment:
Activity, Ecology, and Applications. Marcel Dekkétew York. pp. 1-33.

SINSABAUGH, R. L. — MOORHEAD, D. L. (1994): Resource allocation to extracellular yane
production: a model for nitrogen and phosphorustrobrof litter decomposition. Soil Biology
and Biochemistry 26: 1305-1311.

SINSABAUGH, R. L. —LAUBER, C. L. —WEINTRAUB, M. N. — AHMED, B. —ALLISON, S.D. — CHELSEA,
C.—CONTOSTA A. R.—CUSACK, D. —FREY, S.—GALLO, M. E.—GARTNER, T. B. —HOBBIE, S.E.

— HOLLAND, K. — KEELER, B. L. — POWERS J. S. — STURSOVA, M. — TAKACS-VESBACH, C. —
WALDROP, M. P—WALLENSTEIN, M. D. — ZAK, D. R.— ZEGLIN, L. H. (2008): Stoichiometry of
soil enzyme activity at global scale. Ecology Lettél: 1252-1264.

SMITH, S. E. — READ, D. (2008): Mycorrhizal Symbiosis, 3rd edn. AcaderRiess is an imprint of
Elsevier, New York, London, pp. 365.

SULZMAN, E. W. —BRANT, J.B. —BOWDEN, R. D. — LAJTHA, K. (2005): Contribution of aboveground
litter, belowground litter, and rhizosphere respna to total soil CO2 efflux in an old growth
coniferous forest. Biogeochemistry 73: 231-256.

TAYLOR, J.P.—WILSON, B. —MILLS, M. S.—BURNS, R. G. (2002): Comparison of microbial numbers
and enzymatic activities in surface soils and silbsing various techniques. Soil Biology and
Biochemistry 34: 387-401.

THALMANN, A. (1968a): Zur Methodik der Bestimmung der Dehygnoaseaktivitit im Boden
mittels Triphenyltetrazoliumchlorid (TTC). Landwsdhaftliche Forschung 21: 249-258.

THALMANN, A. (1968b): Dehydrogenase activity. In: Alef K. aNdnnipieri P. (ed) (1995): Methods
in Applied Soil Microbiology and Biochemistry. Acawhic Press Ltd. pp. 228-230.

Acta Silv. Lign. Hung. 9, 2013



Dehydrogenase activity in a litter manipulation ekment 33

TOTH, J.A. —LAJTHA, K. —KOTROCZQ ZS. — KRAKOMPERGER ZS. — CALDWEL, B. —BOWDEN, R. D.

— Papp, M. (2007): The effect of climate change on soil g matter decomposition. Acta
Silvatica et Ligniaria Hungarica 3: 75-85.

TOTH, J. A. — NAGY, P. T. — KRAKOMPERGER ZS. — VERES ZS. — KOTROCZQ ZS. — KINCSES S. —
FEKETE, I. —PAPP, M. —LAJTHA, K. (2011): Effect of Litter Fall on Soil Nutrientddtent and pH,
and its Consequences in View of Climate Changef¢ik DIRT Project). Acta Silvatica et
Ligniaria Hungarica 7: 75-86.

TREVORS J. T — MAYFIELD, C. I. — INNISS, W. E. (1982): Measurement of electron transport system
(ETS) activity in soil. Microbial Ecology 8: 163-86

VARGA, Cs. — FEKETE, |. — KOTROCZQ§ Zs. — KRAKOMPERGER ZS. — VINCZE, GY. (2008): Effect of
litter amount on soil organic matter (SOM) turnovier Sikfokut site. Cereal Research
Communications 36: 547-550.

WOLINSKA, A. — STELJPNIEWSKA, Z. (2012): Dehydrogenase Activity in the Soil Emviment,
Dehydrogenases. Prof. Rosa Angela Canuto (ed). 1SBM-953-307-019-3. InTech. DOI:
10.5772/48294.

XIANG, S.—R.—DoOYLE, A. —HOLDEN, P.A. — SCHIMEL, J.P. (2008): Drying and rewetting effects on
C and N mineralization and microbial activity inriace and subsurface California grassland
soils. Soil Biology and Biochemistry 40: 2281-2289.

Acta Silv. Lign. Hung. 9, 2013



34

Acta Silv. Lign. Hung. 9, 2013



