Acta Silv. Lign. Hung., Vol. 3 (2007) 75-85

The Effect of Climate Change on
Soil Organic Matter Decomposition

Janos AttilaToTH*" — Kate LaJTHAS — Zsolt KoTRoCZS —
Zsolt KRAKOMPERGER — Bruce @GLDWELL® — Richard BWDEN® — Maria RpP

& Department of Ecology, University of Debrecen, &@n, Hungary
® Department of Botany, University of Debrecen, Been, Hungary
¢ Department of Botany and Plant Pathology, OregateSJniversity, Corvallis (OR) USA
4 Department of Forest Science, Oregon State Urifyeorvallis, (OR) USA
¢ Department of Environmental Science, Alleghenyléts, Meadville, (PA) USA

Abstract — In the last few decades the climate of &kt ILTER Forest (Hungary) became warmer
and dryer. Due to the climate change the speciepaosition of forest has been changing, and the
total leaf litter production has been slightly dsasing. According to our long-term litter manipidat
field experiment, which is part of ILTER Detritusgut and Removal Treatments (DIRT) Project, after
a 4-5 year treating period, at the No Litter, NooRand No Input treatments the soil organic C and N
content, the soil bacterial and fungal count, thié€ gH, the soil enzyme activity, and soil respioat
decreased. Increased soil temperature raisesespiration exponentially, and thus if the averagje s
temperature increased b§Cat the dry Sikfkut site, soil respiration would increase by 22.1%is
increase would be higher (29.9%) at a wet siteh sagc Harvard Forest in the USA. Increasing soil
respiration can speed up global warming througbsitipe feedback mechanism.

oak forest, litter production, DIRT, SOM, soil respration, soil enzymes activity

Kivonat —A klimavaltozas varhat6 hatadsa az elhalt szerves gwag lebontasi folyamataira. A
Sikfékati erd klimdja az elmult évtizedek folyaman melegebbé&Z&gazabba valt. A klimavaltozas
hatasara az ebdfafaj 0sszetétele, struktiraja megvaltozott, gselevélavar produkcié csokkent. A
hosszu-tava szabadfdldi avarmanipulacids kisénktszerint, amely része az USA Detritus Input and
Removal Treatment (DIRT) Projektnek, a csokkemarinput hatdsara a Nincs Avar, a Nincs Gyokér
és a Nincs Input kezeléseknél, mar 4-5 év mulvalesit a talaj szerves C és N tartalma, a baktérium-
€és gombaszam, a pH, a talajenzimek aktivitdsa éslalégzés.Ha a globalis felmelegedés
kovetkeztében, a talaj évi atlaghérséklete Z-al emelkedne, ez a szarazabb klimaja okilti
cseres-tdlgyesben kb. 22.1%-o0s talajlégzés novekeztédményezne, mig divbsebb, nedvesebb
klimaju Harvard Forest (USA) esetében ennél valaimhagyobb 29.9%-0s talajlégzés ndvekedés
varhaté. A talajbdl tortéh tobblet CQ kiaramlas pozitiv visszacsatolasban tovabb fokijaha
globdlis felmelegedést.
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1 INTRODUCTION

During the last few decades the long-term metegroé data of Sikfkut Forest (Hungary)
followed the global climate change, the forest elienbecame dryer and warmer (Antal et al.
1997).

Due to the climate change the tree species conposand the forest’'s structure have
been changing dramatically. From 1972 till now @88 of Quercus petraeand 15% oiQ.
cerris trees died and in the gaps new tree spedesr(campestreA. tataricun) grew up
from the shrub layer into the canopy level (Totlale2006).

The climate change also affects the soil organitendSOM). The SOM is a critical
component of ecosystem, it provides cation exchamgkewater holding capacity, and it acts
as a major control on soil pH. SOM also stronglgrpotes soil aggregation, and retains water
for use by plants. Soil C accumulation and turnoaes important global processes: soils
contain about 1.5 x g C, which is 2-3 times bigger than the total amoof C in the
vegetation (Schlesinger 1990). The C flux betwesls sind the atmosphere is huge, with soil
respiration surpassing about 10 times the C flug tufossil fuel combustion (Post et al.
1990, Watson et al. 1990). Thus, any change irsrafesoil C turnover has a remarkable
effect to the global C cycle. The litter input gtignand quality are taken into account under
most scenarios of global climate change, but tlsltieg effects on SOM stability and
turnover can not be predicted accurately now.

The level of SOM is influenced by litter productiand added soluble organic material as
input, and decomposition and leaching as outputn&é change affects on the input and
output too through effects on net primary product{®lPP) as well as through changes in
rates of decomposition and leaching.

The litter production of Sikkut Forest was continuously measured from 1972961
(Toth et al. 1985). From 2003 till now we renewbis tmeasurement so as to get information
about the effect of climate change on the littemdjiction.

The effect of climate change on the SOM level aoill grocesses was studied in the
framework of ILTER DIRT (International Long-Term &ogical Research, Detritus Input
and Removal Treatments) project. The intercontedeiTER network was developed by
American and Hungarian scientists in 2000. The IRTEBIRT now includes five temperate
forest sites including an oak forest at the Harviaodest, MA (established 1990), a black
cherry/sugar maple-dominated forest in the Bougsqrerimental Forest, PA (1991), an old
growth coniferous forest at the H.J. Andrews Experntal Forest, OR (1997), an oak forest
at the Michigan Biological Laboratory, Pellston, ¥8004), and an oak forest in Sikfit
Forest, Eger, Hungary (2000) (Sulzman et al. 2006& original DIRT treatments, designed
by Dr. Francis Hole at the University of Wiscongirboretum in 1956, consist of chronically
altering plant inputs to forest soils by regulamdynoving surface litter from permanent plots
and adding it to others (Sulzman et al. 2005). phgoose of the DIRT experiment is to
assess how rates and sources of plant inputs tatommulation and dynamics of soil
organic matter (SOM) and nutrients in forest sais,this experiment is very applicable to
studies of the effect of climate change on SOM switiprocesses.

2 METHODS

2.1 Study site

The Sikbkat ILTER site (4790’ N, 20°46’ E, 320-340 m elevation) was established by
Prof. Pal Jakucs in a mixed oak forest dominate@bypetraeaandQ. cerrisin Northern
part of Hungary in 1972 (Jakucs 1973, Kovacs-Lah@le 2000). Other important tree
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species aré\cer tataricumand A. campestreAccording to Antal et al. (1997) the mean
annual temperature is 4D (1978-1994), and mean annual precipitation is ri53 year"
(1973-1996).

2.2 Measuring the litter production
Litter production was measured using the methodgti et al. (1985).

2.3 The plant litter manipulation experiment

Plant litter inputs have been manipulated at theDplots in the Sikikat Forest (SIK) since
2000. Six litter input/exclusion treatments (thnesplicates per treatmentable ) were
located randomly at the site. Plots sizes ax& . Litter from No Litter plots were
transferred to Double Litter plots several times pear. New vegetation was continually
removed from the No Roots and No Inputs plots. Megg-grew rapidly, and were removed
semi-annually.

Table 1. Treatment methods of the Detritus Inpat Bemoval (DIRT) plots

Treatment Method

Control (C) Normal litter inputs are allowed.

No Litter (NL) Aboveground inputs are excluded froiots.

Double Litter (DL) Aboveground leaf inputs are d@dby adding litter removed
from No Litter plots.

Double Wood (DW) Aboveground wood inputs are dodlidlased on measured input
rates of fallen woody debris.

No Roots (NR) Roots are excluded with impenetrableiers extending from the
soil surface to the top of the C horizon.

No Inputs (NI) Aboveground inputs are preventechdso Litter plots,

belowground inputs are prevented as in No Roots @iod plants
or lichen/moss growth were discarded.

2.4. Soil sampling

The soil samples were taken from 6 places randaméach plot, from the top 15 cm layer,
using an OAKFIELD soil sampler.

2.5 Measuring methods

Soil temperature was measured hourly in each of&helots by ONSET StowAwayTidbiT"
temperature loggers at the centre of the plot® atni soil depth. Soil moisture was measured
monthly by oven drying at 166 and a TDR instrument in the field. The bacteaiad fungal
count was determined quarterly by plate methodsBeef extract and on Czapek-Dox
medium. Enzyme activity of soil acid phosphatase glucosidase was measured quarterly
according to Caldwell et al. (1999). Soil pB® was measured quarterly with a Cole-
Parmer pH meter. Soil C and N content was measusatj a VARIO EL C-H-N-O-S
instrument. Soil respiration was measured montkingithe soda lime method (Raich et al.
1990, Grogan 1998). The effects of treatments wstatistically evaluated with SPSS
software by analysis of variance.
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3 RESULTS AND DISCUSSION

3.1 Litter production

The long-term change of the litter productioralfle 29 reflects the change of tree species
composition (Toth et al. 2006). The leaf litter gwotion of Q. petraea decreased
considerably and production bY. cerris and Acer campestiaecreased. Total leaf litter
production slightly decreased. The increase indileris fraction and the smallest leaf litter
production is consequence of the hiigenantria dispaigradation in 2005.

Table 2. Litter production of Siéut Project kg ha

uercus Quercus  Acer Cornus Other Total Cro . Total
Year %etraea chrris campestre mas shrubs leaf Brach residﬂe Debris litter
1972 2787 786 83 203 53 3912 458 0 178 4548
1973 2731 685 86 87 34 3623 526 326 190 4666
1974 2617 827 83 200 38 3765 689 477 209 5140
1975 3074 1063 114 277 39 4567 983 156 289 5995
1976 3019 1025 182 205 19 4450 1005 228 211 5894
Average 2846 877 110 194 37 4063 732 237 215 5249
2003 2038 660 669 208 54 3629 256 987 161 5033
2004 1054 1504 631 254 72 3515 744 2104 426 6789
2005 968 1284 274 273 36 2835 471 30 4557 7893
2006 1105 1912 900 322 123 4362 360 0 481 5203
Average 1291 1340 619 264 71 3585 458 780 1406 6230

3.2 Effect of litter manipulation treatment on thesoill

3.2.1 Soil temperature

The shape of soil temperature curve is similar ganais curve Kigure 1). The litter on the
soil surface acts as a heat insulation layer, tbexehe litter treatments influences the soill
temperature Kigure 1-3. This effect can be seen in the soil temperatus/es as an
amplitude change. The amplitude sizes of diffeterdatments are: NI>NL>NR>C>DW>DL.
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Figure 1. Effect of litter manipulation treatmeritsly DL, C and NI) on soil temperature
in 10 cm soil depth between 2001 and 2005. (Coxiglaieed in Table 1.)
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Figure 2. Effect of litter manipulation Figure 3. Effect of litter manipulation
treatments on soil temperature in 10 cmtreatment on soil temperature in 10 cm soil
soil depth over summer 2003 depth over winter 2003

3.2.2 Soil moisture

The soil moisture contents both in w/w % and v/w&e similar to each otheFigure 4, 5.
There was no significant difference between thé mmisture content at DL, NL and DW
treatment compared to Control. At the same timaiaant differences could be seen in soll
moisture contents at NR and NI treatments. In th@ets high soil moisture content is a
consequence of the lack of plant transpiration.
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in 0-15 cm depth.

(average of data between 2002 and 2005) (average of the data between 2002-2005)

3.2.3 Carbon and nitrogen content of soil

In the first five years in the exclusion treatme(fi., NR, NI) C and N content of soil

decreased so the long-term decrease in litter ptaduis potentially harmful to soil fertility

(Figure 6, J. Surprisingly, the added litter at DL and DW treatts did not increase the
C and N content of soil. An explanation of this pbemenon needs further investigation.
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Figure 6. Soil organic carbon content in O- Figure 7. Soil organic nitrogen content in
15 cm soil depth. 0-15 cm soil depth.
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3.2.4 Sail pH
The soil pH decreased in the exclusion (NL, NR, tatments and increased in DL, DW
treatmentsKigure 8.

It is likely that the soil pH decrease in the NLRNNI treatments with decreasing litter
input is due to decreases in litter cation inpUitee lower soil cation content decreases the soil
buffering capacity which is unable neutralize th@de substances resulting from litter
decomposition.

In the DL and DW treatments with the increasintgliinput, cation input increases too,
which results in higher soil buffer capacity and. pH
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Figure 8. Soil pH (HO) in 0-15 cm soil depth
(average of the data between 2003 and 2005)
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3.2.5 Soil bacterial and fungal count

The bacterial numbers at the NL, NR, NI treatmevese significantly lower than in Control
plots Figure 9. Similar phenomenon can be observed for the ftogi but the differences
are not significantRigure 10. The highest bacterial and fungal count was olegkin the
DL treatment but the difference is not significantmpared to the Control.
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Figure 9. Bacterial count in 0-15 cm soil deptHrigure 10. Fungal count in 0-15 cm soil depth
(average of the data between 2003 and 2005average of the data between 2003-2005)

(8]

N

w

N

Number of bacteria g'1 soil

o

3.2.6 Soil phosphatase and f-glucosidase activity

There were no significant differences in the sdibgphatase anghglucosidase activity of
different treatments in the first two yeaisdure 11, 12. After this period, since 2003, the
phosphatase arfdglucosidase activity of NL, NR and NI treatmenés lilecreased, and at the
same time at DL and DW treatments increased, ajtnawot significantly. There was a
positive correlation between soil phosphatasepagllicosidase activity.
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Figure 12. Changes in the s@Hglucosidase activity

3.2.7 Soil respiration

In the exclusion treatments (NL, NR, NI) soil regfion decreased significantly after 5 years,
in 2005 Figure 13).
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Figure 13. Effect of the litter manipulation treant on soil respiration (yearly average)

Soil respiration was higher in every treatment @2 This phenomenon is possibly due
to Limantria dispargradation. In that year there was a large incréadamantria dispar
faeces deposited on the soil, which possibly irsgdasoil respiration.

The seasonal change in soil respiration is sigmifily correlated with the seasonal
change in soil temperaturgigure 14.
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3.3 Effect of the soil temperature on the soil resm@tion

With increasing soil temperature, soil respiratiomse exponentially Higure 15. The
relationship between soil temperature and soiliragpn isy = a.€™*. From this equation we
can calculate 10 value Q1o = €”9. Q.0 values calculated for the Sekiit Project (SIK) to
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those found previously in the DIRT experiment attdad Forest (HFR) are compared in
Table 3 The SIKQsp values are lower in every treatment compareddsedlseen at the HFR.
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Figure 15. Effect of soil temperature on soil reapon

Table 3. The @ values of SIK and HFR for soil respiration

Treatment Qio(after 5 years treatment)

SIK HFR (Micks 2002)
Control 2.7 3.7
Double Litter 2.5 3.0
No Litter 2.6 2.9
Double Wood 2.6 -
No Root 2.4 2.6
No Input 2.5 2.6

The huge 1%C soil temperature increase is not a realistic &tenso we calculate@;
(Q; = €°? instead 0fQ10. The Q. shows the factor by which soil respiration wibeiif the
mean annual soil temperature increas€s We comparé€), values of SIK to HFR iTable 4

Table 4. The @values of SIK and HFR for soil respiration

Qq(after 5 years treatment)

Treatment SIK HER

Control 1.221 1.299
Double Litter 1.206 1.246
No Litter 1.208 1.237
Double Wood 1.213 -

No Root 1.192 1.210
No Input 1.204 1.210

* Calculated date from Micks 2002

According to theTable 4,if the average yearly soil temperature grew Bg 2t the dry
SIK site, the soil respiration would increase by.122 (compared to the Control). The
increase would be higher (29.9%) at the wet siteHBR (compared to the Control).
Increasing soil respiration can speed up globaiirag through a positive feedback loop.
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3.4 Effects of soil moisture on soil respiration

The effect of soil moisture on soil respiration vmaisior (Figure 16. With increases in soil
moisture content, soil respiration rose slightlyt the relationship was not significant.

220
200 Y= 1,2319x + 40,383 .
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Soil humidity (viv%)

Figure 16. Effect of soil humidity on soil respicat

4 CONCLUSION

It is difficult to say, what the effect of climatdhange on the litter production is. During the
last three decades the leaf litter production &f@&it Project decreased but the total litter
production increased. To substantiate the trendtér production needs further data, so we
must continue our litter production investigatiorthe future.

However, the decrease of leaf litter production \ddae harmful to the soil physical and
chemical properties and the soil life. If the litigroduction decreased on long term, soil
organic C and N content, the soil bacterial andjfitount, soil pH, soil enzyme activity, and
soil respiration would decrease. At the same tineespil temperature would increase in the
summer period. Increased soil temperature woulderdine soil respiration exponentially
which might speed up the global warming througlositive feedback mechanism.
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