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Abstract

This study investigated the effects of mineral-N addition and intensive mixing (analogous to disturbance by plowing) on
decomposition of '*C-labelled maize (Zea mays L.) residue and soil organic matter (SOM). Soils were collected from the upper
5 cm of three land use types at Edelweiler, Germany: plow tillage (PT), reduced tillage (RT), and grassland (GL). Soils were
incubated for 112 days at 20 °C, with or without "*C-labelled maize residue (4 g DM kg™ soil), with or without nitrogen
(100 mg N kg~ soil as NH,NO;) and with or without intensive mixing.

The effect of mineral-N on maize residue decomposition differed depending on the stage of decomposition and land use type.
Nitrogen accelerated residue decomposition rates in the first 5 days in RT and GL soils, but not in PT soil, and decreased residue
decomposition rate in all three land use types after 11 days. At the end of the incubation, N suppressed '*CO, efflux in RT and PT
soils, but not in GL soil. Mineral-N did not increase SOM decomposition independently on the land use types.

Intensive mixing stimulated decomposition of both plant residue and SOM in all three land use types. However, effects were
smaller in GL soil than in RT or PT soil, presumably because stronger soil aggregates in GL would have been less affected by mixing

and allowed greater protection of SOM and plant residue against decomposition.

© 2007 Elsevier B.V. All rights reserved.

Keywords: Mineral nitrogen; Intensive mixing; '*C-labelled maize residue; Soil organic matter; Decomposition; CO, efflux

1. Introduction

Soil organic carbon (SOC) is the largest terrestrial C
pool; it is nearly three times the size of the biotic pool
and double the size of the atmospheric pool (Post et al.,
1990; Lal, 2004). Therefore, understanding the key
factors and processes controlling SOC storage and
turnover is critical because any changes in SOC could
significantly affect the level of CO, in the atmosphere.

* Corresponding author. Tel.: +49 711 45923668;
fax: +49 711 45923117.
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Inputs of mineral-N to agricultural and natural
ecosystems have increased as a consequence of anthro-
pogenic activities (Vitousek et al., 1997; Moran et al.,
2005). Whether increased N-inputs can enhance SOC
sequestration became an issue of debate. Nitrogen
additions usually result in an increase in soil organic
matter (SOM) content due to greater plant production
leading to higher C input into the soil (Townsend et al.,
1996; Christensen and Johnston, 1997; Nadelhofferet al.,
1999). However, it is argued that N additions do not
always increase C storage (Cao and Woodward, 1998;
Paul et al., 2004), since increased N availability can also
stimulate microbial decomposition and C turnover
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(Korner and Arnone, 1992). These discrepant results
observed in various studies can be explained by
contrasting effects of N on decomposition of plant litter
and SOM since their availability for microbial decom-
position and C-to-N ratio are strongly different. Foereid
et al. (2004) found N addition did not affect C
mineralization of Miscanthus residue. Conde et al.
(2005) reported increased maize (Zea mays L.) residue
decomposition in saline alkaline soils by inorganic N
addition. A positive effect of N on decomposition of plant
residues in the initial decomposition phase and a negative
effect in later stages have been reported in some studies
(Fog, 1988; Berg and Matzner, 1997; Henriksen and
Breland, 1999; Wang et al., 2004; Moran et al., 2005).
Highly variable effects of addition of N on decomposition
of SOM are described in various studies (Jenkinson and
Rayne, 1985; Berg and Matzner, 1997; Henriksen and
Breland, 1999; Saiya-Cork et al., 2002; Neff et al., 2002;
Foereid et al., 2004). Therefore, such uncertainties in the
relationships between mineral-N and decomposition of
plant litter and SOM call for further investigations.
Therefore, the first aim of our study was to help clarify the
effects of mineral-N addition on the decomposition of
plant residues and SOM.

Land use and management practices affect C
dynamics and storage in soil. Many studies have
indicated that the use of conservation tillage (e.g.
reduced or no-tillage practices) and conversion of
cropland to grassland increase SOC contents (reviewed
by Smith et al., 2000; Six et al., 2002; West and Post,
2002). Tillage promotes SOM decomposition by
disrupting soil aggregates and exposing physically
protected organic material (Paustian et al., 2000; Six
et al., 2000), as well as increasing aeration, which
enhances C mineralization and CO, fluxes to the
atmosphere (Elliott, 1986; Reicosky et al., 1995). Thus,
soil disturbance caused by tillage practices is an
important factor affecting the decomposition rates of
SOM and litter. Some reports have shown that intensive
disturbance of soil samples increased CO, production in
traditional incubation experiments (Sorensen, 1979;
Powlson, 1980; Hassink et al., 1993). Bell et al. (2003)
reported that disturbance resulted in slight but no
significant increase in mineralization of '*C-labelled
wheat (Triticum aestivum L.) straw. Alvarez et al.
(1995) found that the intensity of '“C-labelled wheat
decomposition was similar in disturbed and undisturbed
soil. Thus, the magnitude of the response of residue and
SOM to disturbance remains unclear. So, the second
aim of our study was to determine the effects of
disturbance on the decomposition of plant residues and
SOM in soils of contrasting land use types.

In order to differentiate and quantify C decomposed
from either added plant residues or SOM, '*C-labelled
maize residue was used in our study. Most of the studies
have focused on the effects of either N or disturbance
alone on decomposition of either plant residue or/and
SOM in a single soil, however, N application and
disturbance caused by tillage are common practices in
cropland. Therefore, the objectives of this study were to
quantify the effects of mineral-N addition and intensive
mixing (analogous to disturbance by plowing) on the
decomposition of '*C-labelled maize residue and SOM
in three soils with different management: plow tillage
(PT), reduced tillage (RT) and grassland (GL) soils.

2. Materials and methods
2.1. Soils

Soil samples were collected from three land use types
at Edelweiler (8°33'E, 48°32'N), located in the Black
Forest (Baden-Wiirttemberg, southwest Germany), with
mean annual temperature 6-7 °C, mean annual pre-
cipitation 1000—-1200 mm (655 m above sea level).

Nearby GL, RT and PT plots were carefully selected at
this site, with similar soil type, stoniness and slope. The
GL was established in 2000 on previous long-term (>10
years) plowed soil. The GL was used for hay or silage,
and was cut four times per year. The RT was managed
since 1991 in a crop rotation of maize for silage, winter
wheat, and winter triticale (x Triticosecale). The tillage
depth for maize was 10 cm and for winter wheat and
winter triticale was 8 cm. The PT plot was cultivated for 5
years on previous 2-year clover (Trifolium pretense)
grassland. At Edelweiler, farmers have the tradition to
grow clover grass for 2 years after every 10 years of PT.
The cropping systems in PT included oat (Avena sativa
L.), summer barley (Hordeum vulgare L.), triticale and
rapeseed (Brassica napus L.); the tillage depth was
15 cm. Soils developed from sandstone (Buntsandstein)
and were classified as Dystric Cambisol (WRB, the
World Reference Base of Soil Resources (FAO, 1998))
with 19.3% clay, 48.8% silt and 31.9% sand.

Soil was collected from the upper 5 cm of the three
land use practices in November 2004. Soil samples were
air dried, mixed and passed through a 2-mm sieve; plant
residues >2 mm such as straw and roots were removed
before chemical analyses (Table 1).

2.2. Incubation

The laboratory incubation was conducted in closed
vessels for 112 days at 20 °C. Twenty grams of air-dried
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Table 1

Selected characteristics of the soils (05 cm) collected from Edelweiler, Germany

Land use Plow tillage Reduced tillage Grassland

pH (CaCl,) 5.31+0.10 4.60 £+ 0.03 4.97 £0.07
SOC (%) 2.109 £ 0.004 2.618 £ 0.121 2.991 £ 0.107
Total N (%) 0.179 £+ 0.002 0.224 £+ 0.007 0.257 £ 0.009
C/N 11.8 £ 0.1 11.7+0.3 11.6 £ 0.2
WHC (%) 30.00 34.14 28.75
C-microbial biomass (g g ') 372.0 £29.1 274.8 £ 30.5 564.9 +41.6
N-microbial biomass (pg g~ ') 54.8 £ 0.6 40.6 + 4.8 76.0 £ 4.5

Values are means £ S.D. (n = 3); SOC: soil organic carbon; WHC: water holding capacity.

soil were weighed into 250 ml glass vessels. The
experiment was set up with 24 treatments in triplicates
including four factors. The first factor was three land
use types: PT, RT, and GL (described above). The
second factor was '*C-labelled maize residue addition.
No residue (—residue) or 80 mg 4C-labelled maize
residue (+residue) ground with ball mill (specific
activity 5970 DPM mg ™' C, 36.5% C and 2.9% N) was
added to each of the three soils. The third factor was
mineral-N application. No N (—=N) or 2mg N as
NH4NO; (100 mg N kgfl soil) solution (+N) was
applied to each of the three soils. The fourth factor
was intensive mixing. No mixing (—mixing) or
intensive mixing (+mixing) was performed in each of
the three soils. '*C-labelled maize residues were taken
from the previous experiment, in which maize shoots
were labelled three times during 29 days of growth
(Werth and Kuzyakov, 2006). At the beginning, labelled
maize residues were thoroughly mixed with the soil.
The soil or soil-residue mixture was moistened to 80%
of its water holding capacity (WHC) with deionized
water or NH4NO5 solution. Small vials with 4 ml of
1.0 M NaOH were placed in the vessels for trapping
CO,. The traps were changed weekly till day 70 and
biweekly to the end of incubation (14 sampling cases).
Additional intensive mixing of the soil (analogous to
disturbance by plowing) was performed by hand stirring
for 0.5 min and was carried out on days 14, 43, 56 and
70. Additional triplicate blank vessels containing only
the vials with NaOH served as controls to account for
the CO, trapped from the air inside the vessels.
Deionized water was added to the vessels as needed to
keep soil moisture at 80% of WHC.

2.3. Analysis
The concentration of total C and N were determined

in ball-milled soil samples by dry combustion with a
LECO CN2000 analyzer. Since the soils were free of

carbonates, total C was equivalent to SOC. Soil pH was
measured using a 1:2.5 (w/v) soil to 0.01 M CaCl, ratio
with a glass electrode. Soil texture was determined by
the pipette method (Schlichting et al., 1995).

Microbial biomass C and N in soil samples before
incubation was measured by the fumigation-extraction
method (Vance et al., 1987). Each replicate was divided
into two equivalent portions, one was fumigated for
24 h with ethanol-free chloroform and the other was the
unfumigated control. Both fumigated and unfumigated
soils, were shaken for 30 min with 0.5 M K,SO, (1:4
soil:extraction ratio) and centrifuged and filtered.
Extracts were analyzed for total organic C and total
N on a Dimatoc-100 analyzer (Dimatec Co., Essen,
Germany). A K¢ value of 0.45 and a Ky of 0.54 were
used to calculate the C and N content of the microbial
biomass (Jorgensen, 1996; Joergensen and Mueller,
1996).

Total CO, absorbed in NaOH solution was measured
by titration of an aliquot (1 ml) with 0.1 M HCI against
phenolphthalein after addition of 0.5 M BaCl, solution
(Black, 1965). The 4c activity in CO, collected in
NaOH solution was measured by adding 2 ml scintilla-
tion cocktail Rothiscint-22x (Roth Company, Ger-
many) to 1 ml aliquot of NaOH after the decay of
chemiluminescence. The '*C counting efficiency was
about 87% and the '*C activity measurement error did
not exceed 2%.

2.4. Calculations and statistical analysis

4CO, efflux from maize residue was presented as
percentages of initial input '*C activity. To compare the
unlabelled CO, efflux from soils having initially
different SOC content, all results were presented as
percentages of SOC. '*CO, or CO, efflux rates were
calculated as '*CO, or CO, production divided by each
sampling interval, and expressed as % of input '*C per
day or % of SOC per day. Percent change induced by
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mineral-N addition (+N) or soil mixing was calculated
as follow:

((-++N (or 4 mixing) treat.)
— (=N (or — mixing)treat.))

100
(—N (or — mixing) treat.)

Percent change =
(1)

The corresponding standard deviation (S.D.) was cal-
culated as follow:

~ [(SD4\?* (SDs\’
S.D. = (A-B) +<A—B> )

where S.D.4 and S.D. are standard deviations of +N (or
+mixing) treatments and the respective controls —N (or
—mixing), respectively. A and B are the mean values of
+N (or +mixing) treatments and the respective controls
—N (or —mixing), respectively.

Standard errors (S.E.) were calculated as:

_S.D.
~Vn

Within each land use type, the effects of N and intensive
mixing on decomposition of '*C-labelled maize residue
and SOM were subjected to one-way ANOVA to test for
significant difference between the treatments and their
respective controls separately. Differences were con-
sidered significant at 0.05 level. The SAS statistical
package was used for the statistical analysis (SAS,
1998).

The statistic analysis of the effects of N, intensive
mixing, land use types, incubation time and all
interactions on cumulative '*CO, efflux was performed
with SPSS for windows, Version 11.0.

S.E. €))

-
o

Table 2
Significance of nitrogen (N), mixing, land use types (L), decomposi-
tion period (T) and all interactions on cumulative MCOZ efflux

Effect d.f. F Sig.

T 13 29032 <0.001
L 2 1121 <0.001
Mixing 1 273 <0.001
N 1 714 <0.001
TxL 26 210 <0.001
T X mixing 13 2 0.045
L X mixing 2 40 <0.001
T x L x mixing 26 1 0.171
TxN 13 35 <0.001
L xN 2 392 <0.001
TxLxN 26 8 <0.001
N X mixing 1 31 <0.001
T x mixing x N 13 <1 0914
L x mixing x N 2 15 <0.001
T x L x mixing x N 26 <1 0.998
3. Results

3.1. Effect of nitrogen

3.1.1. Effect of N on '*C-labelled maize residue
decomposition

The effects of N, land use types, and decomposition
period on '*CO, efflux from maize residue were all
significant (p < 0.05, Table 2). There were significant
interactions between N and decomposition period,
between N and land use types, and between N and
mixing. The three-ways interactions of N x decomposi-
tion period x land use types and N x land use type-
s X mixing were also significant (p < 0.05, Table 2).

In the first phase of decomposition (1-5 days),
addition of inorganic N significantly increased mean
14C02 efflux rates in RT and GL land uses, but not in PT
(p < 0.05, Fig. 1). In the subsequent 11-105 days, N

Percent change in '*CO2
efflux rate (+N vs. -N)
&

O PT+residue+N+mixing

B PT+residue+N-mixing

@ RT+residue+N+mixing

X
§
N\
N\

\

7

RT+residue+N-mixing
 GL+residue+N+mixing

B GL+residue+N-mixing

D

* %

Phase 1: 1-5d

Phase 2: 11-105d

Fig. 1. Percent change in mean '*CO, efflux rate (% of input '*C per day) induced by mineral-N addition compared to the respective controls without
N during two decomposition phases of maize residue (mean £ S.E.) (symbol (*) denotes values are significantly different (p < 0.05) from the
respective controls without N; PT: plow tillage; RT: reduced tillage; GL: grassland; +residue: with residue; +N: with nitrogen; —N: without nitrogen;

+mixing: with mixing; —mixing: without mixing).
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addition significantly decreased mean '*CO, efflux rate
in all three land use types (p < 0.05, Fig. 1). The
magnitude of decrease caused by N addition tended to
be stronger in RT than in PT and GL (p < 0.05, Fig. 1).

Application of inorganic N significantly increased
'4C0, efflux in GL + residue + N — mixing in the first
7 days and in GL + residue + N + mixing in the first
sampling, but showed no significant effects in GL later
(p <0.05, Fig. 2). After the initial increase, the
cumulative '*CO, effluxes in RT with added N were
significantly decreased from day 21 to the end of the
incubation compared to the respective controls with-
out N (p < 0.05, Fig. 2). Pronounced negative effects
of N additions were observed in PT from day 36 to the
end of the experiment (p <0.05, Fig. 2). The
magnitude of decrease of plant residue decomposition
induced by N addition tended to rank in the order:
RT > PT > GL, within each land use type, treatments
with intensive mixing >treatments without intensive
mixing, from day 21 to the end of the incubation.
Clearly, the reduced "*CO, production with addition
of N was associated with lower microbial biomass C
and N contents.

3.1.2. Effect of N on soil organic matter
decomposition

The effect of N on SOM decomposition was
evaluated in the soil-only treatments (without plant
residue addition).

In the first phase of decomposition (1-5 days), N
addition significantly decreased CO, efflux rate in
PT + N + mixing (—8.4%), but not in the other treat-
ments (p < 0.05, Fig. 3). After day 10, mineral-N

=g+ - PT4residue+N+mixing —o— PT+residue+N-mixing

---a0- - RT+residue+N+mixing —a— RT+residue+N-mixing

-+ -0+ - GL+residue+N+mixing —o— GL +residue+N-mixing

N e~ O @

Percent change in cumulative "*CO2
efflux (+N vs. -N)

Incubation time (days)

Fig. 2. N addition induced percent change in cumulative '*CO, efflux
(% of input '*C) compared to the respective controls without N (the
full dark symbol denotes values are significantly different (p < 0.05)
from the respective controls without N; PT: plow tillage; RT: reduced
tillage; GL: grassland; +residue: with residue; +N: with nitrogen; —N:
without nitrogen; +mixing: with mixing; —mixing: without mixing).

8

o~
8 z. 4 O PT+N-mixing
£ g B PT+N+mixing
Q
m% 0 B RT+N-mixing
c
R ; RT+N+mixing
Sw 4 B GL+N-mixing
c
o3 B GL+N+mixing
o = -8
o)
D- L

-12

Phase 1: 1-5d Phase 2: 11-105d

Fig. 3. Percent change in mean CO, efflux rate (% of soil organic C
per day) induced by mineral-N addition compared to the respective
controls without N (mean £ S.E.) during two decomposition phases of
soil organic matter (symbol (*) denotes values are significantly
different (p < 0.05) from the respective controls without N; PT: plow
tillage; RT: reduced tillage; GL: grassland; +N: with nitrogen; —N:
without nitrogen; +mixing: with mixing; —mixing: without mixing).

significantly suppressed CO, efflux rate only in
RT + N — mixing (—9.4%) (p < 0.05, Fig. 3).

Mineral-N did not significantly affect cumulative
CO,; emission in GL throughout the incubation, except
for the negative effect in GL + N + mixing in the second
sampling (p < 0.05, Fig. 4). No significant effect of N
addition was observed in PT during the incubation,
except the negative effect in PT + N + mixing in the first
three samplings (p < 0.05, Fig. 4). After the stimulation
in the first sampling date, mineral-N exhibited no
significant effects on cumulative CO, production in
RT + N + mixing in the rest of the incubation
(p <0.05, Fig. 4). However, cumulative CO, efflux
was significantly suppressed by N addition in
RT + N — mixing from day 36 to day 112 (p < 0.05,
Fig. 4).

serones PTHN+MiXinG  —<o— PT+N-mixing

---ae- RT+#N+mixing —=— RT+N-mixing

sew0re GL+N+mixing —o— GL+N-mixing

Percent change in cumulative COz
efflux (+N vs. -N)

Incubation time (days)

Fig. 4. N addition induced percent change in cumulative CO, efflux
(% of soil organic C) compared to the respective controls without N
(the full dark symbol denotes values are significantly different
(p < 0.05) from the respective controls without N; PT: plow tillage;
RT: reduced tillage; GL: grassland; +N: with nitrogen; —N: without
nitrogen; +mixing: with mixing; —mixing: without mixing).
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30

O PT+residue+mixing-N @ PT+residue+mixing+N

*

25 +
20

15 +

.

RT+residue+mixing-N RT+residue+mixing+N
m GL+residue+mixing-N @ GL+residue+mixing+N

10 +

Percent change in CO2 efflux rate
(+mixing vs. -mixing)

-15

Day 14 Day 43

Day 56 Day 70 Average

Mixing events

Fig. 5. Percent change in mean '*CO, efflux rate (% of input "*C per day) induced by mixing events compared to the respective controls without
mixing (mean £ S.E.) (symbol (*) denotes values are significantly different (p < 0.05) from the respective controls without mixing; PT: plow
tillage; RT: reduced tillage; GL: grassland; +residue: with residue; +mixing: with mixing; —mixing: without mixing; +N: with nitrogen; —N: without

nitrogen).
3.2. Effect of intensive mixing

3.2.1. Effect of intensive mixing on decomposition
of "*C-labelled maize residue

Incubated soil samples were intensively mixed on 4
dates, on day 14, 43, 56 and 70. The effect of intensive
mixing on mean '*CO, efflux rates between two
subsequent mixing events is shown in Fig. 5. The first
mixing significantly increased mean '*CO, efflux rates in
PT + residue + mixing — N (+10.6%), RT + residue +
mixing — N (+8.5%), and GL + residue + mixing + N
(+3.7%), compared to their respective controls without
mixing (p < 0.05, Fig. 5). The second mixing exhibited
positive effects in PT + residue + mixing — N (+23.9%)
and RT + residue + mixing + N (+14.7%) (p < 0.05,
Fig. 5). The third mixing induced significant increase
in 14C02 production rate in PT (p < 0.05, Fig. 5). The
fourth mixing resulted in a positive effect in GL + re-
sidue + mixing + N (+11.1%) (p < 0.05, Fig. 5). When
calculating the average '*CO, efflux rates over the four
mixing events, there was a significant positive increase
only in PT (p < 0.05, Fig. 5). Clearly, the response of
land use type with higher C and N contents to mixing was
smaller.

3.2.2. Effect of intensive mixing on decomposition
of SOM

The effect of intensive mixing on SOM decomposi-
tion was assessed in the soil-only treatments (without
plant residue addition).

Fig. 6 shows the effect of intensive mixing on the
mean CO, efflux rate between two subsequent mixing
events. The first mixing significantly increased mean

CO, efflux rate in PT and GL + mixing + N (p < 0.05,
Fig. 6). The second mixing significantly stimulated
SOM mineralization rate in PT + mixing + N (+5.9%)
and RT + mixing + N (+14.5%) (p < 0.05, Fig. 6). The
significant increase in mean CO, efflux rate caused by
the third mixing also occurred in PT + mixing + N and
RT + mixing + N (p < 0.05, Fig. 6). The fourth mixing
did not increase mean CO, efflux rate significantly in
any treatment (p < 0.05, Fig. 6). When taking all
mixing events into account, significant increases were
detected in PT + mixing + N (+7.7%) and RT + mix-
ing + N (+15.3%), and no significant effects occurred in
GL (p < 0.05, Fig. 6).

30 OPT+mixing-N @ PT+mixing+N
- r * | @RT+mixingN  ® RT+mixing+N
% E’ 251 %\\ B GL+mixing-N B GL+mixing+N
S E 20} §
5 o7 b BN e

= g "

SE s|[N. F g% \ i
25 ol ok 2& & | Eb NIE
o
[ Sr
o

-10

Day 14 Day43 Day%6 Day70

Mixing Events

Average

Fig. 6. Percent change in mean CO, efflux rate (% of soil organic C
per day) induced by mixing events compared to the respective controls
without mixing (mean & S.E.) (symbol (*) denotes values are sig-
nificantly different (p < 0.05) from the respective controls without
mixing; PT: plow tillage; RT: reduced tillage; GL: grassland; +mixing:
with mixing; —mixing: without mixing; +N: with nitrogen; —N:
without nitrogen).



120 H. Chen et al./Soil & Tillage Research 96 (2007) 114-123

4. Discussion

4.1. Effect of N on decomposition of '*C-labelled
maize residue

The effects of mineral-N on maize residue decom-
position differed depending on the stage of decom-
position and land use types.

Addition of mineral-N increased maize residue
decomposition rates in RT and GL in the first phase
(1-5 days) (Fig. 1). Added mineral-N increased the
decomposition rate of residue by satisfying N require-
ments of microorganisms (Jenkinson and Rayne, 1985).
However, the positive effects disappeared after 5 days,
suggesting that water-soluble compounds had been
largely degraded.

Mineral-N decreased residue decomposition rate in
all the treatments in the second phase (11-105 days)
(Fig. 1), which was consistent with several reports (Fog,
1988; Henriksen and Breland, 1999; Carreiro et al.,
2000; Saiya-Cork et al., 2002; Wang et al., 2004; Moran
et al., 2005). The mechanisms of the suppressive effects
of N in the late stage are not fully understood, but some
were partly proven and suggested. Fog (1988) suggested
that ammonia suppressed the production of enzymes
required for degradation of lignin and other recalcitrant
compounds. Carreiro et al. (2000) found that chroni-
cally applied aqueous NH4NO;3 reduced the activity of
ligninolytic enzyme produced by white-rot fungi. Agren
et al. (2001) showed that mineral-N inputs increased
decomposer efficiency, but led to more rapid formation
of recalcitrant material. The most likely reason why
decomposer efficiency increases with increasing N
availability is that there is a shift in the decomposer
community composition towards organisms that are
more efficient but have a greater N requirement (/okgren
et al., 2001). Similarly, Moran et al. (2005) found that
significantly higher residue-C amount was transformed
into humin-C with mineral-N input suggesting that
mineral-N enhances residue decomposition and favors
SOM formation.

Addition of N decreased cumulative 14C02 efflux in
RT and PT but not in GL in the late stage (Fig. 2). This
was probably connected with higher microbial biomass
and SOC and total N contents in GL (Table 1).

At the end of the incubation, mean cumulative 14C02
production in treatments with N addition was sup-
pressed as compared to treatments without N addition
by 3.5 and 6.5% in PT and RT, respectively (Fig. 2). A
decrease in residue mineralization could suggest that
more residue-C is sequestrated in soil or was
incorporated into microbial biomass. Although, the

decreases were small, however, as N fertilizer applica-
tion may occur regularly in the field, the small
differences in the residue decomposition caused by
addition of N could add up significant differences in
long-term storage of SOM (Agren et al, 2001).
However, long-term field studies are necessary to
elucidate this question.

4.2. Effect of N on decomposition of SOM

Addition of mineral-N decreased or caused no
change in SOM decomposition in the three land use
types at Edelweiler (Figs. 3 and 4). Our results are
consistent with a number of studies. With addition of
(NH4)>SO,4 or NH4NO;, decreased or unchanged soil
respiration was observed in laboratory incubated soils
(Henriksen and Breland, 1999; Foereid et al., 2004;
Moran et al., 2005). Field studies have also shown that
N application depressed or did not influence soil
respiration (Bowden et al., 2004; Burton et al., 2004;
Micks et al., 2004).

While a decrease or no change in SOM decom-
position in response to N addition may be a common
finding, the mechanisms have not been clearly
identified. Neff et al. (2002) thought that soils are
highly complex media with a diversity of substrates
that vary in both the energy required for their
breakdown and in their total N content. As a result,
addition of N to soil could increase decomposition
rates of some SOM fractions while simultaneously
decreasing rates for other fractions. Different results in
the literature may be due to varied and compensatory
response of SOM fractions to N additions. With respect
to the suppressive effect of N on SOM decomposition,
some mechanisms have been suggested. N additions
decreased microbial biomass, microbial activity and
diversity (Thirukkumaran and Parkinson, 2000; Bow-
den et al., 2004; Compton et al., 2004). Frey et al.
(2004) reported that active fungal biomass was lower in
the fertilized compared to control plots, while active
bacterial biomass was not greatly affected by N
additions, resulting in significantly lower fungal:
bacterial biomass ratios in the N-treated plots. This
shift in microbial community composition was
accompanied by a significant reduction in the activity
of phenol oxidase, a lignin-degrading enzyme pro-
duced by white-rot fungi. Saiya-Cork et al. (2002)
observed that N amendment decreased phenol oxidase
activity. Decreases in soil pH due to nitrification
caused by N addition could also influence microbial
communities (Fog, 1988; Kuzyakov et al., 2000;
Bowden et al., 2004; Compton et al., 2004).
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Thus, improved understanding of different fractions
of SOC and the underlying mechanisms controlling the
direction and magnitude to N availability is highly
needed for accurate prediction of SOM decomposition.
However, our results clearly showed that N addition did
not stimulate decomposition of SOM in all three soils
from different land use types.

4.3. Effect of intensive soil mixing

Our results clearly showed trends (4 of 12
observations significant) that intensive mixing accel-
erated decomposition rates of maize residue and
native SOM in the three land use types (Figs. 5 and 6),
which were in agreement with other reports (Sor-
ensen, 1979; Powlson, 1980; Hassink et al., 1993; Bell
et al., 2003).

Intensive mixing was carried out by hand stirring
which was intended to increase aeration, destroy
aggregates and therefore, prevent stabilization of plant
residue within the aggregates. Therefore, under mixing
treatments, residue and SOM were more susceptible to
microbial decomposition than in the controls without
mixing (Elliott, 1986; Reicosky et al., 1997; Tebriigge
and Diiring, 1999; Six et al., 2000). In contrast, in
treatments without mixing, soil aggregation and
aggregate stability would have likely been improved,
residue and SOC would have been protected in the
aggregates and the decomposition would have been
slowed down (Beare et al., 1994; Franzluebbers et al.,
1995; Six et al, 2000; Six et al., 2002). The
accumulation of higher SOC and total N contents in
GL and RT than in PT was also a manifestation of less
disturbance in the field.

When taking all four mixing events into account, the
extent of stimulating effects on both maize residue and
SOM decomposition rate was much smaller in GL than
in RT and PT, indicating that aggregates were more
stable in GL, disturbance may not have disrupted
aggregates in the mixing treatments, and stronger
aggregates in GL allowed better protection of SOM and
plant residue against decomposition.

Our results indicated that if grassland were converted
to cropland, in which soil were frequently mixed, plant
residue and SOM mineralization would be accelerated.
Many studies have shown that adoption of conservation
tillage and switching from cropland to grassland
minimize SOM losses, maintain and even increase
SOM stocks (Lal, 1997; Bayer et al., 2000; West and
Post, 2002; Franzluebbers, 2005). However, caution
should also be taken with regard to the adoption of
conservation tillage to increase C sequestration, as

Baker et al. (2007) reported that evidence that
conservation tillage promotes C sequestration is not
compelling.

5. Conclusions

The effects of mineral-N on decomposition of SOM
were different from the effects on decomposition of
plant residues. N additions stimulated residue-C
mineralization in RT and GL in the first 5 days, but
thereafter decreased maize residue decomposition in all
three land use types. At the end of the incubation, N
additions significantly suppressed maize residue
decomposition in RT and PT. Mineral-N additions
decreased or caused no change in SOM decomposition
in RT, PT, and GL.

Intensive soil mixing increased decomposition rates
of both plant residue and SOM in all three land use
types. The magnitude of increase was smaller in GL
than in RT or PT, indicating that soil aggregates in GL
were more stable and had greater protective capacity
against disturbance. Therefore, conversion from grass-
land to cropland would increase decomposition rates of
residue and SOM, not only because of lower C input in
cropland, but also because of low aggregate stability
and protection of organic matter.
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