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Abstract
Aims Understanding the effects of long-term crop
management on soil organic matter (SOM) is neces-
sary to improve the soil quality and sustainability of
agroecosystems.
Method The present 7-year long-term field experi-
ment was conducted to evaluate the effect of integrat-
ed management systems and N fertilization on SOM
fractions and carbon management index (CMI). Two
integrated soil-crop system management (ISSM-1 and
ISSM-2, combined with improved cultivation pattern,
water management and no-tillage) were compared
with a traditional farming system at three nitrogen
(N) fertilization rates (0, 150 and 225 kg N ha−1).
Results Management systems had greater effects on
SOM and its fractions than did N fertilization.

Compared with traditional farming practice, the inte-
grated management systems increased soil organic
carbon (SOC) by 13 % and total nitrogen (TN) by
10 % (averaged over N levels) after 7 years. Integrated
management systems were more effective in increas-
ing labile SOM fractions and CMI as compared to
traditional farming practice. SOC, TN and dissolved
organic matter in nitrogen increased with N fertiliza-
tion rates. Nonetheless, N addition decreased other
labile fractions: particulate organic matter, dissolved
organic matter in carbon, microbial biomass nitrogen
and potassium permanganate-oxidizable carbon.
Conclusions We conclude that integrated management
systems increased total SOM, labile fractions and CMI,
effectively improved soil quality in rice-rapeseed rota-
tions. Appropriate N fertilization (N150) resulted in
higher SOC and TN. Though N application increased
dissolved organic matter in nitrogen, it was prone to
decrease most of the other labile SOM fractions, espe-
cially under higher N rate (N250), implying the decline
of SOM quality.
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Introduction

Rice-upland rotations are one of the most important
agricultural production systems for food security of
south Asian countries and China (Yadav et al. 2000).
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In China, such rotations formerly occupied a total area
of about 13 million ha; they contributed 72 % of the
total cereal production and 56 % of the total national
calorie intake (Timsina and Connor 2001). Since the
1990s, however, the yields of rice-upland rotations
showed a widespread declining or stagnating trend
(Yadav et al. 2000; Timsina and Connor 2001).
Moreover, the sustainability of these rotations is
threatened by lower nitrogen (N) use efficiencies
(Bijay-Singh et al. 2001) and shortage of irrigation
water (Bouman and Toung 2001). Therefore, numerous
techniques including integrated nutrient management
(e.g. fertilizer, manure, residue), water conservation
(e.g. non-flooded mulching, alternate drying and wet-
ting irrigation) and novel cultivation technologies (e.g.
triangular pattern cultivation) have been developed and
introduced in rice-upland systems. This has been ac-
companied by documenting the positive effects of these
managements on crop productivity, N and water use
efficiency (Fan et al. 2005, 2009; Yang and Zhang
2010; Nayak et al. 2012; Bhattacharyya et al. 2012;
Benbi et al. 2012).

Soil organic matter (SOM) is considered to be a key
attribute of soil quality and fertility (Gregorich et al.
1994). Beyond increased C sequestration in agricul-
tural soils has the potential to mitigate the increasing
atmospheric CO2 concentration (Lal 2004). A unique
feature of rice-upland rotations is the annual conver-
sion of soil from anaerobic to aerobic and then back to
anaerobic. This creates particular difficulties for SOM
conservation in rice-upland rotations. Aerobic condi-
tion in upland season is favor for SOM decomposition
leading to higher CO2 flux to the atmosphere. For
example, conversion double rice to rice-maize systems
caused a reduction of soil C sequestration due to 33–
41 % increase in the estimated amount of mineralized
C during maize season (Witt et al. 2000). It was
speculated that one of the major reasons for the stag-
nation in yield is the decline of SOM in rice-upland
rotations (Yadav et al. 2000; Timsina and Connor
2001; Nayak et al. 2012). Water conservation tech-
niques in rice-upland rotations may lead to trade-offs
between water conservation, crop yield maintenance
and decreased soil C sequestration (Li et al. 2007; Tian
et al. 2013a). Therefore, these call for developing and
evaluating management practices on SOM conversa-
tion and build-up in rice-upland systems.

To enhance crop production and reduce environ-
mental impacts, an integrated soil-crop system

management (ISSM) strategy was introduced recently,
which focus on adoption of various management prac-
tices addressing the multiple constraints to yield in
existing crop varieties in crop production systems
(Zhang et al. 2011; Fan et al. 2012). However, the
effects of ISSM which combined water conservation
techniques in rice season with higher-yield cultivation
and no-tillage in both rice and upland season in rice-
rapeseed rotations on SOM sequestration are still
unknown.

Changes in SOM due to management practices are
usually difficult to quantify because of the large back-
ground amounts of relatively stable SOM that are
already present (Haynes 2005). Labile SOM fractions
such as microbial biomass carbon (MBC) and micro-
bial biomass nitrogen (MBN), dissolved organic mat-
ter in carbon (DOM-C) and dissolved organic matter
in nitrogen (DOM-N), particulate organic matter in
carbon (POM-C) and particulate organic matter in
nitrogen (POM-N) and potassium permanganate-
oxidizable carbon (KMnO4-oxidizable C) are charac-
terized by their rapid turnover and are recommended
as early indicators of the effects of management prac-
tices on soil quality (Haynes 2005; von Lützow et al.
2007). Appropriate N fertilization can boost yield levels
and help avoid environment problems. Accordingly, N
fertilization can increase (Russell et al. 2009), decrease
(Khan et al. 2007) or have no effect (Neff et al. 2002) on
total SOM. Nevertheless, we still lack a fundamental
understanding of how N interacts with SOM and
especially its fractions under rice-rapeseed rotation
with integrated soil-crop system management.
Understanding the effects of cropping systems and N
fertilization on SOM levels can help to develop reason-
able management strategies to optimize the productivity
and sustainability of agroecosystems.

Based on a long-term field experiment, we evaluated
the effects of integrated soil-crop system management
and N fertilization on total SOM, its labile fractions and
carbon management index (CMI) in rice-rapeseed rota-
tion compared with traditional farming practices.

Material and methods

Study site

The field experiment was conducted on a Fluvaquent,
Purple Paddy soil (Chinese soil taxonomy) at Jianyang
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district, Sichuan province, China (30°25′N and 104°
36′E). The region is classified as humid sub-tropical
with a monsoon climate with a mean annual temperature
and precipitation of 17.7 °C and 883 mm, respectively.
The basic soil characteristics at the start of field exper-
iment were: 14.3 g kg−1 SOC content; 1.48 g kg−1 TN
content; 4.20 mg kg−1 Olsen-P,39.6 mg kg−1 NH4OAc-
exchangeable K, soil pH is 7.2. The soil texture is clay
loam.

Field experiment

The field experiment was a rice (Oryza sativa L.)—
rapeseed (Brassica campestris L.) rotation initiated in
2004. The three management systems were: two inte-
grated management systems (ISSM-1, ISSM-2), and
one traditional farming practice (FP) as control. Three
N fertilizer rates: N0 (no fertilizer N for either rice or
rapeseed), N150 (150 kg N ha−1 for rice and
150 kg N ha−1 for rapeseed), N225 (225 kg N ha−1

for rice and 225 kg N ha−1 for rapeseed) as urea.
Treatments were laid out in a randomized complete
block design in triplicate. The field plot size is 55 m2.
All plots were separated by a 20 cm-wide cement wall
inserted into the soil to a depth of 60 cm.

We combined improved cultivation pattern, water
management and no-tillage in integrated management
systems. The details of the management information
for the three systems are shown in Table 1.

Every year, rice was transplanted in late May using
three seedlings per hill at 30×17 cm spacing in the FP
system in rice season. Both integrated management
systems were established with three seedlings in a
triangular pattern with 10–12 cm spacing between
the plants in rice season. Thirty-six rice seedlings in
FP and 25 rice seedlings in integrated management
systems were transplanted per square meter. Rapeseed
was cultivated in the traditional method (two seedlings
per hill at 57×33 cm spacing) in FP system in rape-
seed season, while rapeseed was cultivated using the
wide/narrow row method [one seedling per hill at
(30+70)×25 cm] in integrated management systems.
Conventional tillage (tillage depth with the plow was
15 cm) was applied in the FP system, while no-tillage
in two integrated management systems in both the rice
and rapeseed season.

P and K fertilizers (31 kg P ha−1 as calcium super-
phosphate and 55 kg K ha−1 as potassium chloride in
rice and rapeseed reason) were only used as basal T
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fertilization in all systems. Three N rates (0, 150 and
225 kg N ha−1) were applied as urea for each manage-
ment system. The detailed N fertilizer application was
shown in Table 1.

For water management in the rice season, the plots
of the FP system were irrigated every 3–5 days to
maintain a 3 cm water level until 2 weeks before the
rice harvest. Plastic film was used to cover the soil in
the ISSM-1 system, and only limited irrigation was
provided from the transplanting to the flower stage.
Moisture condition irrigation was used in the ISSM-2
system: the maximum water content is saturated mois-
ture during irrigation. When the soil moisture content
fell below 70–80 % of field capacity, the plots were
irrigated again.

Both rice and rapeseed residues were removed in all
plots after crop harvest. There were fewer weeds in
treatments with plastic film mulching, while weeds
were cut manually by sickle in other treatments.

Soil sampling and analysis

Soil samples were collected from 0–5 cm, 5–12 cm
and 12–24 cm soil depths after rapeseed harvest in
May 2010 in each plot. Eight soil cores were taken in
each plot and mixed to give one composite sample per
field. A subsample was air-dried first, passed through
a 2 mm sieve, then ball-milled and analyzed for soil
organic carbon (SOC) and total nitrogen (TN) by dry
combustion using an EA1108 CHN elemental analyzer
(Fisons Instruments, Germany).

Microbial biomass carbon and nitrogen were ana-
lyzed by the chloroform fumigation extraction method
(Wu et al. 1996). Briefly, fresh soil samples equivalent
to 20 g air-dried soil were fumigated at 25 °C for 24 h.
After removing the CHCl3, C and N were extracted
from the fumigated and non-fumigated samples with
80 ml 0.5 mol L−1 K2SO4 solution on a shaker for
30 min (soil/solution ratio 1:4). The filtered extracts
were analyzed using a Multi 3100 N/C TOC analyzer
(Analytik Jena, Germany). A KC value of 0.45 and a
KN value of 0.54 were used to calculate the C and N
content of the microbial biomass (Wu et al. 1996).

Dissolved organic matter was measured by the
method recommended by Jones and Willett (2006).
The field-moist soil samples (equivalent to 20 g oven-
dried soil) were extracted with 100 ml 0.5 mol L−1

K2SO4 (soil/solution ratio 1:5) for 1 h. One part of the
extracts was passed through a 0.45-μm membrane filter

and analyzed for DOM-C and total dissolved N using a
Multi 3100 N/C TOC analyzer (Analytik Jena,
Germany). Another part of extracts was analyzed for
NH4

+ and NO3
− using an autoanalyzer (TRAACS-

2000, BRAN+LUEBBE, Germany); DOM-N was cal-
culated as the difference between the total dissolved N
and the combined NH4

+ and NO3
−.

Particulate organic matter was determined with mod-
ifications to the method described by Cambardella and
Elliott (1992). Twenty grams of air-dried soil <2 mm
were dispersed in 100 ml of sodium hexametaphosphate
((NaPO3)6) (5 g L−1). This was shaken by hand during
the first 10 min, then on a reciprocating shaker (180 r
min−1) for 18 h. The soil suspension was poured over a
53 μm sieve using a flow of distilled water. All material
remaining on the sieve, defined as the particulate organ-
ic pool, was washed into a dry dish, oven dried at 60 °C,
weighed, ball-milled and analyzed for C and N by dry
combustion using an EA1108 CHN elemental analyzer
(Fisons Instruments, Germany).

Potassium permanganate-oxidizable carbon
(KMnO4-oxidizable C) was determined according to
Blair et al. (1995) and Vieira et al. (2007). Air-dried
soil samples (equivalent to 15 mg C) were oxidized
with 333 mM KMnO4 for 1 h at 25 °C while shaking
at a speed of 60 rpm. After being centrifuged, the
supernatants were diluted 1:250 with deionized water.
The absorbance of the diluted samples and standards
was read with a spectrophotometer at 565 nm. The
change in the KMnO4 concentration is used to esti-
mate the amount of C oxidized, assuming that 1 mM
KMnO4 is consumed (MnVII+MnII) in the oxidation
of 0.75 mM or 9 mg of C.

The carbon management index (CMI) was calculat-
ed according to Blair et al. (1995) as CMI=carbon
pool index (CPI)×lability index (LI)×100, where (1)
CPI= [sample total C (g kg−1)/reference total C
(g kg−1)], (2) lability of C (L)=(C fraction oxidized
by KMnO4/carbon remaining unoxidized by KMnO4),
and (3) LI=(lability of C in sample soil/lability of C in
reference soil). FP system was used as a reference for
the calculation of CMI in this study. CMI in the
reference soil was 100.

Statistical analysis

The data were analyzed using a two-way analysis of
variance (ANOVA) with SAS (SAS Inc. 1996).
Differences were considered significant at p<0.05,
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with separation of means by the least significant dif-
ference (LSD).

Results

Soil organic carbon and total nitrogen

Since the largest differences for SOM and labile frac-
tions were recorded in the upper 5 cm, with rare signif-
icant differences between 5–12 cm and 12–24 cm, the
results presented here are only in 0–5 cm soil depth.

The SOCwas influenced by themanagement systems,
N fertilization and interactions between management
systems and N fertilization (Table 2). The mean SOC
content (across all N treatments) increased for manage-
ment systems in the following order: FP<ISSM-1<
ISSM-2 (Table 3). Among the N rates, the SOC concen-
trations under both ISSM systems were: N0<N1=N2.

The TN content followed a similar trend as SOC.
TN under ISSM-1 and ISSM-2 was 5.7 % and 8.7 %
higher (across all N treatments) than under FP
(Table 3). Compared with the N0 level, N application
increased the TN content under FP and ISSM-1.

Particulate organic matter

Averaged across three N levels, the particulate organic
matter accounted for 16.8 %, 22.4 % and 17.2 % of the
total soil mass in the FP, ISSM-1 and ISSM-2 system,
respectively (Table 4). N fertilization did not affect the
portion of particulate organic matter.

Compared to N fertilization, the management sys-
tems showed a higher contribution to the C and N
content in POM, accounting for 58 % and 53 % var-
iations for POM-C and POM-N, respectively
(Table 2). POM-C and POM-N contents were higher
in both ISSM systems than FP when averaged across
all N treatments (Table 4). POM-C and POM-N

contents decreased with increasing N fertilization
when averaged across the three systems.

Dissolved organic matter

Management systems and N fertilization influenced
DOM-C and DOM-N (Table 2). DOM-C was higher
under ISSM-1 and ISSM-2 than under FP within each
N level (Table 4). At the N0 level, ISSM-1 led to lower
DOM-N concentration than under FP and ISSM-2.
ISSM-1 resulted in a higher DOM-C/N ratio than
under FP and ISSM-2 within each N level. The mean
DOM-C concentration and DOM-C/N ratio across the
three systems increased in the following order: N225<
N150<N0. In contrast, DOM-N increased with higher
N application for all systems: values were 1.8, 2.3 and
1.7 times higher with N application than without N
application for the FP, ISSM-1 and ISSM-2 systems,
respectively.

Soil microbial biomass carbon and nitrogen

The management systems showed dominant effects on
MBC, i.e. they accounted for 86 % of the variation in
MBC concentration (Table 2). ISSM-2 led to higher
MBC and MBN concentrations than under FP and
ISSM-1 at each N fertilizer level (Fig. 1a). In contrast
to MBC, MBN changes were more dependent on N
fertilization (Fig. 1b). MBN decreased with increasing
N application level under FP and ISSM-2, but increased
with N application level under the ISSM-1 system.

Potassium permanganate-oxidizable carbon
and carbon management index

The management systems accounted for 76 % varia-
tion in KMnO4-oxidizable C (Table 2). The values
increased in the following order: FP<ISSM-1<
ISSM-2 when averaged over all N treatments or within

Table 2 Contribution (%) of management system and N fertilization to variation of SOM and its labile fractions (two-way ANOVA)

Source of variation SOC TN MBC MBN DOM-C DOM-N POM-C POM-N KMnO4-C

Management systems 67 61 86 29 33 16 58 53 76

N fertilization 12 9 1 19 37 56 11 8 8

Interaction 13 9 6 31 10 2 12 8 4

Unexplained 8 22 7 21 19 26 18 31 12

Significant contribution at p <0.05 are shown in bold

Plant Soil (2013) 372:53–63 57



each N level (Fig. 2). N225 decreased the KMnO4-C
when averaged across three management systems.

Integrated management systems increased the CMI to
9% under ISSM-1 and 33% under ISSM-2 as compared
to FP (Table 5). There was only a small increase in LI
(average 3 %), but a higher increase in CPI (average
18 %) under ISSM systems as compared to FP. N150
increased CMI by 7 % while N225 kept similar CMI as
compared with zero N application (Data not shown).

Discussion

Effect of integrated soil-crop system management
and N fertilization on total soil organic matter

Integrated soil-crop system management increased
both SOC and TN contents compared with FP

(Table 3). This is partially attributed to better crop
growth, higher plant biomass production and large
amounts of roots residues left in the ISSM systems.
As reported in previous studies, higher plant biomass
production usually induced higher SOM content
(Sherrod et al. 2003; Russell et al. 2005). In ISSM
systems, triangular plant cultivation and narrow/wide
row cultivation methods alleviate the competition for
light and fertilizers between individual plants, and
boost total plant biomass (Lu et al. 2004; Fan et al.
2009). Additionally, no-tillage applied in ISSM sys-
tems is also responsible for increasing SOC and TN
contents in the upper 0–5 cm. This supports pre-
vious studies, which have showed positive effects
of no-tillage on SOC and TN contents in top soil
(Franzluebbers et al. 1995; Al-Kaisi et al. 2005;
Dou and Hons 2006; Chen et al. 2009). The
ISSM-2 system yielded a higher SOM content
compared with ISSM-1 (Table 3). This may reflect
the water management, but did not appear to be
associated with crop residue input because ISSM-1
and ISSM-2 had similar aboveground biomass pro-
duction levels in the field (Cao 2006). We used plastic
mulching in ISSM-1, but moisture condition irrigation
in ISSM-2. Compared with traditional flooding sys-
tem, non-flooded plastic mulching in rice was
prone to lead to decrease or maintain in SOM (Li et
al. 2007; Fan et al. 2005) as the higher soil tem-
perature in earlier rice stage may accelerate SOM
decomposition. In a laboratory study, we also observed
that rice grown under non-flooded condition has higher
root-derived respiration as compared with moisture
condition irrigation (Tian et al. 2013a). Nevertheless, a
more mechanistic understanding of the SOC and
TN responses to water conditions is required in the
future.

All systems showed increasing trends in SOC and
TN contents between N0 and N150 treatments, but no
difference between N150 and N225 (Table 3). These
findings were in agreement with the results in previous
studies (Lal et al. 1998; Jagadamma et al. 2008).
Appropriate N addition can increase net primary
production and thus the quantity of organic-C in-
puts (Gregorich et al. 1996; Russell et al. 2009;
Ladha et al. 2011). However, every soil has its
own C carrying capacity, and therefore C accumu-
lation may have reached saturation and hence be-
come less responsive to continuously increased N
input (Nayak et al. 2012).

Table 3 Effect of management system and N fertilization on
soil organic carbon (SOC) and total nitrogen (TN)

Cropping system N rate SOC(g kg−1) TN(g kg−1)

FP N0 17.2±0.24 aa 1.95±0.02 b

N150 17.1±0.10 a 2.02±0.01 a

N225 17.5±0.05 a 1.97±0.01 a

ISSM-1 N0 17.1±0.43 b 1.95±0.02 b

N150 19.2±0.07a 2.15±0.04 a

N225 20.7±0.85 a 2.22±0.05 a

ISSM-2 N0 20.4±0.17 b 2.28±0.09 a

N150 21.4±0.16a 2.28±0.07 a

N225 20.8±0.27 ab 2.35±0.10 a

FP mean 17.3±0.10 Cb 1.98±0.01 C

ISSM-1 mean 19.0±0.59 B 2.10±0.04 B

ISSM-2 mean 21.0±0.19 A 2.30±0.05 A

N0 mean 18.2±0.55 B 2.06±0.06 B

N150 mean 19.2±0.62 A 2.15±0.04 AB

N225 mean 19.7±0.59 A 2.18±0.07 A

aMeans (n=3) followed by lower-case letters in the same col-
umn are significantly (p<0.05) different between three N rates
within each management system
bMeans (n=9) followed by upper-case letters in the same col-
umn are significantly (p<0.05) different between management
systems or N rates

FP Traditional farming practice, ISSM Integrated soil-crop sys-
tem management, N0 No fertilizer N for either rice or rape,
N150 150 kg N ha−1 for rice and 150 kg N ha−1 for rape,
N225 225 kg N ha−1 for rice and 225 kg N ha−1 for rape

Standard errors of the means (n=3 or n=9) are presented as±values
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Effect of integrated soil-crop system management
and N fertilization on labile soil organic matter
fractions

Higher amounts of labile SOM fractions (POM, DOM,
MBC, MBN and KMnO4-C), when averaged across N
rates, were obtained in ISSM versus the FP system.
The increase of labile SOM fractions could reflect
higher C input from crops, roots and rhizodeposition,
and the positive effects of no-tillage. Rhizodeposition
is the C input from the living roots system into the soil
and is composed of exudation, secretion, sloughing
and lysis of cells and root tissue senescence (Rees et
al. 2005). The higher amounts of labile SOM fractions
in ISSM systems are in agreement with our earlier
findings that lower rhizodeposition accompanied with
less incorporation into MBC and DOM-C under con-
tinuous flooding condition as compared with non-
flooded and moisture condition irrigation (Tian et al.
2013a). Additionally, frequent tillage in FP system in

the current study broke down macroaggregates and
exposed labile organic matter to microbial decompo-
sition, increasing the loss of labile fractions (Six et al.
1999; Dou and Hons 2006; Chen et al. 2009). In
another field experiment, Tian et al. (2013b) found
non-flooded mulching cultivation in rice systems sig-
nificantly influenced labile SOM fractions. The trends
in the labile SOM fractions were similar to those of
total SOC and TN in this study. This indicates that
SOM was a major determinant of the labile fractions
and those ISSM systems influenced both the quantity
and quality of SOM. A positive relationship between
the sustainable yield index and labile SOM fractions
(MBC and POM-C) was found in a long-term rice-
wheat rotation (Nayak et al. 2012). Similarly, Liebig et
al. (2002) reported enhanced nutrient cycling in a
corn-soybean-clover system due to a higher portion
of POM being present as SOM. CMI<100 indicates a
negative impact of management practices on SOM and
soil quality (Blair et al. 1995). Our results clearly

Table 4 Effect of management system and N fertilization on particulate organic matter and dissolved organic matter

Cropping
system

N
rate

POM/BS
(%)c

POM-C
(g kg−1soil)

POM-N
(g kg−1soil)

DOM-C
(mg C kg−1)

DOM-N
(mg N kg−1)

DOM C/N

FP N0 16.3±0.48 aa 3.31±0.14 a 0.26±0.02 a 54.7±4.23 a 4.92±0.84 b 12.0±2.73 a

N150 17.3±0.87 a 3.06±0.08 ab 0.24±0.01 a 43.1±1.24 b 7.52±0.54 b 5.80±0.54 b

N225 16.8±1.43 a 2.52±0.01 b 0.21±0.02 a 40.8±3.31 b 10.6±1.05 a 3.87±0.07 b

ISSM-1 N0 22.1±1.63 a 4.12±0.28 a 0.32±0.01 a 74.1±2.42 a 3.27±0.06 b 22.7±1.00 a

N150 22.9±1.74 a 4.39±0.10 a 0.33±0.01 a 70.2±4.03 a 6.86±1.57 a 11.5±2.68 b

N225 22.2±2.27 a 4.08±0.15 a 0.33±0.01 a 57.1±0.65 b 8.19±2.41 a 8.08±1.90 b

ISSM-2 N0 16.8±0.54 a 5.45±0.57 a 0.42±0.06 a 84.2±5.46 a 6.16±0.42 c 14.0±2.35 a

N150 16.6±2.11 a 4.10±0.38 a 0.33±0.04 a 61.2±3.11 a 8.75±0.75 b 7.08±0.69 b

N225 18.1±1.28 a 4.05±0.20 a 0.32±0.02 a 51.8±2.30 b 12.7±0.53 a 4.10±0.66 b

FP mean 16.8±0.96 Bb 2.96±0.15 B 0.23±0.01 B 46.2±2.69 B 7.67±0.92 AB 7.22±1.47 B

ISSM-1 mean 22.4±0.52 A 4.19±0.06 A 0.33±0.004 A 67.1±2.92 A 6.11±1.11 B 14.1±2.42 A

ISSM-2 mean 17.2±0.78 B 4.54±0.30 A 0.35±0.03 A 63.2±4.20 A 9.21±1.00 A 8.39±1.70 B

N0 mean 18.3±1.08 A 4.29±0.63 A 0.33±0.05 A 71.0±8.64 A 4.78±0.83 C 16.2±1.97 A

N150 mean 19.4±1.21 A 3.85±0.40 AB 0.30±0.03 AB 58.1±7.97 B 7.71±0.55 B 8.11±1.18 B

N225 mean 18.4±1.28 A 3.55±0.51 B 0.29±0.03 B 49.9±4.94 C 10.5±1.30 A 5.35±0.93 C

aMeans (n=3) followed by lower-case letters in the same column are significantly (p<0.05) different between three N rates within each
management system
bMeans (n=9) followed by upper-case letters in the same column are significantly (p<0.05) different between management systems or
N rates.
cWeight percentage of particulate organic matter mass in bulk soil (BS)

FP Traditional farming practice, ISSM Integrated soil-crop system management, N0 No fertilizer N for either rice or rape, N150
150 kg N ha−1 for rice and 150 kg N ha−1 for rape, N225 225 kg N ha−1 for rice and 225 kg N ha−1 for rape

Standard errors of the means (n=3 or n=9) are presented as ± values
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indicate that ISSM systems may have a higher poten-
tial for improving soil quality. A small increase in LI
(average 3 %), but a higher increase in CPI (average
18 %) under ISSM systems as compared to FP, indi-
cating that they may contribute to the formation of
more stable organic compounds that work as a soil
reservoir for C and nutrients (Blair et al. 1995; Sousa
et al. 2012). Accordingly, higher amounts of labile
SOM fractions and CMI in ISSM systems suggest that
integrated soil-crop management may enhance nutrient
cycling, soil structure stability, biological productivity
and finally soil quality.

Labile SOM fractions are major substrates and en-
ergy source for microorganisms. For example, close

relationship has been reported between microbial ac-
tivity and DOM concentration (Marschner and Kalbitz
2003; Tian et al. 2012). POM is also major source of
substrate and energy for the heterotrophic microbial
biomass, and overall soil microbial activity is greatly
affected by POM additions (Haynes 2005). Meanwhile,
compared with flooded rice system, non-flooded and
controlled irrigation rice systems increased the roots-
derived respiration and rhizodeposition, thus may cause
a positive priming effect in these water conservation
system (Tian et al. 2013a). Bhattacharyya et al. (2012)

Table 5 Effect of management system on KMnO4-oxidizable C
and carbon management index (CMI)

Management
system

KMnO4-
oxidizable
C (g kg−1)

Carbon
pool index
(CPI)

Lability
index
(LI)

Carbon
management
index (CMI)

FP 5.34±0.10 ca 1.00 1.00 100

ISSM-1 5.82±0.14 b 1.11 0.99 109

ISSM-2 6.95±0.15 a 1.25 1.07 133

aMeans (n=9) followed by lower-case letters are significantly
(p<0.05) different between management systems

FP Traditional farming practice, ISSM Integrated soil-crop system
management

Standard errors of the means (n=9) are presented as±values
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observed a higher CH4, CO2 and N2O emission, togeth-
er with higher MBC, KMnO4-C amounts following the
application of rice straw+green manure as compared
with control treatment. Based on this consideration,
higher labile SOM fractions in ISSM systems may result
in a trade-off between its positive effects on nutrient
cycling and negative effects on fuelling greenhouse
gas production. This hypothesis needs to be tested in
future work.

N fertilization decreased POMwhen averaged across
three systems, especially under N225 (Table 4). Liebig
et al. (2002) observed that POM content was highest
under zero N application in three cropping systems.
POM-N decreased with N fertilization beyond
180 kg N ha−1 (Coulter et al. 2009). POM represents
finest roots and sand-sized organic matter in soil
(Haynes 2005). The decrease of POM with increasing
N fertilization may have increased the N concentration
in the crop residue, thereby stimulating the decay of
POM (Haynes 2005; Coulter et al. 2009). The drop in
DOM-C with increasing N fertilization was explained
by increased DOM-C consumption by microorganisms
along with immobilization of added N (Chantigny et al.
1999; Chantigny 2003). In contrast to DOM-C, we
observed an inverse pattern for DOM-N concentration
with increasing N application (Table 4). Similar result
was reported by Mercik and Németh (1985) for N
amendment agricultural field experiment in which
DOM-N concentrations increased with N amendments.
Nonetheless, the studies of repeated N applications on
DOM-N are not always consistent in the field study:
others reported no effects of N on DOM-N or even an
inverse trend (Chantigny 2003; Filep and Rékási 2011).
MBN was lower in N-fertilized versus unfertilized soils.
This agrees with previous studies that showed a primary
effect of accompanying increased soil acidification on
microorganisms (Ajwa et al. 1999; Wallenstein et al.
2006). In our field experiments, however, soil pH in N
fertilized plots was similar to that of control plots (7.54
vs. 7.49) after 7 years of N application. Presumably,
microbial biomass may be suppressed by reducing
rhizodeposition as a substrate for microorganisms with
N application (Kuzyakov et al. 2002; Haase et al. 2007).
Overall, considering the cost of most SOM fractions,
our study indicates that N fertilization especially under
higher rate is not a prerequisite to build up the organic
matter fractions and it may even negatively affect nutri-
ent cycling and SOM quality in our long-term field
experiment.

Conclusions

The SOC, TN and labile SOM fractions were affected by
management systems and N fertilization. Management
systems had greater effects on total SOM and its fractions
than did N fertilization. Compared with traditional farm-
ing practices, the two ISSM systems increased SOC, TN,
labile SOM fractions and CMI. Appropriate N fertiliza-
tion application (N150) resulted in higher SOC and TN.
Though N application increased DOM-N, it was prone
to decrease most of the other labile SOM fractions
(POM-C, POM-N, DOM-C, MBN, KMnO4-oxidizable
C), especially under higher N rate. Our study indicates
that those recently developed integrated soil-crop sys-
tem management in rice-rapeseed rotation was suitable
for improving soil organic matter. N rate is a key factor
in affecting labile SOM fractions. There need to evaluate
the long-term integrated soil-crop management and N
fertilization for the environmental effects (e.g. green-
house gas production) in rice-rapeseed rotations.
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