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Abstract The objective of this study was to investigate the
effects of short-term (less than 2 years) conservation manage-
ments [no-tillage (NT) and crop residue returning] on top soil
(0–5 cm) microbial community composition and soil organic
C (SOC) fractions under a rice-wheat rotation at Junchuan
town of Hubei Province, China. Treatments were established
following a split-plot design of a randomized complete block
with tillage practices [conventional tillage (CT) and NT] as the
main plot and residue returning level [no residue returning (0)
and all residues returned to fields from the preceding crop (S,
2,146 kg C ha−1)] as the subplots. The four treatments were
CTwith or without residue returning (CT0 and CTS) and NT
with or without residue returning (NT0 and NTS). The abun-
dances of microbial groups [total FLFAs, fungal biomass,
bacterial biomass, fungal biomass/bacterial biomass (F/B),
monounsaturated fatty acids/saturated fatty acids
(MUFA/STFA), and microbial stress] were determined by
phospholipid fatty acid (PLFA) analysis of soil. The ratio of
MUFA/STFA reflects aeration of soil and greater
MUFA/STFA means better aeration condition of soil.
Moreover, the microbial stress, the ratio of cy19:0 to
18:1ω7, was regarded as an indicator of physiological or

nutritional stress of microbial community. PLFA profiles were
dominated by the fatty acids iC15:0 (9.8 %), C16:0 (16.5 %),
10Me17:0 (9.9 %), and Cyc19:0 (8.3 %), together accounting
for 44.6 % of the total PLFAs. Compared with CT, NT
significantly increased microbial biomass C (MBC) by
20.0 % but did not affect concentrations of total organic C
(TOC), dissolved organic C (DOC), easily oxidizable C
(EOC), and SOC of aggregates. Residue returning significant-
ly increased MBC by 18.3 % and SOC content of 2–1-mm
aggregate by 9.4 %. NTsignificantly increased total PLFAs by
9.8 % and fungal biomass by 40.8 % but decreased
MUFA/STFA by 15.5 %. Residue returning significantly en-
hanced total PLFAs, bacterial biomass, fungal biomass, F/B,
and MUFA/STFA by 31.1, 36.0, 95.9, 42.5, and 58.8 %,
respectively, but decreased microbial stress by 45.9 %.
Multivariate analysis (redundancy analysis and partial corre-
lation analysis) indicated that SOC of 2–1-mm aggregate was
related to changes in the composition of soil microbial groups,
suggesting that SOC of 2–1-mm aggregate was sensitive to
changes in soil microbial community composition affected by
short-term conservation management practices in our study.
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Introduction

The rice-wheat rotation, growing at least one rice and wheat
crop on the same field each year, is the major cropping system
in South Asia and China, occupying about 13.5 million ha in
South Asia and about 4.5 million ha in China (Ladha et al.
2003; Dawe et al. 2004). The rotation is extremely important
for the food security of Asia and China (Ladha et al. 2003; Qi
et al. 2010), providing stable food grains for more than 20 %
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of the world’s population (Kumari et al. 2011). Therefore, this
cropping system plays an important role in maintaining the
balance between food supply and population growth.
However, several studies pointed out that the average 2 %
per year increases in rice and wheat yields seen from 1970 to
1990 have dropped off caused by a combination of factors
including a deteriorating natural resource base, especially
soils; inefficient use of inputs (fertilizer, water, and labor);
rising cost of cultivation; weather conditions; pest and agro-
nomic management; emerging socioeconomic changes (such
as urbanization, labor migration, preference of nonagricultural
work); and reduced support for public agricultural research
(Ladha et al. 2003, 2009; Gathala et al. 2011a). Therefore, it is
important to focus on soil health and system sustainability of
rice-wheat rotation system.

Sustainable soil management can be practiced through
conservation management practices, including no-tillage
(NT), crop residue returning, and crop rotation (Hobbs et al.
2008; Palm et al. 2014). Conventional tillage (CT) can influ-
ence physical, chemical, and biological properties of soil, thus
affecting soil productivity and sustainability (Palm et al.
2014). It accelerates soil organic matter oxidation, disturb soil
aggregate stability, and increase soil erosion due to frequent
soil disturbance (Frey et al. 1999; Liu et al. 2010; Gathala et al.
2011b; Mathew et al. 2012). Compared with CT, conservation
management practices can reduce soil erosion (Uri 1999),
increase soil macro-aggregation, and enhance soil microbial
biomass and activity (Hendrix et al. 1998; Schwab et al. 2002;
Jacobs et al. 2009; Gathala et al. 2011b; Huang et al. 2013;
Murugan et al. 2014).

Soil microorganisms play important roles in ecosystem
function and sustainability (Paul and Clark 1989). The abun-
dance and composition of soil microbial communities and
their interactions with environment factors are important
influencing factors of soil organic C (SOC) dynamic (Wall
et al. 2013). Dong et al. (2014) pointed out that any changes in
soil microbial community composition is likely to alter SOC
availability and subsequently crop productivity. In general,
short-term (<5 years) effects of conservation management
practices on SOC are difficult to be monitored (West and
Post 2002; Liang et al. 2010). In contrast, long-term
(>5 years) conservation management practices can increase
SOC level (Helgason et al. 2009; Quilty and Cattle 2011;
Mathew et al. 2012) and microbial biomass and activity
(Gouaerts et al. 2007; Helgason et al. 2009; Mathew et al.
2012). Long-term conservation management practices affect
habitats for microorganisms through altering soil physical and
chemical conditions, and this can shift soil microbial commu-
nity compositions (Feng et al. 2003; Helgason et al. 2009).
Moreover, effects of short-term conservation management
practices on soil microbial community composition have
showed inconsistent results (Jackson et al. 2003; Spedding
et al. 2004; Minoshima et al. 2007). For example, Minoshima

et al. (2007) reported differences in microbial community
composition after the first year following conversion from
CT to NT, while others did not find a significant effect of
short-term tillage disturbance (Carpenter-Boggs et al. 2003;
Jackson et al. 2003). The short-term effects of management on
SOC fractions and microbial community composition are
complex and depend on the climate, soils, crop rotations,
returning residue, and the management type (Carpenter-
Boggs et al. 2003; Jackson et al. 2003; Spedding et al. 2004;
Al-Kaisi et al. 2005; Liang et al. 2010).

Relatively less attention has been paid to the effects of
short-term conservation management practices on SOC frac-
tions. Some SOC fractions [i.e., microbial biomass C (MBC),
dissolved organic C (DOC), and SOC of aggregates] can be
more sensitive to shift in short-term tillage practices than total
organic C (TOC) (Carter et al. 1998; Gosling et al. 2013). For
example, both MBC and DOC are considered to be early
indicators of C sequestration in soil for their quick turnover
rate (Blair et al. 1995; Ghani et al. 2003; Haynes 2005). In
addition, it has been reported that macroaggregates are sensi-
tive to changes in land use and cultivation practice
(Franzluebbers and Arshad 1997; Puget et al. 2000).
Therefore, it is possible that SOC of macroaggregates and
labile organic C pool may be sensitive to short-term conser-
vation management practices.

In China, farmers generally burn crop residues in their
fields to reduce the time and expense of handling them,
causing environmental pollution. Therefore, a government
policy favors these crop residues to be returned to field, and
this has caused a fast development of conservation manage-
ment practices in paddy field in South China since the 1980s.
However, this long-term NT in paddy field can increase soil
bulk density, decrease the plow layer of paddy soil, and
promote weed growth, and for this reason, long-term NT
should be avoided promoting conversion of 3-year NT to
CT in paddy field. It is important to investigate the effects of
short-term conservation management practices on SOC frac-
tions and compositions of microbial communities in paddy
field so as to evaluate if the research and the application of
conservation management practices are suitable in China.

In this study, we have hypothesized that SOC fractions and
compositions of microbial communities can respond quickly
to short-term conservation management practices. We have
monitored changes in the composition of main microbial
groups by phospholipid fatty acids (PLFAs).

Materials and methods

Experimental site

Field experimental site is situated at Junchuan, Suizhou City,
Hubei Province (31°69′ N latitude, 115°33′ E longitude, 84 m
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above sea level), China. The study site has a subtropical
monsoon climate with an average annual temperature of
15.2 °C and an annual precipitation of 970 mm. The hydro-
morphic paddy soil is a silty clay loam derived from
Quaternary yellow sediment. The main soil properties (0–
20-cm depth) were pH, 5.38; organic C, 23.82 g kg−1; total
N, 1.42 g kg−1; NH4

+-N, 0.49 mg kg−1; NO3
−-N,

12.87 mg kg−1; available P, 50.28 mg kg−1; and available K,
44.38 mg kg−1.

The experimental site was a rice-wheat rotation, where rice
was direct seeded and grown from May to October each year
and wheat was direct seeded and grown from October to May.
The rice variety was Huanghuazhan (Oryza sativa L.) and the
wheat variety, Zhengmai 9023 (Triticum aestivum L.).

Experimental design and agronomic management

The experiment was initiated in May 2011 with a split-plot
design of a randomized complete block and with tillage prac-
tices (NTand CT) as the main plot and wheat residue returning
(0- and 2,146-kg C ha−1 residue returning) as the subplots.
Each treatment was replicated three times, and each plot had
an area of 90 m2. The four treatments were CT0, CTS, NT0,
and NTS. In the CT0 and NT0 treatment, wheat residues were
removed and not returned to the field. In the CTS and NTS
treatments, crop residues collected from preceding crops were
air-dried, chopped to approximately 5–7 cm in length, and
plowed into soil in the CT practice and mulched on the soil in
the NT practice. In the case of the CT treatment, soil was
cultivated to an 8–10-cm depth by hoe and subsequently
mold-board plowed twice to a 20-cm depth 2–3 days before
rice or wheat sowing. The C and N contents of the wheat
residue used were 408.7 and 14.80 g kg−1, respectively.

During rice growing seasons, the weeds were controlled by
spraying 36 % glyphosate at 3 L ha−1 in June 2011 and 2012.
Rice was direct seeded manually at a rate of 22.5 kg ha−1 in
June after herbicide application. The rice was then harvested
in October. According to local conventional irrigation-
drainage practices, the plots were irrigated immediately upon
the germination of rice seeds. Thereafter, the plots were
reirrigated to a depth of 10 cm whenever the water depth
decreased to 1–2 cm above the soil surface during the growing
season. After the rice was harvested, air-dried residues of rice
were returned to the soil 3 weeks before wheat was seeded.
Wheat was direct seeded at a rate of 150 kg ha−1 in November
and harvested manually in June. During wheat growing sea-
sons, no irrigation was conducted.

During rice growing season, commercial inorganic NPK
fertilizer (N:P2O5:K2O=15 %:15 %:15 %), urea (N 46 %),
single superphosphate (P2O5 16 %), and potassium chloride
(K2O 60 %) were applied at a rate of 210 kg N ha−1,
105 kg P2O5ha

−1, and 180 kg K2O ha−1. Commercial inor-
ganic NPK fertilizers were broadcasted at the rate of

84 kg N ha−1 as basal fertilizers immediately after sowing
and 126 kg N ha−1 of N-urea were equally divided into three
doses applied at the mid-tillering, jointing, and panicle initia-
tion stages. Both P and K fertilizers were only applied imme-
diately after seeding.

Soil sampling and analytical methods

Soil samples were collected from the top layer (0–5-cm depth)
in October 2012 (just after rice harvest) with a soil core
sampler (inner diameter 7 cm) at five random points in each
plot.

TOC was determined by oxidation with potassium dichro-
mate and titration with ferrous ammonium sulfate (Jones
2001).

Aggregates were separated following the dry-sieving meth-
od described by Gartzia-Bengoetxea et al. (2009). Visible
plant residues and stones were removed and then soil particles
were sieved (<5 mm) by gently pressing large aggregates by
hand. Aggregates were separated by placing 100 g of air-dried
soil fragments (<5 mm) in a nest of sieves mounted on Retsch
AS200 control (Retsch Technology, Düsseldorf, Germany).
Sieves were mechanically shaken (amplitude 1.5 mm) for
2 min to separate soil into the following aggregate-size clas-
ses: 2–1 mm (macroaggregate), 1–0.25 mm, 0.25–0.053 mm,
and <0.053 mm. Concentration of SOC of aggregate fractions
was determined by a FlashEA 1112 elemental analyzer
(Thermo Finnigan, Italy).

MBC was estimated by the fumigation-extraction method
(Vance et al. 1987). Fumigated and nonfumigated soils were
extracted with 0.5 M K2SO4 for 30 min (soil/extractant ratio=
1:4), and organic C in the soil extracts was measured by
oxidation with potassium dichromate and titration with fer-
rous ammonium sulfate. MBC was calculated as EC/KEC,
where EC is the organic C extracted from fumigated soil minus
organic C extracted from nonfumigated soil and KEC is 0.38.
The total C of soil was determined by a FlashEA 1112 ele-
mental analyzer (Thermo Finnigan, Italy). Because the soil
was free of carbonate, the soil organic C was assumed to be
equal to the total C.

DOC was extracted as described by Jiang et al. (2006).
Moist soil samples (equivalent to a 10-g oven-dry weight,
1:2.5 ratio) were shaken with water for 1 h at 250 r min−1,
and then centrifuged for 10 min at 4,500×g. The supernatant
was filtered with a 0.45-μmmembrane filter. The DOC of the
filtrate was measured by oxidation with potassium dichromate
and titration with ferrous ammonium sulfate (Jones 2001).

Easily oxidizable C (EOC) was determined as described by
Blair et al. (1995). Air-dried soil samples (10 g) were shaken
with 20 ml 333 M KMnO4 for 1 h at 60 r min−1. The
suspension was then centrifuged for 5 min at 2,000×g. The
supernatant was diluted and the optical density was measured
at 565 nm. Analyses were replicated three times.
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PLFA analysis of soil

Composition of soil microbial communities was determined
by PLFA analysis as described by Bossio et al. (1998) and
Blair et al. (1995). Lipids were extracted from 3 g of freeze-
dried soil by a single-phase chloroform-methanol-citrate buff-
er (1:2:0.8). The soil extracts were filtered and the chloroform
phases were collected. The polar lipids were separated from
neutral lipids and glycolipids on solid phase extraction col-
umns (Supelco Inc, USA) by eluting with CHCl3, acetone,
and methanol. Phospholipids were saponified and methylated
to fatty acid methyl esters (FAME). An internal standard 19:0
FAME was used. Concentrations of PLFAs were determined
by an Agilent (6890-5973N series) Gas Chromatograph
equipped with a flame ionization detector and an HP-5 capil-
lary column (30 m×0.25 mm×0.25 μm) with ultra super
purified He as a carrier gas. Identification of individual com-
pounds was based on the comparison of retention time and
mass spectral data obtained from standard compounds isolated
from microbial monoculture and environmental samples.
FAME was analyzed by a MIDI Sherlock Microbial
Identification System (MIDI, Newark, DE, USA) according
to the manufacturer’s instructions.

Standard fatty acid/PLFA nomenclature (A:BwC) was used
as follows: the number before the colon refers to the total
number of C atoms and the number(s) following the colon refers
to the number of double bonds and their location (after the “w”)
in the fatty acid molecule. Abbreviations “Me,” “cy,” “I,” and
“a” refer to methyl groups, cyclopropane groups, and iso- and
anteiso-branched fatty acids, respectively. “Cis” and “trans”
geometries are indicated by the suffixes “c” and “t,” respectively
(Frostegård and Bååth 1996; Angela and Six 2012). The fol-
lowing biomarkers were used: microbial biomass, total PLFAs,
the sum of all identified PLFAs, from C14 to C20; bacterial
biomass, the sum of i14:0, 14:0, i15:0, a15:0, C15:0, i16:0,
i17:0, a17:0, 16:1ω7c, cy17:0, 17:1ω8c, 18:1ω7c, C18:0,
cy19:0, 18:1ω9t, and 18:1ω9c (Bach et al. 2010); fungal bio-
mass, 18:2ω6c (Bach et al. 2010); monounsaturated fatty acids
(MUFA), the sum of 16:1ω7c, 17:1ω8c, 18:1ω9c, and
18:1ω9t (Bausenwein et al. 2008); and saturated fatty acids
(STFA), the sum of 14:0, 15:0, 16:0, and 18:0 (Bausenwein
et al. 2008). We have also calculated the fungal to bacterial ratio
(Kaur et al. 2005). Microbial stress was expressed by the cy19:0
to 18:1ω7 ratio (Jackson et al. 2003; Moore-Kucera and Dick
2008). PLFAs that contributed less than 0.5 % of the total
amount extracted from each sample, and that were only ob-
served in one sample, were eliminated from the data set; thus 21
PLFAs were used for statistical analysis in the present study.

Statistical analysis

To test the main effects and interactions of tillage and residue
returning, general linear model analysis of variance designed

for split plot was performed with tillage and residue returning
as fixed factors and replicates as random factors. The least
significant difference (LSD) test was used when tillage, resi-
due returning, and/or their interactions were significant.
Difference at P<0.05 level was considered to be significant.
All statistical analyses were performed by SPSS 16.0 (SPSS
Inc, Chicago, IL). Differences in composition of microbial
communities were evaluated by principal component analysis
based on the relative abundances of PLFAs. Partial correlation
analysis and redundancy analysis were performed to gain
insights into the relationships between soil microbial commu-
nity composition and organic C fractions under different treat-
ments by SPSS 16.0 (SPSS Inc, Chicago, IL) and CANOCO
software, respectively.

Results

SOC fractions

No significant differences in concentrations of TOC, DOC,
and EOC were found between CT and NT treatments
(Table 1). Compared with CT treatments, NT treatments only
significantly increased MBC by 20.0 % (P<0.05). Both MBC
and DOC concentrations were 18 and 24 % higher (P<0.05)
under residue returning treatments than under no residue
treatments, respectively. There were no interactive effects of
tillage and residue returning on MBC and contents of TOC,
DOC, and EOC.

Table 2 shows no significant differences in concentrations
of SOC of aggregate fractions between CTand NT treatments.
Residue returning only significantly increased concentration
of SOC of 2–1-mm aggregate by 10 % (P<0.05). The inter-
action between tillage and residue returning significantly af-
fected concentration of SOC in 2–1-mm aggregate (P<0.05).

Composition of soil microbial communities

No significant effects of tillage on bacterial biomass, F/B, and
microbial stress are shown in Table 3. However, total PLFAs
and fungal biomasses were 9.8 and 40.8 % higher under NT
treatments than under CT treatments (P<0.05), respectively,
while MUFA/STFAwere 15.5 % lower (P<0.05). Significant
differences between residue returning treatments were found
in total PLFAs, bacterial biomass, fungal biomass, F/B,
MUFA/STFA, and microbial stress. Residue returning signif-
icantly increased total PLFAs, bacterial biomass, fungal bio-
mass, F/B, and MUFA/STFA by 31.1, 36.0, 95.9, 42.5, and
58.8 % (P<0.05), respectively, but significantly reduced mi-
crobial stress by 45.9 % (P<0.05). The interaction between
tillage and residue returning significantly affected total
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PLFAs, bacterial biomass, fungal biomass, and MUFA/STFA
(P<0.05).

A total of 21 PLFAs were identified under different treat-
ments (Fig. 1). PLFA profiles were dominated by the iC15:0
(9.8 %), C16:0 (16.5 %), 10Me17:0 (9.9 %), and Cyc19:0
(8.3 %) fatty acids, which together accounted for 43.0–47.3 %
of the total PLFAs. Principal component analysis extracted
two principal components, PC1 and PC2, accounting for 55.9
and 16.5 % of the overall variances, respectively. The domi-
nant PLFAs of PC1 were C14:0, iC16:0, C16:0, C18:2w6c,
and Cyc19:0 (loading value >0.9). Microbial community
composition was strongly affected by treatments. The PLFA
profiles showed a significant separation when comparing soil
samples to CTS and NTS to CT0 and NT0 along PC1. A clear
separation was also found among CT0, CTS, NT0, and NTS
when comparing the PLFA patterns of soil samples along

PC2. The most PLFAs were located to the right side along
PC1 for NTS.

Redundancy analysis of soil microbial communities shows
that the coordinate from the first two ordination axes ex-
plained 99.5 % (the first axis 88.5 % and the second 11.0 %)
of the variances (Fig. 2). Microbial community composition
under different treatments was distinctly separated by the first
two principal components. The SOC contents of 2–1- and
0.25–0.053-mm aggregates along the first axis were the most
affecting microbial community composition. The SOC con-
tent of 2–1-mm aggregate was negatively correlated with the
first axis, and the SOC content of 0.25–0.053-mm aggregate
was positively related to the first axis. In addition, among
TOC and labile organic C fractions, the SOC content of 2–1-
mm aggregate had the highest degree of correlation with
microbial community composition.

Table 1 Changes in concentrations of TOC and labile organic C fractions under different treatments

Treatments TOC MBC DOC EOC
(g kg−1) (mg kg−1) (g kg−1) (g kg−1)

CT0 25.24±1.00 a(a) 683±31.81 b(b) 2.02±0.02 a(b) 1.48±0.12 a(a)

CTS 28.59±1.26 a(a) 803±42.50 b(a) 2.74±0.42 a(a) 1.63±0.07 a(a)

NT0 23.08±1.50 a(a) 815±28.94 a(b) 2.03±0.36 a(b) 1.45±0.05 a(a)

NTS 24.99±3.72 a(a) 969±88.26 a(a) 2.26±0.01 a(a) 1.49±0.24 a(a)

Analysis of variance

T ns ** ns ns

S ns ** * ns

T × S ns ns ns ns

Different letters in a column indicate significant differences at the level of 5 or 1 %. Values are mean±standard errors

ns no significance, TOC total organic C,MBCmicrobial biomass C,DOC dissolved organic C, EOC easily oxidizable C, CT0 conventional tillage, CTS
conventional tillage plus residue returning, NT0 no-tillage, NTS no-tillage plus residue returning

*P<0.05; **P<0.01

Table 2 Changes in concentrations of SOC of aggregates under different treatments

Treatments 2–1 mm 1–0.25 mm 0.25–0.053 mm <0.053 mm
(g kg−1) (g kg−1) (g kg−1) (g kg−1)

CT0 22.52±0.52 a(b) 25.30±1.84 a(a) 35.91±2.97 a(a) 19.93±3.71 a(a)

CTS 21.62±0.04 a(a) 28.66±1.54 a(a) 34.14±2.79 a(a) 18.46±1.65 a(a)

NT0 19.34±1.25 a(b) 28.62±0.87 a(a) 36.42±0.08 a(a) 21.31±1.03 a(a)

NTS 24.16±0.70 a(a) 27.49±0.71 a(a) 33.22±1.39 a(a) 22.57±1.39 a(a)

Analysis of variance

T ns ns ns ns

S ** ns ns ns

T × S ** ns ns ns

Different letters in a column indicate significant differences at the level of 5 or 1 %. Values are mean±standard errors

ns no significance, CT0 conventional tillage, CTS conventional tillage plus residue returning, NT0 no-tillage, NTS no-tillage plus residue returning

*P<0.05; **P<0.01
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Partial correlation analysis indicated that MBC was signif-
icantly correlated with total PLFAs and bacterial and fungal
biomasses (Table 4). The SOC of 2–1-mm aggregate was
significantly and positively correlated with total PLFAs, bac-
terial biomass, fungal biomass, and MUFA/STFA, and the
partial correlation coefficient of SOC within 2–1-mm aggre-
gate (2–1 mm) were higher than the coefficients of other
organic C fractions. In general, there were no significant
relationships between TOC, DOC, EOC, and SOC contents
of other aggregate fractions with microbial parameters.

Discussion

Effect of tillage and residue returning on SOC fractions

Long-term NT can increase TOC concentrations at top soil
layer (Helgason et al. 2009; Mathew et al. 2012), while the
effects of short-term NT on TOC concentration are contradic-
tory (Carpenter-Boggs et al. 2003; Spedding et al. 2004;
Helgason et al. 2010). In our short-term study, no significant
differences between tillage systems were found in TOC con-
tents of different aggregate fractions (Tables 1 and 2), proba-
bly because the duration (less 2 years) of NT was not long
enough to cause a significant change in the soil organic matter
content (Kay and VandenBygaart 2002; Mathew et al. 2012).
Kay and VandenBygaart (2002) reported that assessments of
tillage-induced changes in organic matter content are most
consistent after a minimum of 15 years following the conver-
sion of CT to NT.

Crop residue plays important roles in increasing organic C
sequestration, reducing soil temperature fluctuation, and con-
serving soil moisture (Schwab et al. 2002; Zhu et al. 2014). It is
well established that TOC needs a long period (>5 years) to

respond to residue amendments for its slow turnover rate and
the great soil organic C pool (West and Post 2002; Wang et al.
2012), while labile organic C fractions (i.e., MBC and DOC
contents) can respond to soil management more quickly than
TOC content (Blair et al. 1995; Ghani et al. 2003; Haynes
2005). In our study, MBC and DOC contents of the 0–5-cm
soil layer were higher under residue returning treatments than
under no residue treatments (Table 1). Similarly, Zhu et al.
(2014) found that straw returning significantly increased
MBC and DOC contents of the 0–7-cm soil layer. This is due
to favorable water content and soil temperature of top soil layer
during crop growing season, causing a fast residue decompo-
sition with microbial growth and microbial necromass produc-
tion (Miltner et al. 2012).

In the present study, residue returning significantly in-
creased concentration of SOC of 2–1-mm aggregate, but not
that of SOC contents of other aggregate fractions (P<0.05,
Table 2), possibly because macroaggregates are more sensitive
than micro-aggregates to changes in land use and cultivation
practice (Franzluebbers and Arshad 1997; Puget et al. 2000).
Jastrow (1996) reported that SOC of macroaggregates has a
faster turnover than that of micro-aggregates. Furthermore,
residue returning increased soil C content and enhanced mi-
crobial activity (Chen et al. 2009; Zhu et al. 2014), which have
contributed to the binding of residue and soil particles into
macroaggregates (Jastrow 1996; Six et al. 1999), thus increas-
ing not only aggregates stability but also SOC content and C
sequestration (Mathew et al. 2012; Zhu et al. 2014).

Effect of tillage and residue returning on soil microbial
community

No-tillage compared to CT reduces soil physical disturbance
with enrichment of organic matter in soil surface, providing a

Table 3 Changes in composition of soil microbial communities under different treatments

Treatments Total PLFAs Total bacterial PLFA Fungal PLFA F/B MUFA/STFA Microbial stressa

(nmol g−1) (nmol g−1) (nmol g−1)

CT0 30.13±1.26 b(b) 24.41±0.85 a(b) 0.28±0.09 b(b) 0.01±0.00 a(b) 0.32±0.00 a(b) 0.98±0.27 a(a)

CTS 34.17±2.18 b(a) 28.27±1.89 a(a) 0.42±0.10 b(a) 0.01±0.00 a(a) 0.41±0.02 a(a) 0.56±0.07 a(b)

NT0 28.61±1.47 a(b) 22.39±1.56 a(b) 0.30±0.07 a(b) 0.01±0.00 a(b) 0.22±0.04 b(b) 1.26±0.36 a(a)

NTS 42.57±3.41 a(a) 34.97±3.12 a(a) 0.72±0.10 a(a) 0.02±0.00 a(a) 0.41±0.03 b(a) 0.64±0.05 a(b)

Analysis of variance

T * ns ** ns * ns

S ** ** ** ** ** *

T × S ** ** ** ns * ns

Different letters in a column indicate significant differences at the level of 5 or 1 %. Values are mean±standard errors

ns no significance, CT0 conventional tillage, CTS conventional tillage plus residue returning, NT0 no-tillage, NTS no-tillage plus residue returning, F/B
fungal PLFA/bacterial PLFA, MUFA/STFA monounsaturated fatty acids/saturated fatty acids

*P<0.05; **P<0.01
amicrobial stress, cy19:0/18:1ω7
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more beneficial environmental condition for soil biota
(Sundermeier et al. 2011). In this study, as expected, total
PLFAs and fungal biomasses were higher under NT than
under CT (Table 3). However, we did not observe a shift
toward fungal dominance as indicated by F/B under NT.
Similar results were also reported by Spedding et al. (2004).
Probably not only fungal activity but also bacterial activity
was favored by NT (Helgason et al. 2009). MUFA/STFA,
which is a sensitive indicator of soil microorganisms in re-
sponse to agricultural management (Bossio et al. 1998), was

significantly lower in NT than in CT soils (Table 3), possibly
due tomore anaerobic conditions under NTas a result of lower
physical disturbance (Gouaerts et al. 2007; Spedding et al.
2004); this may have also lead to bacteria stimulation under
NT.

Principal component analysis shows that residue returning
was the main factor influencing the composition of microbial
communities (Fig. 1). Total PLFAs, bacterial biomass, fungal
biomass, and F/B were higher under residue returning than
under no residue returning treatments (Table 3). Given the

Fig. 1 a Loading values for
individual PLFAs shown by
principal component analysis. b
Principal component analysis of
the PLFA pattern from soils (0–
5 cm) under different treatments.
Two components (PC1 and PC2)
were extracted by principal
component analysis, and PC1
accounted for 55.9 % and PC2 for
16.5 % of the original variance.
CT0, conventional tillage; CTS,
conventional tillage plus residue
returning; NT0, no-tillage; NTS,
no-tillage plus residue returning
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dependence of microbial community composition on resource
quality and availability (Helgason et al. 2010), it is likely that
crop residues provide a C source for microbial activity (Zhu
et al. 2014) improving environmental conditions for biota
(Helgason et al. 2010). Moreover, lower microbial stress
under residue returning treatments (Table 3) may indirectly

explain the increases in microbial biomasses. Additionally,
higher MUFA/STFA under residue returning than under no
residue returning treatments (Table 3) suggests that residue
returning might improve aeration of top soil layer (Bossio
et al. 1998). Increased F/B under residue returning treatments
might be attributed to increased C/N in soil. Fierer et al. (2009)
reported that the F/B ratio generally increases with increasing
C/N in soil because fungi have a lower N demand and use C
more efficiently than bacteria.

The relationships between microbial communities and SOC
fractions

Redundancy analysis of soil microbial communities showed
that SOC content of 2–1-mm aggregate was related to soil
microbial diversity (Fig. 2). Moreover, partial correlation
analysis also showed that the SOC content of macroaggregate
(2–1 mm) was significantly and positively related to microbial
parameters, and the partial correlation coefficient of SOC of
macroaggregate (2–1 mm) was higher than coefficients of
other organic C fractions (Table 4). Changes in SOC content
of macroaggregate (2–1 mm) induced by short-term conser-
vation management practices may cause changes in microbial
community composition. Similarly, it was reported that SOC
content of macroaggregates was related to changes in man-
agement practices (Franzluebbers and Arshad 1997; Carter
et al. 1998; Freixo et al. 2002). Crop residue returning can
contribute to the binding of residue and soil particles into
macroaggregates (Jastrow 1996; Six et al. 1999), thus improv-
ing aggregate formation and stabilization (Golchin et al. 1997;
Six et al. 2002). Moreover, the quantity and quality of organic
substrates can modulate activity, function, and composition of
microbial community (Bending et al. 2002; Bausenwein et al.
2008). Griffiths et al. (1999) pointed out that microbial com-
munity composition changed by increasing C substrate sup-
ply. Further, soil aggregates regulate both the composition and
activity of microbial community (Gupta and Germida 1988;
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Fig. 2 Redundancy analysis of soil microbial communities and SOC
fractions under different treatments. The amount of variability explained
by all the canonical axes was 99.5 %. TOC, total organic C; MBC,
microbial biomass C; DOC, dissolved organic C; EOC, easily oxidizable
C; MUFA/STFA, monounsaturated fatty acids/saturated fatty acids; F/B,
fungal biomass/bacterial biomass; microbial stress, cy19:0/18:1ω7; CT0,
conventional tillage; CTS, conventional tillage plus residue returning;
NT0, no-tillage; NTS, no-tillage plus residue returning

Table 4 Partial correlation analysis between microbial parameters and soil C fractions

TOC MBC DOC EOC SOC of 2–1-mm
aggregate

SOC of 1–0.25-mm
aggregate

SOC of 0.25–0.053-mm
aggregate

SOC of <0.053-mm
aggregate

Total PLFAs ns 0.74** ns ns 0.88** ns ns ns

Bacterial biomass ns 0.73* ns ns 0.87** ns ns ns

Fungal biomass ns 0.71* ns ns 0.88** ns ns ns

F/B ns ns ns ns ns ns −0.70* ns

MUFA/STFA 0.74** ns ns ns 0.66* ns ns ns

ns no significant, TOC total organic C,MBC microbial biomass C,DOC dissolved organic C, EOC easily oxidizable C,MUFA/STFA monounsaturated
fatty acids/saturated fatty acids, F/B fungal biomass/bacterial biomass

*P<0.05; **P<0.01

microbial stress, cy19:0/18:1ω7
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Miller et al. 2009; Plaza-Bonilla et al. 2014) by affecting
microbial access to oxygen, substrates, and water (Young
and Ritz 2000). In this way, SOC can affect microbial com-
munity composition through influencing aggregate formation
and stabilization.

Conclusions

No significant differences between CT and NT treatments
were found in TOC, labile organic C fractions (except for
MBC), and SOC of aggregate fractions, while residue
returning significantly increased MBC and SOC content of
macroaggregate (2–1 mm). No-tillage compared to CT signif-
icantly increased total PLFAs, fungal biomass, and
MUFA/STFA. Total PLFAs, bacterial biomass, fungal bio-
mass, F/B, and MUFA/STFA were higher under residue
returning than under no residue returning treatments, but
microbial stress was lower. Changes in SOC of 2–1-mm
aggregate induced by short-term conservation management
practices might be important in influencing soil microbial
community composition. In addition, we only conducted this
study in a site, and thus a further study about microbial
community composition and contents of SOC under conser-
vation management practices from different typical paddy
fields is needed to verify the relationships between composi-
tions of soil microbial communities and SOC fractions under a
rice-wheat cropping system.
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