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Abstract To minimize the degradation of soil organic matter
(SOM) content in conventional sugarcane cropping, it is im-
portant to understand how the fungal community contributes
to SOM dynamics during the decomposition of sugarcane leaf
litter. However, our knowledge of fungal diversity in tropical
agroecosystems is currently limited. Thus, we determined the
fungal community structure on decomposing sugarcane leaf
litter and their response to different soil management systems
using the internal transcribed spacer region 1 (ITS1) amplicon
sequencing method afforded by Ion Torrent Personal Genome
Machine (PGM). The results indicate that no-tillage had pos-
itive effects on the relative abundance of Zygomycota and of
some taxa that may prefer a moist environment over conven-
tional tillage, whereas bagasse mulching decreased the rich-
ness of operational taxonomic units (OTUs) and had positive

effect on the relative abundance of slow-growing taxa, which
may prefer poor nutrient substrates. Furthermore, a combina-
tion of no-tillage and bagasse mulching increased the abun-
dance of unique OTUs. We suggest that the alteration of fun-
gal communities through the changes in soil management
practices produces an effect on litter decomposition.

Keywords Fungi . Internal transcribed spacer region .

Next-generation sequencing . Residuemanagement . Nutrient
cycling

Introduction

Sugarcane is cultivated primarily in tropical and subtropical
regions, and recently, growing areas have been extended be-
cause of an increase in the demand for food and biofuel [1]. It
is estimated that the current global cultivated sugarcane area is
26.08 million ha [2]. However, the soil organic matter (SOM)
content is decreasing under conventional sugarcane
monocropping [3–6]. The implementation of conservation till-
age practice has increased in the sugarcane plantations of
Brazil and Australia [7, 8]. In general, practicing no-till agri-
culture helps to increase and maintain SOM content [9–11].
No-tillage prevents soil carbon (C) loss resulting from erosion
after tilling [12] and increases the proportion of macroaggre-
gates, which results in the accumulation of SOM within ag-
gregate structure [13]. In addition, the application of sugar-
cane bagasse (sugarcane fibers from which the juice has been
extracted) to the soil has been found to increase SOM content
[14]. By-products with a high C/N ratio (such as sugarcane
bagasse) are slowly decomposed and thus can help to reduce
soil erosion by covering the soil surface [15].
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While thesemanagement changes may affect SOMdynam-
ics, predicting the effects of management change on the C and
nutrient cycling requires a more complete understanding of
the factors that regulate litter decomposition. Sugarcane leaf
litter, which amounts to 6–8 t dry weight ha−1 year−1 [16], is
important source and regulator of C and nutrient to the soil. To
supply the C and nutrient from litter to the soil and to immo-
bilize nutrients from soil to litter, fungal communities play a
key role in these processes during decomposition. While
changes in fungal community structure and species diversity
may affect the decomposition of organic matter [17], few
studies have focused on the effect of agricultural management
on fungal communities in decomposing litter.

A previous study has demonstrated using terminal restric-
tion fragment length (T-RF) polymorphism (T-RFLP) analysis
that no-tillage increases T-RF richness, and bagasse mulching
inhibits a specific fungal T-RF [18]. In addition, bagasse
mulching can suppress the decomposition rate of sugarcane
leaf litter. These findings indicate that changes in fungal com-
munity structures affect litter decomposition. However, the
determination of fungal species and their physiology as asso-
ciated with soils under different management practices is nec-
essary for further elucidating the relationships between fungal
community structure and litter decomposition.

Recently developed high throughput next-generation se-
quencing (NGS) methods can provide hundreds of thousands
to tens of millions of DNA sequences per run [19], enabling
the revelation of deeper microbial community connections in
environmental samples than in the conventional methods.

This study aimed to reveal the effects of different tillage
and bagasse mulching practices on fungal diversity and com-
munity structure in decomposing sugarcane leaf litter and to
determine the relationship between fungal community struc-
ture and litter decomposition rate.

Materials and Methods

Site Description

The field study was conducted at a sugarcane plantation (4°
40′ S, 105° 13′ E, altitude c.a. 45 m) in Sumatra, Indonesia,
from September 2010 to January 2011. The experimental site
was located within a large area (approximately 25,000 ha) of
the plantation. The Köppen system classifies the climate of the
research area as Am. The total precipitation amounts at this
site during the dry season (May 2010–September 2010) and
the wet season (October 2010–April 2011) were 854 and 2,
097 mm, respectively. The average air temperatures during the
dry and wet season were 28.3 and 29.5 °C, respectively. The
main soil type of the experimental area is Alisol [20], and soil
physical and chemical characteristics particular of each treat-
ment plot are provided in [18]. We used a split-plot design

with soil tillage as the main factor and bagasse mulch as a
secondary factor. The treatments were no-tillage without
mulch (NT), no-tillage with mulch (NTM), conventional till-
age without mulch (CT), and conventional tillage with mulch
(CTM) repeated across four replicate blocks. Each plot was
25 m×25 m with a 5-m buffer zone adjacent to the road. The
conventional tillage treatment plots were plowed three times
in July 2010. For the mulch treatments, 80 t (wet weight) per
hectare of bagasse was spread on the soil surface from August
1 to August 5, 2010. Eighty tons (wet weight) per hectare of
organic fertilizer, consisting of five parts bagasse, three parts
Blotong (filter cake), and three parts bagasse ash, were spread
prior to plowing in the CT and CTM treatments and after
planting in the NT and the NTM treatment. Inorganic fertil-
izers (N/P/K 120:80:180 kg/ha) were applied in all treatments
at the time of planting. Sugarcane seed stems were planted
during July 21–30, 2010. Herbicides were not applied to any
of the treatments.

Litterbag Collection

Nylon bags (2-mm mesh size) of 20 cm×20 cm containing
10 g (dry weight) of brown sugarcane leaves cut into 15-cm
length were placed on the soil surface on September 24, 2010.
In the mulch treatments, the bags were covered with bagasse.
Two litterbags per plot were collected after 124 days (January
25, 2011): one bag was used to measure mass loss, and one
bag was used for molecular analysis of the fungal community.
The leaf litter was sorted to remove roots and soil. The litter
samples for mass loss were dried at 80 °C for 24 h. The ash-
free dry mass was determined after grinding each sample in a
grinding mill and then ashing one subsample (0.5 g) at 450 °C
for 4 h in a muffle furnace. To prepare the samples for phos-
pholipid fatty acid (PLFA) and molecular analysis, soil and
loose roots were shaken off and the remaining roots or soil
was removed with a sterilized spatula; then, the leaves were
freeze-dried and stored at −20 °C until analysis. The protocol
and the results of litter mass loss rate and PLFAwere the same
data as presented in the previous work [18], but the data of the
fifth replicated plot of each treatment was omitted in this study
to reduce the cost of DNA sequencing.

Analysis of Fungal Biomass in Sugarcane Leaf Litter

PLFA analysis was used to assess the fungal biomass. PLFAs
were extracted from 0.5 g finely ground freeze-dried samples
using a procedure based on those of [21] and [22]. Briefly,
lipids were extracted with a one-phase chloroform–methanol–
phosphate buffer, and the PLFA fraction was separated using
silicic acid columns (BOND ELUT LRC-SI; Varian, Palo
Alto, CA, USA) before trans-esterification with mild alkali
and final uptake in dichloromethane. Methyl nonadecanoate
(19:0) was added to each sample as an internal standard. The
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fatty acid methyl esters were separated on a gas chromato-
graph with a Sherlock Microbial Identification System
(MIDI, Newark, DE, USA). The fatty acids 18:2ω6 were used
to estimate saprophytic fungal biomass [23].

DNA Sequence Analysis of Fungal Community Structure
in Sugarcane Leaf Litter

DNAwas isolated from 0.15 g of finely ground freeze-dried
samples using an ISOIL for Beads Beating Kit (Nippon Gene,
Tokyo, Japan) according to the manufacturer’s instructions.
Extracted DNA was quantified and checked for purity at the
ratio of spectrophotometric absorbance (A 260/280 nm)
(Nanodrop, Thermo Fisher Scientific, USA) prior to storage
at −20 °C.

The fungal primers ITS1-F_KYO1/ITS2_KYO1 [24] were
used to amplify the ITS1 region of fungal ribosomal DNA
(rDNA). This primer set was designed to improve coverage
across diverse taxonomic groups of fungi compared with
existing primers [24]. The PCR mixture (20 μl) was prepared
by combining 1 μl of DNA template (50 ng), 0.5 μl of
10 pmol μl−1 primers, and 10 μl of Thunderbird SYBR
qPCR Mix (TOYOBO, Osaka, Japan). Real-time PCR was
run on a StepOnePlus real-time PCR System (Applied
Biosystems, Houston, USA) to determine the optimal cycle
number by reference to cycle threshold (Ct) values. The real-
time PCR conditions used were 94 °C for 4 min, 40 cycles of
94 °C for 30 s (denaturation), 50 °C for 1 min (annealing), and
72 °C for 90 s (extension), followed by 72 °C for 10 min. Ct
values were defined as the number of cycles required for nor-
malized fluorescence to reach a manually set threshold of
20 % total fluorescence. The results of the Ct value for each
individual sample are presented in Table S1. PCR amplifica-
tion was run on a GeneAmp PCR System 9700 (Applied
Biosystems) with the same reagents and same PCR conditions
(except for PCR cycle number) as the real-time PCR. The
PCR products were purified using the Agencourt AMPure
XPReagent (Beckman Coulter, Brea, CA, USA). The purified
PCR amplicons were end-repaired using the Ion Plus
Fragment Library Kit (Life Technologies Inc., Grand Island,
NY, USA), following the manufacturer’s protocol. The end-
repaired amplicons were purified using the Agencourt
AMPure XP Reagent. Sequencing adapters with the sample
identification barcoding key were ligated using an Ion Xpress
Fragment Library Kit, following the manufacturer’s protocol.
The adapter-ligated and nick-translated amplicons were puri-
fied using the Agencourt AMPure XP Reagent. The concen-
trations of the prepared libraries were determined by quanti-
tative PCR using the Ion Library Quantitation Kit (Life
Technologies Inc.). The amount of library required for tem-
plate preparation was calculated using the template dilution
factor calculation described in the protocol. Diluted libraries
were pooled for library amplification using the Ion One Touch

and ES systems (Life Technologies Inc.). Emulsion PCR to
incorporate the library to the sequencing beads was performed
using the Ion OneTouch instrument with an Ion OneTouch
System Template 200 Kit (Life Technologies Inc.). Finally,
the library sample was sequenced on an Ion Torrent Personal
GenomeMachine using an Ion 318 chip and the Ion PGM200
sequencing Kit (Life Technologies Inc.), following the manu-
facturer’s protocols. The raw sequence data (.fastq file) are
available in the DNA Data Bank of Japan (DDBJ) under ac-
cession number DRA002156.

Data Analysis

The sequence data were analyzed using the Mothur pipeline
(v. 1.32.1) following a modified standard operating procedure
[25]. In brief, the data were subjected to quality control,
whereby each sequence was screened for a match to the se-
quencing primer and thresholds for average Phred quality
score (Q≥20), ambiguous bases (count=0), and homopoly-
mers (length≤8). Sequences shorter than 100 bp after quality
trimming were not considered. All potentially chimeric se-
quences were identified using Mothur-embedded UCHIME
(chimera.uchime) [26] and removed. The sequence data were
subsampled to 11,711 sequences per sample (the smallest
sample size) to reduce bias associated with different numbers
of reads in the different samples [27]. Unique sequences were
pairwise aligned (Needleman-Wunsch; [28]) and the resultant
distance matrix clustered into operational taxonomic units
(OTUs) using the nearest neighbor algorithm at >97 % simi-
larity. Singleton OTUs were removed because many single-
tons are likely artifacts [29]. Classification of the sequences
was performed using the UNITE + International Nucleotide
Sequence Databases (INSD: NCBI, EMBL, DDBJ) ITS ref-
erence database (ver. 6; released on December 8, 2013) with
the BLASTn algorithm [30].

The diversity of fungal communities in each treatment was
compared using multiple metrics for rarefaction, observed
OTU richness, Good’s coverage (complement of the ratio be-
tween local singleton OTUs and the total sequence count),
Simpson diversity index (1/D), Shannon diversity index (H),
and Smith and Wilson’s evenness index (Evar) calculated in
Mothur software package. We chose Evar from several even-
ness indices because this index is independent of species rich-
ness [31]. The data were tested for normality using Shapiro-
Wilk test and revealed no violation of the normality assump-
tion, except the data for OTU abundances, as shown below.
The main and interaction effect of tillage and mulch was
assessed by a split-plot two-way analysis of variance
(ANOVA) in R [32].

Community similarities across the treatment were visual-
ized using nonmetric multidimensional scaling (NMDS)
based on the Bray-Curtis metrics after removal of rare se-
quences that have a total count less than 10. Ordination plots
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were created using the BmetaMDS^ function in the R vegan
package, which incorporated a square root transformation and
then a Wisconsin double standardization of OTU abundances.
We then assessed the effects of tillage and mulching on fungal
community structure by analyzing the Bray-Curtis metrics in
permutat ional mult ivar ia te analyses of var iance
(PERMANOVA) [33]. These analyses were conducted using
the BAdonis^ function of the R vegan package [34], with 999
permutations. The OTUs were analyzed for responses to treat-
ments (split-plot two-way ANOVA of square root transformed
and Wisconsin double-standardized OTU frequencies).

To assess and visualize the relationship between fungal
community structure and litter decomposition rate, we
overlaid this variable on the NMDS plot. The fitted
smooth surface on the ordination was calculated using
generalized additive models (GAMs) with thin-plate
splines (based on the Bordisurf^ function in the vegan
package; [34]).

Results

Decomposition Rate and Fungal Biomass of Sugarcane
Leaf Litter

The mass loss rate of sugarcane leaf litter after 124 days
was lowest in the CTM treatment, followed by the NTM,
CT, and NT treatments (Table 1). ANOVA revealed that
the litter mass loss rate was significantly affected by
mulch treatment.

The concentration of fungal PLFA was 3.2-fold greater in
CTM and 2.4-fold greater in NT than in the CT treatment
(Table 1). ANOVA revealed a significant effect of mulch treat-
ment. There was, however, a tillage ×mulch interaction effect:

the positive effect of mulch on fungal PLFAwas pronounced
only under CT treatment.

Diversity

We investigated the litter fungal response to different
agricultural managements using an Ion Torrent PGM
dataset of 1,150,336 sequences with an average read
length of 163.5±7.0 (mean±standard deviation (SD)).
After omitting 73 % of sequence data because of homo-
polymers exceeding eight nucleotides, low average qual-
ity scores (Q<20), or insufficient read length (<100 bp),
we retained 316,314 high-quality sequences with an av-
erage read length of 184.7±14.5 (mean±SD). The aver-
age number of reads per sample after omitting low-
quality sequences was 19,770±7,258 (mean±SD). The
numbers of sequences for each individual sample are
listed in Table S1.

Clustering at 97 % identity produced 9,210 unique
OTUs across the four soil management practices, of
which a high number (8,506) were singletons. The 8,506
singletons made up 2.7 % of the total number of reads.
After all singletons had been discarded, 704 OTUs
remained and were used in the further analyses.
Rarefaction analyses indicated a decline in the slope of
the gradient (Fig. 1), and Good’s coverage was remark-
ably high across all samples (Table 1), indicating an ex-
cellent overall OTU coverage afforded by the deep se-
quencing. The observed OTU richness was negatively af-
fected by mulch treatment. On the other hand, Good’s
coverage and evenness (Evar) were affected positively by
bagasse mulch treatment. There were no significant dif-
ferences in the diversity indices (Simpson and Shannon)
among any of the treatments.

Table 1 Litter mass loss, fungal PLFA, fungal OTU richness, coverage, and diversity indices across the four agricultural treatments

Treatment Proportion of litter
mass loss (%)

Fungal PLFA
(nmol g−1 dry mass)

Number of
observed OTUs

Good’s
coverage (%)

Simpson (1/D) Shannon (H) Evenness
(E var)

CT 59.99 (4.46) 107.8 (40.6) 174.3 (22.6) 99.53 (0.067) 6.71 (2.61) 2.60 (0.31) 0.49 (0.01)

CTM 41.74 (10.19) 350.0 (118.4) 137.8 (15.9) 99.62 (0.061) 6.33 (3.45) 2.39 (0.51) 0.51 (0.01)

NT 63.81 (10.57) 253.5 (72.6) 191.8 (19.8) 99.50 (0.070) 7.30 (5.66) 2.56 (0.67) 0.48 (0.02)

NTM 55.85 (13.72) 207.5 (92.7) 131.0 (19.8) 99.63 (0.041) 5.15 (3.55) 2.14 (0.65) 0.50 (0.02)

ANOVA F value

Tillage (T) ns ns ns ns ns ns ns

Mulch (M) * * *** ** ns ns *

T × M ns ** ns ns ns ns ns

Values in the upper portion of the table represent means. The values in parentheses indicate standard deviations (n=4). OTU clustering=97% according
to Mothur without singletons. Asterisks in the ANOVA results indicate significant results

ns not significant, CT conventional tillage, CTM conventional tillage with bagasse mulch, NT no-tillage, NTM no-tillage with bagasse mulch

*p<0.05; **p<0.01; ***p<0.001
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Community Structure

Litter fungal communities at the phylum level across the four
agricultural managements were dominated by Ascomycota
(81.48 %) according to taxonomy assignment followed by
Basidiomycota (17.94 %) and other fungal lineages
(0.58 %), including Chytridiomycota, Glomeromycota, and
Zygomycota (Table 2). The number of Zygomycota was sig-
nificantly higher under no-tillage treatment. The other phyla
did not statistically differ among treatments.

PERMANOVA results showed that the effect of tillage
and bagasse mulching on fungal community structure was
significant (Fig. 2). NMDS plots demonstrated that tillage

and no-tillage treatments were clearly separated along axis
1, CT and CTM treatment were located on negative axis
1, whereas NT and NTM were located on positive axis 1
(Fig. 2). By contrast, the NMDS plots indicated that the
effect of bagasse mulch treatment varied with tillage treat-
ment. With the bagasse mulching under CT treatment, the
points were shifted toward more negative axis 1. With the
bagasse mulching under NT treatment, the points were
shifted toward positive axis 2.

Fig. 1 Rarefaction curves of the observed fungal OTU richness for the
litter samples at 97 % sequence similarity

Table 2 Relative abundance of fungal phyla (% of the total sequences in each sample) across the four agricultural treatments

Ascomycota Basidiomycota Zygomycota Glomeromycota Chytridiomycota Unclassified fungi

CT 87.8 (14.7) 11.4 (13.8) 0.03 (0.05) 0.05 (0.04) 0.03 (0.04) 0.64 (0.97)

CTM 76.3 (24.7) 22.3 (24.2) 0.02 (0.02) 0.02 (0.03) 0.004 (0.009) 0.39 (0.54)

NT 90.6 (6.70) 8.37 (6.31) 0.19 (0.20) 0.16 (0.26) 0.012 (0.009) 0.67 (1.08)

NTM 78.6 (31.9) 21.0 (32.2) 0.14 (0.13) 0.05 (0.04) 0.007 (0.015) 0.20 (0.18)

ANOVA F value

Tillage (T) ns ns * ns ns ns

Mulch (M) ns ns ns ns ns ns

T × M ns ns ns ns ns ns

Values in the upper portion of the table represent means. The values in parentheses indicate standard deviations (n=4). Asterisks in the ANOVA results
indicate significant results

CT conventional tillage, CTM conventional tillage with bagasse mulch, NT no-tillage, NTM no-tillage with bagasse mulch, ns not significant

*p<0.05; **p<0.01; ***p<0.001

Fig. 2 The NMDS of litter fungal communities in the four treatments
with GAMsurface fits of litter decomposition rate (%mass loss). Symbols
represent loading scores for the treatments. 2D stress=0.17. The
relationship between litter decomposition and fungal community
structure was significant in axis 1 (p<0.05). The result of the
permutational multivariable analysis of variance (PERMANOVA) for
differences in fungal community structure is also given (*p<0.05;
**p<0.01; ***p<0.001; ns, not significant). CT conventional tillage;
CTM conventional tillage with bagasse mulch; NT no-tillage; NTM no-
tillage with bagasse mulch
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Among the 704 OTUs (261 OTUs without less than 10 rare
sequences), 19 OTUs each accounted for >1 % of the total
number of sequences (Table 3). The three most abundant
OTUswere putativelyPodospora sp. (23% of the sequences),
Resinicium saccharicola (13 % of the sequences), and
Dokmaia sp. 1 TMS 2011 (9% of the sequences). The relative
abundance of these OTUs did not differ among the treatments,
according to the ANOVA results. On the other hand, the 4th
(putatively Arnium sp.), the 11th (putatively Ascomycota),
and 18th (putatively fungal sp. ARIZ L177) most abundant
OTUs were affected significantly by tillage (Table 4). NMDS
ordination of OTUs indicated that the relative abundance of
these OTUs was higher in tillage treatments than in no-tillage
treatments. In addition, the 5th (putatively uncultured
Hypocreales) and 13th (putatively Phaeoisaria clematidis)
OTUs were significantly affected by bagasse mulch treatment.
OTU ordinations of NMDS axis 2 indicated that these OTUs
were more abundant in the bagasse mulch treatment than in
the no-mulch treatment. All OTUs that were significantly af-
fected by the treatments are presented in Table 3. These find-
ings showed that certain OTUs were increased by the no-
tillage treatment in low-abundant OTUs, at less than 1 % of
r e l a t i v e abund anc e ( e . g . , OTU32 , p u t a t i v e l y
Paraphaeosphaeria sp. CBS 97895; OTU35, putatively

Sordariales). In addition, certain OTUs were decreased by
bagasse mulch in low-abundant OTUs (e.g., OTU102, puta-
tively uncultured Ascomycota; OTU209, putatively
Mortierella sp.). Furthermore, some OTUs were affected by
tillage × mulch interaction. For example, OTU23 (putatively
Sporobolomyces gracilis) was increased by bagasse mulch,
but the effect of bagasse mulch on this OTU only occurred
when there was no-tillage treatment.

NMDS ordination of the fungal community structure re-
vealed a significant and linear relationship with the litter mass
loss rate (Fig. 2). The litter mass loss rate was positively and
significantly correlated with NMDS axis 1 (p<0.05). Fungal
communities of the CTM treatment are located on the negative
NMDS axis 1, and they occur at sites with the lowest average
litter mass loss rate. Inversely, fungal communities of the NT
plot are located on the positive NMDS axis 1, and they occur
at the highest average litter mass loss rate.

Discussion

The result of our deep amplicon sequence analysis indicated
that bagasse mulching decreased fungal OTU richness, where-
as the tillage treatment had no effect. However, a previous T-

Table 3 Taxonomic assignment of the top 19 most abundant OTUs (relative abundance of >1 % of the total sequences) in the litter samples, based on
BLAST analysis against the UNITE+INSD database

OTU no. Best BLASTn match (uncultured and environmental excluded) Overall
abundance (%)

UNITE taxon name Phylum Family Accession E value Identity (%) Coverage (%)

1 Podospora sp. A Lasiosphaeriaceae JX984769 7E-95 94 100 23.31

2 Resinicium saccharicola B Meruliaceae DQ826549 1E-127 100 100 12.85

3 Dokmaia sp. 1 TMS 2011 A Incertae sedis HQ631012 2E-57 99 100 8.88

4 Arnium sp. A Lasiosphaeriaceae JX317197 2E-109 98 100 5.15

5 Ascomycota A GQ851818 2E-89 93 100 5.01

6 Sordariales A EU686925 1E-66 91 84 3.97

7 Trichocladium pyriforme A Chaetomiaceae AM292048 2E-33 90 98 2.63

8 Podospora sp. A Lasiosphaeriaceae JX984791 1E-56 89 100 2.43

9 Volutella sp. A Nectriaceae HM136667 2E-33 88 98 2.05

10 Sordariomycetes A AJ875391 2E-55 84 100 1.87

11 Ascomycota. A GQ851818 2E-46 83 100 1.82

12 Trichocladium pyriforme A Chaetomiaceae AM292048 3E-82 96 100 1.79

13 Ascomycota A GQ851818 2E-33 87 89 1.75

14 Chaetomium sp. ATT182 A Chaetomiaceae HQ607879 2E-33 92 85 1.69

15 Apodus sp. A Lasiosphaeriaceae JF519313 3E-78 88 100 1.63

16 Phellinidium sulphurascens B Hymenochaetaceae KF996528 5E-18 96 50 1.46

17 Cercophora sp. TMS 2011 A Lasiosphaeriaceae HQ631039 6E-66 86 100 1.30

18 Fungal sp. ARIZ L177 A Chaetomiaceae FJ612719 3E-36 93 85 1.25

19 Pleosporales sp. 1 TMS 2011 A HQ631002 3E-21 100 49 1.01

A Ascomycota, B Basidiomycota, CT conventional tillage, CTM conventional tillage with bagasse mulch, NT no-tillage, NTM no-tillage with bagasse
mulch
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RFLP study showed the opposite result: no-tillage treatment
increased fungal T-RF richness [18]. The T-RFLP can access
only the top 100 most abundant T-RFs of the target commu-
nity [35, 36], and a single T-RF peak can often represent
multiple species [37]. On the other hand, the NGS technique
can provide much information regarding the total members of
the community at the sequence level. Therefore, the T-RFLP
profile represents the diversity of dominant species, whereas
our deep amplicon sequencing could obtain the community
profile, including low-abundant taxa. Nevertheless, the fact
that different reverse primers were used in both approaches
might have introduced further distinctions in the recovery of
community structure cannot be excluded.

The slightly higher evenness (Evar) in bagasse mulch treat-
ments than in no-mulch treatments is likely to be correlated with
Good’s coverage. According to the result of Good’s coverage,
the bagasse mulch treatments had a lower number of singletons
than no-mulch treatments had. Therefore, the higher evenness in
bagasse mulch treatments might reflect the lower number of rare
species in bagassemulch treatments than in no-mulch treatments.

Although the fungal community structure exhibited signif-
icant differences among treatments, the relative abundance of
the three most dominant OTUs was not affected by treatment.
The functions of Podospora spp., which was the most domi-
nant fungal OTU in the sugarcane leaf litter, are not known.
However, the same genus,Podospora anserina, has the ability
to degrade cellulose [38]. The functions of Resinisium
saccharicola related to organic matter degradation are also
unknown. However, Recinisium bicolor, which were closely
related to R. saccharicola, were famous as white-rot fungi
[39]. Dokmaia spp. have been detected from strains that were
isolated from culture medium of decomposing sugarcane tis-
sues [40]. The same genus of Dokmaia monthadangii is
known as saprophytes [41]. Consequently, these fungal taxa
are considered to play an important role in litter decomposi-
tion. However, although the relative abundance of these three
most dominant taxa was not affected by any treatments, the
litter decomposition rate was significantly affected by bagasse
mulch treatment. In addition, there was a significant correla-
tion between fungal community structure and litter decompo-
sition rate. Therefore, changes in the lower abundant taxa
responding to the agricultural managements may correspond
to the decomposition rate. In the OTUs which were positively
affected by bagasse mulch treatment, many putative species of
these OTUs have been discovered from infertile environments
or nutrient-poor substrates such as Bouteloua gracilis (slow-
growing and high drought tolerance) in New Mexico, fynbos
in South Africa, an old and weathered land in Australia and
the bark of a tree (Table 4). Bagasse has lower N content
(0.3 % N dry mass) than the sugarcane leaf litter (0.6 % N
dry mass) and has high lignin content [42]; thus, it can be
considered that the poor N and high lignin content of bagasse
is not favorable for many species of fungi but promotes theT
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growth of specific fungal taxa that can utilize N-poor and
lignin-rich substrates. In a high N environment, lignin decom-
position is limited as slow-growing lignin decomposing fungi
are unable to compete with fast-growing microbes and are
eliminated from the decomposer community [43]. According
to this ecological argument, bagasse should promote slow-
growing fungal decomposers, which may reflect the slow de-
composition rate of sugarcane leaf litter under bagasse mulch
treatment. The fungal species that increased under bagasse
mulch treatment might play a major role in the degradation
of organic matter containing high lignin and row nutrients.
Therefore, understanding the functions of these species might
contribute to the effective use of persistent agricultural wastes.

Although there was no significant difference in litter mass
loss rate between the CT and NT treatment, the fungal com-
munity structure was significantly affected by tillage treat-
ment. Plectosphaerella sp., which is the putative species of
OTU58 that was increased by no-tillage treatment, has been
known to have the ability to degrade (hemi)cellulose [44]. The
putative species of OTUs that were positively affected by no-
tillage treatment have been discovered from cool and wet en-
vironments such as freshwater, the Japanese bamboo forest,
the North American coniferous forest, Latvia alder, and
Denmark (Table 4). Parapaheispheria of the same genus as
the best hit species of OTU32 has been suggested to prefer
moist environments [45]. On the other hand, the best hit spe-
cies of some OTUs that were affected negatively by no-tillage
treatment were derived from tropical and subtropical forests of
Central and South America and China (Table 4). Litter under
no-tillage treatment had higher moisture content than CT
treatment did [18], and the soil moisture content under no-
tillage treatment was more stable than under CT treatment
(data not shown). Therefore, it can be considered that species
that prefer humid and stable climate conditions were increased
under the no-tillage treatment. In addition, the phylum level
compositions showed that the no-tillage treatment yielded a
higher Zygomycota abundance than the conventional tillage
treatment did. Zygomycota are known to be fast-growing fun-
gi capable of rapidly exploring new substrates and primarily
utilizing simple soluble substrates [46]. As previously
discussed, higher weed biomass and species in the NT treat-
ment may create the physical and chemical heterogeneity in
the no-till litter [18]. Thus, although the biomass of weeds was
smaller than sugarcane, the addition of different quality litter
to the soil surface could increase the resource heterogeneity
for fungi. Therefore, the litter decomposition process may
differ between the two tillage systems.

In addition, when bagasse mulch was combined with no-
tillage treatment, some particular OTUs were greater than
when the bagasse mulch was combined with conventional
tillage treatment (Table 4). The occurrence number of OTU
23 (putatively S. gracilis) was significantly higher in the NTM
than in the CTM treatment (Tukey’s HSD test: p=0.047).

According to the PLFA analysis, the fungal biomass also dif-
fered between the CTM and NTM treatment (Table 1).
Therefore, different tillage practices alter the fungal commu-
nity structure responding to bagasse mulch.

Conclusion

Our findings revealed that the application of conservation till-
age, bagasse mulching, and a combination of the two agricul-
tural managements practices in a sugarcane plantation pro-
duced differences in fungal diversity and community structure
during litter decomposition. Compared with conventional till-
age management, no-tillage management tended to increase the
abundance of fungal taxa that are fast-growing and may prefer
moist and cool environments, whereas bagasse mulching
tended to increase the abundance of fungal taxa that are slow-
growing and may prefer nutrient-poor environments. We sug-
gest that the alteration of fungal communities through changes
in agricultural managements will produce a significant effect on
litter decomposition rates and processes. Therefore, capturing
the comprehensive behavior of the fungal community in these
agroecosystems may contribute to accurately predicting the
effect of agricultural managements on biochemical processes
in soils. However, the roles of many of the fungal taxa identi-
fied in this study are yet to be understood.
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