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Abstract
The purpose of our investigation was to clarify the effects of agriculture on the process of

loss of litter at the periphery of a farmland. This study revealed the generation process of an

ecologically unusual phenomenon that is observed around cropland in semi-arid regions.

We hypothesized that the vegetation around a farmland cannot supply plant litter to the

ground surface because the ecological structure has been changed by agricultural activi-

ties. The study was conducted at Xilingol steppe, Xilingol League, Inner Mongolia Autono-

mous Region, China. Four study lines were established from the edge of an arable field to

the surrounding meadow and parallel to the wind direction during the strong wind season.

Key measurement for each line was set at the border between the farmland and steppe.

Four study sites were set at intervals along each line. Plant litter, soil particle size distribu-

tion, plant species composition, plant volume, and species diversity were investigated.

Despite using the same mowing method at the meadows of all study sites, the litter at the

only periphery of the farmland completely disappeared. Soil particle size distribution in

steppe, which was adjacent to the farmland, was similar to that of the farmland. Plant com-

munity structure at the periphery of the farmland was different from that of the far side from

the farmland. This implies that soil scattered from the farmland affected the species compo-

sition of the steppe. Consequently, the change in plant community structure induced litter

loss because of mowing. We concluded that plant litter was lost near the farmland because

of the combined effects of farming and mowing. The results support our hypothesis that the

vegetation around a farmland cannot supply plant litter because the ecological structure

has been changed by agricultural activities.

Introduction
Massive tilling generates artificially bare land that is considered a virtual desert for wildlife [1].
A notable environmental change because of steppe tilling is the increase in erosion rate [2].
The eroded soil sediment from a farmland has a high probability of affecting the periphery of
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the farmland. The impact of agricultural activity on this periphery has the potential to change
the ecological community structure [3–5]. However, the effect on plant litter accumulation on
agriculture remains unclear. Plant litter is composed of withered leaves that have accumulated
on the ground. Therefore, the plant litter is closely related to the plant species composition and
biomass. We predict that massive tilling eliminates litter at the periphery of the farmland, thus
we examined the effect of agricultural activities on litter loss at the periphery of a farmland.

Several functional roles of plant litter in an ecosystem have been reported [6–8]. Plant litter
affects numerous factors that determine the function of the entire ecosystem [9–11]. In semi-
natural steppe, steppe ecosystems have been maintained by moderate disturbances such as
grazing and mowing. To understand the function of litter, several studies have been conducted
on litter loss [12–15]. Plant litter removal is performed to manage species diversity because the
accumulation of too much litter can have a negative effect on plant diversity [12]. The lack of
litter appears to be an artificial state that does not occur naturally, although this state does exist
in a steppe ecosystem. Litter loss often occurs due to fire or grazing [16]. These typical distur-
bances in a steppe relate to variable amounts and compositions of litter. We observed litter loss
in a semi-natural steppe; however, it was not disturbed by fire or grazing. Although plants were
growing, it was not possible to observe any plant litter on the soil surface, which implied that
the plant litter processes in this steppe ecosystem had disappeared. The process of elimination,
which is different from known processes, may be related to the lost litter. However, this state
was not explained because there was no clear knowledge about the process of plant litter loss.
To understand the steppe ecosystem, it is necessary to clarify the process of litter loss.

Litter disappearance in semi-natural grassland was thought to be related to farmland activi-
ties because the phenomenon is only observed around the farmland, and there are no other
large disturbance factors. However, because the boundary between the agricultural land and
the semi-natural grassland is clear, the act of tilling is not directly involved. We considered
whether indirect disturbances by farming activities were occurring, and whether the indirect
effects are due to several processes. We predict that the farmland affects the environment of
the periphery land, and that the plants respond to the changed environment. We aimed to
understand the extent by which tilling affects litter loss in a meadow by examining changes in
the environment and plant communities.

We hypothesized that the vegetation around a farmland cannot supply plant litter because
an ecological structure is changed by agricultural activities. An ecological structure is composed
by species composition and habitat environment. There are two steps in the process of litter
loss as follows: (1) a change in the habitat environment by the deposition of sand sediment
from the farmland, (2) a change in plant community at the periphery of the farmland. We
focused on four factors: soil particle size distribution, species composition, plant volume, and
species diversity. These characteristics denote the effects of farming on steppe ecosystems. The
purpose of our investigation was to clarify the process of plant litter loss at the periphery of a
farmland.

Materials and Methods

Study area
The Xilingol steppe in Xilingol League, Inner Mongolia Autonomous Region, China is a
semi-arid region with a continental temperate steppe climate. According to data collected from
1970 to 2007 at a Baiyinxile farm in the Inner Mongolian Ecosystem Research Station of the
Chinese Academy of Sciences, the annual mean temperature is 0.4°C and the lowest and high-
est monthly mean temperatures are −21.4°C in January and 19.0°C in July, respectively. The
total annual precipitation is 337 mm and the maximum rainfall occurs between May and
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August [1]. This is due to the summer monsoon, and this rainfall is important for plant growth.
Because of the Mongolian high-pressure current, Inner Mongolia is a region characterized by
strong winds that are both arid and cold. The mean annual wind velocity is 3.7 m/s, and for 71
days, a wind velocity of over 17 m/s was recorded [17]. The main wind direction is from north-
west to southeast. It causes soil erosion from early March to May in Inner Mongolia. In partic-
ular, the soil becomes dry in spring, which promotes wind erosion.

The study area was a meadow steppe near Mt. Gason (43°300 latitude, 116°490 longitude,
altitude 1561 m) in Xilingol League, Inner Mongolia Autonomous Region, China. The area is
approximately 80 km southeast of Xilinhot (capital of Xilingol League) on National Highway
303. There were no windbreaks (e.g., planted trees) at our study area. The study area is classi-
fied as a typical steppe and contains a meadow steppe biome with large arable fields. The study
area has been used as a common land by people in the neighboring village. Field survey was
conducted after obtaining permission in the neighboring village. It was used as a meadow,
which was not used for grazing animals, because farmers with livestock use meadow steppes
to reserve feed over the winter season. The area was mowed either manually or with machinery
in August. In this region, immigrants from other parts of China have started to plow the steppe
[18], and wheat and colza were cultivated on a farmland near the study area. According to
farmers working in the arable fields, the area has been cultivated for over 40 years, with crop
rotation in place and fields lying fallow every other year. There was no history of fire. We could
not clarify the exact application rate of fertilizer or pesticide to the arable fields.

Sample design and data collection
The present investigation was conducted from August 18th to August 23rd, 2003. Four study
lines (A, B, C, and D) of approximately 2 km each were established in the southeast direction
from the edge of an arable field. The line direction was parallel to the wind direction during the
strong wind season. Key measurements at each line were conducted at the border between the
farmland and steppe. Four study sites (1, 2, 3, and 4) were set at intervals (between 300 and
1000 m) along each line, with site 1 being closest to the farmland. Distance between the steppe
and farmland increases as the site number increases. At each study site, 6 study plots with a
size of 1 m2 were set randomly.

Plant litter was collected from 2 plots at each site. The standing litter with short stems that
remained after mowing was ignored. After being air-dried for approximately 3 days, the litter
weight was measured. All plant species at each study plot were identified using The Key to
plants at Xilin River Basin, Inner Mongolia [19]. Taxonomic nomenclature was then followed
using the Flora of Inner Mongolia [20–24]. Protected species were not observed in this study.
The coverage for each species was estimated using Penfound and Howard’s coverage classes
[25], which were defined as follows: “+”:<1%; “10”: 1%–5%; “1”: 5%–25%; “2”: 25%–50%; “3”:
50%–75%; and “4”: 75%–100%. The height of the tallest plant was measured for each species in
all plots. The volume of plants in each plot was estimated using the v-value. In a previous
study, the aboveground biomass of a plant community was recorded using an estimate of the
v-value [26]. Plant volume (v, cm3) was calculated by multiplying the coverage (c, cm2) by the
maximum plant height (h, cm) for species i and summing the results for all species in a plot.
To calculate the volume of plants, Penfound and Howard’s coverage classes were converted to
areas as follows: “+”: 50 cm2; “10”: 300 cm2; “1”: 1600 cm2; “2”: 3800 cm2; “3”: 6300 cm2; and
“4”: 8800 cm2. The volume of plants on each plot was thus calculated using the formula as
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follow:

v ¼
Xs

i ¼ 1

ci� hið Þ

Here imeans species number of each plot and s denotes species richness of each plot. ci and
hi denote the coverage of species i and the maximum plant height of species i.

Species diversity was analyzed using Shannon’s diversity index [27], calculated as follow:

H 0 ¼ �
Xs

i ¼ 1

pi log2 pi

Here pi denotes the relative dominance of species i. In this study, plant volume was used to
represent dominance. Soil samples were collected from 2 plots at all sites. In addition, soil was
also collected from the farmland close to site 1. Samples were collected from the soil surface
(5 × 5 cm). A total of 36 soil samples (32 samples from the study sites and 4 samples from the
farmland) were air-dried and sifted through a 2-mmmesh sieve to remove litter, roots, and
stones. Soil particle size was measured using a laser diffraction particle size analyzer (SALD
−3100; Shimadzu Co. Ltd., Kyoto, Japan).

Data analysis
SPSS version 21 (International Business Machines Corporation (IBM), NY, USA) was used for
statistical analyses. Vegetation or soil parameters were compared between the study sites using
averaged values for each site to avoid pseudoreplication. The data of the six plots for each site
along one line were averaged, and we used the four averaged data from the four lines for analy-
sis. The data of plant litter were not homoscedastic. A Kruskal–Wallis test was conducted to
assess the differences in plant litter among the sites. Parametric multiple comparisons (Tukey
test) were conducted to assess the differences in the soil particle size of 36.8 μm, plant coverage,
plant height, species richness, and species diversity among the study sites. The data of plant
volume was not normally distributed, therefore nonparametric multiple comparisons (a Wil-
coxon test with Bonferroni correction) were conducted to assess the differences in plant vol-
ume among the study sites. Indicator species analysis (INSPAN) [28] was used to select the
indicator species at each site. Detrended correspondence analysis (DCA) [29] was performed
to analyze the differences in community composition between the plots. INSPAN and DCA
ordination were performed using PC–ORD for Windows version 6.08 (MjM Software Design,
Gleneden Beach, OR, USA).

Results

Plant litter accumulation
Plant litter accumulation was nonexistent at site 1. It was distinctly different from the other
sites. Some plant litter was observed at the other sites. The average plant litter mass (average ±
S.E.) at the other sites was 46.7 ± 10.9 g at site 2; 50.0 ± 5.0 g at site 3; and 48.7 ± 2.1 g at site 4
(Fig 1). The plant litter mass differed significantly among the sites (P< 0.05).

Soil particle size
Size distribution for soil particles of 36.8 μm was significantly different among sites (P< 0.01)
(Fig 2). These soil particle sizes in the farmland, site 1, and site 2 were significantly lower than
those in site 3 and site 4 (P< 0.05). Soil particle size distribution at site 1 and site 2 resembled
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that of the farmland, and for particles of 36.8 μm, it was not significantly different among these
locations.

Fig 1. Average of above ground litter mass at the 4 study sites. Error bars denote standard error.

doi:10.1371/journal.pone.0135077.g001

Fig 2. Proportions of soil particles of 36.8 μm at the four study sites and farmland.

doi:10.1371/journal.pone.0135077.g002
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Species composition and indicator species
A total of 68 species (4 species could not be identified) were identified from 96 plots (S1, S2,
S3 and S4 Tables). Indicator species at each site were determined by INSPAN (S5 Table,
P< 0.05). Artemisia sieversiana Ehrhart ex Willd., Bromus inermis Leyss., Setaria virdis (L.)
Beauv., Chenopodium glaucum L. and Chenopodium aristatum L. were indicator species at site
1. Leymus chinensis (Trin.) Tzvel., Carex korshinskyi Kom. and Agropyron cristatum (L.)
Gaertn. were indicator species at site 2. Koeleria cristata (L.) Pers., Stipa grandis P. Smirn.,
Stellera chamaejasme L., Cleistogenes squarrosa (Trin.) Keng, Iris dichotoma Pall., Allium
tenuissimum L., Cymbaria dahurica L., Iris ventricosa Pall., Filifolium sibiricum (L.) Kitam.,
Thermopsis lanceolata R. Br., Allium senescens L., Thalictrum petaloideum L., Heteropappus
altaicus (Willd.) Novopokr., Adenophora stenanthina (Ledeb.) Kitag. and Poa subfastigiata
Trin. were indicator species at site 3. Potentilla tanacetifoliaWilld. ex Schlecht., Potentilla verti-
cillaris Steph. ex Willd., Allium bidentatum Fisch. Ex Prokh., Pulsatilla turczanlnovii Kryl. et
Serg., Artemisia eriopoda Bunge, Senecio kirilowii Turcz., Potentilla acaulis L., Artemisia frigida
Willd., Scutellaria sp., Allium anisopodium Ledeb., Saposhnikovia divaricata (Turcz.) Schischk.
and Achnatherum sibiricum (L.) Keng. were indicator species at site 4.

Ordination
The ordination of study plots was formed at assemblage by each study site and was allocated
along axis 1 (Fig 3, S6 Table). Therefore, species composition differed among the sites. Study
plots located at site 1 had a high score for axis 1; however, the plots located at sites 3 and 4 had
a low score for axis 1. The study plots at site 2 were located between these groups. This indi-
cates that species composition near the farmland was different from that on the undisturbed
steppe. Ordination axis 1 could be regarded as representing farming effects. The ordination of
species was allocated similar to that of the ordination of study plots (Fig 4, S7 Table). The vari-
ance of indicator species scores along axis 1 was widely distributed in the ordination space sim-
ilar to the variance of all species, whereas that of axis 2 was smaller than the variance of all
species. The indicator species (gray-shaded symbols) could be regarded as reflecting a feature
of the effects of farming (Fig 4, S5 Table).

Vegetation characteristics
The vegetation cover at sites 1 and 2 were significantly higher than that at sites 3 and 4
(P< 0.05) (Table 1). The height of site 1 was significantly higher than that of the other sites
(P< 0.05). The plant volume at site 1 was significantly higher than that at sites 3 and 4
(P< 0.05). The species richness at site 1 was significantly lower than that at the other sites
(P< 0.05). In addition, the species richness at site 2 was significantly lower than that at sites 3
and 4 (P< 0.05). The diversity index of site 1 was significantly lower than that of the other
sites (P< 0.05). In addition, the diversity index of site 2 was significantly lower than that of
sites 3 and 4 (P< 0.05).

Discussion
Despite using the same mowing method at all study sites, only litter at the periphery of the
farmland completely disappeared (Fig 1). We considered that agricultural processes were
involved in litter loss. The main cause could be the agricultural activity of tilling the steppe.
Tilling causes soil to erode from the farmland and accumulate around the farmland periphery.
This results in a change in species composition and a decrease in diversity at the periphery of
the farmland. Consequently, the periphery of the farmland was dominated by specific species.
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In fact, the plant volume at site 1 is not low (Table 1). In general, litter loss is considered to be
caused by a lower biomass production, however, our results do not support this because there
was no litter. This is a conflicting phenomenon. On the other hand, litter sources were lost
because of mowing around the farmland. If several forms of plants are growing, then plant
litter of a specific life form (e.g., rosette or prostrate) can remain. However, the dominant spe-
cies at site 1, B. inermis, is large and has an erect form. It is easy to harvest using a mowing
machine. We considered that the litter of the dominant species was removed completely from
the periphery of the farmland by mowing. These interactional processes relate to our hypothe-
sis that the vegetation around a farmland cannot supply plant litter.

Our results showed that tilling of the meadow decreased the species number and species
diversity (Table 1). A decrease in diversity is often related to agricultural activity [30]. We
believe that some key environmental factors in the steppe varied at the periphery of the

Fig 3. DCA ordination of the study plots. Eigenvalue of axis 1 is 0.55. Eigenvalue of axis 2 is 0.14. Symbols show the site 1 (round), site 2 (triangle), site 3
(square), and site 4 (diamond).

doi:10.1371/journal.pone.0135077.g003
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farmland. In this study, we focused on changes in soil particle size distribution, which is a basic
soil environmental factor [31]. Soil particle size distribution at site 1 and site 2 was similar to
that of the farmland (Fig 2). We consider this to be the result of soil scatter from the farmland,

Fig 4. DCA ordination of the species. Eigenvalue of axis 1 is 0.55. Eigenvalue of axis 2 is 0.14. Gray-shaded symbols indicate species (INSPAN, P < 0.05).
The vacant symbols are another appearance species that classified each group by INSPAN.

doi:10.1371/journal.pone.0135077.g004

Table 1. Vegetation parameters at the four study sites.

Site 1 Site 2 Site 3 Site 4

Coverage (%) 95.4 ± 1.8a 84.6 ± 2.8a 67.9 ± 4.4b 64.2 ± 2.6b

Height (cm) 39.5 ± 3.3a 28.9 ± 2.6b 23.2 ± 1.3b 23.3 ± 1.2b

Plant volume (cm3 × 10−4) 55.3 ± 10.0a 35.2 ± 3.4ab 22.0 ± 1.6b 19.3 ± 1.6b

Species richness 7.5 ± 1.0a 16.2 ± 2.9b 24.1 ± 1.0c 24.5 ± 1.5c

Species diversity (H’) 0.9 ± 0.2a 1.6 ± 0.1b 2.2 ± 0.1c 2.4 ± 0.0c

Means with different superscripts within a row differ (P < 0.05) according to multiple comparisons using a Wilcoxon test with Bonferroni correction.

Numerical values indicate average ± standard error.

doi:10.1371/journal.pone.0135077.t001
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with soil particles accumulating in locations around the farmland. The farmland is often
affected by wind erosion because the soil surface of the farmland is not covered by vegetation
during the fallow period [32]. In addition, the Inner Mongolia Autonomous Region is known
to experience strong winds in spring [17, 33]. Several sand scattering events resulting from
strong winds occur throughout the year. Studies undertaking erosion research close to our
study sites have reported that a large amount of soil erosion has occurred on the farmland [34,
35]. In locations where anti-wind erosion measures (e.g., trees planted as windbreak) are not
adopted, fugitive dust from a farmland occurs routinely [36]. The accumulated soil may change
the condition of steppe habitats; however, we did not clarify the chemical composition of the
soil. Some fertilizers such nitrogen and phosphorus have a influence on the vegetation at the
boundary of an arable field [15]. This suggests that soil scatter from the farmland possibly
affected the species composition of the steppe.

Diversity decrease is often related to occupation of habitat by highly competitive species
[37]. In this study, several specific species, which may have a competitive ability, were domi-
nant in the periphery of the farmland. We observed a specific species composition near site 1
(Figs 3 and 4), suggesting that the conditions were advantageous for the growth of these partic-
ular species. At site 1, the largest volume was occupied by B. inermis. This species has a strong
competitive power to extend its distribution [38]. We considered that this species extended its
distribution in a short time after the accumulated soil changed the environmental conditions of
its habitat. In addition, this perennial species is creating a special rhizome structure that is a
physical barrier to the rhizome growth of other species [39]. It has the advantage of being able
to grow even if its environment changes because of soil accumulation. We considered that the
change in the species composition of the steppe is caused by soil accumulation from the
farmland.

The plant volume near the farmland was higher than that in other locations far from the
farmland (Table 1). This is also a result of adaptation of the species composition to site 1. An
increase in biomass results in a decrease in the species diversity of a plant community, as evi-
dent from our results for species diversity (Table 1). Several reasons for the change in species
composition were considered. Previous research has indicated that species composition and
diversity are affected by agrochemicals [40]. In the presence of agrochemicals, the number of
perennial plants, which are the dominant steppe species, decreases and the number of annual
plants increases. However, many perennial plants were observed growing near the farmland,
indicating that a decrease in species diversity is probably not caused by agrochemical use in
this area.

We considered that the mowing of the steppe by local inhabitants was related to litter loss.
Around the study site, mowing begins in the latter half of August. Local residents use the plants
as feed for their livestock. Mowing is performed mainly by machine, and almost all of the
aboveground biomass is removed by mowing. On steppe at the far side from the farmland,
plants of various life forms construct a layer structure. These plant functional groups are
important for their variety of impacts on ecosystem function [41]. After mowing, the remain-
ing plants become litter at the end of the growing season. Individuals of low height or those
with a rosette or prostrate form remain and provide plant litter after mowing. It is difficult to
eliminate plant litter even if most of the aboveground parts are mowed. Nevertheless, we did
not observe any litter accumulation near the farmland (Fig 3). Species diversity decreased near
the farmland and created a simple community structure that was dominated by specific species
(Figs 3 and 4, and Table 1). The base of stems remained standing after mowing, but were not
present in the litter. We suggest that these agricultural activities result in changes in the vegeta-
tion structure and loss of litter near the farmland.
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Mowing is a well-known traditional management technique for steppes and maintains high
plant diversity by moderate disturbance of steppes [42, 43]. However, our results showed an
inverse tendency (Table 1). We considered that the reason was duplicative actions of the agri-
cultural system at the boundary of the farmland and grassland. Tilling of steppes accelerates
the erosion of a farmland [44, 45] and changes the environment at the periphery of the farm-
land through the accumulation of sand sediments. Consequently, farming practices on the
steppe have resulted in changes in species composition and biodiversity loss at the periphery of
the farmland (Figs 3 and 4, and Table 1).

In this study, we considered a decrease in diversity as an agricultural effect at site 1 and site
2 (Table 1). We also considered that species composition was related to distance from farmland
(Fig 3). However, we could not clarify the necessary strength of agricultural effects for litter
loss because there was no distinct evidence to explain the relationship between species compo-
sitional change and soil sediment. In this study, at least site 1 and 2 were affected by accumula-
tion of soil sediment (Fig 2). We were unable to clarify in detail the distance to which the effect
of the farmland extended, because the distance that soil particles were transported changed
according to the wind speed. Accumulation of soil sediment is also complex because it is
related to topological factors. In addition, the direction of the wind is not uniform. It may be
possible to estimate the range of litter loss by soil dispersal data and modeling.

Conclusions
The combined impact of farming and mowing affected the agricultural land. The litter loss was
not only caused by dispersal of sand particles from the farmland, but was also caused by mow-
ing. We consider that it is important to understand the complex processes of litter loss: 1) dis-
persal of sand particles from the farmland, 2) changes in species composition, 3) increased
biomass and decreased diversity, and 4) mowing. Therefore, the disappearance of litter was not
caused by dispersal of sand particles from the farmland, rather it was caused by mowing.

The community structure, such as species composition, plant volume, species richness, and
species diversity, was changed as a result of the accumulation of soil sediment from the farm-
land. In particular, the change in plant community structure resulted in a specific condition
whereby the litter disappeared because of mowing. In conclusion, plant litter disappeared in
the vicinity of the farmland because of the combined effect of farming and mowing. These
results support our hypotheses.

Farming on steppes has an effect not only within the cultivated area but also on the original
ecosystem in the surrounding area. The influence of farming on steppe ecosystems at the
periphery of a farmland cannot be ignored. Our results suggest that ecosystems in arid and
semi-arid regions are susceptible to environmental change as a result of farming activities.

Supporting Information
S1 Table. Species composition at Line A. The coverage for each species was estimated using
Penfound and Howard’s coverage classes.
(DOCX)

S2 Table. Species composition at Line B. The coverage for each species was estimated using
Penfound and Howard’s coverage classes.
(DOCX)

S3 Table. Species composition at Line C. The coverage for each species was estimated using
Penfound and Howard’s coverage classes.
(DOCX)

Eliminated Plant Litter from the Periphery of a Farmland

PLOS ONE | DOI:10.1371/journal.pone.0135077 August 4, 2015 10 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0135077.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0135077.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0135077.s003


S4 Table. Species composition at Line D. The coverage for each species was estimated using
Penfound and Howard’s coverage classes.
(DOCX)

S5 Table. Results of INSPAN analysis. Indicator species at each site were determined by
INSPAN (P< 0.05). The indicator species were marked by gray-shaded symbols (Fig 4).
(DOCX)

S6 Table. Results of DCA analysis (Plots). Score of Ax1 and Ax2 were used to draw a scatter
plot (Fig 3).
(DOCX)

S7 Table. Results of DCA analysis (Species). Score of Ax1 and Ax2 were used to draw a scatter
plot (Fig 4).
(DOCX)

Acknowledgments
We thank Dr. Kenji Tamura and Dr. Yuichi Onda for help with soil analyses. The authors
would like to thank Enago (www.enago.jp) for the English language review.

Author Contributions
Conceived and designed the experiments: KK. Performed the experiments: KKWB TN. Ana-
lyzed the data: KK. Contributed reagents/materials/analysis tools: KKWB TN. Wrote the
paper: KK.

References
1. Kleijn D, Verbeek M. Factors affecting the species composition of arable field boundary vegetation. J

Appl Ecol. 2000; 37: 256–266.

2. Zhang CL, Yang S, Pan XH, Zhang JQ. Estimation of farmland soil wind erosion using RTK GPSmea-
surements and the 137Cs technique: A case study in Kangbao County, Hebei province, northern China.
Soil Till Res. 2011; 112: 140–148.

3. Wilson PJ, Aebischer NJ. The distribution of dicotyledonous arable weeds in relation to distance from
the field edge. J Appl Ecol. 1995; 32: 295–310.

4. Kleijn D. The use of nutrient resources from arable fields by plants in field boundaries. J Appl Ecol.
1996; 33: 1433–1440.

5. Smith MD, Barbour PJ, Burger LW Jr., Dinsmore SJ. Density and diversity of overwintering birds in
managed field borders in Mississipi. Wilson Bull. 2005; 117: 258–269.

6. Wang J, Zhao ML, WillmsWD, Han GD,Wang ZW, Bai YF. Can plant litter affect net primary production
of a typical steppe in Inner Mongolia? J Veg Sci. 2011; 22: 367–376.

7. MakkonenM, Berg MP, Handa IT, Hättenschwiler S, van Ruijven J, van BodegomPM, et al. Highly con-
sistent effects of plant litter identity and functional traits on decomposition across a latitudinal gradient.
Ecol Lett. 2012; 15: 1033–1041. doi: 10.1111/j.1461-0248.2012.01826.x PMID: 22732002

8. Tan YL, Chen J, Yan LM, Huang JH, Wang LX, Chen SP. Mass loss and nutrient dynamics during litter
decomposition under three mixing treatments in a typical steppe in Inner Mongolia. Plant Soil 2013;
366: 107–118.

9. Milcu A, Manning P. All size classes of soil fauna and litter quality control the acceleration of litter decay
in its home environment. Oikos 2011; 120: 1366–1370.

10. Garcia-Palacios P, Maestre FT, Kattge J, Wall DH. Climate and litter quality differently modulate the
effects of soil fauna on litter decomposition across biomes. Ecol Lett 2013; 16: 1045–1053. doi: 10.
1111/ele.12137 PMID: 23763716

11. Handa IT, Aerts R, Berendse F, Berg MP, Bruder A, Butenschoen O, et al. Consequences of biodiver-
sity loss for litter decomposition across biomes. Nature 2014; 509: 218–221. doi: 10.1038/nature13247
PMID: 24805346

Eliminated Plant Litter from the Periphery of a Farmland

PLOS ONE | DOI:10.1371/journal.pone.0135077 August 4, 2015 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0135077.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0135077.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0135077.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0135077.s007
http://www.enago.jp/
http://dx.doi.org/10.1111/j.1461-0248.2012.01826.x
http://www.ncbi.nlm.nih.gov/pubmed/22732002
http://dx.doi.org/10.1111/ele.12137
http://dx.doi.org/10.1111/ele.12137
http://www.ncbi.nlm.nih.gov/pubmed/23763716
http://dx.doi.org/10.1038/nature13247
http://www.ncbi.nlm.nih.gov/pubmed/24805346


12. Ruprecht E, Enyedi MZ, Eckstein RL, Donath TW. Restorative removal of plant litter and vegetation 40
years after abandonment enhances re-emergence of steppe grassland vegetation. Biol Conserv. 2010;
143: 449–456.

13. Bansal S, Sheley RL, Blank B, Vasquez EA. Plant litter effects on soil nutrient availability and vegeta-
tion dynamics: changes that occur when annual grasses invade shrub-steppe communities. Plant Ecol.
2014; 215: 367–378.

14. Bonanomi G, Caporaso S, Allegrezza M. Short-term effects of nitrogen enrichment, litter removal and
cutting on a Mediterranean grassland. Acta Oecol. 2006; 30: 419–425.

15. Allison M, Ausden M. Effects of removing the litter and humic layers on heathland establishment follow-
ing plantation removal. Biol Conserv. 2006; 127: 177–182.

16. Hofstede RM. The effects of grazing and burning on soil and plant nutrient concentrations in Colombian
páramo grasslands. Plant and Soil. 1995; 173: 111–132.

17. Yiruhan, Hayashi I, Nakamura T, Shiyomi M. Changes in floristic composition of grasslands according
to grazing intensity in Inner Mongolia, China. Grassl Sci. 2001; 47: 362–369.

18. Nan Z. The grassland farming system and sustainable agricultural development in China. Grassl Sci.
2005; 51: 15–19.

19. Liu S. Identification in outdoors Key of Plant Xilin river basin Inner Mongolia Xilinhot. Inner Mongolia
Grassland Ecosystem Research Station; 1993

20. Ma Y, Fu H, Chen S, Ma E, Wang C, Liu Z, et al., editors Flora Intramongolica. Editio Secunda. Huh-
hot: Typis intramongolicae popularis; 1989.

21. Ma Y, Fu H, Chen S, Ma E, Wang C, Liu Z, et al., editors Flora Intramongolica. Editio Secunda. Huh-
hot: Typis intramongolicae popularis; 1990.

22. Ma Y, Fu H, Chen S, Ma E, Wang C, Liu Z, et al., editors Flora Intramongolica. Editio Secunda. Huh-
hot: Typis intramongolicae popularis; 1992.

23. Ma Y, Fu H, Chen S, Ma E, Wang C, Liu Z, et al., editors Flora Intramongolica. Editio Secunda. Huh-
hot: Typis intramongolicae popularis; 1994.

24. Ma Y, Fu H, Chen S, Ma E, Wang C, Liu Z, et al., editors Flora Intramongolica. Editio Secunda. Huh-
hot: Typis intramongolicae popularis; 1998.

25. PenfoundWT, Howard JA. A phytosociological study of an evergreen oak forest in the vicinity of New
Orleans, Louisiana. AmMidl Nat. 1940; 23: 165–174.

26. Nakamura T, Go T, Wuyunna, Hayashi I. Effects of grazing on the floristic composition of grasslands in
Baiyinxile, Xilingole, Inner Mongolia. Grassl Sci. 2000; 45: 342–350.

27. Shannon CE. A Mathematical Theory of Communication. The Bell System Technical Journal. 1948;
27: 379−423, 623−656.

28. Hill MO. TWINSPAN. a FORTRAN program for arranging multivariate data in an ordered two−way table
by classification of the individuals and atributes. New York: Cornell University; 1979

29. Hill MO. DECORANA. A Fortran program for detrended correspondence analysis and reciprocal aver-
aging. Ecological and systematics Department. New York: Cornell University; 1979.

30. van Elsen T. Species diversity as a task for organic agriculture in Europe. Agric Ecosyst Environ.2000;
77: 101–109.

31. Zamani S, Mahmoodabadi M. Effect of particle-size distribution on wind erosion rate and soil erodibility.
Arch. Agron. Soil Sci. 2013; 59: 1743–1753.

32. Barring L, Jonsson P, Mattsson JO, Ahman R. Wind erosion on arable land in Scania, Sweden and the
relation to the wind climate—a review. Catena. 2003; 52: 173–190.

33. Zhao HL, Yi XY, Zhou RL, Zhao XY, Zhang TH, Drake S. Wind erosion and sand accumulation effects
on soil properties in Horqin Sandy Farmland, Inner Mongolia. Catena. 2006; 65: 71–79.

34. Hoffmann C, Funk R, Reiche M, Li Y. Assessment of extreme wind erosion and its impacts in Inner
Mongolia, China. Aeolian Res. 2011; 3: 343–351.

35. Gomes L, Arrue JL, Lopez MV, Sterk G, Richard D, Gracia R., et al. Wind erosion in a semiarid agricul-
tural area of Spain: theWELSONS project. Catena. 2003; 52: 235–256.

36. Schwartz RC, Fryrear DW, Juo ASR. Simulation of wind forces and erosion in a field with windbreaks.
Soil Sci. 1997; 162: 372–381.

37. Knops JMH, Tilman D, Haddad NM, Naeem S, Mitchell CE, Haarstad J, et al. Effects of plant species
richness on invasion dynamics, disease outbreaks, insect abundances and diversity. Ecol Lett. 1999;
2: 286–293.

38. Fink KA, Wilson SD. Bromus inermis invasion of a native grassland: diversity and resource reduction.
Botany. 2011; 89: 157–164.

Eliminated Plant Litter from the Periphery of a Farmland

PLOS ONE | DOI:10.1371/journal.pone.0135077 August 4, 2015 12 / 13



39. McConnaughay KDM, Bazzaz FA. Is physical space a soil resource? Ecology. 1991; 72: 94–103.

40. Kleijn D, Ineke jS (1994) Field boundry vegetation and the effects of agrochemical drift: change caused
by low levels of herbicide and fertilizer. J Appl Ecol. 1994; 31: 1143–1425.

41. Kong DL, Wu HF, Zeng H, Lu XT, Simmons M, Wang M, et al. Plant functional group removal alters root
biomass and nutrient cycling in a typical steppe in Inner Mongolia, China. Plant Soil. 2011; 346: 133–
144.

42. Güsewell S, Buttler A, Klötzli F. Short-term and long-term effects of mowing on the vegetation of two
calcareous fens. J Veg Sci. 1998; 9: 861–872.

43. Valkó O, Török P, Matus G, Tóthmérész B. Is regular mowing the most appropriate and cost-effective
management maintaining diversity and biomass of target forbs in mountain hay meadows? Flora. 2012;
207: 303–309.

44. Nordstrom KF, Hotta S. Wind erosion from cropland solutions in the USA: a review of problems, and
prospects. Geoderma. 2004; 121: 157–167.

45. Mendez MJ, Buschiazzo DE. Wind erosion risk in agricultural soils under different tillage systems in the
semiarid Pampas of Argentina. Soil Till Res. 2010; 106: 311–316.

Eliminated Plant Litter from the Periphery of a Farmland

PLOS ONE | DOI:10.1371/journal.pone.0135077 August 4, 2015 13 / 13


