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experiments with Triticum aestivum
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Abstract
Aims The purpose of this study was to test the
hypotheses that soil nutrient patchiness can differen-
tially benefit the decomposition of root and shoot
litters and that this facilitation depends on plant
genotypes.
Methods We grew 15 cultivars (i.e. genotypes) of
winter wheat (Triticum aestivum L.) under uniform
and patchy soil nutrients, and contrasted their biomass
and the subsequent mass, carbon (C) and nitrogen (N)
dynamics of their root and shoot litters.
Results Under equal amounts of nutrients, patchy
distribution increased root biomass and had no effects
on shoot biomass and C:N ratios of roots and shoots.
Roots and shoots decomposed more rapidly in patchy
nutrients than in uniform nutrients, and reductions in
root and shoot C:N ratios with decomposition were
greater in patchy nutrients than uniform nutrients. Soil

nutrient patchiness facilitated shoot decomposition
more than root decomposition. The changes in C:N
ratios with decomposition were correlated with initial
C:N ratios of litter, regardless of roots or shoots. Litter
potential yield, quality and decomposition were also
affected by T. aestivum cultivars and their interactions
with nutrient patchiness.
Conclusions Soil nutrient patchiness can enhance C
and N cycling and this effect depends strongly on
genotypes of T. aestivum. Soil nutrient heterogeneity
in plant communities also can enhance diversity in
litter decomposition and associated biochemical and
biological dynamics in the soil.

Keywords Genotypes . Litter decomposition . Litter
quality . Nutrient cycling . Plant biomass . Soil nutrient
patchiness . Triticum aestivum

Introduction

Soil nutrients commonly have patchy distributions at
the scale of individual plants, so that the roots of the
same individual may experience contrasting levels of
nutrient availability (Kolasa and Pickett 1991;
Jackson and Caldwell 1993; Bartels and Chen 2010;
He et al. 2011; Mommer et al. 2011; van der Vaal et
al. 2011). This fine-scale spatial nutrient heterogeneity
can directly affect the growth of individual plants. For
example, a plant may accumulate more biomass when
the same total amount of nutrients is added in a patchy
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rather than a uniformway (Stuefer et al. 1996; Blair and
Perfecto 2004; de Kroon et al. 2009; He et al. 2011).
Spatial nutrient heterogeneity at the scale of
individual plants can also have ecosystem-scale
effects. For example, it can influence litter decom-
position (Silfver et al. 2007), the spatial structure of
plant communities (Getzin et al. 2008), and levels of
biodiversity (Clark et al. 2010).

Soil nutrient availability affects plant litter decom-
position dynamics and nutrient cycling (Manning et
al. 2008; Cusack et al. 2009; Shen et al. 2010;
Cornelissen et al. 2011), which is of extreme
importance for the maintenance of key ecosystem
functions (Sulkava and Huhta 1998; Güsewell 2004;
Aerts et al. 2006; Manzoni et al. 2010). Plant litter
decomposition, as affected by litter quantity, litter
quality, and aspects of the biotic and physical
environments, plays vital roles in modulating the
complex processes of C and N cycling (Swift et al.
1979; Attiwill and Adams 1993; Aerts 1997; Cusack
et al. 2009). Taken together, it is required to
comprehensively understand the interactive effects of
litter quantity, litter quality, and environment on
decomposition.

Given that living roots of a plant are often
distributed in different soil nutrient patches, root litter
decomposition occurs in the same patchy habitats in
situ. By the same token, the litter of aboveground
plant modules may also experience fine-scale patchy
soils once fallen down to soil surface. In other words, it
is most likely that both aboveground and belowground
litters are subject to patchy soil conditions at the scale of
individual plants. This suggests that studies concerning
plant litter decomposition should be conducted in the
context of habitat patchiness because real habitats are
heterogeneous. To our knowledge, only a few studies
have focused on this aspect (Sulkava and Huhta 1998;
Loecke and Robertson 2009a). Loecke and Robertson
(2009b) found that aggregated Trifolium pratense
litter enhanced final aboveground maize biomass
relative to uniformly distributed litter but aggregated
Secale cereale litter had no effects on productivity.
Thus there may be an important feedback loop among
plant genetic variation, litter patchiness, nutrient
patchiness, and productivity.

The purpose of this study was to examine how soil
nutrient patchiness at the fine scale and genotypes
interact on litter quantity, litter quality and litter
decomposition. Since there are differences in

chemical/physical litter quality (decomposibility) and
position (e.g. on surface versus in the soil) between
shoots and roots (Broadbent and Nakashima 1974;
Golchin et al. 1994; Gregorich 1997; Six et al. 1998;
Puget and Drinkwater 2001; Cusack et al. 2009;
Wang et al. 2010), we hypothesized that soil nutrient
patchiness differentially influences root and shoot
litter decomposition. Different genotypes have differ-
ent architectures to forage for resources (Alpert et al.
2003), thereby affecting litter placement patchiness;
litter quality may vary as afterlife effects of geneti-
cally determined shoot and root traits are related to
productivity (Swift et al. 1979; Attiwill and Adams
1993; Silfver et al. 2007; Crutsinger et al. 2009). Thus
a second hypothesis is that the effects of soil nutrient
patchiness on litter production and decomposition can
vary depending on genotypes of plants. To test these
hypotheses, we grew 15 cultivars (i.e. 15 genotypes)
of Triticum aestivum under uniform and patchy soil
nutrients, and contrasted their biomass and the mass,
C and N dynamics of their shoot and root litters. Our
experiments were carried out in a greenhouse instead
of field conditions because this approach allows us to
assess the impacts of soil nutrient distribution and
plant genotypes on litter production, quality and
decomposition.

Materials and methods

Winter wheat cultivars

We selected winter wheat (Triticum aestivum L.) as
the study species as this species is suitable for a split-
root experiment and has diverse genotypes (i.e.
cultivars) within a species. Fifteen cultivars of T.
aestivum were collected from the provinces of Anhui,
Hebei, Henan, Jiangsu, and Shandong in China,
where T. aestivum is a staple crop. These cultivars
(details in Table 1) exhibit strong adaptation to local
environments and their seeds were collected from
local seed corporations. In the field, nearly all fresh
roots and shoots of T. aestivum turn into litter,
particularly in some rural areas.

Experiment 1: split-root growth

We conducted a greenhouse experiment to avoid the
idiosyncrasies of nutrient loss due to rainfall pulses in
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the field. We used a mixture of 1:1 pure sand and pure
vermiculite as a growth medium because this mixture
was homogeneous and neutral to all cultivars, thereby
avoiding any side effects of differences between local
soils as growth media. In addition, this mixture of
sand and vermiculite allows it to be easy to rinse off
roots and sieve litters. All growth containers (top
diameter 20 cm, bottom diameter 12 cm, height
25 cm) were custom-made. We placed a plastic
divider (top length 20 cm, bottom length 12 cm,
height 23 cm, thickness 5 mm) at the center of each
container and fixed it using a general-purpose glue to
prevent any soil water and nutrients to pass through
the divider (Fig. 1).

On 28 March 2009, seeds of the 15 T. aestivum
cultivars were planted in trays, and 1 week later
similar-sized seedlings were transplanted into the
growth containers described above. Specifically, two
seedlings were positioned at the top of each divider
(the black ellipse indicating the seed of winter wheat),
and half of the roots were positioned in one
compartment and the other half in the other compart-
ment (Fig. 1). Three levels of nutrient solutions
(0.10%, 0.25% and 0.40% of a water-soluble fertilizer
(1.5% ammonium, 12.7% nitrate, 0.8% urea, 2%
P2O5, 3.75% K2O, 2% Mg, 0.03% B, 0.007% Cu,
0.10% Fe, 0.05% Mn, 0.007% Mo, and 0.02% Zn;

Peters Professional, Scotts, USA)) were used to create
two different habitats: uniform soil nutrients and
patchy soil nutrients (Fig. 1). In our pilot experiment,
these three nutrient concentrations had had significant

Table 1 Fifteen cultivars of
Triticum aestivum used in the
experiments

No Variety Trait

Mean plant height (cm) Mean mass of
1000 seeds (g)

Mean yield (kg ha-1)

1 Fumai 936 80 39 6825

2 Huaimai 8 84 42 6760

3 Huaimai 16 87 38 6810

4 Jimai 22 75 44 7950

5 Jingmai 189 77 41 7450

6 Jingmai 413 80 43 7280

7 Liangxing 99 74 42 7815

8 Shannong 8355 85 51 7785

9 Wenmai 18 75 41 7545

10 Yanzhan 4110 75 44 7245

11 Zhengmai 004 80 39 7590

12 Zhengmai 005 80 38 6915

13 Zhengmai 366 70 36 7230

14 Zhengmai 9023 82 45 7050

15 Zhengmai 9694 75 43 7485

0.25% 0.25% 0.10% 0.40%

Uniform soil nutrients Patchy soil nutrients

Fig. 1 Experimental scheme. A plastic divider was positioned
at the center of each growth container, creating two equal-sized
compartments. In the nutrient-uniform habitats, 50 ml of a
0.25% nutrient solution were supplied to each compartment
every 2 weeks; in the nutrient-patchy habitats, 50 ml of 0.10%
and 0.40% nutrient solutions were supplied to the low- and
high-nutrient compartments, respectively. Seedlings were posi-
tioned at the top of the divider, and the black ellipse indicates a
seed of Triticum aestivum
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effects on the growth of winter wheat. For uniform
soil nutrients, both compartments were supplied with
50 ml of a 0.25% nutrient solution every 2 weeks; for
patchy soil nutrients, one compartment was supplied
with 50 ml of a 0.1% nutrient solution for the
nutrient-poor patch and the other with 50 ml of a
0.4% nutrient solution for the nutrient-rich patch
every 2 weeks, respectively (Fig. 1). This design
allowed us to compare the effects of soil nutrient
patchiness on plant growth (i.e. potential litter yield),
litter quality, and litter decomposition (see below)
under equal total nutrient amounts.

Ten replicates for each cultivar-habitat combination
were randomly arranged in a greenhouse at the
Institute of Botany, Chinese Academy of Sciences,
Beijing, China. The containers were sufficiently far
apart to avoid shading by neighbours and rotated
every week. During the experiment, water was
applied to plants as required but did not lead to
nutrient leaching. Greenhouse temperatures and rela-
tive humidity were kept between 15 and 30°C and
40–50%, respectively; light exposure to plants was
about 80% of full sunlight. This experiment ran from
5 April 2009 through 25 June 2009. At the end of the
experiment, all plants were harvested. Specifically,
shoots were harvested at the top of each divider, and
roots were extracted from each patch and slightly
shaken by hand to leave the soil into the original
patch. Finally roots were slightly rinsed to remove
residual growth medium. All plant materials were air-
dried for 96 h and weighed. All soils were kept in the
original containers for the in situ decomposition
experiment below. Subsamples of air-dried roots and
shoots were weighed and oven-dried at 85°C for 48 h
for dry mass, moisture content, and nutrient analysis.
All the oven-dried materials were ground into a fine
powder and passed through a 1-mm mesh screen
before C and N analyses. The initial concentrations of
C and N in the roots and shoots were determined
using an elemental analyzer (CE 440, EAI, USA).

In this experiment, the total dry mass of roots and
shoots per container (i.e., two plants in a container)
was determined as: drymass ¼ air � driedmass�
1�moisture contentð Þ.The total masses of roots and
shoots stood for biomass production of each cultivar;
meanwhile they indicated the potential of litter yield
as nearly all vegetative parts of winter wheat return to
soil in the field. The C:N ratios of fresh roots and
shoots were expressed as mass ratios (g C/g N). We

used the General Linear Model module within SPSS
13.0 (SPSS Inc., Chicago) using Type III sum of
squares, where T. aestivum cultivars and soil nutrient
patchiness were treated as fixed factors. We tested the
effects of these factors and their interactions on total
dry mass and initial C:N ratios of roots and shoots.
The total mass of plants was transformed to the
square-root to meet assumptions of analysis of
variance. Individual means were compared with a
post hoc Tukey test.

Experiment 2: in situ litter decomposition

To set up in situ litter decomposition, we returned
both roots and shoots, which we assumed to represent
root and shoot litter (see above), to the original
growth containers used in experiment 1. We weighed
air-dried roots and shoots, placed them into nylon
mesh litterbags (8 cm×8 cm, 1 mm mesh), and
positioned litterbags into the corresponding compart-
ments of containers. Specifically, litterbags containing
shoots from patchy habitats were partially in a
nutrient-rich patch and partially in a nutrient-poor
patch (i.e. across two patches), and litterbags contain-
ing shoots from uniform habitats were put in uniform
habitats; litterbags containing roots from nutrient-rich
patches were put in nutrient-rich patches, litterbags
containing roots from nutrient-poor patches were put
in nutrient-poor patches, and litterbags containing
roots from uniform habitats were put in nutrient-
uniform containers. Shoot litterbags were put at the
soil depth of 1 cm and root litterbags were buried at
the depths of 2–10 cm. The same nutrient solutions
and watering regimes used in experiment 1 were also
used in this decomposition experiment. This experi-
ment lasted from 1 July 2009 to 1 October 2009. At
the end of the experiment, all litterbags were retrieved
from the soils. Litter was removed from each
litterbag, sieved free of mineral soil, oven-dried at
75°C for 48 h, and weighed. All the oven-dried
materials were ground into a fine powder and
analysed for C and N as described above.

Litter mass loss (LML) was determined based on a
dry weight basis as: LML ¼ initial litter mass�ð
remaining litter massÞ=initial litter mass� 100%. T o
quantify the effects of soil nutrient patchiness on
mass-based C:N ratios, we calculated the change in C:
N ratios (CCNR) as follows: CCNR = C:N ratios of
initial litter - C:N ratios of remaining litter. We used
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the General Linear Model module within SPSS 13.0
(SPSS Inc., Chicago) using Type III sum of squares,
where T. aestivum cultivars and soil nutrient patchi-
ness were treated as fixed factors. We tested the
effects of these factors and their interactions on litter
mass loss and the change in C:N ratios. Individual
means were compared with a post hoc Tukey test.
Additionally, we also explored correlation analyses to
assess the associations of the changes in C:N ratios
with initial C:N ratios and the changes in N contents
(SPSS 13.0; SPSS Inc., Chicago).

Results

When 15 cultivars of T. aestivum were considered
together, root mass increased from 2.68±0.12 g (1
SE) in the uniform soil nutrients to 3.01±0.14 g in the
patchy soil nutrients (Fig. 2a; F1,270=16.8, P<0.001),

and shoot mass was similar between the uniform
nutrients (21.91±0.75 g) and the patchy nutrients
(21.69±0.76 g) (Fig. 2b; F1,270=0.447, P=0.504). In
other words, soil nutrient patchiness exhibited con-
trasting effects on the potential yield of root litter and
shoot litter. There were differences in root mass
(Fig. 2a; F14,270=87.5, P<0.001) and in shoot mass
(Fig. 2b; F14,270=161, P<0.001) among cultivars; the
effects of cultivars on biomass production depended
on nutrient regimes, both for roots (Fig. 2a; F14,270=
3.07, P<0.001) and shoots (Fig. 2b; F14,270=2.15, P=
0.009). Across all the cultivars, soil nutrient patchi-
ness had no effects on the root/shoot ratios (F1,270=
1.265, P=0.270).

Soil nutrient patchiness had no effects on the C:N
ratios of roots (Fig. 3a; F1,246=0.024, P=0.877) and
shoots (Fig. 3b; F1,218=0.197, P=0.658). In contrast,
cultivars conferred significant effects on C:N ratios of
roots (Fig. 3a; F14,246=76.0, P<0.001) and shoots
(Fig. 3b; F14,218=30.2, P<0.001). There were
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interactions between cultivars and nutrient patchiness
on the C:N ratios of roots (Fig. 3a; F14,246=1.81, P=
0.038) and shoots (Fig. 3b; F14,218=1.82, P=0.044).
Overall C:N ratios were much greater in roots (26.09
±0.37) than in shoots (16.34±0.34).

The root mass loss of all 15 cultivars together
increased by 3.2%, from 38.42±0.35% in the uniform
habitats to 39.64±0.41% in the patchy habitats
(Fig. 4a; F1,270=9.16, P=0.003); their shoot mass
loss increased by 27.7%, from 29.09±0.92% in the
uniform habitats to 37.15±0.84% in the patchy
habitats (Fig. 4b; F1,270=51.1, P<0.001). Thus
facilitation of decomposition by soil nutrient
patchiness was much stronger for shoot litter than
for root litter. There were differences in root mass
loss (Fig. 4a; F14,270=16.2, P<0.001) and in shoot
mass loss (Fig. 4b; F14,270=2.77, P=0.001) among
cultivars. This effect of cultivars depended on
nutrient patchiness for root mass loss (Fig. 4a;
F14,270=5.11, P<0.001), but was independent of

nutrient patchiness for shoot mass loss (Fig. 4b;
F14,270=1.60, P=0.089).

Across all the cultivars, reductions in C:N ratios
of roots with decomposition were smaller in the
uniform habitats (7.49±0.39) than in the patchy
habitats (8.94±0.4) (Fig. 5a; F1,270=23.9, P<0.001),
so were smaller for changing shoot C:N ratios
(Fig. 5b; F1,270=90.7, P<0.001; −0.81±0.30 versus
2.47±0.31 for the uniform and patchy habitats). Thus
patchiness-induced reductions in C:N ratios were
greater in shoot litter than in root litter. There were
differences in the reductions in C:N ratios of remain-
ing roots (Fig. 5a; F14,270=36.8, P<0.001) and of
remaining shoots (Fig. 5b; F14,270=6.65, P<0.001)
among cultivars. This effect of cultivars depended
heavily on nutrient patchiness for the reductions in C:
N ratios of remaining roots (Fig. 5a; F14,270=2.84, P=
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0.001), but was independent of nutrient patchiness for
the reductions in C:N ratios of remaining shoots
(Fig. 5b; F14,270=1.41, P=0.159). When all the
genotype-patchiness combinations were considered
together, the changes in root C:N ratios with
decomposition were associated with initial root C:
N ratios (r=0.948, P<0.001) and the changes in
shoot C:N ratios were linked to initial shoot C:N
ratios (r=0.469, P=0.009). These changes in C:N
ratios also exhibited significant associations with the
changes in N contents, regardless of root or shoot
litter (all P<0.05).

Discussion

The common approach of uniformly distributing
resources to understand their influence on soil-
plant processes oversimplifies field conditions
(Loecke and Robertson 2009b). Scaling theory
predicts that organisms respond to different scales of
resource patchiness in relation to their own size: large
organisms respond to coarse scales of resource
patchiness and small organisms to finer scales of
patchiness (cf. van der Vaal et al. 2011 and references
therein). Here we focused on the scale of individual
plants. Experimental results usually exhibit depen-
dence on conditionality. Our findings cannot be
simply extrapolated to higher levels (i.e. plant
community and ecosystem) because higher organization
levels need to consider other factors such as competi-
tion, spatial scale, and resource use strategies.

Diverse drivers of decomposition may lead to
differences in rates between root litter and leaf
litter (Broadbent and Nakashima 1974; Puget and
Drinkwater 2001; Bontti et al. 2009; Cusack et al.
2009). We found that soil nutrient patchiness had
contrasting effects on the production potential and
decomposition of root and shoot litter, thereby
supporting our first hypothesis. For example, the
potential of root but not shoot litter was affected by
patchy nutrients; soil nutrient patchiness favored
shoot litter decomposition over root litter decomposi-
tion, regardless of mass loss and changes in C:N
ratios. Under uniform soil conditions root litter
decomposition was 9% faster than shoot litter
decomposition while under patchy soil conditions it
was 2% faster, suggesting that shoot litter decompo-
sition benefits more from nutrient patchiness than root

litter decomposition. Previous studies suggest that
decomposition rates of litter can be influenced by its
location inside the soil (Golchin et al. 1994; Gregorich
1997; Six et al. 1998). By the same token, the
differences between root litter and leaf litter in T.
aestivum were also partly due to the different burial
depths of shoots (i.e. soil surface) and roots (i.e.
below soil surface) as abiotic and biotic environmen-
tal variables vary with soil depth. In some cases shoot
residues are broken down more rapidly than root
residues (cf. Puget and Drinkwater 2001), which
suggests that root-shoot differences in decomposition
rate depend on species and environmental context.

Genetic differences control differences in decom-
position rate and nutrient release through altering
litter quality. However, this control has been reported
mostly at the interspecific level or between functional
types or higher taxa (Cornelissen 1996; Vivanco and
Austin 2006; Cornwell et al. 2008). There is very
limited empirical evidence of variation in litter
decomposition rates as determined by genotypes of
the same species (but see Silfver et al. 2007;
Crutsinger et al. 2009). Our findings provide rare
new evidence of consistent differences in litter
decomposability between genotypes, or even the first
such evidence for root decomposability. These results
also support our secondary hypothesis. In terms of
litter production, litter quality, and litter decomposi-
tion, there were broad and significant differences
among 15 cultivars, both for roots and shoots. These
findings suggest that different genotypes within a
species play important roles in modulating C and N
cycling, and also indicate that both across-genotype
and across-species comparisons are required before
generalizations can be made at spatial scales ranging
from individual plants to communities and regions.

Our soil nutrient patchiness manipulations appear
to have potential implications for the study of soil
fertility effects on the quantity, quality, and decom-
position of roots and shoots of T. aestivum. More
importantly, we have added new dimensions to
nutrient patchiness effects on C and N cycling at the
scale of plant individuals. First, our results provide
substantial evidence for differential effects of soil
nutrient patchiness on root decomposition and shoot
decomposition via changing the quantity and quality
of litters. Second, we are the first to demonstrate that
soil nutrient patchiness effects on C and N dynamics
vary substantially among genotypes. Aboveground
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and belowground modules of a plant, and the associated
litters derived from them, are subject to patchy soil
nutrients in the real world. Our results indicate that the C
and N dynamics of these modules in response to nutrient
heterogeneity may constitute an excitingly novel and
important area of C and N cycling.

Under equal total amounts of nutrients, patchy
distribution enhanced the production potential of root
litter, as indicated by root mass. This phenomenon is
common for clonal plants because physiological
integration helps those roots growing in different
patches to perform better (e.g. Stuefer et al. 1996;
Blair and Perfecto 2004; de Kroon et al. 2009;
Mommer et al. 2011). On average, patchy distribution
of soil nutrients had no effects on biomass allocation
to roots and did not increase the production potential
of shoot litter. Sulkava and Huhta (1998) found that
patchy habitats increased plant respiration, which
might limit shoot production. Litter with higher N-
contents usually decomposes more rapidly (Aerts
1997; Puget and Drinkwater 2001), and initial litter
quality is critical to decomposition rates (Silver and
Miya 2001; Cornwell et al. 2008). In this study we
measured C and N contents of litters only. Given that
litter quality is shaped by its many traits, we cannot,
based on our data, provide a whole picture to
demonstrate how nutrient patchiness and plant geno-
types influence litter quality.

Overall the C:N ratios in the decomposing litters
were lower in patchy nutrient soils than in uniform
nutrient soils, which allows roots and shoots to
decompose more rapidly when soil nutrients were
patchy than when soil nutrients were uniform. Here
we propose three possibilities. First, the species
richness of decomposers is commonly higher in
heterogeneous soil environments than in homoge-
neous ones because more species can exploit the
greater diversity of resources and suitable abiotic
conditions (Anderson 1978; Sulkava and Huhta
1998). Second, in patchy habitats the soil fungi can
create connections between residual litters located
some centimeters apart, thus enhancing decomposi-
tion (Sulkava and Huhta 1998). Third, mechanical
properties and module pH may play important roles in
modulating litter decomposition (Cornelissen et al.
1999, 2011) and these traits may vary even within
individual plants. For example, decomposition rates
of leaf litter tend to decrease with leaf toughness and
are closely linked to leaf pH. Due to multiple drivers,

C and N of decomposing litters were dispropor-
tionally released, and thus resulted in rapid
decreases in C:N ratios of residual litter in patchy
habitats, thereby leading to faster rates of decom-
position. The opposite was the case under uniform
habitats. These findings support the notion that
stoichiometry controls C and N dynamics in
decomposing litter (Manzoni et al. 2010).

Additionally, we also found some interesting
questions in the context of N cycling. About half
shoots decomposed in the uniform nutrients had an
increase in the C:N ratios, so was for one cultivar
decomposed in the patchy nutrients. These results are
opposite to the previous notion that C:N ratios of
shoots usually decrease with decomposition, and may
be associated to artificially genetic modifications. The
changes in C:N ratios of shoots for some genotypes
were positive under patchy nutrients and negative
under uniform nutrients. Correlation analysis showed
that this variation was closely linked to initial C:N
ratios of shoot litter and the changes in N contents of
shoot litter. One possible explanation for this change
is that patchy distribution of nutrients alters N
mineralization or immobilization (e.g. Roy and Singh
1994; Loecke and Robertson 2009a, b), and another
possibility is that roots exudates of different geno-
types modify the soils where litters are decomposed
(e.g. Kuzyakov et al. 2009).

In summary, our findings suggest that, at the
scale of individual plants, soil nutrient patchiness
enhances C and N cycling through accelerating
litter decomposition and that this facilitative effect
is stronger on shoot litter than root litter. Geno-
types of T. aestivum also play important roles in
modulating the effect of soil nutrient patchiness on
litter decomposition. Furthermore, on the basis of
these findings, we propose a hypothesis that soil
nutrient heterogeneity in mixed communities with
plant species varying greatly in root:shoot ratios
may provide a greater diversity in mass loss rates
and associated biochemical and biological dynam-
ics in the soil.
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