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Abstract
Aims Plants are the main source of soil organic carbon (C) in forest ecosystems; they input photosynthetically assimilated
C into the soil through litter, root litter, and root exudates. Variations in plant net primary production caused by global
environmental changes are likely to drive shifts in leaf litterfall inputs to soils. However, the effects of these changes on
plant aboveground and underground C input remain largely unknown.

Methods We conducted a two-year litter manipulation (litter removal, addition, and control) experiment in a Pinus
massoniana plantation and studied its impacts on plant C input via litter, �ne root, and root exudates.

Results The results showed that litter removal signi�cantly increased litterfall in summer and autumn and reduced root C
exudation rates in spring, but had no in�uence on the C input of �ne root. Whereas litter addition did not signi�cantly affect
the C input of litter, �ne root, or root exudates. The annual C input of litter, �ne root, and root exudates in control plots were
348.28 g C m-2,42.39 g C m-2, and 17.44 g C m-2, accounting for 85.34%, 10.39%, and 4.27% of the total C input,
respectively. Litter removal increased plant annual total C input by 24.55% owing to reducing root exudate C input by
30.50% and increasing litter C input by 31.12%.

Conclusions Increasing the aboveground C input and decreasing underground C input under litter removal is a strategy to
maximize forest growth in short term. The increased plant C input under litter removal mitigated the in�uences of litter
alteration caused by global change. This was of great signi�cance for understanding plant growth strategy and
forecasting plant growth dynamic under global change.

Introduction
Litter is an essential source of soil C pools and nutrient (Chen et al. 2021; Liu et al. 2019). Approximately 50 Gt of organic C
returns the soil every year via litter decomposition (Cotrufo et al. 2013), accounting for 70% of the annual global C
circulation (Spain, 1984). In recent decades, forest litter and net primary productivity are altered by global environmental
changes, such as increasing atmospheric carbon dioxide concentrations (Song et al. 2019), warming (Li et al. 2017; Quan
et al. 2019) (Huang et al. 2016), and atmospheric nitrogen deposition (Du et al. 2019; He et al. 2021).Variation in litter
inputs to soil would impact the amount of C and nutrients entering the soil system and thus the amount of C and nutrients
internally cycled in forest plantations (Huang and Spohn 2015; Sayer et al. 2011; Sayer et al. 2020; Xu et al. 2021 ). This
impact can feedback to tree growth and exert profound effects on plant productivity and litter production. However, how
plant-derived C input respond to litterfall alteration, whether plant increase or reduce its C input to exacerbate or mitigate
the in�uences of litter alteration was unclear?

Plant-derived C input into the soil through aboveground and underground pathways (Kuzyakov and Domanski 2000;
Santos et al. 2016). The main aboveground C input is litter decomposition, which inputs large amounts of soluble organic
C and nutrients into the soil (Rubino et al. 2010). Whereas crucial underground C input pathways are the mortality and
decomposition of plant roots (Hu et al. 2016). Root-derived C inputs in�uence soil organic matter (SOM) dynamics by
promoting soil C formation (Clemmensen et al. 2013; Sokol and Bradford 2019), stabilization (Jackson et al. 2017), and
turnover (Meier et al. 2017; Yuan et al. 2018), driving more soil C sequestration than litter (Hu et al. 2016; Liu et al. 2019;
Rasse et al. 2005). The turnover of �ne root, roots with diameters of < 2 mm (Matamala et al. 2003; Silver et al. 2005; Vogt
et al. 1996), accounts for 6.2–88.7% of litter input and its contribution to soil C is 18–58% higher than that of litter (Zhang
and Wu 2001). In addition, recent underground ecological studies have found that root exudates is also an important
underground C input pathway of plants. Root exudates contain C-containing substances, such as sugar, organic acids, and
aldehydes, accounting for approximately 5–21% of plant total C assimilation (Badri and Vivanco 2009; Haichar et al. 2014;
Gill et al. 2016; Nguyen 2003). Root exudates can mediate soil microbial communities and stimulate SOM decomposition
(Kuzyakov and Domanski 2000), which has a profound impact on soil C turnover and cycling processes (Haichar et al.
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2014). However, the relative C input contributions of litter, �ne root and root exudates processes have not yet been
thoroughly investigated.

The effects of litter manipulation on litter nutrient input have been previously reported. For example, a �ve-year litter
manipulation study in lowland semi-evergreen tropical forests showed that litter addition (LA) increased litterfall, whereas
litter removal (LR) did not in�uence forest nutrient cycling (Sayer and Tanner 2010). A large-scale litter manipulation
experiment in a wet tropical forest revealed that LA signi�cantly increased leaf litter production but not litter nutrient
concentrations (Wood et al. 2009). However, studies on the responses of plant underground C inputs to litter manipulation
are scarce. LR or LA might affect the production and turnover of �ne root due to the altered soil microclimate and nutrient
status (Rodtassana and Tanner 2018; Sayer et al. 2006). A 4-year �eld experiment showed that soils with higher fertility
sequestered more shoot-, root -, and AMF-derived C (Huang et al. 2021). Furthermore, root C exudation is easily affected by
the changes of microclimate, nutrients, or plant productivity caused by LA or LR (Facelli and Pickett 1991; Phillips et al.
2009; Phillips et al. 2011; Sayer 2006; Yin et al. 2013). In conclusion, previous studies most focus on single C input
processes under litter treatments, but collaborative responses of litter, roots, and root exudate C input pathways are
unknown.

Pinus massoniana is the most widely distributed afforested tree species in subtropical regions and plays an important role
in stabilizing forest ecological functions. Therefore, we carried out a litter manipulation experiment (LR, control (CT), and
LA) in a P. massoniana plantation. After 2 years’ litter manipulation, we systematically studied the responses of C inputs by
the litter, �ne root, and root exudate to litter manipulation. We hypothesized that litter manipulation affects plant C input
and that there may be different responses between aboveground and underground C inputs.

Materials And Methods

Site description
This study was conducted in a P. massoniana plantation in southern Guiyang, Guizhou Province, China (106°398″E,
26°2815″N, alt.1145 m). The study area has a subtropical monsoon climate, and the main landforms are mountainous and
hilly. The mean annual temperature, mean annual sunshine duration, relative humidity, and annual average rainfall are
14.9°C, 1354 h, 75.5%, and 1178.3 mm, respectively. At the time of study, the P. massoniana plantation was approximately
35-year-old and no arti�cial logging took place during the entire growth period. The canopy density was 0.8 with a tree
density of 853 stem ·hm− 2. The average tree diameter and height were 32.2 cm and 28.32 m. The dominant understory
species were Ligustrum lucidum Ait., Viburnum dilatatum Thunb., Rhapis excelsa (Thunb.) Henry ex Rehd., and Hedera
nepalensis K. Koch var. sinensis (Tobl.) Rehd. According to the Chinese classi�cation system, the soil type is yellow soil
and was developed from red clay in the quaternary. The soil properties for 2021 are summarized in Table 1.
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Table 1
Soil properties of P. massoniana plantation in 2021.LR, litter removal; CT, control; LA, litter addition. Different lowercase

letters indicate signi�cant differences among the litter treatments (p < 0.05).
treatment The

annual
mean
Moisture
of 5cm
soil
depth
(%)

The
annual
mean
Temp
of 5
cm
soil
depth
(℃)

pH Soil
organic
carbon
(g·kg-1)

Total N

concentration

(g·kg-1)

C:N Microbial
biomass
carbon
(MBC)

(mg·kg-1)

Microbial
biomass
nitrogen
(MBN)

(mg·kg-1)

MBC:MBN

LR 29.07±

0.15a

14.97±

0.05a

4.86±

0.04a

19.07±

1.58a

2.14±

0.28a

9.90±

0.89a

381.53±

41.84a

54.06±

5.49a

7.30±

0.89a

CT 28.45±

0.12a

15.24±

0.06a

4.81±

0.04a

18.75±

2.01a

2.15±

0.09a

8.87±

0.90a

316.41±

54.25a

54.19±

14.80a

6.54±

0.97a

LA 29.79±

0.13a

15.26±

0.06a

4.95±

0.11a

21.73±

0.29a

2.09±

0.28a

10.81±

1.31a

344.85±

41.02a

47.65±

5.75a

7.36±

0.69a

 

Experimental design
Our experiment began in October 2018 using randomized block design. Three similar blocks in the P. massoniana
plantation were established and three litter treatments: LR, CT, and LA, were randomly arranged in each block. Litterfall on
the forest �oor in LR plots was removed monthly by hand and transferred to LA plots. The LR and LA plots were paired in
space. Each plot was 10 × 10 m, was enclosed with a rope, and had a 10 m buffer zone.

Litter sampling
In May 2020, 17 months after the plots were established, three litter traps were randomly placed in each plot to monitor
litterfall. Each trap was placed 0.2 m aboveground level and had a collection area of 0.25 m2 (0.5 m × 0.5 m). Litter was
then collected monthly from June 2020 to May 2021. When large leaves lay across the trap, the portion of the leaf lying
within the frame area was collected and the remainder was discarded. The collected litter was dried to a constant weight at
65 ℃ and weighed. The litter was then ground with a plant crusher (FW100, Taisite, China) and the C content was
measured using the potassium dichromate external heating method. One year was divided into four seasons according to
the temperature and precipitation condition in this region: (1) spring (March to May); (2) summer (June to August); (3)
autumn (September to November); (4) winter (December to February). Litter C input is calculated as:

where Li is litterfall (g·m− 2) and Ci is litter C content (g·kg− 1).

Fine root sampling
Fine root (< 2 mm diameter) were collected using a 5-cm diameter soil core sampler in July, October, and December 2020
and April 2021, representing summer, autumn, winter, and spring, respectively. Three 40 cm deep soil cores were randomly
collected in each plot. Roots were removed from the cores with tweezers and washed with deionized water. Roots with a
diameter < 2 mm were classed as �ne root and were dried to constant weight at 65 ℃ and weighed.

Fine root biomass (FRB) is calculated as:
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where d is the diameter of the soil core sampler (5 cm).

Annual �ne root mortality (FRM) is calculated according to the calculation methods of Vogt (Vogt et al. 1998)and Mei (Mei,
206):

where FRB is the annual average �ne root biomass, T is the annual turnover rate of �ne root (T = 1.05 was used in this
study according to the turnover rate in P. massoniana plantation (Wang et al. 2012)).

Fine root C input is calculated as:

Root exudation measurements
Two target trees with similar growth conditions in each plot were randomly selected for root exudates collection. Root
exudates were collected using an in-situ collection device (Phillips et al. 2008) in July, October, December and 2020, and
April 2021, representing summer, autumn, winter, and spring, respectively. Three terminal �ne roots (2 mm average diameter
with laterals) in every target tree were excavated from the topsoil (0–10 cm). The excavated roots were washed thrice with
deionized water and twice with a nutrient solution (0.2 mM K2SO4, 0.3 mM CaCl2⋅2H2O, 0.1 mM KH2PO4, and 0.2 mM
MgSO4⋅7H2O). The clean roots were placed into 30 mL syringe with sterile 1-mm-diameter glass beads to make up the
volume. Glass wool was placed at the bottom to prevent the glass beads from clogging syringe barrel. 15 ml of nutrient
solution was injected into the syringe to meet the growth and activity demands of the �ne root. The syringe was then
covered with aluminum foil and placed in the original soil environment. After a 24-h equilibration period, the solutions in
the syringe were �ushed using a vacuum pump to remove any soluble C. Then, 15 ml of nutrient solution was injected to
continue cultivation as a ‘trap solution’ for the root exudates. After a 24-h incubation period, the trap solutions containing
exudates were collected by a vacuum pump. Root exudates were collected three times from each syringe via the same
method and cultivation lasted for three days. Each plot also contained six syringes without roots as blanks. The collected
solutions were mixed for three days and transferred to brown bottles. Then, they were �ltered through a �lter (0.22 µm) and
stored in a refrigerator (-20°C) for preservation. The C in the root exudation was analyzed using a total organic carbon
analyzer (Vario, Germany). For root exudation collection, root samples in the syringe were cut and scanned at 400 dpi using
an Epson scanner (Seiko Epson Corporation, Japan), and the root surface area and length were analyzed using WinRHIZO
Pro 2019a (Regents Instruments Inc., Quebec, Canada). Subsequently, the roots were oven-dried at 65°C and weighed. The
root C exudation rate was calculated as the mass of C (µg) �ushed from each root system (minus the average C
concentration in the control cuvettes) over the 24 h incubation period. The exudation rates I (µg C g− 1 root biomass h− 1), II
(µg C cm− 1 root length h− 1), and III (µg C cm− 2 root area h− 1) were calculated by dividing the total amount of C �ushed
from the root system by the total �ne root biomass, root length, and root area, respectively.

Seasonal root exudate C input and annual exudate C input were calculated using the following equation based on mass-
speci�c root exudation rates, �ne root biomass, and the number of days in a season and year.

Seasonal root exudate C input = root C exudation rate per root biomass × root biomass × days

Annual root exudate C input = annual root C exudation rate per root biomass × root biomass × days

Statistical analyses
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All data were tested for normal distribution and homogeneity of variance before further analyses. Two-way analysis of
variance was applied to assess the effects of litter treatments, season, and their interaction on C input. Signi�cant
differences between treatments were examined using Tukey’s test when variances were equal, whereas Dunnett’s test was
used for unequal variances. Differences were considered statistically signi�cant at p < 0.05. Statistical analyses were
performed using SPSS software v22.0 (Chicago, IL, USA) and diagrams were drawn using Origin 9.0.

Results

Litter C input
Season and litter treatments had signi�cant effects on litterfall and litter C input (Fig. 1a and Fig. 1c) but did not
signi�cantly affect litter C content (Fig. 1b). Litterfall and C input showed seasonal variations in CT (summer, spring > 
autumn, winter), LA (summer, spring > autumn, winter) and LR (autumn, summer > spring, and winter). The differences in
litterfall and C input among treatments depended on seasons: in summer and autumn, litterfall and C input were higher in
LR than in LA and CT; there was no signi�cant difference among treatments in spring and winter (Fig. 1a and Fig. 1c). The
annual litterfall and C input in LR were 32.15% and 31.12% higher than those in CT (Table 2).

Table 2
Annual litterfall and litter C input under litter treatments (mean ± SE, n = 
3).LR, litter removal; CT, control; LA, litter addition. Different lowercase
letters indicate signi�cant differences among the litter treatments (p < 

0.05).
Treatment Annual litterfall(g m− 2) Annual litter C input (g C m− 2)

LR 893.08 ± 38.80a 456.68 ± 13.95a

CT 675.80 ± 32.97b 348.28 ± 12.80b

LA 717.23 ± 26.50b 372.20 ± 16.05b

Fine root C input
Season and litter treatments had no in�uences on �ne root biomass or its C content (Fig. 2a and Fig. 2b). Annual �ne root
C input due to �ne root mortality was not signi�cantly different among treatments (Table 3).

Table 3
Annual �ne root mortality and C input under litter treatments (mean ± SE, n = 3).LR, litter

removal; CT, control; LA, litter addition. Different lowercase letters indicate signi�cant
differences among the litter treatments (p < 0.05).

Treatment Annual �ne root mortality(g m− 2) Annual �ne root C input (g C m− 2)

LR 95.10 ± 9.68a 39.50 ± 3.56a

CT 103.63 ± 11.12a 42.39 ± 5.02a

LA 97.35 ± 4.60a 38.87 ± 1.62a

 

Root exudate C input
Root exudation rates showed strong seasonal patterns in all plots. Root exudation rate I was signi�cantly higher in spring
and summer than in autumn and winter (Fig. 3a), and root exudation rates II and III were signi�cantly higher in spring than
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in the other three seasons (Fig. 3b and Fig. 3c). LR signi�cantly decreased root exudations I, II, and III in spring but had little
in�uence on root exudation in summer, autumn, and winter (Fig. 3). On the contrary, LA had no in�uences on root
exudations I, II, and III in all seasons.

Root exudate C input varied with season and treatments (Table 4). In CT and LA, root exudate C input in spring was
signi�cantly higher than that in autumn. In LR, root exudate C input in summer was signi�cantly higher than that in
autumn.LR treatment signi�cantly reduced the root exudate C input in spring and winter but did not in summer and
autumn. LR treatment reduced annual root exudate C input by 30.50% compared to CT (Table 4). In contrast, LA had no
signi�cant effect on root exudate C input.

Table 4
Root exudate C input under litter treatments (g C m− 2) (mean ± SE, n = 3).LR, litter removal; CT, control; LA, litter addition.

Different capital letters indicate signi�cant differences between the seasons (p < 0.05). Different lowercase letters indicate
signi�cant differences among the litter treatments (P < 0.05).

Treatments Root exudate C
input in spring

Root exudate C
input in summer

Root exudate C
input in autumn

Root exudate C
input in winter

Annual Root
exudate C input

LR 3.02 ± 051ABb 3.65 ± 033Aa 1.66 ± 017Ba 2.92 ± 056ABb 12.12 ± 0.77b

CT 6.58 ± 1.54Aa 4.26 ± 0.89ABa 1.77 ± 0.15Ba 4.92 ± 0.85ABa 17.44 ± 2.23a

LA 4.96 ± 0.58 Aab 4.30 ± 1.03 ABa 1.98 ± 0.15 Ba 3.19 ± 1.18 ABab 14.57 ± 0.14ab

 

C input pattern
In CT plots, litter, �ne root and root exudate C input accounted for 85.34% (348.28 g C m− 2), 10.39% (42.39 g C m− 2), and
4.27% (17.44 g C m− 2) of the annual total C input, respectively. The aboveground and underground C inputs were
signi�cantly affected by litter treatments (Fig. 4). In LR plots, root exudate C input was 30.50% lower but litter C input was
31.12% higher than that in CT resulting in an increase of annual total C input by 24.55% (Fig. 4). However, LA had no
signi�cant in�uence on plant C input compared to CT.

Discussion

Effects of litter treatments on aboveground C input
Our study indicated that LR treatment increased litterfall by 32.15% but did not alter litter C content, giving rise to a 31.12%
increase of litter C input (Fig. 1). These results supported our hypothesis that aboveground C input increases under LR. The
higher litterfall under LR might be a result of increased leaf turnover rather than an increase in total leaf production (Wood
et al. 2009; Sayer and Tanner 2010). As litter generally consisted of old leaves with weak photosynthetic capacity, the fall
of these leaves reduced plant energy consumption and transferred more nutrients to tender and active organs. Therefore,
increased litterfall under LR might be a strategy to improve the nutrient utilization e�ciency. Moreover, the positive effect of
LR on litterfall in this study mainly occurred in summer and autumn. Previous studies have also found that litterfall during
the rainy season was more easily affected by litter treatments than the dry season ( Sayer and Tanner 2010; Wood et al.
2009). This is becasued litter decompose faster in these seasons due to the higher temperature and precipitation,
compensating for soil C loss due to LR. However, since the duration of litter treatments in our study was only 2 years, the
increased litterfall of plants under LR may only be a short-term solution. Indeed, previous long-term LR experiments have
found that the nutrients in the forest can become depleted under these conditions. For example, after LR for 3–5 years,
litterfall was reduced and available P, Ca, Mg, and K in the soil and the growth of trees seriously declined (Sayer, 2006).
Therefore, if litterfall can keep increase in a long term under LR needed further observation. On the contrary, the impact of
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LA treatment on litter C input was not signi�cant, which was inconsistent with the results that litterfall increased by 22%
after LA (Wood et al. 2009). The main reason for this was that soil organic C storage and nutritions was not largely altered
during the 2 years (Kuzyakov and Domanski 2000).

Effects of litter treatments on underground C input
Litter treatments did not signi�cantly affect �ne root biomass and its C input. This was consistent with �ndings from the
Costa Rican rainforest (Leff et al. 2012). The main reason was that our litter manipulation test lasted only 2 years, which is
not enough time for soil nutrients to signi�cantly change (Table 1). Soil nutrients were only slightly altered under short-term
litter manipulation treatments (Rodtassana and Tanner 2018). With the extension of treatment time, the effects of litter
manipulation on soil nutrient may be strengthened (Tanner et al. 2016). Moreover, the in�uence of LR on soil nutrients was
related to the original nutrition status. In soil with poor-nutrition, LR quickly led to plant growth restriction, eventually
causing a decrease in root biomass (Lima et al. 2010; Rodtassana and Tanner 2018). In addition, the responses of old
trees to external changes may not alter �ne root growth, as this required more energy investment, instead opting for more
economical changes, such as root exudates.

The results of this study showed that LR signi�cantly reduced root exudate C by 30.50%. Previous studies found that root C
exudate varies with soil nutrition, which was an important mechanism for nutritional acquisition (Degryse et al. 2008).
Under low-nutrient conditions, plants usually increased root C exudate, intended to improve microbial activity and the
production of extracellular enzymes, thereby stimulating SOM decomposition and nutrient release (Kuzyakov and Bol 2006;
Meier et al. 2017; Nobili et al. 2001). The increasing root C exudate can also reduce the stability of the SOM-mineral
complex interface through abiotic effects (such as coordination, complexation, and dissolution reactions), remove
protected C from soil organics, and release C from the mineral complex for microbial decomposition and utilization
(Keiluweit et al. 2015; Yuan et al. 2018). Therefore, declined nutrient availability under long-term LR could increase root
exudation to stimulate SOM decomposition (Bengtson et al. 2012). However, this contradicted our results that root exudate
C input decreased under LR. The decreased root exudate was mainly caused by the decrease in growth (Haichar et al. 2014;
Sayer et al. 2006; Sayer and Tanner 2010). Although soil nutrition did not change in our study, plant growth was still
affected by external temperature or microbial activity due to LR. The decreased in root exudation C could retained more
potosythetic C for plant growth. Moreover, the lower C exudate reduced the mineralization and decomposition of soil C, and
increased the persistence of organic matter (Bengtson et al. 2012; Cotrufo et al. 2013) (Fontaine et al. 2007; Schmidt et al.
2011). Therefore, the lower C exudate in LR may be a plant strategy for keeping growth and reducing C consumption.

Effects of litter treatments on C input pattern
This study quanti�ed the C inputs of litter, �ne root, and root exudates into the soil, and found that their annual C inputs
accounted for 85.34%, 10.39%, and 4.27%% of the total plant C input, respectively. Although underground C input is only a
small part of total plant C input, its contribution to soil C is signi�cant (Hu et al. 2016; Liu et al. 2019). Therefore,
underground C input, especially root C exudates, should be considered in future C cycle studies. Moreover, LR increased the
annual total C input by 24.55%, as a result of reducing root exudate C input by 30.50% and increasing litter C input by
31.12%. The result support our hypothesis that the responses of aboveground and underground carbon inputs were
differences. It suggested that short-term LR reduced the allocation of underground C but increased litterfall input, thereby
altered the plant-soil C input pattern. Increasing litterfall and reducing root C input were plant adaptive strategies to reduce
C consumption and maximum growth, compensating for the soil C loss due to LR.

Conclusions
This study investigated litter, �ne root, and root exudate C inputs under litter treatments in a P. massoniana plantation. LR
signi�cantly increased plant C input by reducing root exudate C input and increasing litter C input into the soil. However, LA
did not signi�cantly affect C input. This suggested that LR affected C input and C cycle processes in forest ecosystems.
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The higher litterfall reduced nutrient consumption by the old leaves and contributed to the rapid replenishment of the soil C
pool. The lower root exudation rates reduced the investment of plant photosynthetic C and the decomposition of SOM. The
increased plant C input under LR mitigated the in�uences of litter alteration caused by global change. This was of great
signi�cance for understanding plant growth strategy and forecasting plant growth dynamic under global change.

Abbreviations
CT: control; LA: litter addition; LR: litter removal; SOM: Soil organic matter;
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Figures

Figure 1

Seasonal variation in (a) litterfall, (b) litter C content, and (c) litter C input under litter treatments (mean ± SE, n = 3). LR,
litter removal; CT, control; LA, litter addition. Different capital letters indicate signi�cant differences between the seasons (P
<0.05). Different lowercase letters indicate signi�cant differences among the litter treatments (P <0.05).
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Figure 2

Seasonal variation in (a) �ne root biomass and (b) C content under litter treatments (mean ± SE, n = 3). LR, litter removal:
CT, control; LA, litter addition. 

Figure 3

Seasonal variation in root exudation of Pinus massoniana under litter treatments (mean ± SE, n = 3). (a) Root exudation I
(μg C g-1 root biomass h-1), (b) Root exudation II (μg C cm-1 root length-1), (c) Root exudation III (μg C cm-2 root area h-1). LR,
litter removal; CT, control; LA, litter addition. Different capital letters indicate signi�cant differences between the seasons (p
< 0.05). Different lowercase letters indicate signi�cant differences among the litter treatments (p < 0.05).
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Figure 4

Effects of litter treatments on plant C input. The dark red arrows indicate signi�cant increases of C input among the litter
treatments (p < 0.05), the light red arrows indicate signi�cant decreases of C input among the litter treatments (p < 0.05),
and the light gray arrows indicate no signi�cant differences of C input among the litter treatments (p > 0.05). 


