
Veri�cation of a Leaf Litter Decomposition Model
Based on Long-term Field Trials in Gongga
Mountain, Qinghai-Tibetan Plateau, China 
Ronggui Tang 

State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou, 311300, China
Thomas H. DeLuca 

State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou, 311300, China
Yanjiang Cai  (  yjcai@zafu.edu.cn )

State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou, 311300, China
Shouqin Sun 

Key Laboratory of Mountain Surface Processes and Ecological Regulation, Institute of Mountain
Hazards and Environment, Chinese Academy of Sciences & Ministry of Water Conservancy, Chengdu,
610049, China
Ji Luo 

College of Forestry, Oregon State University, Corvallis, 97331, USA

Manuscript

Keywords: Decomposition rate, Vertical differentiation, Exponential model, C:N ratio, AIC

Posted Date: February 15th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-173477/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-173477/v1
mailto:yjcai@zafu.edu.cn
https://doi.org/10.21203/rs.3.rs-173477/v1
https://creativecommons.org/licenses/by/4.0/


1 

 

Verification of a leaf litter decomposition model based on long-term 1 

field trials in Gongga Mountain, Qinghai-Tibetan Plateau, China  2 

Ronggui Tanga, b, Thomas H. DeLucac, Yanjiang Caia*, Shouqin Sunb, Ji Luob, * 3 

a. State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou, 311300, 4 

China 5 

b. Key Laboratory of Mountain Surface Processes and Ecological Regulation, Institute of Moun-6 

tain Hazards and Environment, Chinese Academy of Sciences & Ministry of Water Conserv-7 

ancy, Chengdu, 610049, China 8 

c. College of Forestry, Oregon State University, Corvallis, 97331, USA 9 

 10 

* Corresponding author 11 

Prof. Yanjiang Cai.  12 

E-mail address: yjcai@zafu.edu.cn 13 

State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou, 311300, 14 

China 15 

 16 

Prof. Ji Luo.  17 

E-mail address: luoji@imde.ac.cn  18 

Key Laboratory of Mountain Surface Processes and Ecological Regulation, Institute of Mountain 19 

Hazards and Environment, Chinese Academy of Sciences & Ministry of Water Conservancy, 20 

Chengdu, 610049, China 21 

R Tang  22 

email: rgtang@zafu.edu.cn 23 

mailto:yjcai@zafu.edu.cn
mailto:luoji@imde.ac.cn
mailto:rgtang@zafu.edu.cn


2 

 

T DeLuca 24 

email: tom.deluca@oregonstate.edu 25 

S Sun 26 

email: shouqinsun@scu.edu.cn 27 

 28 

 29 

Abstract  30 

Background and aims 31 

Although litter decomposition is a vital soil ecosystem process in forest ecosystems, most decom-32 

position models are based on short-term decomposition experiments. Prediction of long-term de-33 

composition dynamics using short-term decomposition models may lead to unreliable results. A 34 

leaf-litter decomposition model was evaluated and verified using a long-term field trial in Gongga 35 

Mountain, on the eastern flank of the Qinghai-Tibetan Plateau, China.  36 

Methods  37 

A 90-month experiment employing 360 broad-leaf litter (five species) samples were conducted us-38 

ing the litterbag method at three elevations (2250 m, 2780 m and 3000 m a.s.l.) in Gongga Mountain. 39 

The remaining litter mass was measured to fit a mathematical decomposition model by different 40 

exponential functions (two-, three-, four- and six-parameters) and akaike information criterion 41 

(AIC).  42 

Results 43 

The four-parameter model ( tks
s

tkf
ft MMM

  ee ) employed for each litter type among 44 

the four functions showed the highest R2 and lowest AIC value. The fast and slow decomposition 45 

rate constant (kf and ks) for a given litter at 2250 m was higher than that observed at 3000 m.  46 

Conclusions 47 

mailto:tom.deluca@oregonstate.edu
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These results indicated that the four-parameter exponential function (two-pool model) was recom-48 

mended as a suitable decomposition model of long-term broadleaf litter decomposition at different 49 

elevations on Gongga Mountain.  50 

 51 
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Introduction 59 

Plant litter deposition and decomposition are the major pathways connecting above and below-60 

ground ecological processes. Litter decomposition is a key step in the mineralization and transfor-61 

mation of organic matter in ecosystems (Gessner et al. 2010; Wardle et al. 2004) and plays a critical 62 

role in terrestrial global carbon (C) cycle (Moore et al. 2004; Schimel 1995). Therefore, clarifying 63 

litter decomposition process and dynamics is important in the study of nutrient cycling, developing 64 

local, regional or global C budgets and assessing implications and impacts of global climate change 65 

(Zhou et al. 2008).  66 

 67 

Previously, a short-term (less than three years) decomposition model using single-exponential func-68 

tion (2.4 section for the details) has been used to describe litter decomposition. Although this model 69 

yielded many insights into the temporal pattern in the early decomposition dynamics (Kaspari et al. 70 

2008; Lehto et al. 2010; Montané et al. 2013; Moore et al. 1999; Shanks and Olson 1961; Zhou et 71 

al. 2008), the single-exponential decomposition curve was inadequate to reveal the later phases of 72 

litter decomposition due to the complexity of decomposition process. Therefore, long-term decom-73 

position models (Adair et al. 2008; Preston et al. 2009a; Preston et al. 2009b) which divided litter 74 

into two- or three- pools (representing fast and slow decomposition) with three-, four- or six- pa-75 

rameters determined by the chemical composition was proposed for explaining decomposition dy-76 

namics in different periods (more details in 2.4 section). The labile or soluble fractions (e.g. sugars 77 

and amino acids) in litter decompose rapidly, while hemicellulose, lignified cellulose and lignin 78 

decompose slowly (Aber et al. 1990). Although single exponential function did not capture the ini-79 

tial rapid decomposition phase (Chen et al. 2002), it performed remarkably well for the most of the 80 

data from short-term experiments. However, long-term two- or three- pool models have not been 81 

verified in many locales because few long-term (more than 5 years) experiments have tracked the 82 

process from the fresh litter to the formation of highly decomposed components, leading to different 83 

litters being fit with the special models in different regions (Harmon et al. 2009). 84 

 85 

To address these limitations, a proof-of-principle, long-term (over 5 years) field study should be 86 
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conducted to evaluate and verify an appropriate leaf litter of decomposition model. High mountain 87 

environments was highly sensitive to climatic and ecological variations and have been registered in 88 

several natural plant-soil systems (Orlandi et al. 2002). Gongga Mountain is located on the eastern 89 

flank of the Qinghai-Tibetan Plateau on the border of the secondary ladder of China. The plant-soil 90 

systems of different elevations (with different climatic gradients) on the eastern slope of Gongga 91 

Mountain could potentially be used to monitor climatic and ecological changes at the local and 92 

regional scale (Luo et al. 2015). Therefore, the study of long-term litter decomposition linking plant-93 

soil systems in Gongga Mountain was particularly necessary.   94 

 95 

Generally, a model with suitable parameters, higher R square and lower AIC value stand for a better 96 

fit. We therefore hypothesized that long-term leaf litter decomposition in Gongga Mountain would 97 

be most effectively fitted by two-pool model with four-parameter, with initial mass of each pool 98 

modified by different C components and the decomposition rate of each pool modified by different 99 

elevations (local climatic conditions). To investigate this hypothesis, we measured remaining litter 100 

mass and C, N contents of the five-type of leaf litters in a 90-month field experiment at different 101 

elevations. The specific objectives of this study were to: (1) find a suitable statistical decomposition 102 

model for leaf litter by examining a series of mathematical functions; (2) determine the elevation 103 

and species influence on the litter decomposition rate constant on Gongga Mountain.  104 

 105 

 106 

Materials and methods 107 

Litterbag experiments 108 

This study was conducted on sites at three unique elevations (2250, 2780 and 3000 m) on Gongga 109 

Mountain, on the eastern edge of the Qinghai-Tibetan Plateau, China. The study was conducted 110 

from April 2007 to October 2014. The average annual air temperature and precipitation in each 111 

experimental site are shown in Table 1. Litterbags (length × width: 15 cm × 15 cm) were constructed 112 

by 1 mm2 nylon mesh. The litterbag of mesh size 1 mm2 could confine macrofauna (body width > 113 
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2 mm) and some mesofauna (1.0~2.0 mm) in soil to pass through the mesh. A dacron cloth on the 114 

bottom of litterbag was used to prevent fine litter fragments produced during decomposition from 115 

escaping from the mesh. However, we believe this mesh size takes into account litter decomposition 116 

by partial mesofauna (0.1~1 mm) and all microfauna (< 0.1 mm, nematodes, protozoa etc.) in soil. 117 

Although the litterbag method has some limitations (e.g. potential exclusion of some fauna) (Kurz-118 

Besson et al. 2005), it remains one of the simplest and most effective approach to assessing litter 119 

decomposition (Wider and Lang 1982). 120 

 121 

A total of 360 litterbags were employed to conduct the field experiment with only one type of litter 122 

in each bag, but given the diversity of litter types and elevations, we collected a total of 306 litterbags 123 

by the end of experiment (Figure 1). The experiment employed five types of broad-leaf litters in-124 

cluding Lithocarpus cleistocarpus, Populus purdomii, Populus lasiocarpa, Betula utilis and Rho-125 

dodendron faberi which were the dominant species at 2250, 2780 and 3000 m a.s.l., and were sep-126 

arately collected using a litter trap (1 m×1 m frame consisting of a nylon mesh) in September-Oc-127 

tober, 2006. After removing woody debris and small branches in the litter trap, all collected leaf-128 

litters was first air-dried and then oven dried to constant weight of 45 C and finally stored under a 129 

dark and dry condition until the experiment of field decomposition.  130 

 131 

The initial dry weight of litter in each litterbag was approximately 5.0 g. Litterbags were placed at 132 

three-elevation sites in April 2007 on three replicate plots (Figure 1). The litterbags were placed 133 

under 0-5 cm of Oi horizon in intimate contact with the underlying and overlying litter, where there 134 

were standing grasses and thick moss layers (Moore et al. 1999). A single bag of each litter from 135 

each field site was collected every 3-6 months during the first 1.5 years, and then once a year until 136 

the 90th month. The samples were collected 6-12 times (some litterbags could not be found during 137 

sample collection). There were three replicates collected for each species and at each time. After 138 

collection, remaining litter mass from each litterbag was carefully transferred to a clean, dry enve-139 

lope, dried to constant weight at 45 C, weighed using an electronic balance (0.01 g) and finally 140 

stored in the zip-lock bag until analysis for total C and nitrogen (N). 141 
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 142 

Element analysis 143 

The litter samples were ground to a fine powder and sieved through a 76 μm sieve. The C and N 144 

contents of the powder were analyzed using the Elemental Analyzer (elementar vario MICRO cube, 145 

Germany). The standard deviations for measurements of litter C and N were less than 0.3%. Regret-146 

fully, hemicellulose, cellulose, lignin and ash contents of litters were not measured. Besides, the C 147 

and N of collected some litters did not be measured due to limited mass for other analyses. 148 

 149 

Litter decomposition models  150 

The remaining mass rate was calculated by the following function： 151 

 
0

t

M

M
Y                                     (1)    152 

Where Y is the remaining mass rate, M0 is the initial dry litter mass; Mt is the dry litter mass at time 153 

t.  154 

 155 

The litter decomposition model is vital to predict C and nutrient turnover rates. Several studies have 156 

shown that the empirical short-term (0.5-3 years) model for litter decomposition can be quantified 157 

by the negative exponential function, and more details of derivation process are shown in the sup-158 

porting information (Gholz et al. 2000; Kaspari et al. 2008; Olson 1963; Zhou et al. 2008): 159 

tk
01t1

1
MM

 e                                   (2) 160 

Where Mt1 is the dry litter mass (g) at time t (months), t is time in months, k1 is the decomposition 161 

rate constant (month-1), and M01 (100±5) is the initial dry litter mass (two-parameter model).  162 

 163 

The second model used is a negative exponential with an asymptote (three-parameter model or two-164 

phase decomposition model) (Harmon et al. 2009). 165 
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2
2

22 e 0
tk

0t AMM                                (3) 166 

Where Mt2 is the dry litter (g) mass at time t (months), M02 is the first phase with the initial easily 167 

decomposed dry litter mass, t is time in months, k2 is the decomposition rate constant (month-1), 168 

A02 is the second phase (asymptote) with completely stable dry litter mass. M02 and A02 sum to 169 

close 100±5. In other word, the A02 fraction of initial litter that either does not decompose or is 170 

composed of new stable material that was formed during the decomposition process.  171 

 172 

There is also a theoretical “long-term” litter decomposition model (four-parameter model or a dual 173 

negative exponential model) (Harmon et al. 2009) 174 

tks3tkf3
ft MsMM

  ee 03033                          (4) 175 

Mf 03+Ms03 ≈ 100±5                                (5) 176 

where Mt3 is the fraction of remaining mass at time t (months), Mf 03 is the initial mass of fast pool 177 

and kf3 is the decomposition rate constant of this fast pool, while Ms03 is the initial mass of slow pool 178 

and ks3 is the decomposition rate constant of slow pool, and t is time in months. In this model, these 179 

two different fractions (fast and slow pools) are considered to decompose simultaneously, each of 180 

which is controlled by its own decomposition rate constant.  181 

 182 

Additionally, there is a three-pool model (six-parameter model or a ternary negative exponential 183 

model), with a rapidly decomposing labile pool (labile and soluble C, sugars and amino acids, Mf 184 

04), an intermediate pool (representing nonlignified cellulose Mm04), and a recalcitrant pool (lignified 185 

cellulose or lignin contents Ms04) (Adair et al. 2008).  186 

tkstkm
m

tkf
ft MsMMM

  4
04

4
04

4
044 eee                  (6) 187 

Mf 04+Mm04+Ms04 ≈100±5                             (7) 188 

where Mt4 is the percentage of remaining mass at time t (months), Mf04, Mm04 and Ms04 are the initial 189 
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litter mass of each pool, and kf4, km4 and ks4 are the decomposition rate constant of three pools, 190 

respectively. 191 

 192 

The mass-remaining data of five types of leaf-litter was fitted respectively using these four models 193 

by SigmaPlot 12.5 and the goodness of fit was determined by the determination coefficient (R2), p 194 

value and the akaike information criterion (AIC) value (Adair et al. 2008). The AIC value of each 195 

model was calculated using a script (AICcmodavg) in R software (http://cran.r-project.org/). The 196 

AIC combines the Kullback Leibler-distance (a natural distance function from a “true” probability 197 

distribution to a “target” probability distribution) with maximum likelihood estimation by using 198 

likelihood to estimate the relative KL-distance among competing models. Generally, more parame-199 

ters in a model would have a higher probability of fitting data. However, AIC value helped us avoid 200 

over-fitting and provided a quantitative assessment of different models (the lowest AIC value has 201 

the best data fitting and is closest to the unknown truth).  202 

 203 

 204 

Results 205 

Models based on exponential functions of different parameters 206 

Despite after 90-month long decomposition, considerable litter mass remained in some cases at the 207 

end of experiment (Table 2). Same species e.g. P. purdomii showed a low remaining mass (12.03%) 208 

at low elevation and a high one (51.46%) at 3000 m. Different species at the same elevation showed 209 

either a similar remaining mass (e.g., 51.46% for P. purdomii vs 51.06% for B. utilis) or a wide 210 

discrepancy in remaining mass (e.g., 47.73% for L. cleistocarpus vs 21.27% for Rh. Faberi).  211 

 212 

The remaining mass of the five leaf litter types over time were fitted to equations based on the two-, 213 

three-, four-, six-parameter exponential function (Figure 2) and the details of parameters in each 214 

model are shown in Table 3. The four-parameter function (two-pool model) of each litter had the 215 

https://cran.r-project.org/web/packages/AICcmodavg/index.html
http://cran.r-project.org/
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highest R2 and the lowest AIC value among the four types of models. The four- and six- parameter 216 

function in this study were factually the same model because they use the equal decomposition rate 217 

constant km and ks in six- parameter function for each litter, Mf04=Mf03, Mm04+Mm04 =Ms03 and 218 

the same R2. The range of M01 in the two-parameter exponential function was 83.41-5.36 and most 219 

values were less than 90. There was a wide range in M02 in the three-parameter function with values 220 

of 37.01-84.48. Furthermore, the M02+A02 of four-type litters including L. cleistocarpus (2250 m), 221 

P. purdomii (2250 m and 2780 m), B. utilis (3000 m) were less than 95. However, the majority of 222 

Mf04 and Ms04 values in the four-parameter exponential function fell on 21.50-34.95 and 66.66-79.35, 223 

respectively. Moreover, the Mf03+Ms03 of each litter was within the range of 100±5. 224 

 225 

Comparison of decomposition rate constants  226 

According to the four-parameter model, the order of fast decomposition rate constant kf for the dif-227 

ferent litters was as follows: P. purdomii (0.4010) > B. utilis (0.3017) > L. cleistocarpus (0.2543) > 228 

Rh. Faberi (0.1675) > P. lasiocarpa (0.0832) at 2250 m, and B. utilis (0.2906) > P. purdomii 229 

(0.2409) > Rh. Faberi (0.1116) ≈ L. cleistocarpus (0.1085) at 3000 m, respectively (Figure 3). How-230 

ever, the order of the slow decomposition rate constant ks for the different litters was as follows: Rh. 231 

Faberi (0.0261) > L. cleistocarpus (0.0154) > B. utilis (0.0124) > P. purdomii (0.009) > P. lasiocarpa 232 

(0.0039) at 2250 m and Rh. Faberi (0.0126) > L. cleistocarpus (0.006) > B. utilis (0.0043) ≈ P. 233 

purdomii (0.0041) at 3000 m, respectively. The higher kf and ks for each litter type was found at 234 

lower elevations, except the kf of P. purdomii in 2780 m.  235 

 236 

The initial C:N of P. purdomii (17.87, 18.57, 16.36 at the 2250, 2780 and 3000 m, respectively) and 237 

B. utilis (14.09, 16.90 at the 2250 and 3000 m, respectively) litter was lower than that of L. cleisto-238 

carpus (41.79, 42.62 at the 2250 and 3000 m, respectively) and Rh. Faberi (47.57, 43.60 at the 2250 239 

and 3000 m, respectively) (Figure 4). Generally, the higher initial C:N of different litters, the lower 240 

kf of four-parameter model. 241 

 242 
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 243 

Discussion  244 

A better statistical decomposition model for leaf-litters in Gongga Mountain 245 

Litter decomposition generally slows after the short-term, high initial mass-loss rate (Berg and 246 

Ekbohm 1991). Non-structural polymeric carbohydrates and low-molecular-weight phenols are 247 

quickly lost in early decomposition stages (Hättenschwiler et al. 2011; Hättenschwiler and Jørgen-248 

sen 2010), then decomposition slows as the lignin and cellulose are attacked in the later decompo-249 

sition stages (Fioretto et al. 2005; Hammel et al. 1997). Four-parameter of two-pool model showed 250 

a better mathematical fitting based on the decomposition datasets of five-type broadleaf litter in 251 

Gongga Mountain by assessing the lowest AIC value and the highest R2. Moreover, the sum (initial 252 

mass) of the two (Mf and Ms ) pools in this model also conformed to the model hypothesis (100±253 

5), and the former and later proportion accounted for approximately 20~30% and 70~80%. However, 254 

other models did not fully meet the requirements of our fitting parameters, e.g. M01 ≠100±5, M02 255 

+ A02 ≠ 100±5. Therefore, we chose to focus on the four-parameter model below as its performance 256 

was fully similar to the six- parameter model.  257 

 258 

Decomposition rates of different litter types at different elevations  259 

Since different litters at the same elevation were exposed to similar climatic conditions, differences 260 

of decomposition rates were mainly related to the chemical compositions of different litter types, 261 

e.g., litter quality (C:N ratio, N contents etc.) (Adair et al. 2008; Cusack et al. 2009; Fioretto et al. 262 

2005; Vitousek et al. 1994; Vivanco and Austin 2011). In this study, all C and partial N loss of 263 

different species was strongly correlated with mass loss for leaf litter (Figure S2A-D), suggesting 264 

that there was a close linear relationship between C and N release and mass remaining. Furthermore, 265 

there were large differences in leaf characteristics that relate to decomposition. The P. purdomii and 266 

B. utilis have thin, soft leaves and have a lower C:N (14-16), whereas L. cleistocarpus and Rh. faberi 267 

that have thick leathery leaves (keratinized epidermal cells) and have a higher C:N (41-47). The 268 

file:///D:/Youdao/Dict/7.0.1.0227/resultui/dict/
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higher kf of P. purdomii and B. utilis indicated that the fast decomposition rate constant (kf) is prob-269 

ably be influenced by the N content of different leaf litters, whereas the higher ks of L. cleistocarpus 270 

and Rh. faberi indicates that the ks is probably influenced by the different C component of litter. Our 271 

results are conform to three former hypotheses of the LIDET (Long-term Intersite Decomposition 272 

Experiment Team) dataset in which litter decomposition was tracked over a 120 month period (Adair 273 

et al. 2008). 274 

 275 

 There was a clear effect of elevations on the decomposition of individual litter types, with the 276 

lowest decomposition k (kf and ks) found at 3000 m and higher decomposition k at 2250 m or 2780 277 

m. Climatic conditions (temperature, precipitation etc.) at the three elevations were likely important 278 

drivers of these differences (Adair et al. 2008; Aerts 1997; Bontti et al. 2009; Couteaux et al. 1995; 279 

Liski et al. 2003; Moore et al. 1999; Moorhead et al. 1999; Seastedt et al. 1983; Silver and Miya 280 

2001). Unfortunately, we did not specifically measure decomposer (e.g. microbial community 281 

changes and soil fauna) activity in the full decomposition experiment due to limited samples. The 282 

leading factors controlling the leaf litter decomposition rate were beyond the academic realm to 283 

influence prescriptions of global environmental policy (Bradford et al. 2016). Therefore, efforts to 284 

regulate decomposition rates needs to be done at local or regional scales. Some studies have identi-285 

fied precipitation as a preferred predictor of litter decomposition rates compared to temperature 286 

(Bontti et al. 2009; Cusack et al. 2009). Another elevation gradient study of litter decomposition in 287 

a Peruvian forest showed that temperature shifts influenced leaf decomposition rates (Salinas et al. 288 

2011). The different factors dictating litter decomposition were attributed to different local-scale 289 

influences (Bradford et al. 2014). In this study, the mean annual temperature at 3000 m was lower 290 

than that of at 2250 m, whereas the precipitation at 3000 m was higher than that of at 2250 m. 291 

Although the precipitation of these two elevations was different, the surface soil (0-5 cm) moisture 292 

contents in these two sites were all over 200 % (Figure 5) throughout the year in this area suggesting 293 

moisture was not a limiting factor during the experiment. Therefore, precipitation may not be the 294 

only critical factor in determining decomposition rates in this area. The highest value for the kf of P. 295 

purdomii appeared in 2780 m, where both temperature and precipitation were not at their maximum 296 
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or the minimum. Therefore, although the temperature also showed obvious differences at the various 297 

elevations, we emphasize that litter decomposition rates should represent both of these important 298 

climatic factors.  299 

 300 

 301 

Conclusion 302 

A long-term decomposition model of leaf litter in Gongga Mountain was verified by using a four-303 

parameter exponential function (two-pool model was the better statistical model). Different decom-304 

position rates of litter were likely related to the initial C:N of litter and local temperature and pre-305 

cipitation conditions. Long-term decomposition models of broad-leaf litter types in this area would 306 

provide a valuable contribution to our understanding of decomposition dynamics on the eastern edge 307 

of the Tibetan Platean. 308 

 309 
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Tables 423 

Table 1. The location of litter decomposition study sites on the east flank of Gongga Mountain 424 

Elevation(m) E N Precipitation 

(mm yr-1) 

Mean (air/soil) 

Temperature (℃ year-

1) 

2250 102°02’53.160’’ 29°35’46.716” 1440 8.7/11 

2780 102°01’35.400’’ 29°35’15.108’’ 1760 6.6/8.6 

3000 101°59’39.840’’ 29°34’33.096’’ 1937 5.7/7.6 

Note: precipitation and air/soil temperature in 2250 and 2780 m a.s.l. were calculated based on the 425 

linear variation of data at 1621 m and 3000 m a.s.l. meteorological station (Wu et al. 2013). The 426 

data in 3000 m a.s.l. was the mean value from 2007 to 2014.  427 

 428 

 429 

 430 

Table 2. The mean final percent remaining mass at the end of the experiment for elevations and 431 

species 432 

 L. cleistocarpus P. purdomii  Rh. faberi  B. utilis P. lasiocarpa  

2250 m 15.04%  

(90 months) 

12.03% 

(90 months) 

13.60% 

(54 months) 

47.30% 

(30 months) 

11.06% 

(78 months) 

2780 m  41.97% 

(78 months) 

   

3000 m 47.73% 

(78 months) 

51.46% 

(90 months) 

21.27% 

(78 months) 

51.06% 

(90 months) 

 

  433 
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Table 3 The 4-parameter function (two-pool model) provided the most predictions of long-term leaf-litter decomposition at Gongga Mountain than two- (one-pool 434 

model), three (asymptote model), and six-(three-pool model) parameter functions. 435 

Models 

 

Parameters L. cleistocarpus P. purdomii  Rh. faberi B. utilis P. lasiocarpa  

2250m 3000m 2250m 2780m 3000m 2250m 3000m 2250m 3000m 2250m 

 M01 90.34 93.23 83.41 84.60 84.89 95.36 92.37 89.38 87.70 89.48 

k1 0.0192 0.0092 0.0119 0.0097 0.0063 0.0373 0.0197 0.0266 0.0061 0.0175 

R
2

 0.9565 0.9482 0.8761 0.8512 0.8227 0.9568 0.9501 0.8234 0.8461 0.8885 

p <0.0001 <0.0001 <0.0001 0.0001 <0.0001 0.0001 <0.0001 0.0125 <0.0001 <0.0001 

AIC 68.93 51.39 87.92 71.16 82.66 51.08 64.58 48.93 74.49 82.28 

 
M02 76.85 50.51 51.34 45.13 38.47 84.48 73.81 49.70 37.01 62.08 

k2 0.0312 0.0408 0.0503 0.0518 0.0645 0.0612 0.0457 0.1446 0.0383 0.0674 

A02 16.61 48.29 40.22 46.99 56.66 15.77 25.28 49.53 55.79 38.33 

M02+A02 93.46 98.80 91.56 92.12 95.13 100.25 99.09 99.23 92.80 100.41 
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R
2

 0.9653 0.9892 0.9350 0.9171 0.9382 0.9731 0.9793 0.9691 0.8753 0.9931 

p <0.0001 <0.0001 <0.0001 0.0002 <0.0001 0.0007 <0.0001 0.0054 0.0002 <0.0001 

AIC 68.67 40.89 89.92 67.31 69.75 49.76 53.17 45.89 74.18 82.72 

 

 

 

Mf03 25.02 23.19 26.29 25.49 24.90 30.10 34.95 30.96 21.50 52.43 

kf3 0.2543 0.1085 0.4010 0.4225 0.2409 0.1675 0.1116 0.3017 0.2906 0.0832 

Ms03 76.05 77.34 73.84 74.64 75.03 72.08 66.66 69.52 79.35 48.55 

ks3 0.0154 0.006 0.009 0.007 0.0041 0.0261 0.0126 0.0124 0.0043 0.0039 

Mf03+Ms03 101.07 100.53 100.13 100.13 99.93 102.18 101.61 100.48 100.85 100.98 

R
2

 0.9879 0.9972 0.9957 0.9916 0.9967 0.9799 0.9877 0.9864 0.9752 0.9944 

p <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0048 <0.0001 0.0203 <0.0001 <0.0001 

AIC 60.17 31.97 42.46 46.41 46.85 49.73 51.52 45.30 52.56 79.20 

Mf04 25.02 23.19 25.99 25.49 24.90 30.10 34.95 30.96 21.50 52.43 

Kf4 0.2543 0.1085 0.4088 0.4225 0.2409 0.1675 0.1116 0.3017 0.2906 0.0832 
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Mm04 37.60 38.04 69.53 35.34 34.40 35.62 32.51 32.41 37.53 16.41 

Km4 0.0154 0.006 0.0099 0.007 0.0041 0.0261 0.0126 0.0124 0.0043 0.0039 

Ms04 38.45 39.30 4.610 39.30 40.63 36.46 34.15 37.11 41.82 32.14 

Ks4 0.0154 0.006 0.0258 0.007 0.0041 0.0261 0.0126 0.0124 0.0043 0.0039 

Mf04+Mm04+Mm04 101.07 100.53 100.13 100.13 99.93 102.18 101.61 100.48 100.85 100.98 

R
2

 0.9879 0.9972 0.9957 0.9916 0.9967 0.9799 0.9877 0.9864 0.9752 0.9944 

p 0.0006 0.0069 <0.0001 <0.0001 <0.0001 0.2385 0.0046 <0.0001 0.0005 0.0001 

AIC / / / / / / / / / / 

436 
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Figure captions 437 

 438 

Fig.1. Experimental sites, leaf types, times and total number of all collected litterbags at the end of 439 

decomposition experiment. 440 

 441 

 442 

Fig.2. The comparison of different fitting models with respect to empiric litter decomposition rates 443 

collected at 2250, 2780 and 3000 m a.s.l. on the east slope of Gongga Mountain. Black solid line, 444 

red long-dash line and green dotted line were fitted by the two-, three- and four(six)- parameter 445 

models, respectively. The R2 and AIC value of each model was shown.  446 

 447 

Fig.3. Comparison of decomposition rate constants in term of different species at different eleva-448 

tions based on the four-parameter model. The kf and ks stand for the fast and slow decomposition 449 

rate constant, respectively. 450 

 451 

Fig.4. The initial C:N of litters (P. purdomii, L. cleistocarpus, B. utilis, Rh. faberi) 452 

 453 

Fig.5. Plot A shows the soil moisture of different soil layer (A: 0-5 cm, B:5-10 cm, C:10-20 cm) in 454 

three elevations. Plot B shows soil moisture with different months in A layer at 3000 m a.s.l..  455 

  456 
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Fig.1 457 
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Fig.2(1) 460 

 461 
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Fig.2(2) 462 

 463 

464 
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Fig.3 465 

 466 

  467 
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Fig.4.468 
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Fig.5. 471 

 472 

 473 

 474 



Figures

Figure 1

Experimental sites, leaf types, times and total number of all collected litterbags at the end of de-
composition experiment. Note: The designations employed and the presentation of the material on this
map do not imply the expression of any opinion whatsoever on the part of Research Square concerning
the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of
its frontiers or boundaries. This map has been provided by the authors.



Figure 2

The comparison of different �tting models with respect to empiric litter decomposition rates col-lected at
2250, 2780 and 3000 m a.s.l. on the east slope of Gongga Mountain. Black solid line, red long-dash line
and green dotted line were �tted by the two-, three- and four(six)- parameter models, respectively. The R2
and AIC value of each model was shown.



Figure 3

Comparison of decomposition rate constants in term of different species at different elevations based on
the four-parameter model. The kf and ks stand for the fast and slow decomposition rate constant,
respectively.



Figure 4

The initial C:N of litters (P. purdomii, L. cleistocarpus, B. utilis, Rh. faberi)



Figure 5

Plot A shows the soil moisture of different soil layer (A: 0-5 cm, B:5-10 cm, C:10-20 cm) in three
elevations. Plot B shows soil moisture with different months in A layer at 3000 m a.s.l..
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