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Summary 24 

1. Tropical forests represent a major terrestrial store of carbon (C), a large proportion 25 

of which is contained in the soil and decaying organic matter. Woody debris plays a 26 

key role in forest C dynamics because it contains a sizeable proportion of total forest 27 

C. Understanding the factors controlling the decomposition of organic matter in 28 

general, and woody debris in particular, is hence critical to assessing changes in 29 

tropical C storage.  30 

2. We conducted a factorial fertilization experiment in a tropical forest in South China 31 

to investigate the influence of nitrogen (N) and phosphorus (P) availability onwoody 32 

debris decomposition using branch segments (5-cm diameter) of four species (Acacia 33 

auriculaeformis, Aphanamixis polystachya, Schefflera octophylla, Carallia brachiata) 34 

in plots fertilized with +N, +P, or +NP, and controls.  35 

3. Fertilization with +P and +NP increased decomposition rates by 5-53% and the 36 

magnitude was species-specific. Contrary to expectations, we observed no negative 37 

effect of +N addition on decay rates or mass loss of woody debris in any of the four 38 

study species. Decomposition rates of woody debris were higher in species with lower 39 

C:P ratios regardless of treatment.   40 

4. We observed significant accumulation of P in the woody debris of all species in 41 

plots fertilized with +P and +NP during the early stages of decomposition. N-release 42 

from woody debris of Acacia (N-fixing) was greater in the +P plots towards the end of 43 

the study, whereas fertilization with +N had no impact on the patterns of nutrient 44 

release during decomposition. 45 
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5. Synthesis: Our results indicate that decomposition of woody debris is primarily 46 

constrained by P availability in this tropical forest. However, contrary to expectations, 47 

+N addition did not exacerbate P-limitation. It is conceivable that decay rates of 48 

woody debris in tropical forests can be predicted by C:P or lignin:P ratios but 49 

additional work with more tree species is needed to determine whether the patterns we 50 

observed are more generally applicable. 51 

Keywords: Coarse woody debris, CWD, decay, deposition, fertilization, fine woody 52 

debris, nutrient addition, tropical soil 53 

54 
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Introduction 55 

Tropical forests play an important role in the global carbon (C) cycle and are valued 56 

globally for the services they provide to human beings. Although tropical forests 57 

occupy only c.12% of Earth’s land surface, they account for nearly 40% of terrestrial 58 

net primary production (NPP) and 25% of the world’s biomass C (Pan et al. 2011; 59 

Townsend et al. 2011). Tropical forests are also considered to be a major sink for 60 

atmospheric carbon dioxide (CO2); recent research estimates that enhanced growth in 61 

tropical forests has resulted in an uptake of around 1.6 Gt C yr
-1 

from 1997 to 2007 62 

(Pan et al. 2011), which is equivalent to c. 18% of the total global anthropogenic C 63 

emissions. The amount of C stored in terrestrial ecosystems is determined by the 64 

balance between CO2 uptake during photosynthesis and C losses via respiration and 65 

the decomposition of organic matter. Hence, effective forecasts of the tropical forest C 66 

balance require not only estimates of tree growth but also accurate identification of 67 

the factors controlling organic matter decomposition. 68 

A substantial proportion of total forest C is contained in woody debris, defined as 69 

any dead, woody plant material, including logs, branches and standing dead trees 70 

(Harmon et al. 1986). Estimates of woody debris mass vary widely according to forest 71 

type, from 15.9 Mg ha
–1

 in a central Illinois floodplain forest (Polit & Brown 1996) to 72 

more than 200 Mg ha
–1

 in an old-growth redwood forest (Bingham & Sawyer 1988). 73 

Globally, the current C stock in woody debris is estimated as 73±6 Pg. Natural 74 

disturbances, especially typhoons and hurricanes, often play a central role in the 75 

inputs of woody debris (Chokkalingam & White 2001; Muller 2003). In South China 76 

and nearby regions, tropical forests are subjected to large-scale disturbances from 77 

typhoons and the additional litter generated during these storms can amount to 17%–78 
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80% of the total annual litter production, depending on the frequency and intensity of 79 

the typhoon (Lin et al. 2011). Despite the large amounts of C stored in woody debris, 80 

few studies have investigated the decomposition of woody debris (Harmon et al. 81 

1986), especially in tropical forests. 82 

Empirical and conceptual studies suggest that woody debris decomposition is 83 

regulated by the quality of substrate (e.g., nutrient and lignin concentrations, wood 84 

density, and secondary compounds that trees use to protect their wood when they are 85 

still living), the physical environment (e.g., temperature, moisture), the nutrient status 86 

of the forest floor environment and decomposer organisms (Harmon et al. 1986). 87 

Among these factors, the nutrient limitation of organic matter decomposition has 88 

received much attention in tropical forests (Hobbie & Vitousek 2000; Cleveland, Reed 89 

& Townsend 2006; Cleveland & Townsend 2006; Hobbie 2008) because it is not 90 

possible to fully understand tropical forest C cycling without considering nutrient 91 

limitations (Townsend et al. (2011). In this context, it is important to assess how 92 

human activities are affecting nutrient inputs to ecosystems, e.g. through atmospheric 93 

nitrogen (N) deposition, as this can affect a number of ecosystem processes, including 94 

decomposition. 95 

Atmospheric N deposition in particular has increased dramatically in recent 96 

decades and is projected to rise further in tropical and subtropical regions in future 97 

(Reay et al. 2008; Bala et al. 2013). Rates of N deposition already range from 30 to 98 

73 kg N ha
-1

 yr
-1

 in some tropical forests of southern China (Fang et al. 2011) but 99 

there is very little information on the effects of N deposition on woody debris 100 

decomposition in tropical forests. Although N deposition is thought to impede organic 101 

matter decomposition (Janssens et al. 2010), experimental studies in different forests 102 
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have produced inconsistent patterns; for example, Hobbie (2005) showed increased 103 

decomposition of wood with N addition, whereas Bebber et al. (2011) observed 104 

enhanced woody debris decomposition at low levels of N deposition but reduced 105 

decomposition rates at high levels.  106 

Surprisingly, the effect of P availability on woody debris decomposition in tropical 107 

forests has not yet been reported, even though a number of ecosystem processes are 108 

thought to be P-limited in tropical forests on highly weathered soils (Cleveland, 109 

Townsend & Schmidt 2002; Vitousek et al. 2010), and there are multiple lines of 110 

evidence for P-limitation of leaf litter decomposition in lowland tropical forests. For 111 

instance, elevated P in litter and elevated N and P in soil increased decomposition 112 

rates in a Hawaiian tropical forest (Hobbie & Vitousek 2000) and P-fertilization 113 

stimulated soil respiration in a lowland tropical rainforest in Costa Rica (Cleveland & 114 

Townsend 2006). These results suggest that P constraints on decomposition are 115 

critical for understanding the role of tropical forests in a rapidly changing global C 116 

cycle. 117 

Hence, despite the importance of woody debris to local and global C budgets, we 118 

know little about the nutrient limitations of woody debris decomposition, especially in 119 

tropical forests (Harmon et al. 1986; Kaspari et al. 2008). To address this, we 120 

conducted a fertilization experiment using branch segments from four tree species in a 121 

tropical forest in southern China to investigate the effects of +N and +P-fertilization 122 

on woody debris decomposition and nutrient release. Our previous work demonstrated 123 

that soil fungal biomass decreased with +N addition but increased with +P addition 124 

(Li et al. 2015). Hence, fertilization treatments are likely to affect the decomposition 125 

of woody debris because lignin degradation is highly dependent on fungal 126 
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decomposers (van der Wal et al. 2007). Accordingly, we hypothesized that: (1) +N 127 

addition would impede woody debris decomposition; whereas (2) +P addition would 128 

accelerate woody debris decomposition; and (3) the responses to fertilization 129 

treatments would be species-specific.  130 

Materials and methods 131 

Site description  132 

This study was conducted in a secondary mixed tropical forest at the Xiaoliang 133 

Research Station for Tropical Coastal Ecosystems, the Chinese Academy of Sciences 134 

(21°27′N, 110°54′E), southwest of Guangdong Province, China. The station is located 135 

4 km from the coastline of the South China Sea. The climate is tropical monsoon with 136 

a mean annual temperature of 23°C and annual precipitation of 1400 - 1700 mm. The 137 

climate is seasonal with a distinct wet season from April to September and a dry 138 

season from October to March. The soil is a latosol, formed from highly weathered 139 

granite, with a pH of c. 4 and low availability of P (Table 1). The site was originally 140 

established as a Eucalyptus exserta plantation in 1959 but a further 312 species were 141 

planted between 1964 and 1975 (Ding et al. 1992; Ren et al. 2007). Hence, the 142 

current diversity and structural complexity of the forest community are considered 143 

typical of secondary tropical forest (Yu & Peng 1996).  144 

Experimental Design 145 

A factorial N and P fertilization experiment was established in a complete randomized 146 

block design in August 2009; a detailed description of this experiment is given in 147 

Wang et al. (2014). Briefly, N addition (+N), P addition (+P), N and P addition (+NP), 148 
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and control treatments (CT), were assigned randomly to four 10-m ×10-m plots within 149 

five replicate blocks (Zhao et al. 2014). Starting in September 2009, N and P were 150 

applied in equal amounts every two months to give 100 kg ha
-1

yr
-1

. Specifically, for 151 

each fertilizer application, 476.6 g NH4NO3 (equal to 166.6 g N) and/or 808 g 152 

NaH2PO4 (equal to 166.6g P) were dissolved in 30 L groundwater and applied to the 153 

corresponding plots using a backpack sprayer, spraying as close to the soil surface as 154 

possible; 30 L groundwater was applied to each control plot. The amounts of N and P 155 

added correspond to studies of experimental N (Lu et al. 2010) and P (Liu et al. 2012) 156 

additions in neighboring forests. Similar large additions of P relative to the biological 157 

demand for N and P are standard practice in tropical fertilization experiments because 158 

in many tropical soils, a large proportion of the added P is fixed in biologically 159 

inaccessible forms (Ostertag 2010; Wright et al. 2011). 160 

Four common broadleaf tree species were chosen for this experiment: Acacia 161 

auriculaeformis (henceforth ‘Acacia’; N-fixing), Aphanamixis polystachya 162 

(‘Aphanamixis’), Schefflera octophylla (‘Schefflera’) and Carallia brachiata 163 

(‘Carallia’). After a serious typhoon disturbance in September 2010, standing dead or 164 

recently fallen branches of c. 5-cm diameter were harvested and cut into 10-cm long 165 

segments with a fine-bladed band saw. The samples were weighed, measured and 166 

tagged before being placed in the experimental sites in October 2010. Six branch 167 

segments of each species were placed on the soil surface at 5-10-cm intervals in each 168 

plot, making a total of 480 samples. For each species and plot, one branch segment 169 

(henceforth referred to as woody debris) was collected at random after 6, 12, 18, 24, 170 

30, 36 months and sealed in a plastic bag. Samples were cleaned of soil and litter with 171 

a brush, dried to constant mass at 70°C and weighed. Each sample was then cut into c. 172 

2-cm thick pieces (including bark) and finely ground for analysis of N and P 173 
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concentrations. 174 

In October 2010, three samples of freshly fallen branch segments (5-cm diameter, 175 

10-cm length) of each species were analyzed for initial C, N, P, lignin and cellulose 176 

concentrations and wood density. The sample volume of fresh woody debris of each 177 

species was determined gravimetrically by water displacement (Hatfield & 178 

Fukushima 2005); samples were then oven-dried to constant weight at 70°C to 179 

calculate wood density. We measured lignin and cellulose concentrations following 180 

Goering and Van Soest (1970). N and P concentrations were determined by the 181 

micro-Kjeldahl digestion followed by colorimetric determination on a flow injection 182 

auto-analyzer (FIA, Lachat Instruments, USA). To assess nutrient accumulation or 183 

release during decomposition, we calculated the nutrient content remaining at each 184 

collection by multiplying the nutrient concentrations at each time point by the mass 185 

remaining and report these values as a proportion of the initial values (McGroddy, 186 

Silver & de Oliveira 2004):  187 

Nutrient content remaining =	
����

����
 188 

Where X0 is the mean initial nutrient concentration in woody debris (n = 3), Xt is 189 

the nutrient concentration at a given collection time (t), W0 is the initial dry weight of 190 

woody debris and Wt is the dry weight at a given collection time (t). Hence, values 191 

greater than 1 reflect an accumulation of nutrients during decomposition, and values 192 

below 1 reflect nutrient release. 193 

Data analysis 194 

We used a single negative exponential decay model to estimate woody debris 195 
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decomposition rates: y/y0=e
-kt

 196 

where y/y0 is the fraction of mass remaining at a specific time t (in years), and k is the 197 

annual decay rate constant (Olson 1963). Regression analysis was used to test the 198 

model fit for mass loss of woody debris over time. Species differences in initial 199 

woody debris properties were explored with one-way ANOVA; where overall 200 

differences were significant, post-hoc tests (Fisher’s least significant differences test, 201 

LSD) were used to correct for multiple comparisons among species. Regression 202 

analyses and ANOVA were conducted using SPSS 16.0 for Windows (SPSS Inc., 203 

Chicago, IL). 204 

We used linear mixed effects models (nmle package in R 3.1.0; (R Core Team 205 

2014)) to investigate the effects of fertilization treatments and species identity on 206 

decomposition processes. Treatment and species were considered fixed effects and 207 

block as a random effect in models for the decay rate constant k; collection time was 208 

included as an additional random effect in the models for mass loss, nutrient 209 

concentrations and nutrient release during three years of decomposition. The 210 

significance of each term was determined by comparing nested models using 211 

likelihood ratio tests and AICs to check for model improvement (Pinheiro & Bates 212 

2000); final models were compared to null models to determine main treatment and 213 

species effects. Where there was no difference in the model fit with or without the 214 

interaction term (treatment*species), we chose the simpler model (treatment + 215 

species). However, as there was no significant improvement in any model fit when the 216 

interaction term was excluded and all models showed a highly significant effect of 217 

tree species identity, species-specific responses to treatments were investigated with 218 

individual models. Results are reported as significant at p <0.05.  219 
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Results 220 

Initial chemistry of woody debris 221 

The initial nutrient concentrations of the woody debris differed among species: woody 222 

debris of the N-fixing Acacia had a significantly higher total N and lower total P 223 

concentrations than the other species, resulting in a higher N:P ratio, and lower C:N 224 

and lignin:N ratios (Table 2). The woody debris of Schefflera and Carallia had higher 225 

P concentrations than Acacia and Aphanamixis. Acacia and Carallia had greater 226 

lignin and cellulose concentrations and higher wood density than the other two 227 

species. Schefflera had the lowest N, lignin and cellulose concentrations as well as the 228 

lowest wood density of all four species (Table 2).  229 

Decomposition rates 230 

The mass loss of woody debris over time fit an exponential equation for all species 231 

(R
2
 = 0.71 - 0.79, p<0.01) and decay rates differed among species (p<0.01); woody 232 

debris decomposed in the order Schefflera > Carallia > Aphanamixis > Acacia (Fig. 1 233 

and Table 3). The decomposition of Scheffleria woody debris in the CT plots was 234 

significantly faster than other species (Table 2, p<0.01), with less than 20% mass 235 

remaining after 24 months (Fig. 1c).  236 

Mass loss from woody debris increased in response to fertilization with +P and 237 

+NP (p=0.02 and p<0.01, respectively) and the response was strongly species-specific 238 

(species effect p<0.01). Fertilization with +P increased mass loss in Acacia (p=0.024) 239 

and there was a trend towards increased mass loss in Carallia (p=0.06; Fig. 1). 240 

Fertilization with +NP significantly increased mass loss from woody debris in Acacia, 241 
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Carallia and Scheffleria (p<0.01, p<0.01 and p=0.012, respectively), whereas mass 242 

loss of woody debris of Aphanmixis was unaffected by fertilization. 243 

 Although the inclusion of the treatment×species interaction significantly improved 244 

the model for the decay rate constant k (p<0.01), there was no significant effect of any 245 

single treatment relative to the controls across all species. Individual models showed 246 

higher decay rates of Acacia and Scheffleria in +P plots but no effect of fertilization 247 

on the decay rates of Corallia and Aphanamixis (Table 3).  248 

Dynamics of nutrient concentrations and nutrient release 249 

The N concentration of woody debris in the CT plots increased substantially in all 250 

species over 36 months (84% to 390%; Fig. 2) and P concentrations increased by 44% 251 

to 70% depending on species (Fig. 3). We observed a net release of N from woody 252 

debris in the CT plots in all species except Aphanamixis (Fig. 4). There was a net 253 

increase of N in woody debris of Aphanamixis in the first year, which then declined, 254 

resulting in a net release of N after two years (Fig. 4b). 255 

The N concentration in woody debris changed significantly in response to +N, +P 256 

and +NP fertilization (p<0.01, p=0.04 and p<0.01, respectively) and the direction of 257 

the response was species-specific (species effect: p<0.01). N concentrations in the 258 

woody debris of Acacia increased significantly in +N plots (p<0.01; Fig. 2a) and there 259 

was a trend towards increased N in Schefflera (p=0.06; Fig. 2c). N concentrations in 260 

Carallia increased in response to +NP addition (p=0.04) and marginally in response 261 

to +N fertilization (p=0.06; Fig. 2d). For Aphanamixis, N concentrations decreased 262 

with +P fertilization (p=0.015; Fig. 2b). The P concentrations of woody debris were 263 

not affected by +N fertilization but increased significantly with +P and +NP 264 
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fertilization in all species (p<0.01; Fig. 3).  265 

The patterns of N release were significantly influenced by fertilization with +N and 266 

+P (p=0.01 and p=0.03, respectively) and the response differed among species 267 

(species effect: p<0.001). For Acacia, N release from woody debris was greater in +P 268 

and +NP plots (p=0.04 and p=0.03, respectively), whereas N accumulated in the +N 269 

plots towards the end of the study (p=0.01; Fig. 4a). For Carallia, N-release at the end 270 

of the study was greater in +NP plots (p=0.02; Fig. 4d) but there was no effect of 271 

fertilization on N-release from woody debris of Scheffleria or Aphanamixis (Fig. 272 

4b,c). 273 

P accumulated in woody debris in response to +P and +NP additions during the first 274 

12-18 months of decomposition in all species (p<0.01 for all species; Fig. 5). There 275 

was a marked shift towards nutrient release after two years of decomposition, with 276 

both N and P content in woody debris dropping below the initial values for all species 277 

in all treatments by the end of the study (Figs 4 and 5). 278 

Discussion 279 

Fertilization effects on decomposition rates 280 

We hypothesized that the decay rate of woody debris would decrease with N addition 281 

because previous studies indicate that decomposition of wood by fungi increases at 282 

low rates of N addition but decreases under high N availability (Schmitz & Kaufert 283 

1936). Large N inputs can alter the fungal community (Carreiro et al. 2000) and 284 

inhibit the basidiomycete fungi known as ‘white rots’, which are highly efficient in 285 

utilizing woody litter (Bebber et al. 2011). A previous study at our site showed that 286 
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+N addition decreased total fungal biomass by 10% compared to controls (Li et al. 287 

2015) but despite this, and although our +N additions were more than twice the 288 

atmospheric N deposition rates in the studied area, we observed no negative effect of 289 

+N addition on decay rates or mass loss of woody debris in any of the four study 290 

species.  291 

We found strong evidence to support our hypothesis of P-limitation of woody 292 

debris decomposition in this system, as +P and +NP additions increased mass loss 293 

from woody debris in all species. Phosphorus is frequently cited as the primary 294 

limiting element in tropical forest soils but to our knowledge, this study was the first 295 

field study to report the effects of +P addition on woody debris decomposition in a 296 

tropical forest. We propose that the positive effect of +P addition in our study is likely 297 

a result of shifts in the community composition of decomposer organisms and changes 298 

in soil extracellular enzyme activities in response to alleviation of P-limitation. 299 

Previous work at the study site showed that soil microbial biomass in general, and 300 

fungal biomass in particular, increased with +P addition (Wang et al. 2014), and there 301 

was greater relative abundance of fungal biomarkers in +P plots (Liu et al. 2012; Li et 302 

al. 2015). Soil fungi play a pivotal role in litter decomposition and nutrient cycling in 303 

forest ecosystems (Dick, Cheng & Wang 2000; Enowashu et al. 2009) and fungal 304 

decomposers are largely responsible for the breakdown of lignin and cellulose (i.e. 305 

lignocellulose) derived from woody plant material (van der Wal et al. 2007). As 306 

microbial resource allocation, and hence decomposition, is subject to fairly strict 307 

stoichiometric constraints (Sinsabaugh et al. 1993), the high availability of N and the 308 

alleviation of P-limitation at our site would provide a strong incentive for microbes to 309 

invest in C acquisition (Allison et al. 2011), which in turn would accelerate 310 

decomposition processes. Taken together, these different lines of evidence suggest 311 
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that P addition has enhanced the decomposition of woody debris by stimulating the 312 

growth and activity of soil fungal decomposers. 313 

Fertilization effects on nutrient retention and release 314 

Numerous studies in more N-limited systems reported accumulation of N during 315 

decomposition of wood (Sollins et al. 1987; Arthur & Fahey 1990; Laiho & Prescott 316 

1999), whereas in our control plots the woody debris of all species except 317 

Aphanamixis acted as a net N source during the 36 months of decomposition. 318 

Interestingly, the woody debris of Aphanamixis had the highest C:N:P ratio of all the 319 

species in our study, and it is likely that initial N concentrations were low relative to 320 

decomposer requirements. The observed pattern of initial N accumulation followed by 321 

a shift to net N release after 24 months (Fig. 4) is consistent with immobilization of N 322 

until it reached a critical concentration for decomposition.  323 

The patterns in P release from woody debris in control plots during decomposition 324 

varied among species but the high initial P accumulation in +P and +NP plots in all 325 

species is striking (Fig. 5). Microbial immobilization and active uptake of limiting 326 

elements is regarded as an important nutrient retention mechanism in nutrient-poor 327 

systems (Olander & Vitousek 2004; Cleveland, Reed & Townsend 2006) and fungal 328 

decomposers can actively forage for P and import it into carbon-rich, low-nutrient 329 

substrates such as decaying wood (Wells, Hughes & Boddy 1990). In our study, it is 330 

conceivable that greater P availability in the surrounding soil allowed fungal 331 

decomposers to allocate more P to the decomposing substrate. Although this remains 332 

to be tested, we propose that fungal import of P presents a plausible mechanism for 333 

accelerated woody debris decomposition in +P-fertilized plots. 334 
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It is noteworthy that +P-fertilization increased N concentrations in Aphanamixis, 335 

the species with the lowest N:P ratio (Fig. 2), and net N release from woody debris of 336 

the N-fixing species Acacia, which had the highest initial N concentration (Table 2; 337 

Fig. 4). Further, the effects of +NP fertilization on mass loss and nutrient release were 338 

often stronger than the effects of +P alone. These results demonstrate the regulation of 339 

stoichiometric balance during decomposition and possible imbalances caused by 340 

extraneous nutrient inputs, which in turn will alter patterns of nutrient accumulation 341 

and release.  342 

Interspecific differences in woody debris decay rates 343 

For a given site and climate, litter mass-loss is primarily related to chemical and 344 

physical properties of the litter (Berg, Steffen & McClaugherty 2007). Wood density 345 

is a key physical trait affecting the decomposability of woody debris; decomposition 346 

is faster in low-density wood because it provides a favorable microenvironment for 347 

decomposer organisms (Chave et al. 2009). Although lignin:N ratios are often cited as 348 

good predictors of litter decomposability (Aerts (1997), litter from tropical sites 349 

generally has lower lignin:N ratios, higher N and lower P concentrations compared to 350 

other climatic regions (Yuan & Chen 2009). It is therefore noteworthy that the rates of 351 

woody debris decomposition for the four species in our study (Schefflera > Carallia > 352 

Aphanamixis > Acacia) were inversely related to C:P ratios (Table 2), even though the 353 

species with the highest decomposition rates (Scheffleria) also had the highest 354 

lignin:N ratio. As our sample size is limited, further study with a larger number of 355 

species is needed to test whether woody debris decomposition in tropical forests can 356 

be predicted by C:P or lignin:P ratios.  357 

Conclusions 358 
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To our knowledge, this is the first study to provide direct evidence of P limitation of 359 

woody debris decomposition in a tropical forest. Our results demonstrate that N and P 360 

additions have variable effects on woody debris decomposition and many of the 361 

observed patterns can be explained by the stoichiometry of the substrate and activity 362 

of decomposer organisms. It is therefore conceivable that the decomposition of woody 363 

debris may become inhibited by nutrient imbalances as a result of e.g. increasing 364 

atmospheric CO2 concentrations and N deposition in many tropical forests in future. 365 

Our results provide a solid foundation for further, more detailed work on microbial 366 

community composition and enzyme activities during decomposition to gain a more 367 

complete picture of nutrient regulation of the tropical C cycle.  368 
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Tables 1 

Table 1. Means of soil physical and chemical characteristics (0-10cm depth) before 2 

the start of fertilization in 2009. values are means ± SE for n=5; aP is available P. 3 

Variables CT +N +P +NP 

pH 3.99±0.06 3.97±0.05 3.95±0.05 4.02±0.09 

SOC (%) 2.54±0.16 2.90±0.12 2.86±0.27 2.90±0.17 

Total N (g kg
-1
) 2.71±0.15 2.34±0.21 2.66±0.10 2.68±0.19 

Total P (g kg
-1
) 0.40±0.03 0.38±0.02 0.42±0.02 0.43±0.03 

aP (mg kg-1) 4.10±0.56 3.79±0.42 4.06±0.37 3.70±0.03 

NO3
-
-N (mg kg

-1
) 2.88±0.35 2.72±0.11 2.68±0.31 2.35±0.33 

NH4
+
-N (mg kg

-1
) 2.12±0.12 1.85±0.13 1.81±0.11 2.03±0.17 

 4 

 5 
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 6 

Table 2. Initial chemical and physical properties of woody debris of the four study species in a fertilization experiment in a secondary mixed 7 

tropical forest: Acacia auriculaeformis, Aphanamixis polystachya, Schefflera octophylla, and Carallia brachiate; where TOC is total organic 8 

carbon, TN is total nitrogen, TP is total phosphorus; nutrient ratios (C:N, C:P, N:P, Lignin/N, Lignin/P) are mass-based; values are means ± SE 9 

for n=5; different superscript letters within a column indicate significant differences among species at p<0.05 (after correction for multiple 10 

comparisons). 11 

 12 

Species 
TOC TN TP Lignin Cellulose Density C:N C:P N:P Lignin/N Lignin/P 

(mg g
-1
) (mg g

-1
) (mg g

-1
) (%) (%) (g cm

-3
)      

Acacia 434
a
±9.2 4.4

a
±0.3 0.11

c
±0.01 24.1

b
±0.4 46.5

b
±0.4 0.70

a
±0.01 100

d
±2.1 3336

a
±70 33.5

a
±0.3 55

c
±0.8 2181

a
±43 

Aphanamixis 439
a
±7.6 2.5

c
±0.1 0.13

b
±0.01 22.5

b
±0.5 50.0

a
±0.6 0.54

b
±0.02 175

b
±7.2 2661

b
±130 15.2

c
±2.1 90

b
±2.1 1700

b
±50 

Schefflera 411
a
±10 1.9

d
±0.1 0.18

a
±0.02 28.0

a
±0.8 39.1

c
±0.9 0.34

c
±0.01 212

a
±8.2 2333

c
±83 11.0

d
±0.1 143

a
±6.8 1552

b
±45 

Carallia 426
a
±17 2.8

b
±0.2 0.18

a
±0.02 24.5

b
±2.1 43.7

b
±2.6 0.74

a
±0.01 149

c
±6.1 2406

c
±113 16.3

b
±0.1 86

b
±7.3 1361

c
±66 
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 13 

Table 3. Decay rate constants k (year
-1
) for woody debris of four species. values are 14 

means ± SE for n=5 and p-values for treatment effects based on individual species 15 

models are given; species names follow Table 2. 16 

Species CT +N +P +NP 

Treatment effects 

N P NP 

Acacia 0.30 ±0.03 0.24 ±0.04 0.46 ±0.07 0.40 ±0.04 0.32 0.03 0.17 

Aphanamixis 0.68 ±0.08 0.67 ±0.08 0.71 ±0.06 0.73 ±0.04 0.92 0.72 0.59 

Schefflera 1.12 ±0.06 1.10 ±0.06 1.56 ±0.13 1.13 ±0.06 0.82 <0.01 0.95 

Carallia 0.71 ±0.06 0.68 ±0.08 0.83 ±0.11 0.95 ±0.07 0.81 0.33 0.06 

  17 
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Figures 18 

 19 

Fig. 1. Patterns of mass loss of woody debris of four species during 36 months of 20 

decomposition in a fertilization experiment in a secondary mixed tropical forest; error 21 

bars show standard errors of means for n=5 and p-values for treatment effects based 22 

on individual species models are given; species names and abbreviations follow 23 

Tables 2 and 3. 24 

  25 
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 26 

Fig. 2. Nitrogen (N) concentrations of woody debris of four species during 36 months 27 

of decomposition in a fertilization experiment in a secondary mixed tropical forest; 28 

error bars show standard errors of means for n=5 and p-values for treatment effects 29 

based on individual species models are given; species names and abbreviations follow 30 

Tables 2 and 3. 31 

  32 
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 33 

Fig. 3. Phosphorus (P) concentrations of woody debris of four species during 36 34 

months of decomposition in a fertilization experiment in a secondary mixed tropical 35 

forest; error bars show standard errors of means for n=5 and p-values for treatment 36 

effects based on individual species models are given; species names and abbreviations 37 

follow Tables 2 and 3. 38 
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 40 

Fig. 4. Patterns of nitrogen (N) accumulation and release in woody debris of four 41 

species during 36 months of decomposition in a fertilization experiment in a 42 

secondary mixed tropical forest; error bars show standard errors of means for n=5 and 43 

p-values for treatment effects based on individual species models are given; species 44 

names and abbreviations follow Tables 2 and 3.  45 
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 47 

Fig. 5. Patterns of phosphorus (P) accumulation and release in woody debris of four 48 

species during 36 months of decomposition in a fertilization experiment in a 49 

secondary mixed tropical forest; error bars show standard errors of means for n=5 and 50 

p-values for treatment effects based on individual species models are given; species 51 

names and abbreviations follow Tables 2 and 3. 52 

 53 
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