
Collembola influence on litter decomposition associated 

with litter quality and mechanical fragmentation

Introduction
Soil mesofauna may contribute to degradation 
of organic matter directly through the 
consumption of detritus and release of 
mineralized nutrients, or indirectly by 
stimulating microflora activity. Collembola are 
often among the best represented soil arthropod 
groups in terms of abundance and richness, and 
have been shown to affect decomposition and 
nutrient mineralization by increasing both 
nutrient mobility and stability Consequently, 
the studies that investigate interactions among 
Collembola, litter quality and mechanical 
fragmentation need be still fully explored. Our 
research considers three main topics:

Does Collembola abundance affect  
decomposition, C and N mineralization?  

Are Collembola influences of on 
decomposition affected by litter quality?
Does mechanical fragmentation alter 

relationships among Collembola, litter quality 
and decomposition rate?

Methods
Location: Xishuangbanna Tropical 
Botanical Garden (XTBG), Chinese Academy 
of sciences (650 to 750 m in elevation, 101º 
11' E, 21º 56' N)

Experiment design: Soil microcosms 
were constructed to study the independent and 
interactive effects of litter quality, litter 
fragmentation and Collembola abundance on 
organic matter decomposition.

 the experiment included 2 litter treatments ×

 

2 fragmentation treatments × 2 soil 
mesofauna treatments × 6 replicates × 4 
collection days for a total of 192 microcosms. 
Three way ANOVA analyses were used to test 

for treatment effects on mass loss, litter %C, 
%N remaining and C/N ratio of leaf litter from 
each microcosm. Leaf litter decay rate (k) was 
calculated from the remaining leaf material at 
each collection date using Olson’s (1963) 
formula: Xti = X0•e-kt

Results

Collembola density was significantly lower in M than M + C for both P. tometosa (Z = 3.10; P 
< 0.001) and D. obtusifolia (Z = 2.07; P < 0.001) litter species (Fig 1). 

Litter species, Fragmentation, and Collembola treatments all significantly affected litter mass 
loss (Table 1).  The average litter mass loss largely depended on litter quality, with higher 
percent litter mass loss for D. obtusifolia (28.48 ± 1.30%) than P. tomentosa (21.67 ± 1.03%) 
averaged across fragmentation and Collembola treatments. Fragmentation significantly increased 
litter mass loss (26.87 ± 1.51%) compared to the intact treatment (23.28 ± 1.12%) across litter 
quality and soil fauna treatments, however the fragmentation treatment differences were due to a 
strong interaction effect with Collembola density (Fig. 2).

For P. tomentosa litter k values ranged from 0.193 (fragmented M treatment) to 0.393 
(fragmented M + C treatment).  Decay rate k of D. obtusifolia litter ranged from 0.308 (intact M 
treatment) to 0.499 (fragmented M + C treatment). 



 

Collembola treatments had the strongest effects ( F = 43.273 ) on % C remaining among the all 
treatments, but were not pronounced for the intact P. tometosa litter treatment . Fragmentation 
increased fauna effects on % C remaining, indicated by a significant interaction term ( F = 7.92, 
P < 0.01 ) (Fig.3)

Litter and Collembola treatments significantly affected % N remaining after 300d. The 
fragmentation treatment had no effect on % N remaining but there was a significant interaction 
between fragmentation and Collembola treatments ( F = 8.93, p < 0.01 ), following the pattern of 
amplified Collembola effects on decomposition in fragmented litter of both species. (Fig.3)

Conclusions

Collembola may slightly contribute to the decomposition of high- and low quality litter 
independently. .



 

the contribution of Collembola to plant litter decomposition is more pronounced when 
litter is fragmented. Litter quality did not influence the magnitude of soil mesofauna 
effects on litter mass loss, decomposition rate and C and N remaining, but there was a 
significant interaction among litter quality, fragmentation and mesofauna on decay rate.. 



 

Our results suggest that as a whole soil arthropods provide significant contribution to 
litter decomposition was pronounced in tropical rain forest than others. Soil arthropods 
increased in release of C and N in litter with high initial C/N ratio may be ascribed to a  
soil functional group effect on litter decomposition in tropical rain forest. 

Fig. 2  The annual mass loss of different quality litter in 
two different soil organism treatment with two 
fragmentation types of litter (Mean ± SE, n = 6).  
Asterisk indicate difference among different Collembola treatment in same 
litter species and fragmentation type
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Table 1. Results of a three–way ANOVA on log- 
transformed data for the effects of litter species, 
fragmentation and Collembola on litter mass loss after 
300 days experiment. 

Fig. 3 Changes of absolute amounts of carbon and nitrogen remaining 
in two quality litters overtime with two fragmentation treatment 
among two soil organism incubation microcosm. (Mean ± SE, n = 6)
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Fig. 1 Comparison of Collembola abundance among four 
microcosms of two different soil organism treatment with two 
fragmentation types of litter during decomposition period. 
(Mean ± SE, n = 6).

Source SS df MS F P 

Litter species (L) 0.805 1 0.805 41.305 <0.001 

Fragmentation (F) 0.228 1 0.228 11.713 0.002 

Collembola(C) 0.714 1 0.714 36.617 <0.001 

L × F 0.008 1 0.008 0.414 0.524 

L × C 2.14E-06 1 2.14E-06 0 0.992 

F × C 0.263 1 0.263 13.467 0.001 

L × F × C 0.062 1 0.062 3.184 0.083 
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