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Introduction

Decomposition is an important ecosystem process 

that plays a key role in nutrient cycling as well as the 

global terrestrial carbon budget.  Thus, understanding 

the controls on decomposition has important 

implications for understanding plant productivity and 

the response of ecosystems to ongoing global change. 

It has long been know that litter chemistry, and in 

particular bulk carbon and nitrogen concentration, 

plays a key role in regulating decomposition.  

However, there has been virtually no research 

exploring how the allocation of nitrogen among 

various biochemical pools controls decomposition, 

despite a growing understanding of the importance of  

nitrogen allocation in mediating plant physiology.

Here, we explore how nitrogen allocation  among five 

biochemical pools (nucleic acids, amino acids, soluble 

proteins, thylakoid proteins, and cell wall proteins) 

relates to litter decomposition.  This work is the first to 

directly link  nitrogen allocation and mass loss rates 

across plant taxa.

Our central hypothesis was that the allocation of 

nitrogen would better predict litter decomposition 

than bulk nitrogen concentration.  

Experimental Method

Rates of decomposition were measured using litter

bags filled with 1g of leaf tissue from 10 different

species (Table 1).

Litter bags were deployed at Irvine Regional Park in 

both a coastal sage scrub (CSS) community and a 

riparian oak (RO) community.  Sites were chosen based 

on observed differences in soil temperature and 

moisture in order to explore the importance of litter 

chemistry versus micro-habitat in decomposition.  

30 litter bags of each species (600 total bags) were 

placed in the field in December of 2010 and 10 

replicate bags were collected following 1, 3, 6, 9  and 

12 months of decomposition in the field. Following 

collection, air-dried litter was re-weighed to determine 

mass loss. 

Results

1.  Site Differences

Soils at the Coastal Sage Scrub site were generally warmer 

and drier than soils at the Riparian Oak site (Figure 1), with 

these differences most pronounced in the summer months.  

2.  Litter Mass Loss

After 12 months of decomposition in the field, there was less 

mass remaining in the Coastal Sage Scrub litter bags than in 

the Riparian Oak Site (2-Way ANOVA, Site Effect p<0.001).  

At the Coastal Sage Scrub site, between 26% and 76% of 

the initial litter mass remained after 12 months (Figure 2) and 

the mass remaining differed by species (1-way ANOVA, 

p<0.05).  

Conclusions

In support of our hypothesis, we were able to provide 

the best mechanistic explanation for litter mass loss 

across a wide range of plant taxa by considering the 

allocation of nitrogen within litter rather than bulk litter 

nitrogen concentration.

In particular, increased concentrations of soluble 

proteins resulting in increased rates of decomposition 

(decreased mass remaining, Table 3).  It appears, 

however, that this finding is likely to be driven by 

soluble protein’s role in initial mass loss.  

Litter decomposition occurred more rapidly at the 

Coastal Sage Scrub Site (Figures 2 and 3), likely due to 

warmer temperatures at this site (Figure 1).  More rapid 

litter decomposition likely explains that lower levels of 

soil organic matter found at this site (Table 2).  

While overall rates of decomposition appear to be 

controlled by site micro-climate, the relative order of 

mass loss among species appears to be controlled 

primarily by litter chemistry.

Future Research

Despite choosing species which we expected to differ 

dramatically  in litter chemistry, the range of mass loss 

in this experiment was quite narrow.  Future work 

exploring a broader range of species might provide 

valuable insights in the important links between 

nitrogen biochemistry and decomposition.  
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Figure 1.   Soil temperatures at 5-cm depths (solid lines) 

and soil gravimetric water content (GWC, dashed lines) at 

the Coastal Sage Scrub and Riparian Oak sites.   

Table 3.   Stepwise multiple linear regressions between 

mass remaining at all collection dates and a suite of 

biochemistry data (including all major nitrogen pools).   

Only significant terms (p<0.05) are included here. 

Table 1. Species chosen for this experiment were 

diverse in leaf chemistry, leaf mass per unit area (LMA), 

and taxonomy.  All samples were collected in Orange 

County, CA. 

Table 2.  Soil organic matter (mass on ignition) and 2M KCl-

extractable soil nitrogen (as NH4 + NO3) at the two study 

sites.  For each parameter, means with different letters were 

significantly different (t-test, n=5, p<0.05).  

In addition, soils at the Coastal Sage Scrub site contained 

less organic matter and less extractable nitrogen than the 

Riparian Oak site (Table 2).  

At the Riparian Oak site, between 39% and 84% of the initial 

litter mass remained after 12 months (Figure 3) and the 

mass remaining differed by species (1-way ANOVA, p<0.05).

The relative order of mass loss among species was similar 

among sites, consistent with the lack of a significant Site x 

Species interaction in the 2-way ANOVA.

Figure 2.   Percent of initial litter mass remaining after 12 

months of decomposition at the Coastal Sage Scrub site.  

Species with  the same letters did not differ in mass loss 

(p>0.05, Fisher’s LSD following significant ANOVA).
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Figure 3.   Percent of initial litter mass remaining after 12 

months of decomposition at the Riparian Oak site.  Species 

with the same letters did not differ in mass loss (p>0.05, 

Fisher’s LSD following significant ANOVA).
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3.  Biochemical Regressions

Regardless of site or collection date, increased soluble 

protein (Psol) resulted in increased litter decomposition 

(Table 3). The ratio of bulk carbon to nitrogen (C/N) slightly 

improved the model at the Riparian Oak site after 1 month.


