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1. Introduction 

Decomposition of senesced plant material is one of two critical processes 

linking above- and below-ground components of nutrient cycles. As such, it is a key 

area of concern in understanding and predicting ecosystem responses to elevated 

atmospheric CO,. Just as root acquisition of nutrients from soils represents the major 

pathway for nutrient movement from the soil to vegetation, decomposition serves as 

the major path of return to the soil. For any given ecosystem, a long-term shift in 

decomposition rates could alter nutrient cycling rates and potentially change the 

structure, function, and even the persistence of that ecosystem type within a given 

region. There is wide-spread concern that decomposition processes would be altered 

in an enriched-CO, world (Strain and Bazzaz, 1983; Melillo et a/., 1990; Schimel, 

1993) . What is lacking presently is sufficient experimental data at the ecosvstem 

level to determine whether these concerns have merit. 

Elevated CO, in the atmosphere could have an impact on decomposition rates 

through several means: through changes in species composition of ecosystems, 

through direct effects on decomposer communities, or through changes in chemical 

composition of litter (“litter quality”). Changes in species composition of ecosystems 

resulting from differential responses to elevated CO, may have the greatest impact on 

decomposition rates, as proportionate litter quality changes might occur (agren et a/., 

1991 ; Pastor and Post, 1988). Amounts of carbon-based secondary metabolites and 



3 

recalcitrant materials such as lignin vary among plant species. The relative 

contribution of differing plant species to an annual cohort of litter will in large part 

determine ecosystem-level decomposition dynamics. Communities composed of plant 

species that respond differently to CO, enrichment would be the most likely to 

experience changes in nutrient cycling rates. For example, physiological responses to 

elevated CO, and drought between loblolly pine (Pinus faeda) and sweetgum 

(Liquidambar styraciflua) led to a prediction that sweetgum would eventually displace 

loblolly pine where they co-occur (Tolley and Strain, 1985). Because these two 

species differ in litter quality, annual litter fall would presumably mirror changes in 

dominance within the system, and ecosystem decomposition and nutrient cycling 

would presumably change through time. Replacement of one species by the other 

might result not only from the relative response of the two species to elevated CO,, 

but also, in this case, from an increase in nutrient cycling rates as the more 

recalcitrant litter of pine gave way to the relatively more decomposable sweetgum. 

A second hypothesized effect of elevated CO, would be direct impacts to the 

decomposer community that result in reduced decomposition. However, although 

detritivores may be indirectly affected by C0,-induced changes in litter palatability or 

nutritional quality, the strong concentration gradient that exists between soils and the 

atmosphere makes direct affects on soil biota unlikely (O’Neill, 1994). 

Currently, the greatest area of concern lies in the possibility of changes in the 

chemical composition of plant litter. Increased C:N ratios of litter combined with 

increased amounts of soluble phenolics and structural compounds such as cellulose 
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and lignin are hypothesized to be one consequence of growth at elevated CO, (Strain 

and Bazzaz, 1983; Melillo, 1983), and could reduce decomposition rates. Should 

rates be reduced, either absolute amounts or temporal patterns of availability of some 

nutrients (particularly N) would be altered, establishing a positive feedback loop that 

further lowers litter quality and availability of some nutrients (Pastor and Post, 1988). 

This paper will emphasize those changes that result from vegetation responses 

to atmospheric CO, enrichment. However, changes in global climate that result from 

increased CO, in the atmosphere would also affect decomposition and nutrient 

cycling. Decomposition rates are dependent upon soil moisture and temperature, in 

addition to initial nutrient concentrations in the fallen litter (Pastor and Post, 1987). 

Changes in temperature and precipitation patterns could reduce decomposition rates, 

or even increase them in such a way as to offset decreased litter quality. Decreased 

stand-level transpiration rates could increase soil water potential (Eamus and Jarvis, 

1989), again increasing or decreasing decomposition rates. 

Thus, CO, effects on decomposition and nutrient cycling could be a complex 

interaction of plant litter quality, changes in ecosystem structure and alteration of 

temperature and moisture through climate change. We will limit this paper to current 

research on elevated CO, effects on decomposition of foliar litter. Woody plant tissue 

and roots may also change in decomposability, however, little work has been done in 

this area. Increased production of fine roots in response to CO, enrichment has been 

observed in several studies. Because inputs of C and other nutrients to soil from the 

decomposition of fine roots may equal or exceed those of foliar litter (Fogle and Hunt, 
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1983), measurements of root tissue quality and turnover deserve high priority. For 

two recent reviews considering the effects of elevated CO, on roots, see Rogers ef 

a/., 1994 and Norby, 1995. 

Two issues will be discussed here: effects of CO, enrichment on foliar litter 
... 

quality, and subsequent effects on decomposition rates. The focus will be primarily on 

N, for two reasons: 1) in many terrestrial ecosystems, N is the major nutrient limiting 

plant growth, and 2) experimental results from diverse ecosystem types have 

demonstrated that N concentrations are consistently reduced in green foliage 

produced at elevated CO, (Williams et a/., 1986; Curtis ef a/., 1989; Norby et a/., 

1992). We will also raise two important methodological questions. Much of the 

available data results from studies on plants grown in pots, often in environmental 

chambers. To what extent can we extrapolate from litter quality or decomposition data 

obtained in this manner to real ecosystems? And how do we resolve the issue of 

commonly-used "square-wave" experimental exposures that utilize rapid, single step 

CO, elevation to predict changes that will occur in nutrient cycling in ecosystems over 

decades of slow increase in CO, in the atmosphere? 

II .  Litter Quality and the Decomposition Process 

Rates of litter decomposition have been correlated with initial nutrient 

concentrations in litter as well as the ratios of these nutrients to carbon compounds. 

For example, litter mass loss has been correlated with initial N concentrations (Taylor 
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et a/., 1989), initial lignin concentrations (Aber et a/., 1990; Berg and McClaugherty, 

1987), C:N ratios (Taylor et a/., 1989), or 1ignin:N ratios (Melillo et a/., 1982; Aber and 

Melillo, 1982; Melillo et a/., 1984). Predictions of C0,-induced reductions in 

decomposition rates have been primarily based upon these observations. 

However, in many cases where experimental results have led to the 

suggestion that decomposition rates will change under elevated CO,, predictions 

have been based not upon concentrations in naturally-abscised foliage produced 

under CO, enrichment, but on concentrations. in green leaves. Strain and Bazzaz 

(1983) discuss effects of changing tissue quality on both herbivores and 

decomposers, without making the distinction between green and senesced foliage 

concentrations. Woodward et al. (1 991) state that rates of decomposition should 

decrease due to the "well established and associated increase in the C/N ratio of 

individual leaves." However, only two studies on leaf litter (see below), with conflicting 

results, are presented to support this contention. 

A decrease in green leaf N concentration with elevated CO, has been 

observed in many C0,-enrichment studies (Curtis et a/., 1989; Norby et a/., 1992). If 

green leaf concentrations were good indicators of litter concentrations, then a 

prediction of reduced litter quality under elevated CO, could be made with more 

confidence. However, in perennial plants, N concentrations usually differ between 

green and senesced foliage. In woody deciduous species, approximately one-half of 

the N content of green foliage is withdrawn from senescing tissue prior to leaf fall and 

retranslocated to rapidly growing tissues or stored in stem or roots until new growth 
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is initiated (Chapin et a/., 1990; Cromack and Monk, 1975; Duvigneaud and 

Denaeyer-De Smet, 1970). Retranslocation of nutrients in coniferous species occurs 

before needles are shed, but may also occur seasonally in species where needles 

persist over multiple years (Nambiar and Fife, 1987). Nitrogen is one of the primary 

nutrients remobilized, although other nutrients, as well as soluble carbon compounds, 

are withdrawn. The proportion of N retranslocated varies by species and may be 

correlated with N status of soil (Chapin and Kedrowski, 1983). If retranslocation 

results in N withdrawal prior to abscission, why doesn’t a C0,-induced decrease in 

green leaf N translate into lowered N concentrations in litter? The explanation may 

lie in allocation of leaf N to structural vs. soluble forms of N. If reductions in green 

leaf N reported in the literature are actually reductions in soluble N compounds (such 

as Rubisco, for example) and soluble N comprises the bulk of leaf N remobilized 

during abscission, then N concentrations in litter might be independent of the CO, 

concentration under which they were produced. 

Recalcitrant C compounds frequently increase in concentration (% of dry mass) 

during senescence as other compounds are retranslocated. If N alone is translocated. 

with no corresponding change in non-nitrogenous C compounds, then remobilization 

could result in an even greater difference in C:N ratios under CO, enrichment than is 

seen in green leaves. Although there may be little retranslocation of carbonaceous 

materials during senescence (Chapin ef a/., 1990), there is some evidence to the 

contrary: that movement of C occurs, from leaf to tree and vice versa. Horner ef a/. 

(1 987) observed that the tannin content of Douglas-fir (Pseudofsuga menziesii) 
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increased in foliage during senescence in closed canopy stands, and suggested 

active sequestration in litter may occur. 

Litter decomposition occurs as the result of three interacting processes: 1) 

leaching of soluble compounds and physical fragmentation by abiotic forces such as 

wind, 2) fragmentation (or comminution) by soil fauna and 3) microbial catabolism. 

These processes may be interdependent, as when leaf fragments are consumed by 

earthworms, then enriched and inoculated with bacteria and fungi during passage 

through the gut (Edwards and Fletcher, 1988). The first and third processes are 

heavily regulated by litter chemical composition; comminution and feeding by soil 

fauna may also be affected by litter chemistry and “palatability” to soil animals 

(Anderson, 1973). Because these processes occur simultaneously and/or 

sequentially, it is often difficult to predict ecosystem decomposition rates based 

simply on the chemistry of individual litter types (Blair et a/., 1990). 

The most sensitive process with regard to potential effects of rising CO, is the 

chemical breakdown of litter by microorganisms. Nitrogen transformations are 

especially important, since in many of the world’s ecosystems plant growth is limited 

by N availability. The decomposition of lignin and production of humic substances is 

also microbially mediated and results in the immobilization of at least a part of 

photosynthetically fixed C into long-lived soil C pools. 

Several models have been proposed to explain decomposition processes (see 

Taylor and Parkinson, 1988, for a comprehensive listing of commonly-used models). 

The most widely accepted model, and possibly the most relevant for assessing CO, 
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effects on litter decomposition is the two-phase, negative exponential model. Use of 

this model allows consideration of effects of C0,-induced changes in both N and total 

C or lignin in litter. According to the two-phase model, initial N content of litter 

controls decomposition rates during early decay, while lignin (in substrates with high 

lignin content) is the major control factor later (Taylor ef a/., 1989). However, rates of 

mass loss during early stages may also depend upon total non-structural carbon 

(TNC) content of litter. If TNC concentrations are higher in litter produced at elevated 

CO, (which has been demonstrated in green leaves; Korner and Arnone, 1992) then 

rates of mass loss may initially be higher relative to litter produced at ambient CO,, 

then lower in the latter stages of decay due to production of recalcitrant humic 

materials as nonstructural C is utilized by microbial decomposers. Reduced mass 

loss rates due to increased lignin or lignin-to-N ratios would also be manifested in the 

later stages of decomposition. 

Mass loss rates may not be the most important parameter of decomposition 

with regard to ecosystem-level effects of elevated CO,. The potential for changes in 

nutrient cycling rates, especially mineralization of N or P, is equally relevant to 

ecosystem response. During early stages of decomposition, two opposing N cycling 

processes are occurring: immobilization and mineralization. Nitrogen, frequently from 

exogenous sources, is immobilized by bacteria and fungi; at this stage immobilization 

greatly exceeds mineralization. Simultaneously, labile C compounds in the litter are 

utilized by the microbes and C:N ratios decline, approaching those of the decomposer 

microorganisms. Microbial C:N ratios generally range from 4-1 5 (Brady, 1990; 
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Alexander, 1977), although ratios may vary with substrate nutrient content (Dowding, 

1976). N mineralization eventually exceeds immobilization and N becomes available 

for further transformation and plant uptake. The point at which this switch from net 

immobilization to net mineralization occurs is called the "critical N concentration" 

(Pastor and Post, 1985), or "critical C:N ratio" (McClaugherty et a/., 1985), and is 

dependent upon several factors: initial N concentration of litter, exogenous N 

availability, and the composition of the decomposer population, as well as 

temperature and moisture conditions. Changes in initial litter content of labile C as a 

result of CO, enrichment could also affect the point in time at which the critical N 

concentration is reached, because soluble nonstructural carbohydrates serve as the 

primary C source for microorganisms initially colonizing litter. 

111. CO, Enrichment Effects on Litter Quality and Decomposition 

What information do we have that supports the assumption that leaf litter 

quality or decomposition rates will change under elevated CO,? Responses to date 

fall into one of two categories: elevated CO, either dramatically increases litter 

nutrient ratios and decreases N concentrations, or has little effect on either (Table I). 

At the ecosystem level, only herbaceous systems have been examined, although 

several autecological studies have been conducted on temperate deciduous forest 

species. Litter quality in tropical forest species has been studied in mixed 

assemblages in artificial model ecosystems. We are aware of no published 

information on litter quality responses to CO, enrichment in senescent conifer foliage, 
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probably due to the long retention times of conifer needles on the tree. Much of the 

litter quality data presented here will be presented as "unpublished data" or as 

"personal communication". This is unfortunate, but necessitated because litter quality 

data is frequently not published until the decomposition study is concluded, several 

years from the initial CO, exposures. 

In an open-top chamber study conducted on a natural salt-marsh, responses of 

three communities to CO, were compared (Curtis et a/., 1989). Carbon:N ratios in 

green leaves of Scirpus olneyi , a C, sedge, were increased 20-40% at elevated CO, 

whether grown in a pure or mixed (with Sparfina patens, a C, grass) stand. 

However, ratios of senescent leaves were not different. It was predicted that, on a 

seasonal basis, little effect on decomposition or N availability would occur as a result 

of CO, enrichment. Most measures of litter quality were also not different in 

senesced foliage from a tallgrass prairie exposed to twice-ambient elevated CO, in 

open-top chambers (Kemp ef a/., in press; Owensby et a/., 1993). Although total N 

content was significantly reduced in mixed litter produced at elevated CO,, no 

differences were seen in decomposition rate nor in final N concentrations in the litter 

after 2 years decomposition in the ambient field chambers. Changes in species 

composition at elevated CO, occurred, with C, forbs increasing while C, grasses 

declined and C, grasses remained constant (C. E. Owensby, pers. comm.). 

Differences were seen in species-specific decomposition rates, suggesting that 

changes in ecosystem species composition under CO, enrichment might alter 

ecosystem-level nutrient cycling (Kemp ef a/., in press). In contrast, in a grassland 
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microcosm experiment conducted at the Duke phytotron, C:N was increased in litter 

by CO, enrichment (H. W. Hunt, pers. comm.). In this study, which also examined 

interacting effects of CO, with changing temperature and moisture, soil cores were 

taken by driving steel irrigation pipes into the sod, then removing pipes with cores 

intact and transporting to the exposure facility. Although technically a "pot" study, 

use of intact cores permitted exposure of multiple species at the community level 

with minimal disturbance. 

Estimated litter C:N ratios (estimated litter C = 0.45 * litter biomass) were not 

different with a doubling of CO, in artificially-constructed model tropical ecosystems; 

C:N for ambient and elevated CO, treatments was 42 and 43.5, respectively (Korner 

and Arnone, 1992). Nitrogen return to the soil (g N m") was significantly greater at 

elevated than at ambient CO,, due to significantly higher litter production at elevated 

CO,. 

Litter quality and mass loss rates were also not affected by CO, enrichment in 

yellow-poplar (Liriodendron fulipifera L.) in an open-top chamber study where sapling 

were grown in the ground and leaves were allowed to naturally senesce (E. G. 

O'Neill, unpublished data). Litter was collected as it abscised in the second year of 

growth at three levels of CO, (ambient air +0, 150, or 300 pmol mol-' CO,). 

Green-leaf nitrogen concentrations were reduced by CO, enrichment (Norby ef a/., 

1992); however, no significant differences in 1ignin:N or C:N of litter were observed 

(Table I), although N concentrations were slightly reduced. Litter was placed in mesh 

bags and laid under the current year's litter in a mesic mixed hardwood stand. After 2 
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years of decomposition, total mass losses were not significantly different, with 39, 46 

and 40% of the original mass remaining in the +0, +I50 and +300 pmol mol-’ 

treatments, respectively (Fig. 1). Mass loss rate constants (k) were also not different. 

Nitrogen concentrations remained lower in the C0,-enriched litter for the first year of 

decomposition (Fig. 2). Maximum N concentrations (% original N) during the 

decomposition period, as well as the point in time where this maximum occurred, 

were not different. In a subsequent study utilizing yellow-poplar litter from the 1990 

growing season, again, no differences in litter quality (Table 1) or mass loss rates 

were observed after 2 years of decomposition. 

In contrast to work with natural or constructed ecosystems or with litter 

produced from field-grown saplings, evidence from autecological pot studies supports 

the hypothesis of reduced litter quality with CO, enrichment of the atmosphere. 

Nitrogen concentrations were decreased, and concentrations of soluble phenolics and 

structural C (cellulose and lignin) were increased when sweetgum (Liquidambar 

syraciflua L.) was grown in pots in open-top chambers at 935 pmol mol-’ CO, for one 

growing season (Melillo, 1983). When elevated CO, (300 pmol mol-’ CO,) was added 

to a twice-ambient 0, exposure of Liriodendron tulipifera L., N concentrations were 

reduced by 31% and 1ignin:N was increased two-and-a-half times relative to the 0,- 

only treatment (Boerner and Rebbeck, 1993). Decomposition and first-year N loss 

rates were also reduced, although the decrease in N loss rate was correlated to 

structural changes in foliage, rather than to initial N concentrations. This study was 

also conducted on potted seedlings, in continuously-stirred tank reactors (CSTRs). 
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Increases in litter C:N and/or 1ignin:N with CO, enrichment were observed in 

pot-grown Fraxinus excelsior L., Befula pubescens Ehrh., Acer pseudoplafanus L. 

(Cotrufo et a/., 1994). In this same study, no changes in ratios occurred in a 

coniferous species, Picea sifchensis (Bong.) Carr., where needles were collected and 

dried prior to abscission. In all three deciduous species, where foliage abscised 

naturally, the changes in C:N and 1ignin:N were due both to reduced foliar N and 

increased lignin; N was not reduced in Picea needles. Both decay and respiration 

rates were reduced in the C0,-enriched deciduous litter (although N mineralization 

rates were not) when the litter was decomposed in soil-free microcosm chambers. A 

similar study, utilizing micro-lysimeters, observed temporal differences in N flux from 

C0,-enriched ground litter of Populus fremuloides Michx., suggesting increased 

recalcitrance of residue compounds and reduced decomposition rates (D. W. Johnson 

and P. Henderson, pers. comm.). It should be noted that both of these studies 

examined decomposition in isolation from part or all of the soil decomposer 

community. 

The role of soil fauna community complexity in breakdown of C0,-enriched 

leaves was investigated in a microcosm approach by CoOteaux and co-workers 

(1991). Sweet chestnut (Casfanea safiva Mill.) litter, obtained from seedlings grown in 

25 I pots, was soaked in demineralized water to equalize soluble phenolic content, 

then sterilized and reinoculated with increasingly complex mixtures of decomposer 

fauna. Although initial N concentration was lower, and C:N higher, in litter produced 

at elevated CO,, a reduction in mass loss rates and C mineralization over the 24- 
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week experiment was seen only in the least complex assemblage (microflora plus 

added protozoans). In the more complex microcosms, total C loss was actually 

increased for C0,-enriched litter. Decomposition was divisible into two distinct 

phases: the initial phase, where rates were dominated by initial litter quality factors 

and C mineralization was greatest in the control litter, and a latter phase, where the 

primary determinant of decomposition rate was the complexity of the decomposer 

community. Respiration rates were increased in the C0,-enriched litter in the more 

complex communities. 

IV. A Few Words to the Wise Decomposer 

The paucity of data on decomposition processes under CO, enrichment can 

be attributed to two related factors: I) the persistence of the assumption that 1ignin:N 

and C:N will increase, so necessary measurements are not made, and 2) the scarcity 

of realistic exposure regimes to produce foliar litter and measure decomposition. 

We must be cautious about forming hard-and-fast assumptions based solely on 

information gathered from artificial culture conditions. Nutrient ratios, on average, 

increased 46% (C:N) and 53% (1ignin:N) in litter produced at elevated CO, when plant 

were grown in pots, but were not different due to CO, enrichment in any field studies 

(Table 1; Fig.3). The range of mean values reported was also much greater for pot 

studies than for studies where unrestricted plants were grown in the ground. To 

assess how representative reported values of C:N or 1ignin:N were, we also 

compared ratios from the "ambient" treatment of these same studies to ratios 
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reported in the literature for the same species. Kemp ef a/. (1994) included 

unchambered treatments as part of their experiment; ratios from this treatment were 

used as the basis for comparison. Results are given in Table 2 and summarized in 

Figure 4. In almost all cases where litter was gathered from plants grown in pots, 

regardless of pot size, "ambient" nutrient ratios are lower than those from the 

literature. In some cases the difference between "ambient" and literature values is 

greater than the increase due to CO, enrichment. In contrast, available data from 

"ambient" treatments from field studies correspond well with reported values for 

plants grown in the wild or in chamberless treatments as part of the experiment. The 

intent here is not to invalidate pot studies, but to urge caution in interpretation of 

results and extrapolation to the real world. Results suggest that plants exposed in 

artificial environments may differ from field-grown plants in either N content or in C 

partitioning and these differences may confound responses to CO, enrichment. Lignin 

biosynthesis, for example, may be related to light quality or mineral nutrition 

(Anderson and Beardall, 1991; Waring ef a/., 1985). Whether grown in open-top 

chambers or environmental cabinets, potted plants may behave differently from 

unconstrained, field-grown seedlings due to root restriction (Thomas and Strain, 

1991) although differences may be due to available nutrients, rather than pot size or 

shape (McConnaughay et a/., 1993). Pot studies can be invaluable for identification 

and ,understanding of mechanisms; but care must be taken when culture or exposure 

conditions have the potential to interact with CO, to affect response (Strain and 

Thomas, 1992). 
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Likewise, if measurement of decomposition at the ecosystem level is the goal, 

then researchers must take care not to exclude processes or biota responsible for 

changes occurring during decomposition. Experiments that do not include exposure to 

natural and complete decomposer communities, for example, cannot be easily 

extrapolated to the field (Woodward ef a/., 1991; Woodward, 1992). Assessing the 

potential for changes in decomposition with rising CO, only has meaning if it can be 

extrapolated to the scale of ecosystems. Lignin:N ratios of leaves produced at 

elevated CO, can be measured at the whole plant level. However, to assess effects 

of CO, enrichment on decomposition, we must produce litter and decompose it in a 

C0,-enriched ecosystem. Although data exists to suggest either decreased or 

unaltered litter quality with CO, enrichment, no data have been produced where 

decomposition has occurred under elevated CO, to test the hypothesis that 

decomposition rates will change. 

We may also introduce error into predictions of ecosystem response if we rely 

solely on single-species decomposition studies. Although mass loss rates averaged 

across several co-occurring plant species and derived from single-species 

experiments may be comparable to field values, other components of the process 

may not compare as well. For example, use of mixed litter bags for decomposition 

may give a more accurate estimate of N process rates than averaging across single 

species bags. Differences in N flux from litter bags were observed when single 

species bags were compared to mixed species bags (Blair ef a/., 1990). 

Finally, the limitations of "square wave" exposure systems must be 
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considered when extrapolating from experimental results to predictions about future 

ecosystem behavior under elevated CO,. At the ecosystem level, a rapid, single step 

increase in CO, (“square-wave’’ exposure) is likely to produce different physiological 

responses than would be observed in ecosystems exposed to slowly increasing CO, 

levels (Eamus and Jarvis, 1989). In fact, what we may be measuring is the response 

of an ecosystem in the process of adjustment, rather than an ecosystem in dynamic 

equilibration. In addition, if litter quality declines slowly as CO, increases, and 

available soil N decreases as a result, then trees experiencing twice-ambient CO, in 

the real world will experience it under a different range of soil nutrient conditions than 

those employed currently in research (Woodward, 1992). Present experiments are 

useful for identifying mechanisms, but are limited in their utility as predictors of future 

ecosystem response. 

The questions raised above lead inevitably to the conclusion that ecosystem 

processes such as decomposition and nutrient cycling must be studied at the 

ecosvstem level. In some cases, as with grasslands and other short-stature 

ecosystems, this has been or is being done. However, for some systems, although 

information can be gained by pot studies, by constructed ecosystems, or by planting 

multiple individuals of like or unlike species within open-topped chambers, ultimately 

we will encounter important questions that can only be answered with large-scale and 

long-term experiments. 

V. Summary 
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Elevated CO, may impact ecosystems through its effect on nutrient cycling 

processes. Decomposition represents a critical process in nutrient cycling, and is 

especially vulnerable to disturbance through changes in nutrient content or nutrient 

ratios in litter. Evidence to date is inconclusive, but field results from several 

ecosystems suggest that rates of decay (and nutrient cycling) will be unaffected by 

CO, enrichment. 

Contradictory results in current work appear to be related to experimental 

approach and scale of observation, e. g., pot versus field studies and single- versus 

mixed-species decomposition experiments. In order to determine the potential for 

C0,-induced changes in decomposition rates to affect ecosystems, research must be 

conducted at the ecosystem level. This has been accomplished for some 

ecosystems, but is still lacking for forests, where large size and long life spans of 

component organisms make large-scale, long-term research as difficult as it is 

necessary. 
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Figure Captions 

Figure I. Mass loss of yellow-poplar litter produced under three CO, enrichment 

regimes (ambient air + 0, 150, or 300 pmol mol-' CO,) and decomposed in a mixed 

hardwood stand using litterbag techniques. Each data point reports a mean of 5 

I itte r bags. 

Figure 2. Changes in N concentrations in decomposing C0,- enriched yellow-poplar 

litter residue through time. Data points represent treatment means 5 S. E. (n=5). 

Figure 3. Changes in litter nutrient ratios with CO, enrichment in field-grown plants 

vs. pot-grown plants. Data used to generate graph are presented in Table 1. 

Figure 4. Differences in litter nutrient ratios between "ambient" (no CO, enrichment) 

treatments in C0,-effects studies and ratios reported in the literature for the same 

species under non-experimental conditions. In cases where unchambered treatments 

were included in the design, these values were used for comparison against 

"ambient" treatments. Data used to generate figure are presented in Table 2. 
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Table I. Nutrient ratios of litter produced at elevated CO, for different species and 
with differing experimental approaches. Values preceded by 'I-" are either recalculated 
from published data or were visually estimated from graph. 

C:N Lignin: N 

CO, Enrichment @mol mol-') 
+O +300 +O +300 

Species Reference 

POT STUDIES 

Liquidambar styraciflua L. 

Casfanea sativa Mill. 

Quercus alba L. 

Quercus alba L. (1 989) 

( I  990) 

Liriodendron fulipifera L.? 

Fraxinus excelsior L. 

Befula pubescens Ehrh. 

Acer pseudoplafanus L. 

Picea sifcbensis (Bong.) Carr. 

FIELD STUDIES 

Quercus alba L. (1 989) 

(1 990) 

Liriodendron fulipifera L. 
(1 989) 

Scirpus olneyi 

Andropogon gerardii 

Sorghasfrum nufans 

Poa prafensis 

(1990) 

(Pure) 
(mixed) 

-16.0 -28.0 

40.4 75.0 

5.7 

12.3 

18.8 

1.7 

42.0 56.0 5.4 

35.0 53.0 9.8 

81.0 106.0 16.2 

18.0 18.0 4.6 

13.7 

14.2 

16.3 

16.3 

-82.0 -84.0 

-46.0 -50.0 

102.4 95.5 37.9 

103.8 99.2 32.6 

33.1 38.6 9.6 

4.8 

16.3 

17.7 

4.4 

9.1 

17.2 

21.5 

6.0 

Melillo, 1983 

Couteaux et a/., 1991 

Norby ef a/., 1986 

R. Norby, unpublished data 
I t  

Boerner and Rebbeck, 1993 

Cotrufo ef a/., 1994 
I t  

I t  

I t  

16.8 

15.7 I t  

16.6 I t  

Norby ef a/., in press 

16.8 I t  

Curtis ef a/., 1989 
11 

35.9 

31.2 II 

10.6 II 

Kemp ef a/., in press 

t CO, treatments were superimposed on an existing experiment exposing seedlings 
to twice-ambient levels of 0, 
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Table 2. Comparison of litter quality data from ambient treatments of elevated CO, 
studies and reported values for the same species in the field. AMB, Ambient CO, 
experimental treatment; FIELD, reported values from the field (or from unchambered 
controls where part of the experimental design). 

Species 

POT STUDIES 

C. sativa Mill. 

Q. alba L. 

Q. alba L. ( I  989) 

(1990) 

L. tulipifera L. t 
F. excelsior L. 

B. pubescens Ehrh. 

A. pseudoplatanus L. 

P. sifchensis (Bong.) Carr. 

FIELD STUDIES 

Q. alba L. 

L. tulipifera L. 

A. gerardii 
S. nufans 
P. pratensis 

(1 990) 

(1991) 

(1 990) 

(1 989) 

C: N 

AMB FIELD 

Lignin: N 

AMB FIELD Referencestt 

40.4 63.2 

5.7 

12.3 

18.8 

1.7 

42.0 30.5 

81 .O 18.1 

18 80.0 

37.9 31.8 

32.6 36.3 

9.6 8.7 

9.8 

13.7 

14.2 

16.6 

16.3 

102.4 

103.8 

33.1 

Couteaux et a/., 1991 

17.2 Norby et a/., 1986 

17.2 R. Norby, unpublished data 

17.2 

14.6 Boerner and Rebbeck, 1993 

Cotrufo et a/., 1994 

I 1  

I 1  

I 1  

I 1  

34.6 

17.2 

17.2 

14.6 

14.6 

72.8 Kemp et a/., in press 

Norby et a/., in press 
I 1  

I 1  

II 

105.0 

28.0 

I t  

I, 

t CO, treatments were superimposed on an existing experiment exposing seedlings 
to twice-ambient levels of 0, 

??Field data references: C. safiva, Anderson, 1973; Q. alba, L. tulipifera, Cromack 
and Monk, 1975; F. excelsior, 5. pubescens, A. pseudoplafanus, Bocock, 1964; P. 
sifchensis, Hayes, 1965; A. gerardii, S. nufans, P. prefensis, Kemp ef a/., in press. 
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