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Introduction 
Carbon an nitrogen balances in the soils of the Rodale Institute Farming System Trial long-term experiment, 
which compares an organically (legume-based) and a conventionally (using synthetic fertilizer) managed 
agro ecosystem, showed significant differences in soil carbon sequestration capacity. Although the 
conventional system (CONV) had greater above-ground net primary productivity and returned more crop 
residue to the soil than the legume-based system, Soil Organic Carbon (SOC) content did not change 
significantly over a 20 years period. Meanwhile the legume-based system (LEG) showed a notable increase 
in carbon stored in soil (Drinkwater et al. 1998). A project was carried out to gain insight of how 
management history influences the fate of crop residue-derived carbon into the soil under field conditions. 
Among process driving the SOC dynamics, recent studies suggest that below-ground inputs (roots residues 
and rhizodeposition) have distinct interactions with soil micro organisms and soil structure than the above-
ground plant residue, and therefore can contribute to a greater preservation of carbon in soil (Norby & 
Cotrufo, 1998; Gale & Cambardella, 2000; Puget et al., 2001).  
We labeled maize crop in situ with 13C-CO2 and tracked over a 6 and 12 months period, both shoot and root 
derived SOC in whole soil, Particulate Organic Matter (POM) fractions, microbial biomass, CO2 respired 
pools. We also compared the newly incorporated carbon dynamics into these SOM compartments in the 
legume-based and the conventional system. 
 
Material and Methods  
The experiment was conducted in the Farming System Trail experiment at the Rodale Institute (Southeastern 
Pennsylvania, USA).  Soil is a silty loam (mesic Typic Dystrocrept) with 45 % silt and 38 % clay.  
The traditional rotation is based on maize and soybean crops with additional hairy vetch and wheat crops in 
the legume-based system, hairy vetch being used as green manure and provides nitrogen for the following 
maize crop (Peters et al., 1997).  
On May 1998, maize was planted in both systems and we established four replications of three 
micro plots in each systems : legume-based and conventional.  A metal frame (1.30 x 0.94 m and 
0.2 m deep) was pounded into the soil at each location to enclose the plow layer and to support the 
structure of the labeling chamber. Maize was labeled with 99% enriched 13C-CO2. Only one of the 
three micro plots in each location received 13C-CO2.  The labeling started in June 1998, and a total 
of seven pulse labelings were conducted during the summer 1998.  Maize was harvested on 
October 1998.  All above-ground plant biomass was then collected, weighed and returned to the 
plot.  The shoot biomass of the labeled micro plot was exchanged with the shoot biomass of one of 
the unlabeled micro plots in the same field replication. This resulted in one micro plot with labeled 
roots (RL) and unlabeled shoots and one micro plot with labeled shoots (SL) and unlabeled roots.  
The third micro plot was used as a reference (REF) for the 13C calculation.  On May 1999, 
aboveground residues were incorporated into the soil of the micro plots by simulating a tillage and 
the next crop was planted (soybean). 
Four soil samplings were completed: in June 1998, before labeling started, in October 1998 at 
maize senescence, in May 1999 after over wintering and before incorporation of shoot residue and 
in October 1999, 6 months after the shoot incorporation.  
Soil samples were processed and analysed in order to determine total C and N in whole soil and in some 
active SOM pools : Particulate Organic Matter fractions separated according to their size or their location : 
Free and Occluded POM fractions, the microbial biomass and the CO2 respired. The proportion of newly 
incorporated C issued from maize residue was determined by measuring the δ13C in each SOM fractions. 
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Results 
In June 1998, before the labeling and maize growth, total SOC were similar in each micro plots of both LEG 
& CONV systems : 5 258 g C m-2 (± 204 SE). At the end of the growing season, the seven pulse labelings 
allowed us to reach an important δ13C signal : +751.97 ‰ (± 34.71 SE) and +449.26 ‰ (±23.66 SE) in 
aboveground and below-ground biomass, respectively.  At maize harvest, no significant differences were 
noticed in the total amount of aboveground biomass between labeled and unlabeled micro plots (ANOVA 
p>0.61) and between LEG & CONV micro plots (ANOVA p>0.06). Soil in LEG system exhibited an higher 
amount of SOC than in CONV only for the last sampling date in October 99 (p<0.05). At the end of the 
growing season, in October 99, root-derived C was of the same amount in the LEG and CONV systems: 135 
(±23 SE) vs. 121 (±19 SE) g C m-2.  Over a one year period, from October 98 to October 99, the amount of 
root-derived C remained the same in the soil of the LEG system  (ca. 135 g C m-2) whereas it decreased in 
the CONV soil from 121 to 96 g C m-2. 
Between October 98 and May 99, ca. 17 to 19 % of the maize shoot biomass left aboveground during the 
winter were mineralised, and soluble C from residue leached to range 14 to 16 g C m-2 in the 20 cm toplayer 
(i.e. corresponding to 5% of the initial shoot biomass-C).  In May 99, 253 g C (± 20 SE) and 204 g C m-2 (± 
4 SE) from aboveground residue were incorporated into the soil of each LEG and CONV microplots 
respectively.  Six month later, 211 g C (± 10 SE) and 142 (± 14 SE) g C m-2 of maize shoot derived-C were 
still found in the soil of LEG and CONV system respectively. Biodegradation of shoot residue affected then 
30 % of the added aboveground residue in the CONV system and only 20 % in the LEG system. 

Distribution of total and maize-derived C among the active SOM pools were also investigated. 
 
Discussion and Conclusion 
With these early results of our experiment, we established that litter origin and quality have an important role 
in the fate of C inputs. Root derived carbon originating of maize residue was preserved to a greater extent 
than shoot-derived C in whole soil and in the active SOM pools we investigated.  Dynamics of carbon was 
affected by history management even on a short period of time.  The high 13C enrichment we obtained in the 
whole soil (-5 ‰ for the soil in the Shoot-labeled micro plots and -15 ‰ for the Root-labeled ones, versus 
aboveground -22 ‰ for the reference soils) should allow us to track the maize residue over several more 
years.  
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