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Existing research recognizes the reduction in enzyme activity and litter decomposition following fire as 

evidence of lower soil carbon dioxide (CO2) emissions during early successional stages. The effect of fire 

on the soil microbiota is transient and primarily conditional on the regeneration of the aboveground 

vegetation. In boreal forests, inhibitory effects of stand-replacing fires on soil microbiota can go as far as 

offsetting soil carbon (C) emissions from combustion during fire. However, these effects compete with 

other biotic and abiotic effects of fire that favour decomposition, for example augmented labile litter 

input from early successional plants and higher soil temperature due to increased solar penetration. The 

relationships between plant and microbial communities and the physical environment is expected to 

change over time, and the response of soil respiration is not yet clear across boreal forests, especially in 

Eurasia. Therefore, to elucidate the feedback between fire occurrence and climate warming through C 

emissions, quantification of soil respiration and clarification of the post-fire dynamics between biotic and 

abiotic factors is necessary. We investigated the long-term effects of wildfires on the C, nitrogen (N), and 

phosphorus (P) dynamics surrounding soil respiration in a hemiboreal forest using a fire chronosequence 

with sites that were 8, 19, 34, 65, 76, and 179-year-old. We characterized post-fire changes in soil CO2 

emissions and enzyme activity as the aboveground and belowground vegetation re-established. We 

measured the activity of C-, N-, and P-targeting enzymes, litter decomposition, soil CO2 fluxes, and soil 

physical properties and plant biomass. Our data suggest that enzyme activity responds to fire-induced 

changes in soil pH, soil C, and moisture content of the litter. We observed an increase in decomposition 

rate from early successional stage towards late successional stage. This finding is consistent with the 

measured enzyme activity, which was predominantly higher in later successional stages. Additionally, 

moisture content of litterbags almost doubled in the oldest site, further supporting the idea of water 

content being a limiting factor for microbial respiration. Aboveground biomass was lowest in the first 

decades of the succession. Soil respiration was lower in the first three decades after fire compared to the 

oldest site. The effect of soil temperature on CO2 emissions was significantly weaker 8 years after fire 

compared to 19, 65, and 76 years after fire, suggesting that fire-induced warming of soil did not 

compensate for the loss in plant biomass and microbial function in the beginning of the succession. 


