Tradeoffs between forest productivity and carbon sequestration in a managed
boreal landscape
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Boreal forests around the world provide many ecosystem services, two of them being wood
fiber production and carbon sequestration. The deep organic soils in boreal forests represent one
of the largest terrestrial pools of carbon globally and are associated with low aboveground
productivity. The objectives of this study were, for the black spruce-dominated forests of the
Hudson Bay lowlands (Quebec, Canada), 1) to determine if paludification, i.e., the accumulation
of peat layers with time, resulted in reduced forest productivity and 2) to determine how
paludification influenced the amount and partitioning of biomass between the aboveground and
belowground ecosystem pools. We measured biomass pools and calculated three different stand
productivity indices in a chronosequence of 23 black spruce stands ranging in postfire age from
50 to 2350 years.
Chronosequence data revealed that the steady accumulation of soil organic matter with time
(from 10 cm at 50 years to 60 cm at 2300 years) was associated with declines in black spruce
productivity of 50 to 80%. Paludification increased soil moisture, reduced soil temperature, and
altered the vertical distribution of roots. Belowground carbon stocks gradually increased with
time since fire and were mirrored by a declining aboveground pool. Estimated total
(aboveground + belowground) carbon pools were significantly larger in old, paludified stands
that also showed the lowest forest productivity. At the landscape scale, both forest management
and fire regime (frequency and severity) control paludification, forest productivity, and carbon
sequestration through their effect on soil organic layer.
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