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Post-clearcutting Forest Floor N Dynamics in the CWH Wet Subzone:
A Chronosequence Study

lntroduction

Numerous stuclies have shown that tbrest ecosys
lcms arc 'biogeochemically t ight' during peiods
o l  l i r  e  b ioma. :  l i cu rnu lJn l ln  rnd . ' rs i rn ic  n r . r l le r
accretion, but becorne'biogeochemically leaky'
for r short perird fbllowing cleffcutting. The timing
and magnitude ofthe so-called assafi f lush'var
ics considertbly tirr dit ' terent environments. Few
studics havc prepared quantitative budgets ofpost
disturbancc organic mrtter and N losses tiom the
lbrest floor (FF), or have quantifted thc t'ate of
the N that is released and its effects on the growth
ol crop and non-crop vegetation. Mechanisms of
rulrient losscs havc generally f ircused on the soil
NO. lcaching-streamtlo$, export pathway and,
unti l rcccntly. there was litt le consideratiot of
gaseous loss of N via dcnitrif icarion. The objec-
tive of this stud)r was to describc thc clynamics
and fiites of post-clearcutting FF N in a nid-el-
cvation, humid. \\ 'est coast. conifer fbrest, and to
assess the inporlancc ofthe possible gaseous loss
of N by microbial dcnitrif ication.

Methods

The strategy of thc study was to nreasure the fbl-
lou'ing in an old gro\\'th forest (ca. ,100-ycar-old)
lnd in an adjrcent chronosequence of four (3- ,
6- , 10- . and 26-year-old) unslashbumed clearcut
sites (Martin 1985): (l) FF mass, depth. and N
content: (2) in situ FFdecomposition rates of buried
ccllulosc fi l ter paper: (3) FF moisture. tenpera
ture. and pH: (,1) in situ FF-N mineralization lates
in buded bags; (5) adsorytion of soil minertl-N
on ion exchange resins (IER); (6) concentrations
of inor-tanic and total N in soil solution; (7) N
storage in the mineral soil: and (8) N accumula-
tion in the overstory and understory vegetation.
All sitcs haclsirnilar skrpes, aspects. and soil charac

lcristics and. according to pre logging records,
the four clearcuts had all carried a relatively uni
lorm old-growth climax forest vcry similar to that
of the old--qrowth site.

Besults and Discussion

A dc t r i le , l  desr ' r ip t ion  o l  lhe  re .u l l .  r , , l s  g i r . 'n
by  Mrr t in  i  lq *5r .  Bne l l ) .  in  the  l i r . t  s ix  5e l r .
fbllowing clearcutting, FF mass and FF N-stor-
agc declined by about 3370 (l 12 t ha I and 1007
kg N ha I respectively) whercas cellulose decom
position rates increased by about 300%. Thcrc-
aftel cellulose decomposition ratcs decreaseq, ano
FFmass and N-storilge increased but still renlaincd
at about 20% bclow pre-clearcut values by year
26. The moisture and lemperature ofthe FF were
significantly higher in the younger clearcuts than
in the old growth forcst. whereas soilpH remained
constant across all f lve sites. In situ soil-N min-
eralization rates were relatively Io* in the old
growth plots. increased markedly 3 to 6 years after
clearcutting, and gradually decreased aftefwafds.
NO] -N adsorption. on lERs placed in the FF and
in the mineral soil. was significantly higher in
the 3-year-old clearcut than in the other sites. Thc
main vector fbr N-movenent in soil solution be-
Io* the FF and at 60-cnr depth in the minelal soil,
was dissolved orgaric N (DON). Potcntial NO.-
-N loss via leaching, calculated iiom a water bai'-
ance model and solution concentrations at 60 cm
depth. were estinated at about'1 and 3 kg N har
yr' in thc 3- and 6-year-old clearcuts respectivcly,
and at less thaD 0.3 kg N har yr'r in the other
sites. Thc N capital of the mineral soil in the 3- ,
6- , and lo-year-old clearcuts was 6,10, 396, and
23 kg N ha t higher, respectively, than in the old-
growth forest. Thc N content of understory veg-
etation increased asynptotically between 3 and
lo  5  car .  r r i te r  .  le r r r 'uu  ing .  reach inE I  m: r r  imum
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51 .1 kg N ha-r. Accumulatior of N in coniferous
seedling advanced growth was only 54.9 kg N
har in the l0-year-old clearcut suggesting the
ovelstory vegetation was a poor sink for N re-
leased during the assart l lush but increased to
632.6 kg N har in thc 26-ycar-old clearcut.

Some of these data were synthesized into a
simple model of annual inputs and outputs of N
to the ti)rest tloor and compared to the actual N
capital of the lbrest floor that was measured us-
ing nunrerous soil cores (Figure 1). The discrep-
ancy between the calculated and measured forest
floor N capital was no more than l07o lbr all sites
cxccpt for thc 6-year-old clearcut site where the
model overesrimared N capital by 78% (i.e. 1 127
kg N ha r). To explain the tate of this missing N,
actual and potenlial (i.e. Ar + NO. amcndcd)
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denitrification rates were rneasured in the old
gro$,th, 3 year old. and l0-ycar<rld plots using
the acetylene inhibit ion method. Both measurcd
and potential denitrif icrtion rates increased after
clearcutting. Potcnlial denitrif ication rates on the
3- and 10-ycar-old clearcuts were within the same
order of magnitude as the ameunt ofN needed to
balancc thc budget on the 6-year-old clearcut. The
study offers presumptivc cvidence in support of
the theory that the concomitance of NO. relcase
tiom the tirrest floor and microbial denitdfica
tioIr is an imponrnt mechanism tbr N loss during
the post clearcutting assart period. N inputs to
the ecosystem by symbiotic or asynrbiotic f ixa-
tion were neither neasured, cstimated, nor included
in this N budget analysis.
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old{rou/Ur:9.2
3-y€arcld: 12
o.yearcld:9.2

t0-)/ear-old:9.2
25-year-old: 9.2

Forest floor
(measuted)

oldgaov,/rhi 24$.0
3-yeat4tdt 2620.0
6-yaar4ld:1448.0

'1o-yEar-old:1603.0

26-year-old;1969.0

old-growth: 17.6
3-War.oldt 21 2
6-year-old: 16 6

old{rovrtt:
3-y€ar-old:

6ryear-old:
1 o-yoar-old i

\ 20-year-old:

Forest floor
hoddedl Dlrcreoancv

2454.7 +0 3
2687.8 -22.6
2575.0 -375.7

1434.8 +421
1753.4 +13.5

Potentiat \

d€nltrification

7 4 7
134.7

n a .
167 0

Figure L A \irnplc model of.rnnual inputs and ortpuls ofN to the lbfest iloor lbr lhe chnnn)sequence ofstands exanined. l\{ =
measured. F-Nl = cnimated lion nrea\uremcnl!. EL = estxnated from literallrr. n.u. = not alailable. Both mcrsured lnd
nodeled forest fl(r(rr N slorage lalues (in it.rlic\) are rcpoicd in kg \ hll I all othcr \alLres refef lo flu\es and are
rcporlcd ir kg N ha yr r. Discrepilncr' rclcrs to diffefences bet$'ccn mcasured rnd modeled FF N capital cli\ ided by
Ihe nu bcr oi r'cals bct\\een adircenl age clas\cs. Acrual denirfificxtion ritcs on lhe 6 rnd 26-)ear old clcircuts afe
inlefpolrted frorn mcrsurcment on p|oxinate sitc! along lhe chrono\equerrce. For norc details. refef ro Maitlr (1985).
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