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Characterization and Transformations of Organic Carbon Pools by
13C CPMAS NMR in Coastal Forest Chronosequences of Southern
Vancouver lsland

Introduction

Srudies of forest C pools rarely charactc zc thc
organic C components. Analysis is difficultbecause
of the complexity of the biomass inputs and their
subsequent nricrobial and chemical transformations.
We are using solid state nuclear magnetrc resolrtnce
spectroscopy with cross-polarization and magic
angle spinning (rrC CPMAS NMR) (Baldock and
Prcston 1995; Preston et al. 1990. in press) to char
acte.ize selgcted organic matter pools of the coastal
forest chronosequence (CFC) projcct.

Methods and Materials

Dctailcd infbrmation on the CFC study sites and
sampling is provided elsewhere (Trofymow and
Porter, this issue). The NMR study was carried
out on plot-level composite samples, except 1br
coarse woody debris (CWD), for which selected
samples were analysed. Two categories ofwoody
debris were examined: fine rvoody debds (FWD)
<l cnr in dianreter. and CWD>12 cm diameter.
The CWD was identitied to species Douglas
lir (.P.s e udot s u ga nen :. ie.s i i), $ estern hemlock
(.Tsuga heter4*tlla) and wcslcm rcdcedar (Tfirta
plic.rt r) \\,here possible, and assigled a decay
class of I to V in the tield (Preston et al. 1990, in
press). Forest f loor (sieled to <8 mm) was scpa-
ratcd into LFH ancl l ive roots (LFH-ROOTS).
Water-floatable organic matterhoots were sepa
rated tiom the 2-E- and <2-rnn l iactions of l0-
30-cm depth mineral soil. CPMAS rrC NMR was
caried out using a Bruker CXP 100 spectrom-
eter (Preston et al. in press). Spectra were divided
in to  chcmi i : t l  .h r f l  f cg iun .  \ \  ho . (  r feJ .  \ \e rc  in -
tegratcd and expressed as a percentage of total
area. Proportions of liglin and polysaccharide C
were detcrmincd for CWD only (Preston et al.
1990. in press). Data for other pools were analyscd
using principal conponent analysis (PCA) with
thc rt; lativc NMR arcas as varirbles.

Results and Discussion

As previously found (Preston et al. 1990), CWD
samples from both cast- and westside sites (zone)
and all stand ages (sele) showed an initial phasc
ol non-sclcctive loss (decay classes I to III), fol
lowed by selective loss of polysaccharide and
accumulation oflignin in classes IV andV (Preston
e l  u l .  in  p res . r .  F ipure  I  .hou '  the  prog lcs . ion
for Douglas-fir wood, with decrease ofthe sharp
po l l .acchar ide  peak  (73  ppm) .  and incrc r . rnE
prominence of the l ignin teatures. includirg
methoxyl C at 57 ppm and phenolic C at 148 ppm.
This pattern suggests a transition from white rot
fungi to brown-rot fungi in thc final stages. with
little alteration of the remainirg lignin (Baldock
and Preston 1995).

Rcprc \ r 'n lJ l i \e  \ fe ! l r . r  u l  lhe  o ther  o rg i ln ic
carbon pools are shown in Figurc 2. Spectra of
FWD (Figure 2a) u'ere simiJar to fresh or slightly
decomposed wood. They had rclativcly sharp fea-
tures dominrted by the peaks tbr polysaccharide.
but also showed features due to tannins (phenolic
pctrks at l:15 and 155 pprn) and suberin (alkyl
peak at 30 ppm) from bark. The FWD spectra
rvere similar to each other. with littlc cft'ect of
sere or zone. Spectra of LFH-ROOTS had sharp
features, and considerablc variation in their tan-
n in  rn , l  suher in  ( , rn lcn l \ :  no te  Lh t l  the  r ro lna l i c
C signals originate largely from tannins ratherthan
lignin. Olcler and west-side sites tended to have
higher aromatic. phcnolic, and alkyi C (e.g. Fig-
ure 2b), presumably associated wiLh increasing
proporlions of tannin and subedn in roots.

Thc LFH spectra had broader peaks than those
of FWD or LFH-ROOTS. due to an incrcascd
extent of decomposition (Figure 2c). For LFH.
positive scores on the lirst principal component
(PCl) were associated with increasing l ignin
(woodyorigin.), andnegativc PCI scores with tbrest
l luur derir ed from Iittel and root.. u ith prumincnt
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figure 1. SoLi&strte rC CPIUAS N Nl lt spectra ol DorLglas
ir CWD ol dillefent dec.r! clrs\es.

features of tannils, cutin (sharper alkyl signal at
30 ppm) and suberin. For PC2. the largest load-
ing was positive for carboxvl C. associated with
increasing oxidation. There was a zonal effect,
with more ofthe west side sanples having higher
PCI  sc r r le r  rm, r rc  u , ' r ' r l )  inpu t r .  Th i .  i5  con5 i .
tent with the greater detrital C accumulations on
the west side (Trotymow and Blackwcll. this is-
suc). The hck of a sere eflect in this and other
pools may reflect the l imitcd hisk)ry of logging
in this region, so that disturbed sites sti l l  largely
retlect accumulated legacy carbon.

Spectra ofthe 2-8 mm floatables showed high
variability. rvhich *,rs not generally related to sere
or zone. but to individual site inputs of charcoal
(aromatic peak at 130 ppm, Figurc 2d). tannin
(similar to Figure 2b). or wood (browt lot resi-
due. similar to Figure l. decav class V). The
samples with a charcoal tingerprint were all fion.r
the east side, while the two san.rples with a dis-
tinctive woody signature $,ere fiom the west side.
Similarly, the spectra ofthe <2-mm f'loatables did
not sho\r'consistent sere or zone variation. but
mLl rc  c l lenu i l l cL l  l . ' l tu re . , ' l  u , 'od)  o r  l lnn in  in
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Figure 2. Solid shre 'C CPNIAS N\{R ipectra of organic
mattcr liom CFC sites (code Sires plot and.,onc).

put (increasing l igniD content along PCI). They
also showed more variation in degree of decom-
pos i t ion .  w i th  PC2 rssr r t iu ted  w i th  inerers ing
carboxyl C and higher alkyl/O-alkyl C ratio
(Baldock and Preston 1995) (Figure 2e).

In summary. rrC CMPAS NMR spectroscopy
was used to charactedze organic matter pools in
CFC sites. The use of PCA provided site specilic
insight into inputs, decomposition processes, and
nature of past disturbances. and indicaled that
natural biogeoclimatic forces still dominate car-
bon pools in CFC project sites.
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