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Introduction

After N. P is the second-mos1 imporlanl nutrient
l imiting grorvth in dd-growth cutovers rn areas
of high raintall on northerl Vancouver Island. a
situation rvhich may affect lalge areas of coastal
tsritish Columbia (BC) (Prescott and Weetman
1995). Climatic differences atfect P cycling in
forests; afier harvest disturbance, the high rain
lall on most of thc wcsl coast may incrcasc thc
possibil i ty of losses of P due to leaching. Despite
the controversies sun-ounding tbrestry in coastal
BC. little is knorvn about key nutrients such as P
h forests, much of the plant available P is in or
ganic lbrms that can be analysed by solution irP

nuclear nagretic resonance (NMR) spectroscopy
of NaOH extracts (Cade MenunandPreston 1996.
Grcsscl ct al. 1996). This stud_v- cxamincd zonal
difterences in P lbrrns ancl availability in the Coastal
Forest Chronosequence (CFC) sites ( see Trofymow
and Pofier. this issue) ofValcouver Island.

Methods and Materials

Mineral soil 1<2 nm fraction) was sanpled l'rorr
four pils pcr plot of thc CFC sites at dcpths of 0-
10. l0-10. and 30-50 cm. Extractable P rvas de-
termined using the Bray I procedure, and total P
of soils and NaOH extracts were detennined by
an aqua regia digestion fbllou,ed by inductively
coupled plasma atonic enrission spectroscopy. The
lrP NMR study rvas caried out on plot level com
posile slnples. They werc extracted wiLh 0.-5 N
NrOH. followed b1 a Clhelex treatnrent to reduce
the c(mtent of paramaenetic cations (Cressel et
rl. 1996). Solutions lbr'LP NMR were prepu-ed
in NrOD using 0.2 g of tr-eeze-dried extract. So-
lution 'rP NMR spectra were obtirined on a Bruker-
MSI- 300 NMR spectrometer (Cade-Menun and
Preston 1996: Gresselet al. 1996). Peakareas rvere
intcgratcd trncl cxprcsscd as pcrccntagcs of thc
k)trl spectrrl r lea.

Results and Discussion

Table I summarizes data 1br total. available and
NaOH-cxtractable P by depth and subzone (stand
age (sere) data not shown). Availablc P rvas much
higher on the east side. For the r'"est side, alail-
able P tended to incrcasc with stand rge. $ ith the
old-grovth stands having the highest available P
values (all <10 ppm.). There rt,as much lcss con-
trast by subzone tbrtotal P than fol available P For
the east sidc. total P ranged from 500 to E50 ppm.
and didnot dilTer signitlcanth by scrc. Forthe west
side, toti P values telded to increase with sland
age, athough thc ctTcct *,as not significant.

T,A.BLE 1 . Total avai hble ( Bray I ) .rnd N aOH e\tractablc P
(mg/g) by deplh and Nbzone in <2 mm rrineral
soil o{the CFC plds (st.rnd d elll)r in brackets).
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The NaOH extracted 50 65% of total P, cx-
cept for the 1(130 cn u,cst-sidc samples; P ex-
tri. icted in these samples was much lo*er and in-
creased l'rom 10qa b 12% r,ith stand age. This
may indicate a higher proportion of P bound in
non-extractable organic matter or occluded min-
cral phosphates. Figure I shows typical rrP NMR
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spectra and structural assignments (Cadc-Mcnun
and Preston 1996. Gressel et al. 1996). The sharp
peak l i  ' r , ' r th ,  'phr ' .phr lc  P  r r  r r .5  ppm i \  no l  ron l
pletely resolved tiom the broader signrl of phos-
phatc monoestels at:1.9 ppm. Phosphate diesters
are found at 0.l ppm, pyrophosphate at -:[.0 ppnr
and phosphonate ilt 20 ppm.

Figule I i l lustr-ates the drarnatic subzonal dif-
ference in NaOH extractable P forms. East side
sites had a much higher proportion oforthophos-
phate P, rvith smaller amounts of monoester-and
pyrophosphrtc P Wcst-sidc sitcs had a lowcr pro-
pofiion of orthophosphate. $,ith more P as mono
and diesters and pyrophosphate; many samples
also containcd phosphonatc. Soils in natural sitcs
tend to have a lo$,er proportior oforthophosphate
P rn ,J  r  h ig  her  J i r  e r . i t r  r , l ' ,  r r !an  ie  P  i  ' r rn . .  u .p .  -
cially where deconposition is l imited by cool.
wct conditions. Dicstcrs are tr rclatively available
pool of organic P that are associated with high
plecipitation. and generally decrease or disappear
$,ith clisturbrncc or cultivation.

Thc NMR rcsults arc consislent wilh greater
nutrient availabil ity and fi ister cycling on east-
side sites. While total P is only slightly lorver on
west-side sites, available P levels are much lower-
Variations in NaOH ertractability indicate that P
may be deposited in less available lbrms at l0
30 cm depth on the west side. This effect decreases
with increasing stand age, and is back in the nor
mal range tbr the old-grewth plots. This suggests
that on the west side. haNesting nay have in
er t  r .c r l  l cueh inE l '  l rb r  l c  P  rn . l  i t .  . cquc . t r l t i  t t
in less available forms at 30 50 cm depth, with
the effects lasting longer thiin 80 years (the mean
agc of f ic maturc plots).

Sirnilar rcsults wcrc tbund in a study l ionr
northem Valcouver Island, up to ten years after
harvesting (Cade Menun 1995). These sites also
hrd low avrilable P i ind a high diversity of or-
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