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Surface mineral soil and foliage associated with Chamaecyparis lawsoniana (A. Murr.) Parl. and Thuja plicata Donn ex
D. Don were sampled at six sites in southwestern Oregon. Total soil nitrogen concentrations ranged from 0.08 to 0.37%.
Percentage exchangeable concentrations of other soil nutrients were 0.0002-0.0020 P, 0.014-0.224 Ca, 0.002-0.018 K.
and 0.002-0.023 Mg. Foliage of Chamaecyparis contained 0.9-1.9% N, 0.11-0.23% P, 0.8-1.9% Ca, 0.67-1.20% K,
and 0.11-0.26% Mg. Foliage of Thuja contained 0.9-1.6% N, 0.12-0.24% P. 1.1-2.0% Ca, 0.52-0.95% K, and
0.06-0.23% Mg. Overall, foliage of Chamaecyparis contained significantly higher concentrations of K, and tended to have
lower Ca:Mg ratios than that of Titian. Concentrations of soil nutrients showed no obvious relation to species occurrence on
a study-wide basis. Within sites where the two species grew together, however, Thuja was associated with higher soil Ca:Mg
ratios and foliar Ca, and Chamaecyparis was associated with higher levels of soil K and foliar N. Foliar nutrient concentrations
showed little relation to concentrations in soil, although low soil Ca, P, and Mg concentrations were reflected in foliage at some
sites. Soils in the study area have higher Ca:Mg ratios and more available N than soils over much of Chamaecyparis' range.
Given the apparent nutritional requirements of Thuja, it seems unlikely that it will significantly replace Chamaecyparis killed
by root rot.

I MPER, D. K., et D. B. ZOBEL. 1983. Soils and foliar nutrient analysis of Chanutecyparis lawsoniana and Thuja plicata in
southwestern Oregon. Can. J. For. Res. 13: 1219-1227.

Les auteurs ont echantillanne le sol mineral de surface et le feuillage de Chamaecyparis lawsoniana (A. Murr.) Parl. et de
Thuja pliant' Donn ex D. Don dans six stations du sud-est de [Oregon. Les concentrations en azote total du sol etaient de
0,08 a 0,37%; celles de P disponible et des elements dchangeables s'elevaient a 0,0002-0,0020 P, 0,014-0,224 Ca,
0.002-0,018 K et 0,002-0.023 Mg. Le feuillage de Chamaecyparis renfermait 0,9-1,9% N, 0,11-0,23% P, 0,8-1,9%
Ca, 0,67-1,20% K et 0,11-0,26% Mg: celui de Thuja renfcrmait 0,9-1,6% N, 0,12-0,24% P, 1,1-2,0% Ca,
0.52-0,95% K et 0,06-0,23% Mg. Dans l'ensemble. le feuillage de Chamaecyparis etait significativement plus riche en
potassium que celui de Thuja. mais son ratio Ca:Mg etait generalement plus faible. En considerant l'ensemble des stations.
la distribution des especes ne semble pas titre fide aux concentrations des elements du sol. Toutefois, a l'interieur des stations
ou croissent les deux especes. Thuja est associe a un ratio Ca:Mg du sol plus elevd et a une concentration foliaire de Ca plus
grande, tandis que Chatnaecyparis est associó a un plus haut niveau en K du sol, et son feuillage a une teneur plus elevee en
azote. Peu de relations ont ete observees entre les teneurs en elements du feuillage et les concentrations dans le sol, si ce nest
que les faibles concentrations en Ca, Pet Mg du sol se traduisaient au niveau des concentrations foliaires dans certaines stations.
Les sols de la region etudide ant des rapports Ca:Mg plus eleves et renferment plus d'azote disponible que les sols en general
de l'aire de distribution de Chamaecyparis. Etant donne les besoins apparents en elements de Thuja, it est peu probable que
cette espece puisse remplacer dune fawn significative le Chamaecyparis tue par la pourriture des racines.

[Traduit par le journal]

Introduction

Chamaecyparis lawsoniana (A. Murr.) Parl (Port
Orford cedar) and Thuja plicata Donn ex D. Don (west-
ern red cedar), members of the Cupressaceae, grow
together infrequently in southwestern Oregon and
northwestern California. Both species are ecologically
versatile, occurring within several vegetation zones and
plant communities, and on a variety of parent materials
(Franklin and Dyrness 1973; Hawk 1977; Meyer and
Amaranthus 1979). Chamaecyparis is largely restricted

'Present address: Six Rivers National Forest. United States
Department of Agriculture, Eureka, CA, U.S.A. 95501.

'Revised manuscript received August 9, 1983.

to a narrow coastal strip in southwestern Oregon and
northwestern California; in contrast, Thuja grows over
much of the Pacific Northwest, British Columbia, and
southern Alaska (Fowells 1965). Climatic requirements
(i.e., sufficient precipitation, high humidity, moderate
growing-season temperature) appear to explain, di-
rectly or indirectly, much of the geographical distribu-
tion of Thuja (Packee 1976; Sharpe 1974; Sudworth
1907), and at least the eastern and southern range
boundaries of Chamaecyparis (Zobel and Hawk 1980).
The cause of the northern range limit of Chamaecyparis
remains obscure, although it may relate to phenological
limitations or a geologic discontinuity (Zobel 1983;
Zobel and Hawk 1980). Both species grow best in
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TABLE 1. Site characteristics

Site name
Site
code

Elevation
(m) Parent material

Predominant
tree age
(years)

1979
annual

precipitation
Imm)

1979 mean
annual

temperature
(°C)

Camas Mountain
Wayside CM 450 Sedimentary 0-125 903( 1557)" 12 .7( 12. 8)"

Coos County
Forest CC 400 Basalt 0-55 1643'' 11.8

Ash Swamp AS 670 Sedimentary 35-60 1431' 12.3
Squaw Lake SL 640 Sedimentary 65-85 1431' 12.3
POCRNAd POC 300 Alluvium/sedimentary' 40-80 1431' 12.3
CRFRNA' CRF 520 Sedimentary 0-130 1431' 12.3

"Climatic data are for Roseburg and Dora in parentheses) (Anonymous 1979): actual precipitation is probably intermediate between these
two stations.

'Climatic data are for North Bend, 15 km north at sea level.
'Climatic data are for Powers, at 230-m elevation, and 15 to 20 km north of the sites.
"Port Orford cedar Research Natural Area.
'Parent materials correspond to plots in the order POr/POp.
'Coquille River Falls Research Natural Area.

relatively moist, protected habitats and require abun-
dant soil moisture at the southern end of their ranges.
Although their southern range boundaries coincide
closely, they seldom grow together on the same site.
We suspected that differences in nutrient relationships
contribute to local segregation and different northern
limits for the two species; Imper (1981) investigated the
possibility. Understanding these habitat differences is
also important for predicting the degree to which Thuja
may replace Chamaecvparis where the latter is being
eliminated by a fatal root rot (Roth et al. 1972).

This paper reports soil and foliar nutrient con-
centrations for Chamaecvparis and Thuja growing at
six sites near the southern end of the Ore gon Coast
Range, including three which support both species,
and relates these nutrient concentrations to the species
distributions.

Study areas
Twelve plots were sampled at six sites in southwestern

Oregon (Tables I and 2. Fig. I). Our choice of sites was
limited by the uncommon occurrence of Thuja within Chum-
aecyparis' range. Emphasis was placed on sampling where
the trees occurred in their highest concentration and where
both young and older trees were present. Some sites were
sampled because of the clear segregation of the two trees on
a local scale, enabling comparison of soils within a short
distance. The sites ranged from having dense Thuja and little
or no Chamaecvparis at Coos County Forest and Camas
Mountain, to common Chamaecvparis with no Thuja at the
Coquille River Falls Research Natural Area.

All sites fall within the Tsuga heterophvlla vegetation zone
(Franklin and Dyrness 1973). Sites at Ash Swamp, Squaw
Lake, and the Coquille River Falls and Port Orford cedar
Research Natural areas, well within the northern portion of
Chamaecyparis' range. have vegetation similar to either

the Tsuga heteropkvIla — Chamaecyparis lawsonianal
Polystichum munitum — Oxalis oregana community or the
Tsuga heterophylla — Chamaecyparis lawsoniana/ Rhodo-
dendron macroph yllum — Gaultheria shallon community
defined by Hawk (1977). Sites at Coos County Forest and
Camas Mountain are similar to the Tsuga heterophyllalGaul-
theria shallot] — Polvstichum tnunitum association described
by Franklin and Dyrness (1973) for the Oregon Cascades.
Weather data from four stations encompassing the study area
are included in Table 1. The site at Camas Mountain is driest,
and has the largest annual temperature fluctuation, being sep-
arated from the coast by part of the Coast Range. The site at
Coos County Forest is most affected by marine fog and pre-
cipitation patterns, since it is located on a ridge which directly
overlooks Coos Bay. The remaining sites, near the southern
end of the Coquille River Valley, are influenced by moist air
driven down the valley during the summer by northwesterly
winds off the ocean.

Camas Mountain (CM)
The plot near Camas Mountain was located in a relatively

dense stand of Thuja on an old-stream terrace, apparently east
of the range of Chamaecyparis. Parent material is probably
sedimentary rock of the Flournoy formation (Baldwin 1974).

Coos County Forest (CC)
This plot was located on an outcrop of marine basalt within

surrounding Roseburg formation sediments. The site lies
close to the northern limit of Chamaecyparis. Although ab-
sent from mature forests in the area, some Chamaecyparis did
occur adjacent to the CC plot (CC(adj.)) and was sampled for
foliar analyses.

Ash Swamp (AS)
Ash Swamp is an old floodplain of the south fork of the

Coquille River. Thuja is restricted to stream banks (plot
ASr- I ) and lower parts of the swamp (plot ASr-2). Chamae-
evparis generally occurs throughout but is most important on
higher ground (plot ASp). Parent material in the swamp is
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Quaternary alluvium. Surrounding hills are underlain by sedi-
mentary rocks of the Tyee and Flournoy formations. Soils are
well developed. The water table in July and September 1979,
and January 1980 was always deeper than I m in the ASp
plot, but varied from over a metre deep (July) to above ground
(January) in the ASr-2 plot, which had gleyed soil.

Squaw Lake ISL I
The forest near Squaw Lake also showed segregation of the

species. Most of the area is dominated by Chamaecyparis and
Pseudotsuga, but relatively pure stands of Thuja grow at the
base of the slope (plots SLr-1. SLr-2) and higher on the slope
in areas where the soil is wetter and heavier textured (plot
SLr-3). Clutmaecyparis (plot SLp) also grows under condi-
tions similar to that present in the nearby SLr-3 plot (i.e.. a
steep hillside drainage): the primary distinctions between the
two plots were the coarser-textured soil and the virtual ab-
sence of Thuja in the SLp plot. Some nutrient analyses were
also made of the soil just adjacent to the SLp plot ISLp(adj.))
which was of heavier texture (surface texture is sandy clay
loam), and coincided with the occurrence of Thuja farthest
upslope at this site. Parent material at the site is sedimentary
rock of the Tyee formation. Soil profiles were most developed
in the SLr-3 plot and adjacent to the SLp plot, and least
developed in the SLp and SLr-2 plots.

Port Orford cedar Research Natural Area ( POC I
Thuja occurs in scattered clumps along drainages (plot POr)

and, rarely, higher on the slopes. Chamaecyparis occurs
throughout but was sampled in a relatively dense stand near
the top of a vertically convex slope (plot P0p). Soil in plot
POr consisted of pockets of sandy alluvium between boulders,
overlain by a thick litter layer. Parent material at POp was
Jurassic-aged sediments of the Galice formation.

Coquille River Falls Research Natural Area (CRF )
This old-growth forest is representative of those supporting

the best growth of Chamaecyparis ("Lobel and Hawk 1980).
There is no evidence of Thuja within the Natural Area. Parent
material is the same as at nearby Squaw Lake.

Methods

Soils
Samples were collected beneath 4 to 10 trees per plot

(n, Table 3) in September 1979. Each sample consisted of soil
collected from 0-10 cm deep at four locations evenly spaced
around a circle one-half the distance from the trunk to the edge
of the canopy. Soil temperature at 10 cm was measured at two
of the four locations per tree, at the times of soil collection.
Field moisture content was determined gravimetrically (8 h.
105°C). Soils were air dried at room temperature, lightly
crushed, and passed through a 2-mm mesh screen. Sub-
samples were ground to pass a 0.30-mm (No. 50) mesh
screen, digested by a modified semimicro-Kjeldahl method
(Bremner 1965a), and analyzed for N concentration with an
HNU ammonia-sensing electrode (Anonymous 1978).

Portions of all samples from each plot were bulked before
determination of other nutrient concentrations. Exchangeable
and total Ca. K, and Mg concentrations were measured by
atomic absorption by the Forestry Sciences Laboratory, U.S.
Forest Service. Corvallis, OR. Exchangeable P was deter-
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FIG. I. Location of study sites, weather stations, and
major cities (see Table I for key to site abbreviations).

mined by the Bray method by the Oregon State University
Soils Testing Laboratory, Corvallis, OR.

Foliage
Trees sampled for foliage were often, but not always, the

same as those sampled for soils. Samples were collected in
September 1979, from one to five trees per species per plot
(n. Table 4), depending on the availability and accessibility
of healthy foliage. Samples consisted of the apical 2 dm
collected from at least four branches; whenever possible
branches which extended in four opposing directions were
sampled. Limited accessibility of foliage necessitated sam-
pling trees of different size and age so that height of the
sample in the canopy varied. Foliage was air dried at room
temperature and stripped of its scaly leaves. Some fine, brittle
branchlets were included in the samples of both species.
Leaves were finely ground, and samples from individual trees
were analyzed for total N concentration by the method used
for soils.

Foliage samples from trees larger than and smaller than
15 cm dbh (diameter at breast height) were kept separate:
samples from all trees of each diameter class were combined
by species and analyzed for other nutrient concentrations.
Concentrations of Ca. K, and Mg were determined by
the method used for soils. P concentration was determined
by the molybdate blue method, using a Technicon analy-
zer (Technicon industrial method 334-74W/B), by the
Department of Soil Science, Oregon State University,
Corvallis, OR. All foliar and soil analyses were converted to
an ovendried (8 h. 105°C) basis.

Statistical analyses
The least significant difference was used to test differences

among soil total N concentrations. Statistical comparisons for
other soil nutrients were not possible owing to the small
sample number after bulking. Significance of differences in
foliar nutrient concentrations were determined with t-tests.

Results

Soil analyses
Exchangeable P and Mg, and total N concentrations,

showed no obvious relation to species occurrence; dif-
ferences in soil Ca and K levels were variable, but
seemed related to species occurrence within individual
study sites (Table 3). Exchangeable Ca was highest in
plots where Thuja was most important locally (i.e.,
ASr-2 > ASp; SLr-1, 2, and 3 > SLp; POr > POp),
and was considerably higher at CM than at CRF. The
four plots where Thuja was absent or rare (ASp, CRF,
SLp, and POp) were among the five lowest in total soil
Ca concentration. Ca: Mg ratios showed an even
stronger relationship to local distribution; with one ex-
ception, Thuja was most important on soils with higher
exchangeable Ca: Mg ratios when comparisons were
made between plots within a site.

In contrast, plots dominated by Chamaecvparis had
slightly greater exchangeable soil K than Thuja-
dominated plots at the same site (i.e., ASp > ASr-2 >
ASr-1; SLp > SLr-2 and 3; POp > POr), and soils
in which Chamaecvparis did not occur (CM, ASr-1,
SLr-3, POr) were four of the five lowest in ex-
changeable soil K.

Concentrations of the exchangeable cations showed
little overall relation to their total concentrations, and
sites with high total K had relatively low exchangeable
levels. Correlation coefficients between total and ex-
changeable concentrations were 0.10, —0.44, and 0.12
for Ca, K, and Mg, respectively.

Foliar analyses
Most differences in foliar nutrient concentrations

between Thuja and Chamaecvparis appeared only on a
local basis (Table 4). There were two exceptions: when
all samples were considered, K was significantly higher
in Chamaecyparis (P = 0.01) and Ca:Mg ratios ap-
peared to be lower (P = 0.10). However, the range for
both values overlapped considerably between species.
In plots where the two occurred together (POp, ASr-2,
SLp) or very close (CC), foliar N and K were consis-
tently higher in Chamaecvparis, while Ca levels were
lower.

Soil—foliar relationships
Foliar concentrations showed little correlation with

soil nutrient levels on a study-wide basis, although soil
Ca:Mg ratios were reflected by that of foliage from
trees less than 15 cm dbh ( r = 0.93 and 0.73 for Thuja
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TABLE 3. Soil (0 -10 cm) nutrient concentrations and Ca: Mg ratios

Plot
designation n

%N"
(Tot)

%P
(Ex)

%CA %K %Mg
Ca: Mg

(Ex)Ex Tot Ex Tot Ex Tot

CM 10 0.08 0.0007 0.082 0.31 0.007 0.18 0.005 0.18 16.4
CC 10 0.31 0.0003 0.075 0.24 0.018 0.15 0.022 1.28 3.4
ASr- I 4 0.23 0.0004 0.024 0.43 0.007 0.32 0.017 0.76 1.4
ASr-2 5 0.37 0.0006 0.210 0.68 0.012 0.52 0.022 0.58 9.5
ASp 10 0.14 0.0008 0.101 0.24 0.013 0.30 0.013 0.49 7.8
SLr- I 5 0.15 0.0017 0.224 0.90 0.016 0.25 0.022 0.84 10.2
SLr-2 5 0.12 0.0008 0.218 0.85 0.010 0.19 0.023 0.82 9.5
SLr-3 10 0.11 0.0008 0.218 0.62 0.006 0.18 0.021 0.89 10.4
SLp 10 0.12 0.0013 0.098 0.30 0.015 0.20 0.016 0.87 6.1
SLp(adj.)" 1 0.0020 0.021 0.14 0.012 0.19 0.002 0.47 10.5
POr 6 0.11 0.0017 0.036 2.81 0.002 1.20 0.010 3.26 3.6
POp 10 0.27 0.0002 0.014 0.10 0.006 0.37 0.004 0.95 3.5
CRF 10 0.15 0.0016 0.039 0.20 0.013 0.18 0.008 0.40 4.9

NOTE: Values are for composites of n samples, except %N. which is the mean for n soil samples: Ex, exchangeable: Tot, total
concentration.

"Least significant difference 10.05 level) for nitrogen values = 0.04.
'Sampled adjacent to SLp within extension of Thaja to top of slope.

TABLE 4. Foliage nutrient levels and Ca: Mg ratios for trees less than 15 cm dbh, and greater
than 15 cm dbh ( marked by asterisk)

Species
Plot

designation n %N %P %Ca %K %Mg Ca : Mg

T. plicata CM 3 1.05 0.12 1.66 0.56 0.13 12.8
2* 1.20 0.13 1.48 0.70 0.06 24.7

CC 5 1.11 0.12 1.66 0.52 0.23 7.2
ASr-1 1 1.60 0.24 1.63 0.89 0.22 7.4

2* 1.11 0.17 1.37 0.77 0.13 10.6
ASr-2 1 1.08 0.14 1.98 0.54 0.17 11.6

2* 1.08 0.13 1.49 0.67 0.12 12.4
SLr-1 2* 1.22 0.16 1.87 0.74 0.16 11.7
SLr-3 1 1.28 0.13 1.82 0.51 0.19 9.6

1* 1.01 0.14 L56 0.53 0.13 12.0
SLp 1 1.34 0.20 1.18 0.81 0.14 8.4
POr 3 1.25 0.16 L20 0.95 0.15 8.0
POp 2 0.94 0.13 1.14 0.55 0.15 7.6

C. lawsoniana CC( adj )" 2 1.31 0.12 1.34 0.67 0.20 6.7
ASr-2 1 1.39 0.11 1.15 0.81 0.11 10.4

1* 1.40 0.15 L46 1.00 0.15 9.7
ASp 2 1.19 0.16 1.38 0.88 0.18 7.7

2* 1.25 0.16 1.46 0.95 0.19 7.7
SLp 2 1.85 0.23 0.83 1.20 0.16 5.2

2* 1.50 0.16 1.46 0.88 0.16 9.1
POp 3 1.03 0.11 1.07 0.78 0.13 8.2
CRF 4 0.90 0.11 1.86 0.78 0.26 7.2

NOTE: Values are for bulked samples from n trees, except ci N which is mean for n trees sampled.
"Foliage sampled adjacent to CC plot: similar conditions.

and Chamaecyparis, respectively). Nutrients with the
best correlations between soil and foliar concentrations
for Thuja were Ca (r = 0.66) and Mg (r = 0.51), and
for Chamaecyparis they were P (r = 0.41) and Mg
(r = 0.37).

In many cases, however, low soil nutrient concen-
trations and local differences in soil concentrations
were reflected in foliar concentrations. Low levels of
soil Ca and P at POp, and soil Mg at CM were associ-
ated with relatively low foliar levels in trees sampled at
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TABLE 5. Folia ge nutrient levels and Ca:Mg ratios reported for Thnja plicata and Chamaet •sparis lawsoniana

Species Footnote %N %P %Ca %K %Mg Ca: Mg

T. plicata a 0.73 0.13 1.16 0.52 0.10 11.6
b 1.27 0.06 1.78 0.52 0.71 2.5

1.13 0.08 1.33 0.53 0.96 1.4
d 1.22 0.10 1.05 0.38 0.16 6.6
e <1.5 0.13 0.10-0.20 0.39-0.78 0.06 - 0.18 -

0.9-1.6 0.12 - 0.24 1.1 -2.0 0.52-0.95 0.06 -0.23 7.2-24.7
C. Iawsoniana 0.92 0.06 1.02 0.30 0.19 5.4

I 0.61 - 1.14 0.06 -0.15 0.50-2.02 0.27 -0.71 0.11 - 0.37 2.3 - 11.7
0.57 - 1.22 0.09 - 0.21 0.54-1.24 0.53-0.84 0.11 -0.30 2.2- 11.3

h 0.55 - 1.39 0.12 - 0.24 0.51-0.92 0.72-0.90 - - -
1.70 0.34 0.59 0.59 0.17 3.5
0.59 0.06 - - -

k 2.49 0.26 - - - -
0.61 - 0.67 0.06-0.07 0.83-1.00 0.27-0.42 0.24 - 0.37 2.3 -3.7

m 0.57 0.09 1.11 0.58 0.30 3.7
0.98 0.09 0.80 0.66 0.18 4.4

* 0.9 -1.9 0.11-0.23 0.8-1.9 0.67-1.20 0.11 -0.26 5.2 -10.4

*Range of values for this study.
"Beaton et a!. (1965) in British Columbia: five 58-year-old trees.
"Gessel et al. (19511 in Washington: one 11-year-old healthy tree.
rGessel et al. (1951) in Washington: three 100-year-old healthy trees.
"Ovington (1956) at Bedgeburv. England: composite of Five 20-year-old trees.
''Walker et al. (19551: deficiency levels for seedlings in culture.
'Zobel and Hawk (1980): range of values for saplings at ten sites throughout Chamaecyparis • range.
'Plocher (1977): range of values for seedlings at four sites within the northern part of Chamaecyparis' range.
'Youngberg (1958): range of values for whole seedlings in three forest nurseries in Washington and Oregon.
'Zobel and Liu (1979): sixteen I I/2-year-old nursery seedlings in Taiwan.
f Leyton (1955): twenty 15-year-old trees from a heathland plantation in England.
A Leyton (1955): same as footnote j but treated with heather mulch.
'Zobel and Hawk (1980): range of values for saplings at three sites on ultramafic soils.
"'Plocher (1977): single bulked sample from seedlings growing in ultramafic soil.
"Unpublished data from McNabb. reported in Plocher (1977). for Chamaecyparis in ultramafic soil.

those sites. In general. Ca levels in Thuja foliage reflec-
ted local changes in this availability in the soil (i.e..
ASr-2 > ASr-1; SLr- 1 and 3 > SLp; POr > POp).

Discussion
Relation of soil-nutrient availability to other soils in the

region
Availability of N in forest soils of southwestern

Oregon may be generally lower than in soils farther
north. Total soil N concentration may be used as an
approximate estimate of N availability (Bremner
1965b; Geist 1977) and, for these soils, was closely
related to N mineralized by aerobic incubation
(r = 0.94 in September (Imper 1981)). Total soil N in
this study ranged from 0.08 to 0.37%. Other values
reported for southwestern Oregon range from 0.03 to
0.24%, often for soils under Chamaecyparis (Bullard
1957; Meyer and Amaranthus 1979; Plocher 1977). In
contrast, Franklin and Dyrness (1973) reported 0.5% as
representative of the Picea sitchensis zone near the
coast, in which Thuja is common. Bollen and Lu (1968)
and Franklin et al. (1968) found a minimum of 0.53%
N in soils along the central Oregon coast under pure

coniferous stands, with much higher levels in soils of
mixed broadleaf-coniferous stands. Bullard (1957)
reported a range of 0.19 to 0.64% N for coastal Oregon
soils, and Tarrant (1948) reported a mean of 0.4 c/c N for
five forest soils in western Oregon and Washington.

Concentrations of soil K, P, Ca, and Mg in this study
showed no consistent differences from values for soils
of coniferous forests north of the range of Chamae-
cyparis in western Oregon (Bullard 1957; Franklin
et al. 1968) or British Columbia (Feller 1977).

Nutrient availability in this portion of Chamae-
cyparis' range may exceed that in its range farther
south, which occurs predominately on ultramafic soils
(Hawk 1977). Ultramafic soils are normally low in N,
Ca, and P, and high in Mg (Walker 1954). Our values
for soil N, P, K, and Ca are generally higher, and soil
Mg values are generally lower than reported for ultra-
mafic forest soils in southwestern Oregon and north-
western California, some of which support Chamae-
cyparis (Meyer and Amaranthus 1979; Plocher 1977;
Whittaker 1960). In particular, these sources report soil
Ca:Mg ratios of 0.1 to 0.9, well below any found in
this study (Table 4). In addition, Chamaecyparis on



IMPER AND ZOBEL
	

1225

ultramafic soils has lower foliar N, K, and P, and higher
foliar Mg levels than trees growing on other soils, such
as the sedimentary-derived soil at Coquille River Falls
Research Natural Area (Plocher 1977; Zobel and Hawk
1980). Our data support this difference; concentrations
of foliar N, K, and P. as well as foliar Ca, are clearly
high, and foliar Mg concentrations are low, compared
with data reported for Chamaecyparis growing on ultra-
mafic substrates (footnotes 1—n, Table 5).

The following conclusion seems reasonable, based
on the data available. Soil sampled in this study, repre-
sentative of where Thuja occurs within Chamae-
cyparis' range, appear to be intermediate between the
relatively infertile ultramafic soils in southwestern
Oregon and soils farther north, more characteristic of
Thuja's range. Availability of N in the range of
Chamaecyparis appears to be low compared with other
forest soils in the Pacific Northwest. Nutrients (in-
cluding N but excluding Mg) are more available in the
study area than over a majority of Chamaecyparis'
range.

Factors related to species distribution
Distribution of Chamaecyparis and Thuja within in-

dividual sites did appear to be related to differences in
soil Ca: Mg ratios, and, to a lesser extent, Ca concen-
trations. Some serpentine-adapted plants require less
Ca than nonadapted plants (Main 1974). Foliar data
from other sources indicate that Chamaecyparis often
has considerably lower Ca levels than Thuja (Table 5),
although both species have higher foliar Ca concen-
trations than most other conifers (Ovington 1956; Zobel
and Liu 1979). Abundant soil Ca seems to be important
to Thuja (Gessel et al. 1951; Krajina 1970), and Thuja
has been associated with relatively high soil Ca: Mg
ratios elsewhere (Feller 1977). Its affiliation with abun-
dant Ca may be related to its reported preference for
soils in which nitrification is vigorous (Krajina 1970).

The greatest K concentration and usually lower
Ca: Mg ratios of Chamaecyparis foliage, in addition to
local differences in soil nutrient concentrations, suggest
a greater requirement for K and Mg than Thuja has.
Some serpentine-adapted plants require higher external
Mg levels to maintain internal levels (Main 1974). Ab-
sence of Chamaecyparis in the area sampled adjacent to
the SLp plot (which had the lowest soil Mg content
encountered, considerably lower than the nearby SLp
soil) and at CM, suggests that Mg is limiting Chamae-
cyparis in these soils.

It is conceivable that Mg limitations may be partly
responsible for Chamaecyparis' range limit. Low soil
Mg at CM was accompanied by foliar levels in Thuja
low enough to have caused deficiency symptoms in
Thuja seedlings in culture (Table 5). The Ca: Mg ratio
in both soil and Thuja foliage at CM is considerably

higher than any reported for Chamaecyparis, or for
soils on which it occurs. CM was the only soil sampled
which has developed on exclusively Flournoy forma-
tion sediments. The northeastern range boundary for
Chamaecyparis coincides closely with the occurrence
of Flournoy sediments as mapped by Baldwin (1974),
and Hawk (1977), in his phytosociological study of
Chamaecyparis, apparently found no significant oc-
currence on this geological formation. Although the
Flournoy is geologically similar to, and often combined
with, the Tyee formation, there is some question as to
whether the two originated from the same source
(Baldwin 1974). This evidence seems consistent with
the hypothesis that a residual ultramafic influence in the
Eocene sediments covering Chamaecyparis' northern
range contributes to its occurrence there (Zobel and
Hawk 1980). On the other hand, large chemical differ-
ences between the Tyee and Flournoy formations do not
seem to have been described. Even so, in the absence
of convincing evidence to account for its northern range
limit, the effects of soil Mg status on Chamaecyparis
seem worth investigating.

Although climatic differences between the CM site
and Chamaecyparis' range may be responsible for the
absence of Chamaecyparis at CM, this seems unlikely.
The CM site was, climatically, the most extreme site
studied. However, one observes a local pattern of distri-
bution within Chamaecyparis' range in which Thuja
invariably occupies more mesic, protected environ-
ments than Chamaecyparis, a pattern also reported else-
where (Franklin and Dyrness 1973; Hawk 1977). This
would seem to indicate that climatic factors may not be
excluding Chamaecyparis from the CM site.

Occurrence of Thuja has been associated with rela-
tively high levels of soil N (Alban 1969; Forristall and
Gessel 1955; Krajina 1970; Larsen 1940). Little cor-
relation was seen here, with Thuja occuring on soils
with both the highest and lowest total N concentration.

Our data are not optimal for discriminating between
the habitats of the two species because, at some sites,
soil samples collected beneath both species were bulked
before analysis. Of course, most soil and biological
properties of a site are interrelated, and species distribu-
tion responds to factors other than those we studied. We
cannot eliminate the possibility that distribution of the
two species we studied is influenced by factors besides
soil chemistry; of many possibilities, soil moisture
seems the most likely to be important. Determining the
causal relationships among properties of soil and the
trees which occupy it is difficult, probably impossible
(Major 1961). Perhaps we must be satisfied to demon-
strate whether or not a relationship between species and
soil does indeed exist.

In summary, the results of this and other studies
suggest that Thuja, throughout much of its range, gen-
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erally grows on soils which provide relatively large
amounts of Ca and N, or which have relatively high
Ca: Mg ratios. In contrast, Chamaecyparis often is
dominant on less-fertile ultramafic soils, in which avail-
ability of N and Ca, and the Ca: Mg ratio, are usually
relativel y low. The sites studied here, where Thuja oc-
curs together with Chamaecvparis, appear to be among
the most fertile of Chamaecvparis' range. It seems un-
likely. from a nutritional standpoint, that Thuja will
ever replace Chamaecvparis over most of its range,
even as Chanzaecyparis' importance declines owing to
spread of fatal root rot.
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