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Abstract. Variations in moss peat cation exchange capacity (CEC) and base saturation
(BS) can result in inconsistent initial pH in moss peat-based substrates created using
standard formulas for limestone additions and can lead to subsequent drift from the
initial pH in those substrates. This study was conducted to determine the extent of such
variation. CEC and BS were measured in three replications on 64 moss peat samples that
were selected from three mires across Alberta, Canada, to represent maximum gradients
in plant species composition within six degrees of decomposition acceptable for pro-
fessional peat-based substrates. CEC ranged from 108 to 162 cmol�kg–1 (meq�100 g).
Averaged overall samples, BS ranged from 15% to 71% of CEC and calcium accounted
for 68%, magnesium for 25%, sodium for 5%, and potassium for 1.4% of BS. CEC was
positively correlated to the amount of Sphagnum fuscum (Schimp.) Klingrr. in the sample
(r = 0.22). BS was positively correlated to the amount of sedge (r = 0.28). Neither CEC nor
BS was influenced by degree of decomposition (r = 0.002 and r = 0.08, respectively). Moss
peats with high CEC have a greater buffering capacity than those with low CEC,
resulting in less pH drift. Moss peats with high BS should have a low neutralization
requirement to achieve a target pH. Understanding the species composition in peat-based
substrates can alleviate problems of inconsistent initial pH and subsequent pH drift.

Growers who formulate their own soilless
substrates and companies that sell ready-
mixed soilless substrates face two problems.
First, there is difficulty in attaining consis-
tently initial substrate pH targets using stan-
dard formulas for limestone additions. The
second problem arises when substrate pH
drifts away from the initial target over the
course of production. It is possible that within
or among mires from which moss peat is
harvested, there may be variation in the
amount of ‘‘native’’ acidity to be neutralized
and in the buffering capacity of moss peats.

Two factors that may affect the neutrali-
zation requirement and buffering capacity of
moss peat among batches are cation
exchange capacity (CEC) and base saturation
[fractional calcium (Ca2+), magnesium
(Mg2+), potassium (K+), and sodium (Na+)]
(BS). These properties may be related to the
composition of plant species in each pro-

cessed batch of peat. The physical and
chemical properties differ among the three
types of peat commonly found in horticul-
tural substrates: reed sedge (Carex sparga-
nioides Muhl ex Willd), Hypnum species, and
Sphagnum moss peats (Argo and Biernbaum,
1997; Bunt, 1988; Nelson, 2002; Puustjarvi
and Robertson, 1975). Of these three types of
peat, Sphagnum has been thought to be highly
consistent and consequently and is used most
extensively.

Only three of the 14 species of Sphagnum
are used in commercial peat-based sub-
strates: S. angustifolium (Russow) C. Jens,
S. fuscum (Schimp.) Klingrr., and S. magel-
lanicum Brid. The occurrence and growth
habits of these Sphagnum species may cause
inherent CEC and BS to vary.

Du Rietz (1949, 1954) described the
relationship between trophic status and veg-
etation and distinguished between fens and
bogs within mires. Fens are differentiated
from bogs when pH, higher cation concen-
trations, and higher electrical conductivity
(EC) indicate plant contact with mineral soil
water (Horton et al., 1979). Therefore, fen
vegetation is considered to be minerotrophic.
By definition, bogs are not influenced by
water that is in contact with mineral soils.
Rather, the moisture in a bog is derived solely
from precipitation; thus, bog vegetation is
ombrotrophic (Horton et al., 1979).

Across Canada, trophic gradients range
from ombrotrophic conditions in the treed-
tundra, where vegetation is elevated above
the water table by permafrost, to very poorly
minerotrophic conditions in thaw pockets

(isolated areas of thawed ground) character-
ized by pH 3.3 to 4.1, Ca2+ from 0.01 to 0.14
mol�L–1, Mg2+ from 0.0004 to 0.0123
mol�L–1, and EC from 9.2 to 36.1 mmho�cm–1

(1 mmho = 1 mS) to more highly minerotro-
phic conditions along streams in which pH
ranges from 4.8 to 5.1, Ca2+ from 0.157 to
0.162 mol�L–1, Mg2+ from 0.008 to 0.012
mol �L–1, and EC from 35.6 to 41.9
mmho�cm–1 (Horton et al., 1979).

The three species of Sphagnum used for
horticultural purposes exist in distinct strata
with respect to the water table (Bragazza and
Gerdol, 1999; Mulligan and Gignac, 2001).
Sphagnum angustifolium is a dominant spe-
cies in poor (slightly minerotrophic) fens;
however, it becomes sporadic and scarce in
calcareous regions. It typically occurs in
hollows below S. magellanicum in weakly
to moderately minerotropohic habitats (Vitt
and Andrus, 1977). Sphagnum magellanicum
grows in moist habitats but cannot tolerate
flooding (Kulczyńsky, 1949). It occurs in the
shallower parts of thaw pockets and is found
only on the better developed mounds of
S. angustifolium (Horton et al., 1979). Sphag-
num fuscum most frequently forms islands of
ombrotrophic vegetation, occurring on bogs
above S. magellanicum and S. angustifolium
(Vitt and Andrus, 1977).

The distinct variation in the pH of the
water among the strata in which these Sphag-
num species are found may cause them to
differ in BS and CEC, which are influenced
by the pH-dependent exchange of cations and
hydrogen ions (H+) from organic acid funda-
mental groups (Argo and Biernbaum, 1997;
Helling et al., 1964; Sumner and Miller,
1996). Because peatmoss is harvested across
bogs without respect to speciation, these
differences may affect the CEC and BS,
hence the neutralization requirement and
buffering capacity of the peat used for con-
tainer substrates among batches. This study
was conducted to examine the extent to
which variation in CEC and BS exists among
peatmosses across three mires in Alberta,
Canada.

Methods and Materials

Much of the moss peat used for commer-
cial soilless substrates in the United States
comes from Canadian mires. These bogs are
harvested during June, July, and August. The
harvested moss is stockpiled in windrows at
the edges of the bogs until it is used. In
September 2002, one sample was collected
from each stockpile of moss peat harvested
from three Alberta, Canada, mires, for a total
of 465 samples. These samples were ana-
lyzed for degree of decomposition according
to the von Post (1937) scale (later modified
by Puustjarvi and Robertson, 1975) and
species composition by means of visual
identification by Jean MacDonald (botanist;
Highland Grey Co., Alberta, Canada). Of
these 465 samples, 64 were selected to
encompass a broad range of the three Sphag-
num species and sedge composition within
each of six decomposition stages: H1.5 = almost
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no decomposition to H4 = slightly decom-
posed. Moss peat that is more highly decom-
posed than H4 is not used for commercial
horticultural purposes.

Three samples were randomly chosen
from each of the aforementioned 64 to
comprise three replications. Cation exchange
capacity was measured on �2 g of air-dry,
ground moss peat in a complete random
design using a protocol described by Thorpe
(1973). In this procedure, moss peat was
soaked in 100 mL half-normal hydrochloric
acid (0.5 N HCl) to displace the adsorbed
cations and saturate the moss peat exchange
sites with H+. The suspension was filtered
through coarse, fast filter paper and the
displaced cations were removed with three
successive washes of deionized water (100
mL each). The HCl filtrate and wash filtrates
were combined for each sample and the
resulting solutions were reserved for later
analysis of cation concentration. After the
third wash, the moss peat was soaked in
100 mL barium acetate [0.5N Ba(OAc)2], which
displaced the H+ by saturating the exchange
sites with barium (Ba2+). This suspension was
filtered and the moss peat was washed three
more times with 100 mL deionized water for
each wash to remove the displaced H+. The
combined Ba(OAc)2 filtrate + wash filtrates
solution was collected for each sample and
titrated with sodium hydroxide (0.1N NaOH)
to a phenolphthalein end point (pH �8.0).
Cation exchange capacity was calculated
from the amount of titrant used and expressed
as cmol�kg–1 (cmol�kg–1 = meq�100 g).

The first solution was analyzed for con-
centrations of Ca2+, Mg2+, K+, and Na+ using
atomic absorption spectrometry (Perkin-
Elmer Lambda 3 ultraviolet/DIS spectropho-
tometer, Oak Brook, Ill.). Standard curves
were generated to convert absorbance read-
ings to mg�L–1. Measured cation concentra-
tions were calculated and expressed as
cmol�kg–1. Base saturation as a percentage
of CEC was calculated by dividing the sum of
the cation concentrations by the CEC and
multiplying by 100. Moisture content of the
air-dry moss peat samples was determined at
the time CEC was measured. All data were
standardized to an oven-dry basis.

Cation exchange capacity and BS data
were analyzed by an analysis of variance
using the ANOVA procedure of SAS (SAS
Inst., Cary, N.C.) for differences among the
64 moss peat samples. Means were separated
by Tukey’s honest significant difference (HSD)
at a = 0.05. Degree of decomposition, species
distribution, and measured cation concentra-
tions (cmol�kg–1) were included in a correla-
tion analysis using the CORR procedure of
SAS (SAS Inst.) to determine the extent to
which they were related to CEC and BS.

Results and Discussion

Averaged over three replications, CEC
ranged from 108 ± 7 to 162 ± 23 cmol�kg–1

with the mean value of all 64 samples being
139 ± 15 cmol�kg–1 (Fig. 1). Inherent base
saturation for the moss peats ranged from

15 ± 4% to 71 ± 6% of CEC. The mean BS
was 30 ± 11% CEC. Both CEC and BS varied
significantly among moss peats with the
lowest and the highest values; however, there
was considerable overlap among both mea-
surements of the remaining moss peat samples.

Puustjarvi and Robertson (1975) reported
a range of CEC values in relation to degree of
decomposition from 100 cmol�kg–1 for H1
moss peats to 124 cmol�kg–1 for H5 moss
peats. Cowan (2005) described organic soils
as those that are mostly comprised of moss
peat. He provided a CEC range from 150 to
200 cmol�kg–1 in newly formed organic soils.
Although there is some variation in the
published CEC values, those obtained in this
study are in accordance with the literature.
Base saturation values are compatible with
the findings of Cowan (2005), who states that
peat soils can be up to 50% base-saturated.

The basic cation concentrations as a
percentage of BS were within previously

reported ranges except Na+, which was only
slightly higher (Fig. 2). Calcium accounted
for the largest portion of BS. Bunt (1988)
states that the high CEC of peat (as opposed
to mineral soils) indicates the potential for
greater adsorption of divalent cations (Ca2+

and Mg2+), whereas most of the monovalent
cations (K+ and Na+) remain water-soluble.
One divalent cation will displace two H+.
Thus, divalent basic cations will neutralize
acid more efficiently than monovalent cations.
Additionally, Ca2+ and Mg2+ are weakly com-
plexed with carboxyl groups, making them
readily exchangeable with H+ (Broadbent
and Ott, 1957).

The variation in BS occurred indepen-
dently of CEC (Fig. 1). Although moss peat
samples varied in the amount of exchange
sites, they also varied in the amount of
associated bases. These variations are the
result of the composition of Sphagnum spe-
cies in the moss peat samples (Fig. 3). Moss

Fig. 1. Cation exchange capacities (CEC) and the sum of the basic cations calcium, magnesium, potassium,
and sodium for 64 peatmoss samples from three mires in Alberta, Canada. Significant differences in
CEC are denoted by different letters. Tukey’s honest significant difference (HSD)0.05 = 343.19.
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peat samples with high CEC contained larger
amounts of S. fuscum than samples with low
CEC.

In Table 1, the Pearson correlation coef-
ficients for the relationships of CEC, BS,
degree of decomposition, species composi-
tion, and measured cation concentrations are
listed along with associated P values. From
this table, CEC was significantly correlated
to S. fuscum; however, BS was most highly
correlated to sedge. Sphagnum fuscum is
ombrotrophic vegetation having no contact
with soil surface water; thus, it would have
few associated cations other than H+.

As mentioned earlier, Puustjarvi and
Robertson (1975) found CEC varied with
the degree of decomposition. It seems reason-
able that as the moss peat decomposes, there

would be more ionizable organic acid func-
tional groups exposed. This study encom-
passed about the same species distribution
within each degree of decomposition. The
lack of significant correlation between CEC
and decomposition in these findings may be
explained by the relationship of CEC to
species distribution.

Because of the minerotrophic habitats of
S. angustifolium and S. magellanicum, it may
be intuitive to presume that greater extract-
able Ca2+ and Mg2+ would be associated with
these species than with ombrotrophic

S. fuscum. In this study, although the correlation
was not strong, extractable Ca2+ and Mg2+ are
positively correlated to S. fuscum and nega-
tively correlated to the other two Sphagnum
species. First, the CEC is much higher in
S. fuscum than in the other two species, allow-
ing cations to be present in greater concen-
trations on S. fuscum. Second, although
S. fuscum is found in ombrotrophic, rather
than minerotrophic habitats, the samples
examined here were taken from stockpiles
of harvested peatmoss. The cations other than
H+ associated with S. fuscum were probably

Fig. 3. Cation exchange capacities [(CEC) cmol�kg–1] of peatmoss samples with varying amounts of three
Sphagnum species. A total of 64 peatmoss samples were evaluated. For ease of viewing trends, the
sample with the lowest CEC, followed by the average of groups of eight samples—ordered
sequentially by increasing CEC—are depicted. Standard error bars represent variation among CEC
groups.

Fig. 2. Basic cations as a percentage of the base
saturation averaged over 64 peatmoss samples
from three mires in Alberta, Canada. Ranges of
bases: calcium 57.06% to 82.09%, magnesium
13.66% to 38.06%, potassium 0.26% to 5.50%,
and sodium 1.66% to 11.61%.

Table 1. Pearson correlation coefficients for the relationships among cation exchange capacity (cmol�kg–1), base saturation (% CEC), degree of decomposition,
percent peatmoss species in samples, and measured cation concentrations (mg�g–1).z

Sphagnum species

CEC BS Decomposition Fuscum Angustifolium Magellanicum Sedge Calcium Magnesium Potassium Sodium

CEC 1.00000 0.02367 0.00198 0.22272 –0.04927 –0.23581 –0.08462 0.25483 0.31595 –0.04133 0.22133
0.7445 0.9782 0.0019 0.4973 0.0010 0.2432 0.0004 <0.0001 0.5692 0.0020

BS 0.02367 1.00000 0.07827 0.14124 –0.33498 –0.15886 0.27744 0.95122 0.69705 0.27240 0.14106
0.7445 0.2806 0.0507 <0.0001 0.0277 <0.0001 <0.0001 <0.0001 0.0001 0.0510
0.00198 0.07827 1.00000 –0.23922 –0.11767 –0.10291 0.18928 0.10105 –0.07213 0.10526 –0.08675
0.9782 0.2806 0.0008 0.1040 0.1555 0.0086 0.1631 0.3201 0.1462 0.2315

S. fuscum 0.22272 0.14124 –0.23922 1.00000 –0.52097 –0.31724 –0.36107 0.17467 0.35257 –0.01055 –0.01890
0.0019 0.0507 0.0008 <0.0001 <0.0001 <0.0001 0.0154 <0.0001 0.8846 0.7947

S. angustifolium –0.04927 –0.33498 –0.11767 –0.52097 1.00000 –0.00193 –0.42477 –0.32014 –0.30135 0.11409 0.04064
0.4973 <0.0001 0.1040 <0.0001 0.9788 <0.0001 <0.0001 <0.0001 0.1151 0.5757

S. magellanicum –0.23581 –0.15886 –0.10291 –0.31724 –0.00193 1.00000 –0.17929 –0.23305 –0.21674 –0.00492 –0.04239
0.0010 0.0277 0.1555 <0.0001 0.9788 0.0128 0.0011 0.0025 0.9461 0.5594

Sedge –0.08462 0.27744 0.18928 –0.36107 –0.42477 –0.17929 1.00000 0.25295 0.06480 –0.17770 0.03322
0.2432 <0.0001 0.0086 <0.0001 <0.0001 0.0128 0.0004 0.3718 0.0137 0.6474

Ca 0.25483 0.95122 0.10105 0.17467 –0.32014 –0.23305 0.25295 1.00000 0.68592 0.27352 0.09768
0.0004 <0.0001 0.1631 0.0154 <0.0001 0.0011 0.0004 <0.0001 0.0001 0.1777

Mg 0.31595 0.69705 –0.07213 0.35257 –0.30135 –0.21674 0.06480 0.68592 1.00000 0.01856 0.26509
<0.0001 <0.0001 0.3201 <0.0001 <0.0001 0.0025 0.3718 <0.0001 0.7984 0.0002

K –0.04133 0.27240 0.10526 –0.01055 0.11409 –0.00492 –0.17770 0.27352 0.01856 1.00000 –0.08419
0.5692 0.0001 0.1462 0.8846 0.1151 0.9461 0.0137 0.0001 0.7984 0.2457

Na 0.22133 0.14106 –0.08675 –0.01890 0.04064 –0.04239 0.03322 0.09768 0.26509 –0.084190 1.0000
0.0020 0.0510 0.2315 0.7947 0.5757 0.5594 0.6474 0.1777 0.0002 0.2457

zAbsolute values of coefficients range from 0 to 1 with 1 indicating the strongest possible relationship.
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exchanged from other species with lower
CEC. Because Ca2+ exerts a significant,
positive influence on CEC and BS (Table
1), it may be interesting to study these
relationships with greater depth than was
feasible in this research.

Conclusions

Moss peat samples varied significantly in
CEC and BS. The variation was the result of
the species composition of the samples.
Cation exchange capacity appears to be a
value that is fundamental to the peatmoss
plants and varies by species. The influence of
species on BS is related to Ca2+ and Mg2+

associated with the moss. Cation exchange
capacity and BS are independent properties,
but they both are highly influenced by Ca2+.

Because Ca2+, a basic cation, comprises
the majority of BS, it is reasonable to assume
that moss peats with a high BS will have a
lower neutralization requirement than those
with a low BS. Variations of initial pH of
peat-based substrates among batches may
largely be incited by variations in inherent
pH of the moss peat that is used. Formulators
of these substrates could reduce this variation
by measuring the moss peat BS and adjusting
the amount of added limestone accordingly.

Moss peats with a high CEC have a
greater ability to exchange cations with H+,
allowing for a greater buffering capacity than
those with low CEC. Greater buffering

capacity results in less pH drift. CEC is
highly correlated to the amount of S. fuscum
in a batch of moss peat being processed into
substrates at any given time. Controlling the
amount of S. fuscum may reduce the pH drift
over time that plagues growers and some-
times results in litigation. Further studies are
needed to determine the amount of S. fuscum
required and also to discover whether there
are other inherent properties that affect the
neutralization requirement of moss peat.
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