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Decomposition of forest litter 1s a complex process
involving interactions between physical, chemical and
biological factors. As litter decomposes it is chemically
altered. Catlon exchange capacities of litter represent a
means of characterizing the number of hydrophilic acild
groups. Some kind of soll-root lon exchange mechanisms are
utilized by the plant for uptake of most nutrients.

Cation exchange capacitles were determined by ammonium
seturation and subsequent Kjeldahl distillatlion. Solvent
extractions of some litters were made with waﬁgr at three
different temperatures, and with isopropanol, ethanol,
acetone, water, NaOH, and HCl. The extracted litter was
used for CEC determlnations.

A variety of forest floor materials from different
forest types in Eastern North America and Oregon were used
in this study. L, F, and H layers were used to deternmine
the effect of decomposition on CEC. Significantly increased

CEC magnltudes with increased decomposition was shown for

- the Oregon samples. FEastern forests also showed increased



CEC's with increased decomposition except where high ash
contents of an H layer resulted in lower CEC values.

Litter samples from the varlous Oregon forest types
showed significant differences 1n CEC’s between vegetation
types. Litters from more productive timber sites had
greater CEC values for L and F layers than litter from less
productive sltes.

Organic solvents extracted significantly less material
from litter than lnorganic solvents. Hot water extracted
more material from litter than cooler temperature water.
CEC's of litter extracted with . organic solvents were lower
than CEC's of litter extracted with iInorganic solvents.

Litter collected from streams showed CEC values for
bark to be highest and twigs to be lowest. Litter that
was more hlghly decomposed by stream activity had higher
CEC's than less decomposed samples.

Pre- and post-logging samples that represented combined

L + F+ H layers did not show significant differences in CEC

values between vegetation types.
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(ﬂ INTRODUCTION

Forest floor litter 1s probably the most actilive,
dynamic phase in the forest ecosystem. It is subject to
intense mlcroblal activity, large scale blilologlcal, chemical
and physigal alterations and extreme cllimatic fluctuations.

The forest floor layers are of great importance to
several aspects of forest management. Regeneration of one
tree species may be favored over another by eliminating or
disturbing the forest floor. Differences 1n soil humus
types have been used to predict site quality for timber
productivity (Ovington, 195%4).

Decomposition of forest litter is a complex, mutable
process involving Interactions between physical, chemical
and bilological factors. Cation exchange capaclties
represent a means of characterizing the number of hydro-
philic acld groups. Cation exchange capaclties have been
suggested (Kyuma and Kawaguchi, 1966) as gilving an

indication of the stage of decomposition.
Objectives

The three major obJjectives 1In this study were to
determine the effect c¢f: 1) litter decomposition on cation

exchange capacity of the forest floor; 2) vegetation on

E;h




REVIEW OF LITERATURE

The chemistry of the forest floor plays an important
role in the nutrient cycles of a forest. These c¢ycles are
dependent upon several factors, including the type of =
vegetation returning organic debris to.the forest floor and
the condltions under which that debrls 1s decomposed.

Leaves and other litter accumulate on the forest floor
and are subjected to decomposition by soll macro- and micro-
organlisms. Nutrients are gradually liberated or altered to
forms available for plant uptake. Among the nutrients
recycled, calcium, magneslum, and potassium are of primary
importance in the nutrient return from the forest floor.
Much availzble nitrogen is also obtained from decomposing
organics, as well as some phosphorus and sulfur. As plants
take up the required nutrients and dispose of wastes, roots
and soll exchange lons. The mechanles of such catilonic
exchange of the forest floor will be dlscussed in the

following review.
The Forest Floor

Organic layers overlying the mineral layers are
characteristic features of forest solls. These organic
layers, formed from plant and zanimal residues, are referred
to 2s the litter layers, or forest floor.

Humus substances formed beneath different forest types
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show different characteristics which reflect several inter-
acting factors of formation. The kind of vegetation, the
species and numbers of decomposing organisms, the macro- and
micro-climatic regime, disturbance factors, topography, and
makeup of the mineral soill all affect the kind of organic
layers formed and thelr chemical composition.

A classification scheme of forest humus types devised
by Hoover and Lunt (1952) could be practical when applled to
forest management. The scheme describes three possible
layers occurring under forest condltlions and designates them
as: L, F, and H. The following description (Millar, 197k)
relates these different layers tc the standardized 01, 02,
Al horizon nomenclature: |

L freshly fallen, undecomposed litter.

(01) F1 dark brown, intact recognizable plant
parts, extensively colonized by fungi.

F2 greylsh, fragmented, compressed recog-
nizable plant parts contalining hyphal
fragments and animal faeces. MWesophyll

collapsed.
(02) H humus-like amorphous mass of animal
faeces, plant and microbial fragments.
(A1) - - an intimate mixture of humus and mineral
s0il.

These layers reflect successive stages of decompo-~
sition. The L layer of newly deposited material has not
been extensively degraded elther physically or chemlcally.
The F layer represents material that has been substantially

broken down through biological or physical action. The F
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layer materlal is not yet unrecognizably different in
appearance from the originaily deposited litter. The loose,
amorphous dark material that generally represents the H
layer has been conslderably altered. Its physical appear-
ance and chemical composition differ markedly from the
freshly deposited material representative of the L layer.

The presence or absence of these layers, and the rela-
tive incorporation of the H layer Into the mlineral soil are
used to describe the forest floor type. The key devised by
Hoover and Lunt (1952) recognized three general types:

(1) Mull: the H layer 1is absent, and organic
materials are intimately mixed with mineral soil; transition
between Al and lower horizon 1s gradual; ¥ layer may or may
not be present.

(2) Duff mull: With characteristics of bcth mulls and
mors, this type has H and F layers, with an underlying Al
horizon which is simllar to that of a true mull; transition
from H to Al and mineral soll beneath is gradual.

(3) Mor: There is practically no mixing of organic
materials with mineral solil and an abrupt boundary exists
between from the surface organic layer and thz underlying
horizons; the H layer 1s present except with an Imperfect

mor.

Litter Production

- Large volumes of plant debris, Including leaves, twigs,




branches and entire steﬁs, are added annually to forest
floors. The rates, times and quantities of addition vary
from forest to forest. Bray and Gorham (1964) reviewed
world-wide forest litter production and the factors
affecting litter production.

The components of litter are described by Bray and
Gorham as leaf, fruilt, branch, bark, and other. The latter
category includes flowers, bud scales, fragments, epiphytes
and insects. Leaf material generally constitutes 60-76% of
litter, branches 12-15%, bark < 1-14% and fruit< 1-17%. Non-
leaf litter components are generally higher for anglosperms
than gymnosperms, and warm temperate forests have a higher
percentage of non-leaf litter than cool temperate forests.
The authors emphaslze the difficulty in sampling tree stem
litter due to the irregularity of fall patterns, and the
great influence of even a single, large tree.

Gymnosperms, Bray and Gorham state, yleld about one-
sixth more total litter annually than anglosperms, although
there are some exceptions to thls generalization. Besildes
the varlatlons caused by specles type, the authors belieﬁe
litter fall to be strongly iInfluenced by climate and
latitude. For example, litterfall in artic-alpline areas is
an order of magnitude less than litterfall of equatorial
areas. The higher temperatures, longer growlng season and
greater amount Qf_insolation during the photosynthetic

omfal areas are of great importance to

e e e
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( litter production.

Litter production 1s aiso greatly influenced by site
class (Bray and Gorham, 1964). Generally, increased litter-
fall 1s assoclated with better site quality. Hence, site
gquality estimates can be made from litterfall measurements.

Gloaguen and Touffet (1974) give litterfall values of

3175 kg/ha/year for an atlantic beech (Ilex aguifolium L.)

forest in France. The younger stands had a smaller total
production than the mature stands. About 86% of the total
litterfall was leaf litter.
Egunjobi (1974) measured litterfall in a teak (Tectona

grandis) stand in western Nigeria, a dry forest zone. The

& mean annual litterfall weighed 9024% 882 kg/na, with about
90% consisting of leaf litter. The volume of teak litter,
formed in a warm reglion (079 10'N, 03° 52'E), was nearly 3
times the volume of beech litter produced in a cooler region,
nearly 350 more northerly.

A jack-pine (Pinus banksiana Lamb) stand in Ontario

(46° 21'N, 83° 23'W) in the Great Lakes-St. Lawrence forest
region was studled by Foster (1974). Annual litterfall for
the 30 year 0ld stand was 3729 kg/ha. Bray and Gorham
(1964) indicated 3000 kg/ha/year as average litterfall in
cool, temperate conifer forests.

Litter production in the Hubbard Brook Experimental

e e forest in New Hampshire-was found to averag§_5)702 ke/ha/ t; :

year according to Gosz et al. (19725( The m;xed'hardﬁde;x




overstory contributed 98% of the total production. The
shrub layer contributed 68.4 kg/ha/year or 1.2% of the total.
The herb layer contributed 45.6 kg/hafyear or 0.8% of the
total.

A study by Moir (1972) on lodgepole pine (Pinus
contorta Dougl.) stands in Colorado showed litterfall values
averaging 4,600 kg/ha/year. About 68% fell as needles, 10%
as branches, 18% as cones, and 4% as bark.

Tarrant et al. (1951) studied litterfall in Pacific
Northwest forests. Lower values than the averages given
by Bray and Gorham (1964) were seen for all species. The
highest litterfall was recorded for western red cedar (Thuja
plicata Donn), 2145 kg/ha/year,'and the lowest for lodge-
pole pine, 286 kg/ha/year.

Abee and Lavender (1972) studied litterfall in old-

growth Douglas-fir (Pseudotsuga merziesii (Mirb) Franco) in

the H. J. Andrews Experimental Forest in the western Oregon
Cascades. The average litterfall was 5,891 kg/ha/year.
About U47% fell as needles, 14% as reproductive structures,

33% as wood material, and 6% as hardwoods and mosses.
Litter Decomposition

Leaf and other plant tissues comprising litter may
begin to decay while still attached to the living plant.
Decomposition in the phylloplane is initially through attack

of the easlly decomposable sugars exuded from the leaf
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jDecomnosition of the cellular cons titueﬂts be,inu as the

surface, or released through insect or other structural
damage. As the leaf senesces mlcroorganisms can penetrate
the cuticle and commence attack on the cell walls (Satchell,
1974). Released materials may then be leached from the
canopy through precipitation. Although decomposition
processes in the forest canopy have not been widely studied,
many of the compouncds present in the leaf are utillzed by
microorganisms and leaf decomposition 1s probably well
started by the time foliage reaches the ground as litterfall
(Jensen, 1974). Of course, decomposition of litﬁer at the
ground surface is more rapid than decomposition of follage
in the canopy.

Whether in the canopy or at ground surface, certain
plant constituents decompose more raplidly than others.
Starches, sugars, proteins, and amlno aclds were considered
by Waksman (1938) to‘be rapidly attacked, and lignins to be
resistant to decomposition. The water-soluble substances
are utilized readily by the decomposers. Cellulose and
lignins are more slowly attacked (Marten and Pohlman, 1942).

Minyard and Driver (1972) studied decomposition of
Douglas-fir neeﬂios by detecting changes 1n solubllity.

They described primary decomposition through changes in
solubilities of organic residue components. The authors

concluded that the primary processes of decomposlition occur

7on the needle surfacb with the decomposition of tne waxes.

3




( waxes are depleted. The thick, waxy cuticle of needles
consists of high carbon contalning compounds which are ester
and alcohol soluble (lMillar, 1974). These waxes are slowly
weathered while needles are still attached to the tree
(Millar, 1974).

Surface litter deposits are subject to severe, non-
blologlcal deéomposing action, as well as blologlcal action.
Abrasion, wetting and drying, leaching, raindrop and other
projectile impact cause fragmentation and chemical altera-
tion. In addition, biological decomposers utilize the
organic debris for food as a carbon substrate.

In the forest ecosystem, litter constitutes a large

4 nutrient reservoir. The release cf these nutrients for
plant use is controlled primarily through the activities of
the decomposer blota. The principal decompesers of organic
debris are microorganisms, although macrcorganisms such as
litter-feeding invertebrates also play a large role.

Wide variations 1n decomposer populations ecccur under
different ecosystems. Seasonal fluctuations of organism
populations occur, as well as a successlonal pattern in a
glven time over a defined area. Within the litter layers,
organic substrates are colonized by successive conmunities
of microorganisms, wlith each community impact altering the

micro—habibat (Gray and Williams, I971).

tgggteriai‘ 'nfggndlgn,;@gnlargest numbers in_leaf h,ff_';x~
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heterotrophs, which must utilize an organliec substrate, vary
greatly In thelr physiology and resulting blochemical

changes. Bacillus and Pseudomonas are promlnent among those

using simple carbon compounds, and often have a population
flare-up with additions of fresh material to the soil (Gray
and Williams, 1971). As the more readily availlable sub-
stances are utlilized, these populations dwindle. The next
successional wave of bacteria must utilize the more complex
substrates remaining. Soluble carbohydrates, starches,
pectins and soluble nitrogenous compounds are initially
decomposed by bacteria and rapid-growing fungl. Simple
polyphenols and other soluble substances also tend to dis-
appear in the primary decomposition stage (Jensen, 197h).

Bacteria initially increase greatly in number after
autumn litterfall of deciduous forests. The population
increase 1s correlated with an increase in pH and the dis-
appearance of soluble organics (Jensen, 1974). Saito (1956)
determined that the F layer contalned the highest bacterial
count.

Coniferous litter is initially colonized by bacteria,
Ascomycetes, Deuteromycetes, and some Basidiomycetes (Millar,
1974). Fungal flora play an Important role in needle decon-
position. The role played by bacteria in decomposition of
acid litter is unclear (Millar, 1974).

Actinomycetes are nearly as numerous as bacteria in the

organic layers. Organisms such as Streptomyces are able to




‘7}L ually pass—through the intestinaT tracts of nacrom-and
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attack many resistant substances: cellulose, keratin and
chitin (Allison, 1973).

Fungi are also numerous in the soll, and their mass can
be greater than the mass of bacteria or actinomycetes.
Fungi, such as some Baslidiomycetes and Ascomycetes, readlly
attack cellulose, lignins and other resistant substances
(Allison, 1973). Fungal succession follows a pattern
simllar to bacterial successlon. Rapld developers comprise
the first fungal successional wave, although bacterial
populations are dominant. The second wave of fungal decom-
posers attack cellulose and similar resistant compounds with
fungl now playing the dominant role. Basidiomycetes are the
primary organisms involved in ﬁhe degradation of lignins,
and the decomposition usually takes place in the F or H
layers, or after the organic material has become incor-
porated into the mineral soil (Jensen, 1974).

Leaf feeding invertebrates can degrade litter in large
amounts, forming substances that stimulate microbial popu-
lations (Bocock, 1964). The fragmentation of litter by
arthropods increases the surface area. This increased areaza
1s subject to eghanced microblal attack as well as greater
leaching effects (Gist and Crossley, 1975). Macroorganisms
generally graze on freshly fallen materials, but some
utilize degraded matter. Many researchers belleve that

_nearly all of the decomposing litter materia's w111 event—
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mesofauna (Jensen, 1974). The intake of litter organies by
arthropods has been related-to the content of polyphenols
present, and thelr possible tendency towards formation of
less digestible complex protein precipitates (Williams and
Gray, 1974).

Lumbricid earthworms are an important group of macro
invertebrates. Edwards and Heath (1963, from Lofty, 1974)
believed these oligochaetes to be responsible for up to 78%
of the total litter disintegration. Earthworms also remove
leaf and other litter from the surface and move 1t down
through the litter layer to areas of greater microbilal

activity (Lofty, 1974).
Cation Exchanging Substances

Jon exchange is an important characteristic of solls
since most plant nutrients are obtained through some soll-
root exchange mechanism. The interchange between a catlon
in solution and another cation held by some substance is
termed catlon exchange capacity (CEC). Several components
of soil demonstrate phenomena of adsorption or ion-exchange.
Clay minerals often dominate the inorganic fraction wilth
respect to lonic exchange reactions. These clay minerals
generaily ére grouped into 1l:1 kaolinitic types, 2:1
expanding smectlites, 2:1 non-expanding types and the 2:2
chloritic types. Materlals of these groups behave differ-

ently in their exchange reactlions.
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The organic fraction of soils 1s less precisely defined
than is the inorganic fraction. This 1s due partly to the
isolation difficulties of the oroanic fraction, but also to
the extreme multiplicity and diversity of the organic com-
pounds In the soil. The capacity of soll organic materlals
to bind reversibly exchangeable cations is not well defined
(Flalg et al., 1975).

Waksman (1938) stated that humus chemically was com—
posed of certain constituents of the original plant or
animal material which was resistant to further decomposition,
as well as consisting of compounds resulting from bilodecom-
positlion and biosynthesis by the micro- and macroorganisms.

Much later Felbeck (1971) summarized several hypotheses
to describe formatlion of humus materials. The Influence of
the type of plant materials either st ongly affects the kind
of humus formed or is inecidental to 1t, depending on whilch
hypothesis 1s accepted. However, Felbeck emphasizes the
fundamental role of microorganisms in all of the theorles.

Humus, then, is a mixture of various substances formed
through microbial action of various sorts on plant and
animal residues. Attempting teo characterize Lhe ion
exchange phenonona of this heterogeneous organlic mass is
difficult. Swaby and Ladd (L962) considcrcd huwaus o be a

pélymerisate of polypbenols, amiﬁo acidg, dluehjdes, and
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carboxyl and phenolic groups and resultant CEC will vary
greatly from soll to soil. |

Adsorption of cations by soll organic materials depends
largely on the -COOH and -OH groups present on the internal
and external surfaces. The humus material releases H+ ions
from these groups and takes on negative charges. This
attracts counter ions. The -COOH groups can be dissoclated
at pH values below 6, while pH values of above 7 generally
are requlred for the dissoclation of H+ from ~0OH groups.

For the soil organic fraction, the amount of exchangeable
cations depends almost fully upon the pH of the‘medium
(Schuffelen, 1972). '

Broadbent and Bradford (1952) suggested that the sites
for ion exchange on organic materials arose mainly from
carboxyl, phenolle hydroxyls and enolic hydroxyls. Not only
1s the capacity for ion retention by organic materials a
function of the particular structural group, according to
Broadbent and coworkers, but alsc it is a function of the
nature of the cation complement present. Metals which
exhibit a strong complexing tendency are retalned in larger
amounts than those which do not have this tendency (Broadbent
and Ott, 1957). Humus holds di- and tri-valent metallic
cations much more firmly than the monovalent alkall metal
cations. Aluminum ions are strongly held by chelation,
resulting in a lower apparent exchange capacity (Russell,

1961).
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Mechanisms of Ion Exchange

Ions held on exchange sites are held with a different
tenacity than those held through chelation. Generally,
chelated metals are held strongly by the organic component,
although this may not always be true (Allison, 1973). Due
to the limlted understanding of the chemiczai make-up of the
humus material, it becomes difficult to differentiate
between ions held on exchange sites and 1lons held in some
other 'available' manner.

Mortenson (1963) described the holding of metal ions
by soll organic materlals as 'complexes.' He differenftilated
these complexes as ion-exchange, surface adsorption,
chelation, and complex coagulation and peptization reactions.
Natural and synthetic materials have been used to extract
metals and organics from soil, and this has been used as
evidence of metal chelation. Flocculation, peptization and
precipltation reactions have shown that sols and insoluble
polymeric complexes and gels are formed thr9ugh metal-
organic materials interaction. Three types of linkages are -
recognized between functional groups of hunmlc acids and the
inorganic soll constituents (¥Flaig et al. 19753
Alexandrova, 19€7):

(1) ionic or heteropolar type with carboxylic and phenolic
hydroxyl groups as the participatling functional groups

leading to formation of humate and fulvate salts.

— o = -
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(2) semlipolar type formlng chelates through coordination
linkages with participating.amino—, imino-, keto-, and
thioether groups.
(3) a type formed by polarizatlion effects and hydrogen
bridge linkages wlth special participation of terminal
functional groups forming compounds of'the adsorption type.

Amino, imino, keto, hydroxy, thloether, carboxylic
and phosphonate groups are present in soll organic materials
and are principal chelating donor groups. Polymerle lignins,
proteins, tannins, and other polyphenols are present 1In soll
organic matter and ccontain many ligand groups. These groups
probably function mainly in lon exchange, but chelation
undoubtedly occurs in molecules contalning long chains.
Polymeric ligands with large stearic hindrance lack the
mobility that small ligands have and conseguently do not
react with metal lons to the same extent as do small 11gan&s.
Similarly, chelation sites on polymers are probably small in
number compared with the number of single ligand groups
which will bind metal ions (Mortenson, 1963).

Many investigators have studied the relative intensity
of retention of one cation over ancther. Schachtschabel
(1940) observed that the strong linkage of the alkaline
earth metal ions (Ca2*, Sr2+, Ba2+) was in contrast to
alkali metals (Nat, Kt, Mg2t) which were held less firmly.
The ammonium lon 1s chemlically similar to those of the

alkali metals, particularly potassium (Nebergall et al.
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1963). Schachtschatel noted that in a solution of equiv-
alent amounts of Ca2% and NHLt, a selective sorption of
those ions on soil humus occurred in a ratio of 92:8.
Broadbent (1957) noted that copper was held by complexes
which do not combine with calcium. In another study
(Thompson and Chesters, 1969), copper was retained to a
greater degree than was calcium by both lignin and humie
isolates, but was less marked with the humic isolates. This
might suggest that weak acldic groups of lignin which orig-
inally retained copper but not calcium gained, upon humifi-
cation, an enhanced acidity which would retain calcium to a
greater degree. Further studles on copper and barium by
Lewls and Broadbent (19€1) shcwed barium to be held only in
the divalent form and by very acldle sites, such as an ortho-
quinone. Copper was shown to be held as the divalent 1lon
and as the monohydroxide. Thne authors suggesteaq:

stearic relationships...as the factor causing the

adsorption of CuOHt by some of the phenols, while the
most acidic sites are believed to retain CuOHt in
preference to Cu2t, due to the instability of the
complexes formed by the latter with two identical
ligands of types such as the carboxyl. '

Ammonium apparently can be sequestered in solls by a
chemical interaction between ammonla and components in soll
organic materials. Jannson (1960 from Parsons and Tinsly,
1975) states that under alkaline conditions quinone-amines

are formed from auto oxidaticon/condensatlon reactions of

phenolic constituents with ammonia. Nommik (1965) reviewed

ammonla fixation by organic materlals and reported that



18
after treatment of organic materials with ammonia, common
extractants failed to remove all of the added ammonla;
hence, some ammonia has been flxed. DMortland and Walcott
(1965) felt that 1t was probable that the bulk of ammonia
sorbed by organic materials is chemlcally bound. The
authors assoclated degree of fixation with pH. At acid pH
values little fixation occurred. Fixation Increased
gradually as the pH approached neutrality but then increased
sharply in alkaline systems. Groups capable of reacting
with NH3 are present In the phenols and guinones derived
from organic material decomposition.

Khan (1969) studied the interaction of Mn2t, Co2+,
Ni2+, Zn2+, Ccu2t, A13+, Fe3+ with humlc acids. Titrations
of the solutions resulting from mixing metals with humic
aclids showed complexes being formed. With the exceptlion of
Al13+ and Fe3*, no precipitates were formed with the metals
suggesting soluble complexes are formed with the humic
acids. Al3+ and Fe3* developed precipitates which event-
ually dissolved as the pH rose above 7. One characteristic
of the complex formation was the magnitude of pH drop (from
displacement of ﬂydrogen from the functional groups) on the
addition of various metals to the humlc acids. Equatling the
tendency of metals to comblne with a given ligand with the
drop in pH, Khan (1969) found the tendency of the lons
studied to form complexes was FedALYCuw»ZndNiYCo)lln. Van

Dijk (1571), however, found that there was no major differ-
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ence in bond strengths at pH 5 for Ba2t, Ca2t, Mg+, In2¥,
Co2%, Ni2+, Fe2t, and Zn2+, Pb2¥, cul2t and Fe3t were more
firmly held, and A13%+ appeared to form the hydroxide at pH 5.
Flaié et al. (1975) state that generally the intensity of
the exchangers follows the lyotropic ordexr. This suggests
the dependency of the exchange mechanism on the charge and
hydrated size of the ion.

Schnitzer and Skinner (1963a) investigated the con-
plexes formed with A13+, Fe3+t, Cé2+, Mg2+, Ccu2t and Ni2t,
Stable, water-soluble complexes were formed with all the
metals. As more of the metallic element is complexed, the
less water soluble was the substance formed. Further
studies (1963b) by the authors showed the important role of
carboxyl grcups in lon complex formation. Iron uptake was
reduced to nearly zero upon methylation of carboxyl grcups
of a soll organic fractilcen.

The 1965 paper by Schnitzer and Skinner stated that
blocking the acldic carboxyls or phenolic hydroxyls caused
significant reduction in Fe3*, A13+, and Cu2+¥ retention.
Another, more minor reactlon occurred between less acidic
carboxyl groups and the lons. The authors concluded thal
alcoholic hydroxyls did not function in any of the reactions
studied.

Khana and Stevenson (1962} helieved that earboxylie
groups bound transition metal ions. Their potentiometric
(_ titration results supported the hypothesis that transitilon
25 . ; - SEim e -
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metals form stable complexes with s21l organic materials.
Bunzl (1974a) studled the kinetiecs of ion exchange
during continuous, slow addition of divalent lead ilons to

humic acids and peat. The reaction studied was:

HUMIC 1 oy—> |HUNIC 1 .
[SUBSTANCE}‘H L Sl ‘_—[SUBSTANCE-}"2 th ¥ &

At the start of the process lead is at a low concentration.
As long as the lead concentration remains fairly low, the
rate controlling step is the diffusion of the lead ion
through the Nernst film around the lon exchanger particles.
The differential equation developed by Bunzl 1s a function
of the ionic concentration, total cation exchange capacity,
surface to volume ratio, diffusion coefilicients, film thick-
ness, stolichiometric lonization coefficiehts, and an equiv-
alent separation factor. The rate of uptake is followed as
a functlon of time and ylelds a characteristic sigmoidal
curve. Later experiments (1974b) showed that for the uptake
of small amounts of lead the absolute rates decrease 1f the
initial lead content of the sample Increases.

Bunzl's equation assumes a proton will be released for
each equivalent lon added to the soll organic substances.
In contrast, Gamble et 2l. (1970) considered the degree of
ionization of carboxyl groups at the complexing site to be

the controlling mechanism of reaction. The authors believed

the predominant reaction to be:
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0
0 "
n
HUMIC _0- + M2+ . HUMIC Cvo 4 yt
sussTance[ C° Met T— |susstance X .
OH 0

where M 1s some metallic ion. In thils equation, each
equlvalent ion added does not release an equivalent number
of protons.

The magnitude of the ion exchange capaclty of soil
organics 1s considerably variable. Measurement of this
capacity is highly pH dependent. At lower pH values with
an excess of hydrogen lons, molecules can easily become
protonated and carry a positive charge. Similarly at
higher pH values and an excess of hydroxyl ions, hydrogen
can be attracted away from a molecule leaving a negative
charge. Thils can easily be diagrammed using a zwitter ion

(Noller, 1966):

R 0 R O R O
Eou ~OH + v " H30+ + v m
HoN-CH-C-0-~ — > H3N-CH-C-C~ H3N-CH~C--OH

H50 Ho0
Pratt (1961) measured the pH dependent cztion exchange
capacity of surface solls and found that the organic compo-
nents contribute about 24 times as much pH dependent charge
as does clay. Helling et al. (1964) measured CEC of
organic materials from Wisconsin soils and found the average
CEC to change from 36 to 213 meq/lOO gm when increasing the
pH from 2.5 to 8.0. Results similar to Helling et al. were
demonstrated by McClean and Owen (1969). The latter authors

gradually increased the pH of soils by liming and then
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leaching with potassiumn chloride, or by using unlimed soils
and buffered barium chloride at increasing pH values.

As has been mentioned previocusly, lignins were shown to
have higher absorptive capacities for copper than for
calcium. This abscrptive capacity is pH dependent, as
demonstrated by Thompson and Chesters (1969). The CEC's
of lignins were determined using Ca2%* and Cu2t as the
saturating cation at various pH values. CEC values
increased in every case as pH was ralsed; also, ca2t as the
indicator ion always gave lower CEC values than did Cul¥

The effect of pH on CEC of two forest organic layers
(partially decomposed plant materials) was measured by Wells
and Davey (1966). The same trend of lncreased CEC with
increased pH was noted. The CEC of a hardwocd F layer
increased from about 24 meq/100 gm at pH 3 to about 77 mea/100
gm at pH 8. CEC of a pine F1 layer increased from about
5 meq/100 gm to 47 meq/100 gm over the same pH range.

Barium was the saturating cation.
Exchange Capacity and Decomposition State

The occurrence of the pH dependent chargs of organic
materials has created an area of contradicticn. Two major
theories have arisen concerning relationship of CEC to the
stage of humification. An increasing CEC with increasing

: humification of organic nateriuls extracted from soils 15

ﬁé?_gf';;“ﬁfl_propoqed b; Kumada (1950)?f Conversely, the vlﬂw of
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decreasing CEC values of organic materials with Increasing
humification is held by Sheffer and Ulrich (1960 from Xyuma
and Kawaguchil, 1954) who equate increasing polymerization
and resulting acidity decreases to 1lncreasing humification.
Kyuma and Kawaguchi (1964) attempted to clarify this matter.
They concluded that at the beginning stages of humification
the CEC increases due to carboxylation.- However, as
humification proceeds the number of hydrophilic acid groups
decreases, or CEC decreases.

This recalls the argument of organic matter formation.
Isolates termed humic acids, which are base extracted and
acld precipitated, contain carboxlic, phenolie, alcoholic,
methoxyl, quinoid and carbonyl groups and are weakly
dissoclated organic acids dominated by aromatic rings
(Kononova, 1966). They are large particle weight heteropoly-
condensates, given particle welghts of 30,000 - 50,000 by
Flaig (1958 from Kononova, 1966). Dubach and Mehta (1963)
reported 'molecular weight' values to 100,000 for humilc
aclids. Fulvic acids, which are base extracted and acid
soluble, are believed to consist of weakly expressed rings
with a predominance of side chains (Kononova, 1966). Their
particle weights are lower than humic acids (Kononova, 1966;
Dubach and Mehta, 1963).

Increasing or decreasing CEC with increased humifi-
catlion then 1s dependent upon the definition of humification.

Alexandrova (1966 from Felbeck, 1971) felt humic aclds to be
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precursors of fulvic acids. If correct, then the higher
oxygen content found in the extracted fulvic aclds compared
to humic acids could be the result of larger carboxlic group
content, which would mean greater CEC values with the
formation of fulvic aclds.

Humic aclids are found to have high CEC values of 200 -
600 meq/100 gm (Kononova, 1966). Ponomareva (1947 from
Kononova, 1966), however, found fulviec acids exchange
capacities at very low pH values to be 6C0 -~ 650 meg/100 gnm,
and she concluded that there were more aetlve aclid groups in
fulvic acids than in humlc acilds.

Peat soils, which are formed through organic deposition
in a bog environment, can have CEC values of 150 or greater.
Thorpe (1973) determined CEC of sphagnum moss, reed-sedge
and peat humus and found values of 122, 86, and 66 meq/100
gm, respectively. Wilson and Stoker (1935 in Brady, 1974)

reported CEC values of 183.8 and 265.1 for a low-lime peat

I

(pH 4.0) and a high-lime peat (pH = 5.1), respectively.
Litter layers from pine, hardwood and mixed forest
stands were analyzed for their catlion exchange character-
istics by Wells and Davey (1966). The CEC's reported were
highly dependent upon the saturating cation, but values
_ranged from 63 to 154 meq/100 gm for a yellow pine ¥ layer,
36 to 83 meq/100 gm for a 20 year old loblolly pine F1

ﬂlayer,,and 73 to 132 mﬂa/lOO gm. for the ?O year old 1ob1011y
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a trend of increasing CEC with depth or degree of
decomposition. |

Whole forest floor core samples, encompassing all L,
F and H layers, were analyzed from the Oregon coast range
(Youngberg, 1966). Cation exchange values ranged from 50.1
to 83.7 meg/100 gm. Wooldridge (1968) analyzed L, F and H
layers for forests on the east slope of the Cascades in
central Waskhington. Values for the F layer were nearly
always greater than for the L layers. Values for the H
layers, presumably representing the most humified layers,
were always lower than the above-lying layvers. Van Cleve
and Noonan (1971), however, found different results for
interior Alaska forest floors. L, F, and H layers from
birch and aspen showed increasing CEC wilth Increasing depth
(L through H). One possible explanation might be a greater
incorporation of soil mineral materlals into the H layers
analyzed by Wooldridge. Unfortunately, percent mineral soil

or silica values were not reported for either of the studies.
Methods of CEC Determination

Determination of the exchange capaclity is convention-
ally achleved by saturating the soll or exchange-site-
containing substances with and analyzing for an index catlon.

The index catlon is adsorbed, replacing the original comple-

ment of cations. A rinse removes the excess index cation,

-;”aha'fhe’remainihé'quantityﬁis-deterﬁihé@ eithérrdirectlyrér o
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for CEC must avold the washing step. Using sodium, calcium
or barium as the 1ndex lon, the authors develoved a pro-
cedure that eliminated the washing step. In 1963, the same
authors published a paper that reported the magnitude of
both salt-retentlon and hydrolysis errors in CEC measure-—
ments. The potential hydrolysis error was found to be
usually less than 4% of the CEC. Salt retention errors
varied from about 1% to 17% of the apparent CEC and reflect
a positive error, compared to the negative hydrolysis error.
In their 1964 paper the authors discussed some problems in
interpretation of CEC data. They concluded that a balance
of the positive error from salt retention and the negative
error from hydrolysis of the absorbed catlion would be
deslirable but would be achleved only accidentally.

Frink (1964) studied the effects of wash solvents on
CEC determinations. He found that the exchanging substance
greatly influenced salt retention and consequently gave high
values for CEC. Using a strong acld resin as an exchange
medlum, CEC values were determined equally well by Na, Ca,
or Al saturation, using water, ethylene glycol, methanol,
ethanol, n-propincl, acetone, i-propenal, t-butanol and
dioxane as the wash agent. When montmorillonite was the
exchanging medium, acetone, t-butanol and dioxane caused
considerable salt retention and consequent high CEC values.
Frink noted‘that the low CEC values obtained using the con-

§eﬁtional.a§monium acetate method might be due to the.
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solubllization of scme of the ammcniated orzanic matter
complex by the lower alcohols.

Smith et al. (1966) used water, methanol, ethanol and
isopropanol to remove two saturating salts, ammonium acetate
and sodium acetate. Isopropanocl was less efficient than
methanol or ethanol, and all of the alcohols were less
efficient than water. Salt retention was the éhief problem.

Wells and Davey (1966) compared CEC values of forest
litter layers using different saturating and replacing
cations. Highest values were obtained uslng ecalcium as the
saturating ion. Uslng Mg, Ba, X, Na, NHjy and H ions as the
saturating catlon produced lower values, but thelr relative
order was not consistent for all samples. The.CEC of H-
saturated samples was nearly the same, regardless of the
replacing cation, except in one case with Ba as the
replacemnent ion.

Tucker (1974) studied the displacement of ammonium ion
using Li, Na, X, Mg, Ca, Sr and Ba nitrates, alone and as a
mixture with KNO3. He found the best reagent for displacing
adsorbed NHy+ to be a 2N nitrate solutlion of K and Ca, with
the equivalent rétio of K to Ca in the range of 1 to 3.

Oother researchers have developed methods which utilize
a djrect determinauion of?the oaburatinv ton 1nd therefore,

Peech ek al. (IQPT) recomm
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studied lon exchange reactlions in humus using labéled
strontium as the index cation. Labeled 89 Sr2t yas utilized
as SrClp. Strontium was determined by liguld scintillation,
and Cl by a chloride electrode to yleld Sr:Cl ratios and
from these the cation exchange capacity was calculated.

In 1950, Black and Smith suggested use of the
Lundegardh flame spectrograph for determining exchangeable
bases in soils. Soils were treated with ammonium acetate,
then from spectra exchangeable bases were quantified.

Carbajal et al. (1973) used x-ray fluorescence to
determine CEC using SrClp and BaCl, as the saturating ions.
A water-wash was utilized. The samples were analyzed for
P the index ion using an'x—ray spectrograph. The authors

compared their method to the standard ammonium acetate
method, and the method devised by Mehlich (1948). Their
results indicated that the x-ray technique produced wvalues
intermediate in magnltude to the other two mesthods, and
linearly related.

Choice of the saturating solution 1Index ion may not be
as crucial as choice of the reference pH used. The pH
dependent charge mentioned previously makes the cholce of pH
erucial. To adequately reflect the CEC of soils under field
conditions, it may be necessary to determine CEC at field pH

¥1-_  values. This makes standardization difficult, and compari-

sons between various research results nearly impossible.
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MATERIALS AND METHODS

Study Areas

Litter samples were collected from a wlide variety of
coniferous and deciduous forests in easterq and vestern
North America. The western samples were collected from the
H. J. Andrews Experimental Forest in the Oregon Cascade
Mountain range and from several forested areas in the Oregon
Coast range. The sampies from eastern North America were
collected in the fall of 1964 by Dr. C. T. Youngberg while
he was on sabbatical leave, and are from the Harvard forest.

All of the 11 Oregon forest sites can be classifled
into vegetation zones. These zones are pfimarily based on
climax vegetation (Franklin and Dyrness, 1973). Ten of the

sites were located 1n the broad Tsuga heterophylla zone,

and one arez occurred in the Plcea sitchensis zone. The

single Picea sitchensis zone stand was located in the coast

mountains near Cascade Head, approximately 10 km north of
Lincoln City, and less than 1 km inland from the Pacific
Ocean. The elevation 1s approximately 20 m. The site is in

an old growth Pilcea sitchensis (Bong.) Carr. stand located

in the Siuslaw National Forest on a steep ocean~facling slcpe.

¢Extremes,in the moisture and tempera*uru r;gimes are minimal.
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Sarg and Plcea sitchensis. The understory shrub vegetation

is predominantly seedling and sapling slized regeneration
from the overstory. The herb layer 1s mainly Oxalis oregana

Nutt. ex T. & G. Some Polystichum munitum (Xaulf.) Presl

was present. Rubus spectabilis Pursh was dense on the stand

perimeter. This stand will be designated Pisi-Tshe/Oxor for
the purposes of this study. The soll i1s a haplumbrept, with
a silt loam formed from fine grained marine sediment (C.
Grier, personal communication). The litter layers present
and their thicknesses are L(0.5-1.0 em) and F(0.5-1.5 cm).
This forest floor type is a mull. Samples were gathered in
early February of 1976.

Three sites were located in the Cascade Head Experi-
mental Forest, about 3 km north of Otis, Orezon and were
sampled at the same time as the previous stand. Average
annual rainfall 1s approximately the same as at the Picea

sltchenslis stand, which is about 10 km distant. The sites

are on a gentle, southwest facing slope. Soils are moder-
ately fine textured, acidic deep silt loams derived from
highly weathered siltstone and classed as an haplumbrept.

In 1935 a mixed Alnus rubra (Bong.)-conifer stand was

subJected to three silvicultural treatments. On one plot,
all conifers were removed and the remalning A. rubra
thinned. On another, A. rubra was removed &and the remaining
conifers thinned. On the third plot, the mixed 40% A. rubra

- 60% conifer stand was untouched.
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( elevations the precipitation falls malnly as snow
b (Rothacher et a1¢/£967). Soils vary from shallow and
stony with rock outcrops to deep, well developed soils. At
the lower elevations scolls generally have developed from
tuffs and breccias, and those at higher elevatlons are
derived from andesites and basalts (Dyrness et al., 197k).
The sites represent six forest communities described by
Dyrness et al. (1974), and designated as reference stand

(RS). The elevations of the sites range fro@;a§oup 450 m at

the lowest stand to approximately SSbihkétifé%fikghést'stand.

The lowest site (RS 7) is located at elevations rangiag
from 450 to 470 m and was sampled in September of 1975. The

L ¥ generally concave slopes have a northwesi- (350-360°) aspect

and slope gradients varying from 50 to 69 percent. Dark
brown gravelly loam overlies a dark brown clay loam. The
deep, well drained, alluvial-colluvlial eutrochrept soils are
derived from breccia, tuff and andesite (Brown and Parsons,
1973). The litter layers present and thelr thicknesses are
the L (1.0-2.0 cm), and F (0.5-1.5 cn) layers. The }I layer
was generally absent. This forest floor type is described
as a mull.

The overstory vegetatlion is dominated by mixed old

-]

growth Pseudotsuga menziesii and Tsuga hetercphylla with

some Thuja plicata Donn. Seedling and sapling Tsuga

heterophylla are abundant in the understory. The minor

,~Iagetfpﬁntains;sggh_species as Acex ciréiﬁéxum, =
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The fifth coastal site was located near Tidewater in
the Alsea drainage basin about 12 km inland from the Pacific
Ocean. The climatic conditions are similar to the other
coastal sites. The elevation 1s approximateiy 50 m. The
stand is situated on a south aspect slope with gradients
varying from 30 to 35 percent. The deep, well drained dark
brown gravelly loam soill is formed from the Tyee formation,
a thick bedded tuffaceous sandstone with thin intercalations
of sandy siltstone (Corliss, 1973). It is classed as an
haplumbrept. The litter layers present and thelr thick-
nesses are the L (intermittantly present), F (0.5-1.5 cm)
and H (0.5-1.5 em) grading into a highly organic Al horizon.
This forest floor type 1s described as a duff mull.

The overstory 1s dominated by Alnus rubra intermixed

with some Pseudotsuga menziesii. The shrub layer 1is dense

and is dominantly composed of Rubus spectablis. Some

Sambucus racemosa melanocarpa, Acer circinatum Pursh and

other less numerous shrubs are also present. Polystichum

munitun is the dominant species of the herb layer. Oxalis

oregana, Maianthemum bifolium and other herbaceous species

are present to a lesser degree. This stand wlll be
designated Alru/Rusp/Pomu for this study.

The remalning sites were all located within the H. J.
Andrews Experlimental forest about 73 km east of Eugene in
the Cascade Mountaln range. Mean annual precipitation 1s

from 230 cm to 250 cm falling mostly in winter. At higher

Al
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According to Franklin and Pechanec (1967), the A. rubra

plot has a shrub layer dominated by Rubus spectabilis, with

a high frequency of Sambucus racemosa melanocarna (Gray)

McMinn. The herb layer is dominated by Montia sibirica (L.)

How. with a high frequency of Maianthemum bifolium. The

stand will be designated in this study as Alru/Rusp/Mosi.
The litter layers present and thelr thicknesses are L(0.0-
1.0 em), F(0.5-1.0 cm) and an intermittent H(0.0-1.0 ecn.)
The Al horizon 1is high in organic matter. This forest floor
type 1s described as a duff mull.

Rubus spectabllis dominates the 1limited shrub layer of

the mixed Alnus rubra-Pseudotsuga menzlesil stand. BHMontia

sibirica 1s the dominant in the ﬁerb layer (Franklin and
Pechanec, 1967). This stand is distinguished as Alru-Psme/
Rusp/Mosi. The litter layers present are simllar to the
preceding stand, and this forest floor type is also a duff
mull.

The conlfer stand, domlnated by Pseudoisuga menziesii,

did not have an appreciable shrub layer, and the herb layer

was dominated by Malanthemum bifolium with a high frequency

of Polystichum munitum (Franklin and Pechanec, 1967). This

stand will be designated Psme/Mabl for the purposes of this
study. The litter layers present 1In this stand were similar
to the others of this group, but the H layer was generally

absent. For this reason, the forest floor type 1s described

as a mull.
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Vaccinium parvifolium Smith and Berberls nervosa Pursh. The

herb layer of this molst, very productive site is lush.

Oxalis oregana, Polystichum munitum and Linnaea borealis L.

are the dominant plants comprising this layer. This stand

is part of the Tsuga heteroohylla/Polystichum munitum-Oxalis

oregana {Tshe/Pomu-Oxor) association.

The next site (RS 2) is located at elevations of 180-
500 m and was sampled in September of 1975. The stand is on
a generally concave slope with a northwest (2850) aspect,
and slope gradients of about 35 percent. Brown to dark
brown loamn overlies silt loam. The deep, well drained
colluvial-alluvial dystrochrept solls are derlived from
reddish tuffs and breccias (Brown and Parsons, 1973). The
litter layers present and thelr thicknesses are the L (C.5-
1.5 em), F (1.0-3.0 em) and H (1.5-3.5 cm). This forest
floor type is described as a duff mull.

The overstory vegetation consists of old growth

Pseudotsuga menziesil and Tsuga heterophylla. The sparse

understory consists of tall shrubby layer dominated by

Rhododendron macrophyllum G. Don, a low shrubby layer

dominated by Berberis nervosa, and a herb layer with Linnaea

borealis as the most prevalent species. This stand 1s part

of the Tsuga heteroohylla/Rnododendron macrophyllum/Berberis

nervosa (Tshe/Rhma/Bene) assocization.
An eighth site was located at elevations of 600-620 m

(RS 10) and was sampled in late January of 1976. The stand

i L
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is on convex to concave slopes with a south or southwest
aspect (160 to 240°), and slope gradients ranging from 10 to
25 percent. Dark brown, gravelly silt loam with numerous
rounded pebbles overlies a brown to dark brown and dark
reddish brown clay loam argillic horizon. The very deep,
well drained alluvial-colluvial glossoboralf solil developed
from reddish breccia and basalt (Brown and Parsons, 1973).
The litter layers present and thelr thicknesses are L (0.5-
1.5 em), F (1.0-3.0 em) and H (1.0-3.5 em). This forest
floor type is described as a duff mull.

The overstory vegetation is dominated by Tsuga hetero-

phylla, with several other conifers and Acer macrophyllun

present. The shrub layer 1is don‘nated_by Rhoﬁodendron 5;531

- 6‘_.»

macrophyllum and Gaultherla shallon Pursh. Acer c*rcinauun it

and Berberis nervosa are also quite prevalent. The herb

layer 1s scanty with Linnaeza borealis being the most

prevalent. This stand is part of the Tsuga heterophylla/

Rhododendron macrophyllum/Gzultheria shallon (Tshe/Rhma/

Gash) association.

A dry site was located at elevations of 630 to 700 m
(RS 16) and was sampled In September of 1975. The stand Is
on a slightly convex shoulder/backslope below the ridge
crest on the northeast side of watershed 2 (Brown and

Parsons, 1973) Steep slopes of 60 to 70 percent have a

'soggggg aspect (190 to 2900) ‘The hapludalf soils are

-hro&n gravell; silt loaq ovevlying*a~da“ :
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in colluvium derived ffom breccia and andesite (Brown and
Parsons, 1973). The litter layers present and their thick-
nesses are L (1.0-2.0 em), F (0.5-2.5 em) and H (1.0-7.5 cm).
This forest floor type is a duff mull.

The overstory vegetation is domlnated by Tsuga hetero-

phylla wilth some Pseudotsuga menzleslil present. A heavy

shrub layer conslists mainly of Castenopsis chrysophylla

(Dougl.) A. DC., Rhododendron macrophyllum, Gaultheria

shallon, and Acer circinatum. The herb layer is nearly

absent, with the dry site 1ndicator Xerophyllum tenax

(Pursh) Nutt. most prevalent. This stand is part of the

Tsuga heterophylla/Castenopsis chrysophylla (Tshe/Cach)
assoclation. 2

A site was located at elevations of 880 to 900 m (RS 5)
and was sampled 1n November of 1975. The stand is on an
undulating bench with varying aspects (270 to 045°) with a
northwest facing slope being the most common. Slope
gradients are from 0 to 30 percent. Sollis are varied,
dystrochrepts and haplumbrepts, but are generally deep,
well drained dark brown gravelly loams over silt loams and
gravelly silt loams. Pumlce and charcoal fragments vary
with depth. Parent material I1s apparently andesitic
alluvium-colluvium overlying a layer of previously weath-
ered, and possibly water deposited, silty material (Brown
and Parsons, 1973) The 1itter 1ayers present and thelr

—thickneseeo are L- (o 5-1 5 cm),_F (1 0-2.0 cm] and -1 = 0-.
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3.0 cm). This forest floor type is a duff mull.

The overstory vegetatlion is mainly Tsuga heterophylla

and Ables amabills (Dougl.) Forbes. Rhododendron macro-

phyllum, Berberils nervosa, Acer circinatum, and Taxus

brevifolia Nutt. dominate the shrub layer. There is little

herb layer present. This stand 1s part of the Tsuga hetero-

phylla-Abies amabilis/Rhododendron‘macrophylium/Berbéris.‘”

nervosa (Tshe-Abam/Rhma/Bene) association. :
The last H. J. Andrews site was located at 940 Eo 950 m;
(RS 3) elevation and was sampled in Novembexr of 1975. The
stand 1s located on a slightly concave footslope with a
northwest aspect (300°) and slope gradients varying from 15
to 25 percent. The dystrochrept soil ié a deép;'well
drained dark brown gravelly loam over a cobbly silt loam.
Parent material 1s alluvium-colluvium and/or glacial till,
derived from andesite (Brown and Parsons, 1973). The litter
layers present are L (0.5-1.0 cm), F (0.5-1.5 em) and
H (1.0-3.0 en). This forest floor type is a duff mull.

The overstory vegetation 1s malnly Tsuza heterophylla

and Pseudotsuga menzlesil. Acer circlinatum, Rhododendron

macrophyllum and Berberis nervosa dominate the shruo layer.

Linnaea borealis 1s the most prominant herb species. This

stand 1s part of the Tsuga heterophylla-Abies amabllis/

Linnaea borealis (Tshe-Abam/Llibo) association.
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Table 1. Oregon stand ch

e -

Identification
code

Reference
stand

I - - - S

Alru~Psme/Rusp/Mosi

‘Alru/Rusp/Mosi

Alru/Rusp/Pomu

Pisi-Tshe/Oxor

~ psme/Mabl

Tshe-Abam/Libo

Tshe—Abam/maa/Bene

Tshe/Cach

Tshe/Pomu-0xor

Tshe/Rhma/Bene

Tshe/Rhma/Gash

16

aracteristics.

General
location

cascade Head

Cascade Head

Alsea

cascade Head
Cascade Hezd

H: J» Andrevs

H. J. Andrews

H. J. Andrewvs

H. J. Andrews

H. J. Andrews

H. J. Andrews

Litter
layers

it mET e

g = e =W

meg e e ol fing

L
¥
H

e

Forest
floor

duff
mull

dguff
mull

dquff
mull

mull

duff
mall

auff
mull
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( vegetation of the 11 Oregon sites is presented in Appendix
Table 2. A moisture-temperature classification of the sites
is given in Table 2. The sites varied from very moist,
highly productive stands to dry, less productive stands.

Table 2. Approximate temperature/moisture regime of eleven
Oregon forest sites.

Temperature/ Vegetation
moisture group type
hot/dry Tshe/Cach
hot/moderately moist Tshe/Rhma/Gash
Tshe/Rhma/Beq&-a

hot/moist Tshe/Pomu/Oxu =
mild/dry — =
(. mild/moderately moist - Tshe-Abam/Rhma/Bene
Tshe-Abam/Libo
mild/moist Alru-Psme/Rusp/Mosl
Alru/Rusp/iosi
Alru/Rusp/Pomu
Pisi-Tshe/Oxor
Psme/Mabi
cold/dry —
cold/moderately moist T
cold/moist ————

Samples from watershed 10 of the H. J. Andrews Experl-
mental Forest were gathered by C. Grier and represent a
cross-section of several vegetation types. A summary of
vegetation types is given in Table 3. Watershed 10 1s a

(’ 10 2“ ‘ha, watershed ‘that drains to the west._-lt contains :;“ R
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Table 3. Dominant habitat type of the fifteen watershed 10

substrata.
Substratum Coordinates® Dominant ( 590%)
unit y-X habitat tyne
1 6-7 Tshe/Accl/Pomu
7-6
2 12-10 Tshe/Cach
13-9
13-12
13-13
13-14
14-10
14-15
e _s;;ﬁ'g;ﬁ- Tshe/Rhma/Gash ~ -
SRR Ry g ' = e 7, e : 1”_17
y i 1 | Tshe/Rhma/Bene
» 5 44 Tshe/Acci/Pomu
46
5-6
6 3-4 Tshe/Rhma/Bene
7 1-11 Tshe/Cach
2-8
3-13
8 2-10 Tshe/Rhma/Bene
410
§-12
§-13
9 7-8 Tshe/Rhma/Bene
8-10
10 6-12 she/Rhma/CGash
6-10
6-13
6-14
T-14
8-12
9-13
P 9-14
& 10-15
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{ Table 3. Continued.
Substratum Coordinates* Dominant ( 50%)
unit y-x habitat type
11-16
11-17
11 6-14 Tshe/Cach

Tshe/Rhma/Gash

Tshe/Accl/Pomu

8-2
8-l

Code Identification: Accl Acer circinatum
Bene Berberis nervosa
Cach Castenonsis chrvsonhvlia
Gash Gaultheria shallon -
Pomu Polystichum munitum
Rhma Rhododendrorn macrophylium
Tshe Tsuga heterophylla

¥y-x Coordinates represent exact plot locations on the
watershed 10 grid map.

regions of the Tsuga heterophylla zone (Hawk, 1973).

Samples from watershed 10 were gathered after logging

(& b

was completed, by K. Cromack, Jr. and C. Grier. They

represent the dry Tshe/Cach ha bitat tyne, stream habitat
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samples from the stream bisecting watershed 10. The
standing crop samples represent monthly point samplings of
the stream load. The debris was sorted 1lnto size categories
and bulked into composite seasonal groups. The export
samples were gathered by passing the entire stream flow
through a net. A wide variation of material is collected in
this manner and is sized sorted and classed. Table U

summarizes the stream sample description.

Table U. wateruhea 10 strean sample deqcriptions. :

Ti,Sample ;

7descriotion*- “elass -
export winter leaves : B-16 mm
needles 1-16 mm
cones 5 B-16 mm
hark e BE16ommy e
twigs o= - RBI16 mme LIS
fines 75y T5-250p
fines 2504 250y -1 mm
all but
needles 1 mm
standing sumner bark B-16 mm
crop through
spring
summer twigs 16 mm
through
spring
summer needles 16 mm
summer wood 4-16 mnm
through
spring

The Harvard rorﬂst samples ware taken from several
'+"" oroy

- vegetatlon types.. ﬁjpc“div Tab]e 3 summ»r"ep the stand

e DI g R = - n::_.- i -_- - .:‘__‘_ e .--.M:-.dﬁ.-_‘ie - ;' =
- = = -3 =

B AT g T T

.
£
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vegetation and forest floor type for the elight Harvard
forest stands examined. Understory vegetatlon was sparse in
most of the stands, with the exception of two stands with
heavy shrub or herb layers. The stands were located on
stony loams derived from glaclo-fluvial sands and gravels or

from granite or granitic gneiss till (Stout, 1952).
Sampling Procedure

A minimum of six litter samples was taken randomly from

each Oregon study site. A 10 cm diaméter'égﬁgé'

a knife through the surface organicfiaféfs. éii1£tefhwa£
carefully separated in the field and the L, ¥, and H layers,
when present, were ldentified and separated. The thickness
of the layers was also measured. The samples were taken to

the laboratory and dried to 63° C. The dried samples were

ground to 40 mesh.
Chemical Analysis

Cation exchange capacity was determined using 1 N
ammonium acetate at pH 5.5 or 7.0 as the saturating
solution. The éaturating solution was leached through 1-2.0
gm samples of ground litter contained in filltering gooch
crucibles fitted with Whatman #5U40 filter paper. The
leachate was collected and saved for analysis of displaced

cations. Excess saturating NHj+ lons were rinsed from the

=T

The amronium-saturated litter was ==

t
F5% ',ij‘}‘f

as-out with

et T
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transferred to 500 ml Kjeldahl flasks and ammonium deter-
mined by macro-Kjeldahl distillation as described by Peech
(1947). The ammonium acetate leachate was analyzed for
displaced bases, Ca, Mg, and K, by atomic absorption
spectrophotometry (medel 303, Perkin-Elmer)}. To prevent
interference for Ca and Mg, 1500 ppm Sr sclution was used
to dilute the aliquot for Ca and Mg analysis. Na or Li

1500 ppm solutions were used to dilute the aliquots for K
The effect of particle size on CEC was measured

analysis.

on samples ground to 20, 40 and 60 mesh.
Total N was determined using the micrc-Kjeldahl method
A 0.3 to 0.5 gm sample was

described by Jackson (1958).
digested with a concentrated HpSOy~Salicylic acid mixture,
a’h

utilizing a CuSOy-NapS0l4-Se catalyst plus scdium thiosulfate.
resulting NHy+ in the digest was neutralized with NaOH

The
ammonia dilstilled into a saturated boriec acid sclution.

and
ammonium was titrated with 0.2547 N HCl.

The
A Corning model 7 pH meter was used to determine pH in

a 1:10 litter : water suspension.
Samples from the Quru-Acru-Pist L, Fl and F2 layers

were extracted with water at three different temperatures.
100 mls each of hot (8U40OC), room-temperature (23°C) or cold
Samples were extracted for

(2°C) distilled water were used.
24 hours with periodic shaking, and mailntained at the

rate cclleé&éq.

extraction temperature. Samples were then filtered through
The—=

#2 Vhatman filter paver-and the filt
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samples and filter paper were oven dried at 63°C for 24
hours and rewveighed to determlne the amount of weight loss.
CEC's were determined on the extracted samples. The
filtrate collected after extraction was diluted to 250 mls

and 50 ml aliquots were titrated with 4.9 x 10-3H NaOH to

indicate buffering capacity of the extracted substances.
Entire forest floor core samples from RS 2 (Tshe/Rhma/
Bene) were extracted with silx different solvents: Isopro-
panol, ethanol, acetone, water, 0.003 M NaOH, and 0.25 M
HCl. Samples were extracted with 100 mls each of the
solutions and shaken for 24 hours. The samples were then

filtered, oven-dried and welghed. Catlon exchange deter-

minations were made on the extracted litter residues.
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RESULTS AND DISCUSSIONS
Decomposition

Cation exchange capacity can represent an index to the
cationic nutrient availability. Measurement provides

information on the magnitude of cation transfer potentialyﬂ

Exchange capacity of the organlc forest floor material is ;;“

dependent upon the number and nature of exchange sites._ AS'?

decomposition of the litter proceeds, cation exchange
usually increases. As humification becomes more extensive
the organic mass becomes increasingly polymerized, and CEC
then progressively decreases. Initially, as lignins and
other constituents are broken down there 1s an associated
increase in carboxyl groups. But, as extensive poly-
merization occurs, the number of hydrophilic acid groups 1is
reduced and cation exchange capacity decreaseé.

The L, F and H layers of the forest floor were examined
to determine the effect of decomposition on CEC. Each layer
represents a successively more advanced level of decompo-
sition. However, it is unlikely that humifiecation would be
sufficiently advanced in any of the layers tc have resulted
in extensive polymerization and reduction in the number of
hydrophilic acid groups. Nearly all sample sites studiled
showed lower exchanbe values for freshly fal*en material

-Jrepreuented by the layer, than for the nore dec&unaﬁh&f-

Bi_isiemgp b

e T = 2 e el
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Oxor site which showed a h;gher CEC for the L layer than for
the thin, intermittantly present F layer. The H layer of
the sites sampled generally had higher CEC values than did
the overlying L or F layers. Some exceptions to thils were
found in certaln Harvard forest samples where H layers
showed characteristically lower CEC wvalues than ths over-
lying F2 layersﬁ A possibie explanation is that a greater
inéorporation of mineral soll cccurred in the H layers when
the F1 and F2 were split out. This 1s supported by the
percent ash values for those samples, indicating a higher
proportlon of mineral séil in these H layers.

Summary results for the Alru-Psme/Rusp/Mosi site
(Figure 1) showed the difference between the low CEC value
for the L layer and the higher CEC value for the H layer to
be highly significant (1% level). The F layer had a larger
CEC than the L and smaller value than the H but it was not
significantly different (statistically) from either layer.
Simllarly, the diffarence in the low pH of the L layer and
the higher pH values of the F or the H layers was highly
significant. The H layer was significantly (5% level) more
acid than the F. The base saturation was progressively less
with increasing decomposition. The sample variability,
however, was too great to show any significant difference
between layers.

Results for the Alru/Rusp/iosl site (Flgure 2) showed

:{ the difference between the low CEC value for the L layer



(a) (b)
70, ll.6 l'_
CEC
meq/100 g pH
)
604 h.h
50 4.2
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L F H L ¥ H
(c)
% 351
Base
Saturation
30 1 ]
25 1
L F H
Figure 1.

Cation exchange capracities (a), pH values (b),
and base saturation results (c¢) for Alru-Psme/
Rusp/Mosi.
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]
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saturation N
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L I H

Figure 2. Cation exchange capacitles (2), pE values (b)
base saturation (c) results for Alru/Rusp/iosi.
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and the higher CEC values of the F or the H layers to be
highly significant. The H layer CEC was significantly
greater (5% level) than the F layer. The pil of the L layer
was less acid than the pH of the H layer; the differences
were highly significant. The H layer was significantly
more acid than the F layer. Sample variability was too
great to show any significant difference in pH between the
L and the F layers. Base saturation decreased with greater
decomposition and there was significant differences between
the L and the H layers. Sample variability was too great to
show any significant differences between the F and any
layer.

The Alru/Rusp/Pomu site (Figure 3) showed a significant
increase in CEC in the F layer over the L-layer.' There were
no significant differences between the L or F layers and the
H layer which had a high‘coefficient of variation. The pH and
base saturation showed a decreasing trend down througn the
profile, but there were no significant differences.

The Pisi-Tshe/Oxor site (Figure 4) had orly an incipient
F layer and no H layer. The CEC of the F layer was less than
the CEC of the L layer. The pH decreased from the L fo the F
layer. The F layer was so thin when present that sampling
was difficult. Portions of mineral soil and the L layer were
frequently unavoidably collected with the F layer.

{lax tomfhé;?isi;
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(a) (b)

70; K6l
CEC pH -
meq/100 g B
60 % = !l-u L
80 - | 4.2 4
L F H L F H
(e)
701
percent
base ™
saturation
65 -
60 1
L F H

Figure 3. Cation exchange capacities (a), pH values (b),
and base saturation results (c) for Alru/Rusp/
Pomu.
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pattern of increasing CEC and decreasling pil from the L to
the F but no significant differences could be shown.

The Tshe-Abam/Libo sits (Figure 6} showed a larger CEC
for the H layer than for the L layer; the difference was
highly significant. The CEC of the F layer was signifi-
cantly less than that of the H layer. There were no signif—
icant differences between the L and the F layers. The pH on
this stand became less acid in the F layexn- This trend:wﬁsi-

seen in many of the other sites located on the H TJf Andrews

__H layer- Althougn the F’layer showed a mea1 value for pH

bases with increasing dééompdsitiéﬁ. 'Tﬁe base'é;tugéti§n ;f??:
the L layer was highly significantly greater than that of
the H layer. There were no significant difierences between
other layers. :

The Tshe-Abam/Rhma/Bene (Figure T) site showed
increasing CEC values with decomposition. %he H layer CEC
was highly significantly greater than the CEC of the F or L
layers. The L layer CEC was smaller than the F layer, butl
the difference was not significant. The pH of the F layer

was less acld than that of the L layer, but the difference

was not significantf The pH of the H layar was 10her than.
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(7 different from the F. The trend of decreasing base satu-
ration with increasing decomposition was repeated at this
site. The difference between the low H layer base satu-
ration and the higher base saturation of the L layer was
highly significant. There was no significant difference
between the F layer and any other layer. .
The Tshe/Cach site (Figure 8) CEC Increased with f;ff};fnr

increa31ng decomoosltion.: The difference betv*en the L

;:}- - “layer CEC and the CEC of the H layer was highly significant.i :
There was no significant difference between the F layer and
any other layer. The pH of the layers increased'from the L

to the F and decreased from the F to the H mhefé were no

ésignlflcant differencesrbeyueen the—ph Qx the'L.-aye“ and

-any other 1ayer ‘but Lhe di -erence beuheen th :?2; d the
H layers was highly significant. The base saturation data
for thils site gave no significant differences. The L and
F layers had nearly identlcal mean values for base satu-
ration. The H layer base saturation was somewhat less than
elther of the above lying layers but the difference was not
significant.

The Tshe/Pomu/Oxor site (Iigure 9) had no H layer. The
CEC values of the existing layers showed iIncreasing CEC with
increasing decomposition. The L layer CEC was significantly

lower than the CEC of the F layer.

The mean value for the pH's of the L and F layers of
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Catlon exchange capacities (a), pH values (b)),
and base saturation results (c) for Tshe/Cach.
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Figure 9. Cation exchange capacities (a), pH values (b),
and base saturation results (e) for Tshe/Pomu/Oxor.
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{ sition, but the difference was not significant. Base satu-
ration also decreased with lncreasing decomposition, but the
difference was not significant.
The Tshe/Rhma/Bene site (Figure 10) showed increasing
CEC values with increasing decomposition, but the differ-
ences were not statistically significant. The mean pH
values for the L and F layers were nearly identical and the
pH of the H layer, although more acid was not significantly
different from the other layers. The base saturation of
this stand decreased from the L layer to the underlying
layers. However, the value for the H layer was slightly
higher than for the -F-layer

e oo
«significan ‘7?%£E*

lthg gp the diff ence was not

M

Ton vas ignifican+1y?fj
greater thathhé{? 1aver value and hi?hly S;ghiflCantly
greater thar the H layer value.

The Tshe/Rhma/Gash site (Figure 1l1) showed increasing

CEC values with lncreasing decomposition. The L layer CEC
was significantly lowér'than the CEC of the H layéf; The F
layer was not significantly different from elther the L or
the H layers. The mean pH values for this si?e showed an
increase in the-F layer. The H layer value was nearly

identical with the F layer._ mhe L layer was hiﬁhly qicpifiw,i ;f?j"

layer‘ The moan valu
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layers. None of the differences were statlstically
significant.

The general trend for all sites was increasing CEC with
increasing decompesition. Exceptlions to thlis were associ-
ated with a lower layer which showed a large incorporation
of mineral soil, or with a layer that was so thin that it
presented sampling difficulties.

The trend of an increasing number of exchange sites
with increasing decomposition during the initial stages of
decomposition was suggested by Kyuma and Kawaguchi (196%4).
The forest floor probabiy represents initial organic

material decomposition. Turn-over times for litter layer

- of temperate, coniferous forests have been given as from 7

-:"fo'iﬂ—féars.~‘bfgénié material resides briefly inm the L

layer, somewhat longer in the F layer and several years in
the H layer (Kendrick, 1959). However, this 10 years 1s
only a brief period in the over all reslidence time of
organic material in the soil. Thousands of years have been
suggested as the possible residence time for some soil
organic materials-(Kononova, 1966). Therefore, the surface
forest organic materlal can be consldered as representative

of initial decomposition stages;_stages reflecting advanced

-~ polymerization (and resultant fewer exchange sites) would

probably not be evident in the surface organic horizons.

The CEC trends shown here are in agreement with those

. of other-workers (¥Wells and Davey, 1966; Van Cleve and

Vil




( Noonan, 1971).
Statistical analysls on the CEC values generally showed
that differences between layers were sigmnificant. However;

in some cases the sample varizbility was sufficiently great

as to vold meaninwful statistical 1nferenﬂes., Samnlesh;;;ﬂg

~ Andrews Sitewvere prdﬁab*y‘gﬁééter.
Nearly all of the Harvard samples showed decreasing pi

and base saturation with increasing decomposition. The

exception was the Pire stand, which had a higher pH for the

Fl layer than for the L layer. There was a good correlation
(r2= 0.77) between pH and base saturation data from the
Harvard sites (Figure 12). Results for the Harvard forest
are presented 1n Table 5.

Litter detritus samples from the streanm bilsecting

watershed 10 were gathered and fepresent stznding crop and

summarizes CEC valuss of raterlals
~ season and by sizamcxass.

ple resu-f
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Correlation between pH and base saturation of
~litter materials from Harvard Forest.
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{ Table 6. Cation exchange capacities of detritus from
standing crop samples taken from watershed 10
stream.

Sample - - : Size - Season CEC
description class sampled mea/100 g
Bark 4 mm summer 88.14

" " fall 73.6

e " winter 91.8

L " spring 88.3
xts 85.5 + 8.1

. 16 mm summer 65.0

" “ fall BH25

Frhpe e S Wi winter -B7.5

n " fall
n 3 winter
: |  E R e T I Nt S8 s

" S 15_mm” ' summer 51.0 7
" ¥ o fall 45.9
" - i winter 10.5
H " spring 54.3

v x. &g _h7.9 £ 6.0

crop CEC values are for the bark samples gnm Lhe lowest

:‘.,glue? are for tﬂiés.? Sannle variability oF




(: Table 7. Sample descriptions and corresponding cation
exchange capacities of stream export samples.
Sample CEC
description meq/100 g
all but
needles 68.4
cones 62.2
bark 57.8

52.5
-50 9

leaves

T*wposite saﬂple containing everjtninr;ﬁut needles.: Vérf,sﬁgiiﬁgf;_?‘

fines ((250f0 had the lowest CEC, probably because of the

high percentage of ash (B. Buckley, personal communication).
Samples which had zero-time stream residence had very

low CEC valuéé;(Table 8); of these, bark showed the highest

vaiué and wbod and chips showed the lowest value.

The effect of removal of water soluble substances on

litter catlion exchange capacity was determined on Harvard

71 and F2 laxers.' The sanples

'ater of three different
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g' Table 8. Cation exchange capacities of zero-time watershed
10 stream decomposition study.
Sample CEC
description B meq/100 g R
wood 4.8
chips . 4.9
twigs - 21.5

bark _ by 4

-iextraction temperatureais;givan *anable 9 Weight lous =

E?graphed against-extractlngjﬁempevatuﬁEs is prebented in-=-
Figure 13. The extracting solution was titrated to deter-

mine the extent of bufferlnb. The results are given in

weight- 10ss 1s directly related

The data ihdicaﬁe*ﬁhat
to the temperature of the extracting solution. The relation-
ship is nearly linear for the L layer. There is a distinect
break at 23°C for the F1 and F2 layers. The stage of
decompositicon did not appear to affect the rate of weight
loss, although the magnitude differed significantly between
layers. At 840C, extraction, the welght loss of the L layer
was highly significantly greater than that of the F2 and
significantly greater than the Fl. At 23°C extraction the
welght loss of the L layer was highly significantly greater
than the weight loss of the Fl or F2. Thers was no signif-

,1cant difference between the weight loss of the Fl or P27

’1ayera at 23°C AL 2°C extrdetlon, the heignt 1oss of the
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(j Table 9. Cation exchange capacities of forest litter after
being extracted with distilled water at 3
different temperatures.

Sample Extraction Percent | CEC
description temperature weight loss meq/100 g
2-L 84 C 2h.0 38.0a* =

o 23 ¢ | gy S iE T

untreated

¥ values followed by the same letter are not signi’i-
cantly different at the 5% level.
L layer was highly significantly greater than that of the
F1 layer, and significantly greater than that of the F2
layer. There was no significant dirference between welight
losses of the F1 or F2 layers.

The CEC of the extracted samples (Table 9)_showed some

unusual differences.-_The L 1ayer extracted at BHOC had a ;:5:°'_f3
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cold temperature treatment did not significantly alter the
CEC. There were no significant differences between elither
of the two samples extracted at the lower temperature or of
the CEC determined on non-extracted samples. The pattern
was similar with the Fl and F2 layers. The pH of the
extracted solutions tended to become more acidic as temper-
ature of'the extracting solution was increased. Upon

~titration the 8A49C extractant solutions generally yielded

icated monobasic substances R

963) with a higher buffering
iith. a high D€

et - .

~ - = oot Ty

~ " T gamples which were subjected to the 84°C

ﬁatérzéfkréétibn
all showed signs of chemical alteration. Tﬁe litter became
darker, forming a blackish suspension of finer sized
.particles which settled into a densely compacted mass upon
fiitration; " The samples extracted at 20 and‘239 retained
fheir color and over all appecarance. Although the cation
exchange capaciﬁics of all the samples extracted at 23°C

were slightly lncreased over those extr

~ - - oy T O i

acted at 2

RS » TR TR A T e
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that the chemical alteration which was apparent in the 84°¢C

b,

extracted samples might involve a polymerization which
decreased the number of exchange sites.

From the data it is seen that water soluble substances
of forest litter contribute between ?7and 2li percent of the
total welght of the litter. The substances extracted with

23°C or 2°C water have a limited bu{fering capacity. The

‘TSpbstanCes éxtractedJat 8u°c have;é.Strong buffering

treated with organlc solvents ?enerally lost less weight
than samples treated with acid or base. The order of weizht

loss and resultant CEC was HCl)NaOH}ethanol)HzO>isopropanol) |

acetone. There was no significant difference between amount
of weight loss and resultlnw CEC values of the HCl or HaOH
treatments. ,E;hanol and_water treatments did nbt_give

W ' significantly Eifferent weight lossesror CEC wvalues, nor

did euhanol, acetone or isoprOpanol treatnenfs




certain to be false in't e 1n1tia1 stages.
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Table 10. Cation exchénge capacities of residue from litter
extracted with six different solutions.

Extracting Percent CEC
solution weicht loss mea/100 g

untreated — 50.6

Fameaeh N-HCY: ==2--9.9 . 39.8

- 237003 NV__N';;;OH e B e " 35.3

" ethanol o P S 33.8

“In the beginninr-
stages of forest floor decomposition the residual parent
plant material would be expected to exert a strong influence
on the kinds of organic substances present. Characterization
of the number of exchange sites, or CEC of the material,
might indicate one aspect of the nature of the substances
formed. -

Because the H layer was non~existent at several sites

';F 1aye‘ Cif q'wéfé used to-rahk the eleven
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Table 11. Ranked cation exchange capacity values for eleven
Oregon forest sites by sums of L and ¥ layers.

Vegetation L & F CEC

type — _meq/100 g
Tshe/Pomu/0Oxor 1 140.6 a*
Pisi-Tshe/Oxor o 133.9 ab
Psme/Mabi i 7 - 126.8 ab

Alru/Rusp/tosi .~ 7“ < ;iii_ 115.7 be

-1Alru4Psme(Rusp/?&§is =t

¥values followed by the same letter are not signifi-
cantly different at the 57 level.

Tshe/Pomu/Oxor vegetation. This stand has a lush herb
layer. The vegetation type occurring on this stand usuaiiy;:-u
is found on site classes I or II (Dyrness et al. 197#):
Tshe/Pomu/Oxor had the highest cumulative CEC, highest L
layer CEC and highest F layer CEC.

Cumulative CEC values for the Tshe/Pomu/Oxof, Pisi-

Tshe/Oxor and Psme/Mabl stands were not signxflcantly

different. These three stands

probably- the best timber sit'A

e o : oy o o = = e g é—.-ﬁ'\pﬁl‘-ﬂ'\.b.-—;’gﬂ‘p’“:‘?-"

|
it
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Values for the I, layer alone (Table 12) show the Tshe/

Pomu/Oxor stand with highest CEC, although it is not signif-
icantly different from Pisi-Tshe/Oxor or Psme/Mabi. The F
layer CEC value for Tshe/Pomu/Oxor (Table 13) was signif-

icantly higher than any of the other vegetatlon types.

Table 12. Ranked cation exchange capaclity values for eleven
Oregon forest sites, L layer.

Vegetation e CEC

meqa/100 g

;TéheZRhmgféﬁshi;_
Tshe—Aban/Lib6 ¢ R T %07 B
Alru/Rusp/Mosi | 50.7 ©be

S Mdra/misp/Poms T S Ss e B0 et v

Tshe/Cach fﬂ ;:'1 . o e 2l ~EAR68 be
; Tshe—Abam/Rhng/Bene . © Bh.g c

¥ values followed by the same letter areAnot signif-
icantly different at the 5% level.

s e ST e

B —
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Table 13. Ranked cation exchange capacity values for eleven

Oregon forest sites, F layer.

Vegetation CEC
2 type = meq/100 g
. Tshe/Pomu/0Oxor Th.8 a*
Psme/labi 68.0 b
Alru/Rusp/Hosi 64.1 b
= Alru-Psme[Rusp/m051 - 62:é:.bé :

% values followed by the same letter are not signif-

icantly different at the 5% level.

northerly aspects at abouﬁ,890 m elevatiqns. This associ-

ation has the most sparse herb layer of any community, and

Xerophyllum tenax is typicélly preseﬁt:

The site class

range for this association is III - XIV (Dyrness et al.

1974). The stand sampled was probably on the lower guality

~side of this class range._i

“usUaily found on brushy,

exposed or just off ridge tops.

The Tshe/Cach associlation 1s

‘xerlic sites which are either

Xerophyllum tenax and Pinus

lambertiana are present with this association, which is - -

found on site classes III

RS 16 1is proﬁably griESE‘_:



g2
{i severe example of this associlation. Both of these vege-
,fation types had L + F CEC values almost one third less than
those of the Tshe/Pomu/Oxor site.
Samples gathered from watershed 10, and representing

15 substrata units are ranked in Table lh in order of

A decreasing CEC values. These are mixed organic layer

diéériminating to be used as indices to quality of site.

A thick layer that had a lower CEC would easily mask a thin

::1ayer uith a higher CEC._ Also, variations be ween sanpleu

T = S <~ g |

E-were very high and only tho extrene top and bottow T :I&"  =3

substrata were significantly dlfferent statastical1y from
each other.

Entire composite L + F + H core samples from watershed
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( Table 1l4. Cation exchange capacities of fifteen watershed
10 substrata units.

Substrata CEC
unit meq/100 g
number X Es

3 62.9 + 7.4 a®
8 59.0 + 4.8 a

52.8 + 11.7 ab
e e e

t19.7

300
- h9.9.% 4.5

4e .4 £ 11.5 be
Hscok 2.8 -he .

;wj*efrlg*:w_;él;t¥i§ﬁlﬁés"fgllbwed by the same letter are not signif-
i = o T ~ % 1cantly different at the 5% level. (See Table 3
g ~ for identification of dominant habitati types of
15 substrata.)

- 2
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T

€ Table 15. Catlon exchange capacities of watershed 10 post-
A 1 7 " : logeing samples.

£ S Sample T _ CEC e
e - SR ~deseription 235 eq/100 g

- drj site

_ Cach'Eype_.
“stream site
habitat type

“No siénifiéénﬁfdifferéhkés could be seen between direct

”diétillation of the samples or distillation of a displacing

_HC1 solution (Table 151-,,. N e o -

-;Tébie,iE: Cation exchancefcaoacities of bark with and with--.f
BNt s out u51ng HCl -as’ the (iJ.S;.')ZI.a.ch')'r :olation.' : N,

CEC

Method used mea/100 g
: Direct distillation 30.4
et owe S HCL displacemént : 29.1

5 a-rinsinr abent-woqu prqhéBly-

_a-d'K
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é; solvents extract out 7 to 8 percent by welght of the litter

material.

Variations in results from replicate samples were

great, especially for determinations of base saturation or
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e,

SUMMARY

(1) Forest floor litter from eleven Oregon sites

showed increased cauion exchance capacity (CEC) with

(3) Type of vegetation influenced the magnitude of the

CEC of the different litter layers. Litter layers from

litter by organic solvents than by Hs0, NaOH or HCl. Théi

water and organic extracted residues had loiwer cation

,;.;li_i_exéhange_capaici_p_ie_s,fqha}n;e{ii;herft_heréﬁtfi‘g;j':;{ié;?g{f;eicf{gae};ed.}”t“j :

“residues.

==at (B Hot water extracted more materﬁal (by weight) than
rbom—temperature vater or cold water. Extracts from hot
water treatment were more highly buffered and more acidic

than extracts from cooler—temoerature water treatments.

s f7;3};'{6) Detritus meterials sampled from a snall stream ;:';¥7_j.




{ CEC values than similar residues with longer residence times

in the stream.

(8) Entire L.+ I gl core,sémples.were insufficient . =

for determinlnv the dlfferences vevetation typﬂs nay cause:

:--&‘"“

e -

S e
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Appendix Table i;frbcientific and common names of plants
R - involved in this study. : -

Scientific Common

name = ] R e name

Abieu amabllls

Aralla nudwcaulis

- Berberls nervosa Pursh

_DispofUm smithii (Hook.) Piper

Casteﬁbp51“ chr?soohvlla s S e = s
(Dougl.) A.DC. iy golden chinkaoan

Chimaphila umbellata (L.) Bart.

Coptis laciniata Gray cutleaf golden thread

Cornus can dehsis i

bunchberry dogwooa

Cornus nuttalli Aud. ex T. & G. | Pa01f1c dogwood

Smith's fairybells

Euryhnchium oreganum (Sull.) J. & S.

Euryhnchium stokesii

Galium trlflorum ﬂlchx

sweeltscented bedstraw

Galutherla shallon Pursh N - “salal

western prince's pine




Appendix Table 1. Continﬁéd.

Scientific

name ___' ; e

Linnaea borealis L.W

Montla 51bir1ca (L ) How.

Oanis orecana ﬂuut. ex T & G.

"Pinus resinosa

Pinus strobus L.

»

Plagiothecum denticulatum

Polvsticum munitum (Kaulﬁ;) Presl.

Pseudotsuga menziesii (Mirb.) Franco

Pteridium acouilinium (L.) Xuhn

Quercus rubra L.

Rhododendron macrophyllum G. Don

Rhytidiadelphus loreus (Hedw.) Wasnst.

RubuS‘parviflorus Nutt.

Rubus ﬂpectabilis Pursh

Sambucuo melanocarpg

'Déuglasifii'

western sprlngbeauty

Ore gon oxali s

eastern white pine

swordférn,,
bracken fern
northern red oak

Pacific rhododendron

thimbleberry
salmonberry

elderbgtfxx




: ' 100
e Appendix Table 1. Continued.
2 Scientific Common
iR name e R S : S name:

5 “Viola sempervirons Greene - - ; evergreen violet e O e

Xeropnyllum tenax (Pursh) Hutt.  eommon beargrass




- Appendix Table—_z._;_Prlnciple vegetation present on the eleven Oregon forest atands. S g
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