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Abstract.--Based on a nutrient supply study conducted in the

Idaho batholith, I have estimated the amounts of cations released

by chemical weathering that are retained in a mixed Douglas-fir

ponderosa pine forest ecosystem. The estimate includes cations

adsorbed by new seeondary minerals formed during weathering plus

net nutrient uptake by biomass. This provides a more ~alistic

estimate nf potential nutrient supply' to soil by weathering than

previous published weathering rates that include a large component

that is leached from the ecosystem. Maximum rates of nutrient

retention occur during maximum foliar increment. a situation

approximated by the stand conditions in the study watershed. Net

annual uptake of cations in biomass greatly exceeds annual increase

in soil retention. Approximately half the K+, Ca++. and Mg++ re-

leased by primary mineral weathering are retained in the ecosystem.

INTRODUCTION

Land ~anagers considering intensive tree harvesting. short rotation

manageml...t. or even conventional harvesting on depauperate soils are often

concerned with the iQplications of harvest to the nutrient capital of their

site. Nutrienc'loss co che syscem must be counterbalanced by resupply over a

reasonable cime, or fertilization is required. Estimates of nutrient supply

to ecosyscems by primary mineral weathering are uncommon in the literature,

alchough nutrient budget studies frequently include an estimate of weathering

release based upon dissolved cacion efflux rates from wacersheds. The implica-

tion is thaC chis weachering rate defines the upper bound of potential ele-

mental supply to the ecosysteQ. This upper bound greatly exceeds che maximum

actual retention of cations released by weathering in temperate forest eco- -
systems. Actual nutrient supply rates co the system are time variant. and may

be considered equal to the net accrual to the soil and biotic pools.

Nutrient budgecs in foresced ecosyscems have been scudied intensively

over the past 20 years. Seminal papers by Duvigneaud and Denaeyer-DeSmet
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(1964). Ovington (1962. 1965). and Tamm (1964) pointed to the concerns

regarding perpetuation of a supply of nutrient~ to forested lands in Europe

that have been under man~gement (~idescale cleari~g and natural regeneration)

for vell over 1.000 years. They suggest that the nutrient capital of soils is

gradually depleted by successive croppings. and the ultimate and necessary

result is a decline in timber production.

In the past decade. study results have generally indicated that tree bole

harvest removes nutrients and causes accelerated leaching losses at rates

compatible ~ith natural nutrient inputs (Wells and Jorgensen 1979). Ho~ever.

concern has shifted from normal. sa~log harvesting to more complete or total

utilization of the tree crop. which greatly increases removal of nutrient

capital from the site (50yle et al. 1973; Weetman and Webber 1972: Malkonen

1973; Kimmins 1977; Alban et al. 1978; Lea~ 1979). Weaver and Forcella (1977)

estimated' that ~hale tree harv~st of climax-Rocky Mountain forests ~ould

result in incrtased nu;rient drains of 3. 6. 4. and 3 times bole removal rates

for N. p. K. and Ca, respectively. Johnson et al. (1982) ;eported increased

export of N, P, K, and Ca from ~hole tree harvest ranging from 2.6 to 3.3

times conventional bole removal rates from a mixed oak forest at Oak Ridge

National Laboratory. They. concluded that soil amendments might be necessary

to sustain Ca supplies to this ecosystem under ~hole tree harvest management.

Much of the merchantable timber in the Western United States is located
,on steep, mountainous landscapes vith high natural erosion rates. Soils on

these sites are often shallo~ and ~eakly deveJoped. Folloving logging,

accelerated erosion can occur: depleting the soil nutrient pools inthesa

ecosystems. Fertilization to replace nutrients in forest ecosystems that have

lost productivity can only be considered a practical solution in highly

producti ~ stands under intensive management. Kimmins (1977) correctly

pointed out that nutrient management ~ould be important in the future.

Nutrient ,budgeting has been used extensively to predict the long-term

consequences of particular harvest strategies. Ho~ever. nutrient budgeting is

still an inexact science. prone to numerous errors. Leaf (1979) expressed the

concern that in our haste to provide data on nutrient cycles to land managers.

our sampling techniques may have been so crude that ~e have provided a measure

of disservice rather than of service. This may be most apparent for estimates

of nutrient supply rates to the ecosystem from primary mineral weathering.

Clayton (1979) revie~ed a variety of techniques for arriving at estimates af

nutrient supply from ~eathering. and concluded that nutrient .budgeting tech-

niques probably provide the current most accurate numbers.

The principal shortcoming of previously published nutrient supply rates

is that elemental release rates from ~eathering. are considered equivalent to

maximum potential supply rates. These supply rates are based on elemental

loss from ecosystems by soil solution transport belo~ lysimeters or as dis-

solved transport in streams. and thus include a component not available for

tree nutrition. In temperate forest ecosystems of the vorld, rates of nutrient

release from veathering generally exceed nutrient retention. principally

because of: (1) lack of an efficient sink mechanism in the soil for immobiliz-

ing elements released from veathering. and (2) lack of an effective exploita-
tion of the soil volume by roots. Obviously, these forest ecosystems have
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evolved within the nutrient retention limitations of the existing soil sink

'And roo~ exploitation strategy. The land manager'~ concern and need for

realistic estimates of nutrient'replenishment ra!es Is,directed to managed

forest ecosystems, where large nutrient removals result from harvesting.

A more rational upper bound for potential nutrient supply rate from
weathering can be computed from annual net elemental accrual in vegetation and
litter, plus annual increases in cation adsorption sites in the soil arising
from secondary mineral formation and changes in soil organic matter. Vitousek

and Reiners (1975) presented a hypothetical relationship between the degree of
maturity of an ecosystem and its ability to retain nutrients. They suggested

that the difference berween net input and output of a nutrient element is
pr~portional to the rate of accrual of that element into the biomass increment.

The research reported here presepts a concept ,for estimating nutrient
gains to a forested ecosystem1n southwestern Idaho in which litter layer and
$oil organic matter content are assumed"to be in. a steady state. !hese
assumptions are reasonable in view of the age and profile development of the
soils, and in view of the forest stand maturity and lack of recent fire
activity. A mass balance approach to arrive at a geochemical budget for a
watershed is used to investigate the potential and actual"supply rates of five
essential elements to a forested ecosystem. The mAcronutrients Ca, K, Mg, S,

and P are considered in this study. Cycling of the nonessential element Na is
also considered because of its magnitude and similarity of transport to other
cations in the biogeochemical cycle. Results indicate that weathering release
of S is considerably lower (not detec~able) than meteoric inputs to the Idaho
batholith. This result was not unexpected (Strahler and Strahler 1973).
Therefore, weathering is not an important pathway to consider in the S budget

of this ecosyst~. Weathering release rates of P from primary minerals are
difficult to determine becau$e of the lack of mobility of P. The rate of
supply of P from weathering is discussed in light of this problem.

SITE CHARACTERISTICS. SAMPLING, AND LABORATORY ANALYSTS

This research was conducted on watershed SC-5, one of the Silver Creek

research watersheds located in the southwestern Idaho batholith (44.25'N

latitude and 11S"45'W longitude). SC-5 is a 1.09-km2 watershed draining in a

southeast direction. Slopes on the watershed range from 20 to 65 percent, and

commonly have south or east facing aspects. Elevation at the mouth of the

watershed is 1395 m and the highest elevation is i77S m. Bedrock i~ this area

of the batholith is a coarse-grained quartz monzonite, typical of the main

inner facies of the southern Idaho batholith (Ross 1963). The modal rock in

SC-5 contains quartz, plagioclase (An16-21), orthoclase, and minor amounts of

biotite (Clayton, in press). Rock near the surface is moderately

well-weathered to well-weathered according to the classification scheme of

Clayton et al. (1979). These classes of weathering indicate rocks of low

mechanical strength, and quartz grains are the only minerals to appear fresh

to the unaided eye. Feldspars and biotite show considerable alteration to

clay minerals in thin section.

Soils in the area were mapped on Forest Service Resource Photography base

photos (1:15,840) at the family level. Soils are generally shallow, coarse
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textured, and weakly developed, exhibiting only A and C horizons. Typic and

Lithic Xer~rthents predominate on southerly s~opes. Cryorthents, Cryumbrepts,
and Cryopsamments are common o~ other aspects. 'Texr.ura~ classes are sandy or
sandy-skeletal. Single samples of major horizons from the four soils most
comeon to SC-5 were sampled from 28 soil pits for laboratory analysis. Bulk
densities were determined in the field by coring. .Laboratory analyses included:

-

.

1. pH - saturation paste
2. Cation exchange capacity by Na saturation (Chapman 1965)
3. Exchangeable bases, neutral, 1 M NH40Ac extract
4. Exchange acidity, BaC12 - TEA method (Peech 1965)
5. Percent organic matter, Walkley - Black method (Allison

1965)

No samples. for ~a:~~cnt analysi~ were taken'below C horizons, although

many of thi .soil con~acts wi~ bedrock are classified as paralithic. Both

weathering and- tree roots are commonly.observed in bedrock in the-batholith,

often to depths greater than .10 m. Roots are generally confined to fractures

in rock, hut presumably they derive both water and nutrients from this zone

during some periods of the year. Primary mineral weathering below the soil is

slov compared to rates in the soil because of the abundance of primary minerals

in young batholith soils. higher specific surface of grains in the soil,

presence of organic acids. more frequent leaching and greater temperature-

fluctuations (Clayton et al.. 1979).

The watershed is forested. and the principal overstory species are

ponderosa pine (Pinus ponderosa Laws.) and Rocky Hountain Douglas-fir'

(Pseudntsu2a menziesii Mirb. Franco). The timber stand is uneven aged,

multi canopied , and averages about 24 MBF/acre (Scribner) in trees >27 cm

diameter at breast height (d.b.h). The oldest trees are approximately 400 yr

in age, and all ponderosa pine. Intermediate Douglas-fir and ponderosa pine

trees are in a 180 to 200 yr age class. and there is a discontinuous

pole-sized class of Douglas-fir, 80 yr old. There have not been any fires

larger than 0.4 ha in SC-5 in the last 60 yr, and no evidence of major fires

for over 80 yr. Basal area averages 25.2 m2 ha-1. Two habitat types (Steele

et al. 1981) predominate nn the watershed: Douglas-fir/ninebark (Phvsocarpus
malvaceus (Greene) Kuntze), ponderosa pine phase; and Douglas-fir/white spirea

(Soiraea betulifolia Pall.). ponderosa pine phase.

Incremental phytomass growth and standing crop estimates. for. SC-5 were

determined in the following way:

Two hundred forty-five 0.008-ha plots were established to provide a 3

percent cruise of SC-5. On all trees, d.b.h. and height by species were

recorded; increment cores were taken on a one out of five random subsample to

pr~vide the heartwood-sapwood transition and last 5 years' diameter increment.

Using the current diameter, diameter increment. and height. various allometric

equations predicted incremental growth by plant part. The foliaRe and branch

estimates for ponderosa pine and Douglas-fir are predicted using equations

from Bro~~ (1978). Boles of pine <39 cm d.b.h. are predicted using unpublished

equations provided by Patrick Cochran. Bend Silviculture Laboratory, Bend, OR.

Pine boles >39 cm d.b.h. and Douglas-fir boles and roots are predicted from
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equations of Ghol% et al. (1979). ~o equations for ponderosa pine roots were

deemed. suitable for the research area, so they were estimated using the

assumption th~t pine has the s~me branch:root ratio predicted for

Dou~lns-fir.ll Understory plants other thau ponderosa pine and Douglas-fir

constitute <5 percent of the total vascular plant phytomass in the

watershed.)!

Tissue chemistry data ior ponderosa pine and Douglas-fir from Clayton and

Kennedy (1980) are coupled with the standing crop and incremental growth data

to provide annual uptake, net uptake, and standing crop of element~ in the

stand. Half the samples collected by Clayton and Kennecy are from SC-5; the

other half were from an adjacent watershed in the Silver Creek study area.

Streamflow and precipitation in, SC-5 have b~en monitored continuously

since 1960. Water chemistry studies were begun in 1973 and precipitation

chemistry scud~es in.-1974. ~ream and precipitation chemistry sampling and

techniques for computing annual elemental fluxes into and out of <he watershed

by these pathways are described by Clayton (in press). Precipitation influxes

are computed for each element assuming 98 em mean annual precipitation, which

is arrived at from an isohyecal map of SC-5 based on 18 years of record from
three rain gages. Chemical composition of snow is different from rain in

Silver Creek, and the volume ratio 65:35 snow:rain is used in comput~ng

chemical content (Megahan et al. 1983). Finally, chemical concentr~t~ons from

93 station samples of rain and 11 station samples of snow are used to compute

elemental inputs in precipitation.

Dissolved effluxes in streamwatcr are computed using equations that

correlate concentration in m~/liter and instantaneous stream discharge in

mJ/sec. Thesp equati~ns predict a mean daily flux from mean daily fl~.

Ar.nual efflux in kg ha-1 yr-1 is computed by ~umming mean daily flux over the

number of days in the year. Long-te~ average effluxes are not computed by

averaging the 10 years of available record. Instead, I have used a strong

relationship that existS between annual efflux and annual water yield in em,

and the 21-year mean annual water yield figure of 33.5 em for SC-5 to predict

long-tp.rm average annual efflux. I describe this procedure in greater detail

elsewhere (Clayton, in press).

In order to test if the watershed is tight, i.e., if there are any losses

nf water and dissolved nutrients to deep seepage below the fl~e, and to test

if there a~e water sources from springs. the Cl- budget ior the watersheu was

examined from 1978 through 1981. The sole source of Cl- input is from

precipitation', and there are no large biotic or abiotic $inks for Cl- in the

2/
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Concentration
Snow CV n Rain CV n

mg/l1ter mg/l1ter

Q.06 55 11 0.18 72 93
0.09 17 11 0.26 46 93
0.22 27 11 1. 37 J2 93
0.014 26 11 0.064 57 93
0.28 29 11 0.68 49 53
0.001 54 11 0.009 66 53
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system. Over the 3-year period, there
over influx .in precipitation (Clayton,

associated with sampling and ~omputing
percent difference is unknown.

was a 4 percent excess of Cl- outflux

in pre~s). Because of the errors
the fluxe~, the~sig~ificance of the 4

ANALYSIS OF DATA

Clayton (1979) suggested that a mass balance equation of the form

lev . (Ioue-lin [pptJ) + 6 Ip+s can be used in a watershed study to estimate
elemental release from weathering. In this example

Irw . annual release of
element I from rock weathering, lout. annual dissolved efflux of I in the
stream, Iin (ppt) . annual input in precipitation, and 6 Ip+s . the annual
change in storage of element I in the plant and soil compartments of the

e~osystem. The following section develops the qat a base required to solve
this equat.ion. .

.'
Precipitation and Stream Chemistry

The concentration of nutrients in snow and rain are presented in table I,
with the number of samples and coefficient of variation.

Table 1.--Avera~e concentration of various elements collected in rain and snow

samDles, Silver Creek studv area. CV. coefficient of variation;

n . number of sareples.

Na
Ie

Ca
Mg
S
P

Element

. Using the 65:35 assumption of snow:rain ratio and using 98 em ,as the
long-term average annual precipitation, chemical influxes in precipitation are

presented in table 2. In addition, stream effluxes and efflux minus influx

data are presented in table 2. The difference berween efflux and influx is

the magnitude of elemental release from weathering that is lost from the

ecosystem by leaching. This provides data for the first half of the mass

balance equation.

The mobility of elements in the soil-water system or, more generally. the

mobility of elements when not tied up by plants greatly iniluences the flux



411

'data pr~sented in table 2. This is.particularly the case for phosphorus,

vhich is immobilized in the soil in both organic .com~o~nds and inorganic

Table 2.--Annual precipitation influx and stream efflux entering and leaving

watershed SC-5.

Element Stream
efflux

Precipitation

influx
Difference

kg h -1 -1a yr kg ha-1 yr-1

Na
K
Ca
Mg
S
P

.
12.6
3.4r
16.1
1.55
3.22
0.049

1..00
1.53
6.10
0.31
3.6
0.033

11.6
1.88

10.0
1.24

-0.38
0.016

complexes with Ca, Fe, AI, and clays (Jackson 1964). More information about

the reaction sequence: primary mineral P-,> non-labile P_Iabile P is

required to describe P supply rate from weathering. A mass balance of.

elemental fluxes within the vatershed does not supply the detail necessary to

estimate primary mineral P release, and the reaction rate of non-labile

P -+labile P mi .
be more important in controlling available supply rate to

tree roots.

Incremental Grovth and Net ~utrient Uptake .....

Table 3 presents an estimate of standing crop, average yearly net incre-

ment, and yearly mortality for ponderosa pine and Douglas-fir in SC-5.

The annual tissue shedding for foliage is 712 kg ha-I for ponderosa pine

and 549 kg ha-1 for Douglas-fir. New foliage production is 752 and 658 kg

ha-1 yr-1, respectively, leading to the net incremental grovth figures for

foliage presented in the table. Other incremental growth figures are

predicted directly by the allometric equations previously discussed;

.'

Plant chemistry data of Clayton and Kennedy (1980) vere used to convert
incremental growth and mortality data into net changes in standing crop of

nutrients. The budgeting procedure is straightforward except for foliage, and

requires multiplying the annual increment by elemental concentration. Foliage

chemistry data include concentrations in current year, I-year-old, and 2-year-

old needles. Hovever, the incremental growth models provide no data on needle

retention. Therefore I chose to use the average concentration of elements for

the three age classes of needle chemistry data to compute annual uptake and

return by litterfall. The assumption that recently abscised needles contain

nutrients in concentrations similar to concentrations in third-year needles

was tested. The assumption is good for some elements (Ca, Mg) and poor for
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ochers (K,P, 5). However, those elements that are redistributed through the

plant in phloem tissue prior.to abscission satisfy a requirement that
othervise would be mec through the pathway li~cerfal1, decay and uptake from
the soil. The mass balance equation is not pathway dependent for net uptake,
and 50 the requirement of the plant is the same in either case. The same
reasoning is used with regard to root shedding. 50llins et al. (1980) assumed

30 percent of fine roots (~5 mm) died back annually in the western Cascades of
Oregon. Presumably. the elemental content of these roots may differ during

the year, particularly when comparing the time of active growth to senescence.

I chose to take the cean elemental concentration of fine roots and apply it to
the net incremental growth to compute net uptake.

. Net annual uptake in kg ha-1 ,yr-1 based upon the above discussion is as

follows: Na - 1.94, K 2.42, Ca. 10.1, Mg ~ 1.18, 5 - 0.59, P . 0.61.

.'
Change in 50il 5tora2e

Elements released from weathering are retained in the soil as: (1)
soluble salts present in pore water, (2) adsorbed as ions on exchange sites,
(3) incorporated inco the lattice of secondary minerals, or (4) incorporated

in living or dead organic matter. As pointed out previously, the great
majoricy of P in soils is incorporated in organic compounds or highly

insoluble complexes with AI. Ca, and Fe. Most of the 5 in well-drained soil$

of humid regions is incorporated in organic matter. Under the assumption that
soil organic matter is in a steady state in SC-5, it appears that S is i~a
tight economy in Silver Creek. Precipitation inputs (3.64 kg ha-l yr-1)
slightly exceed solution losses (3.22 kg ha-l yr-l) , and the diff2rence
approximate~,the net annual vegetation requirement (0.59 kg ha-l yr-l).

Bedrock in the Idaho batholith is low in S content (Larsen and Schmidt 1958),
the modal content ranging from a trace to 0.03 percent. Clayton (1981)
estimated denudation in a nearby watershed at 6.3 em/1000 yr. Assuming S
release rates parallel denudation rates, weathering would provide less than
0.05 kg ha-l yr-l S using the 0.03 percent figure and a bulk density of
2.6 g/cm3 for the rock.

The four cations are retained principally on cation exchange sites in the

soil. Cations incorporated in organic matter (nonadsorbed) and the lattice of

secondary minerals, plus free salts of the cations in pore water, constitute a

smaller pool in the soil. Under the 'assumption of organic matter steady

state, this smaller pool represents no net gain to the soil. Clayton (1974)

and Clayton et al. (1979) found that kaolinite is the secondary mineral

commonly formed in batholith soils from feldspar weathering. Plagioclase

weathers directly to form kaolinite. Orthoclase frequently forms a

fine-grained dioctahedral mica intermediate, sericite, which subsequently

weathers to kaolinite. This intermediarY holds some K+ in unavailable inter-

layer positions; however the fact that ~ is leached from the watersheds

indicates that it is released in sufficient amounts to occupy new exchange

sites and satisfy plant growth requirements.

To estimate the annual change in cation storage in the soil one needs
information on: (1) the amount of kaolinite formed annually, (~) the exchange

capacity of the kaolinite, and (3) what ratios cations are arrayed on the

exchange sites. The amounts of feldspar wenchered annually can be escimated
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from the mass balances on cations fro~,the rock weathering equation, ignoring
the change in soil stor9ge for a first aPPFo~ima~ion: For example, sodium
released annually from ~eathering of albite is equal to stream losses minus

precipitation inputs plus net vegetation uptake. In equation form:

Na
rv (solution loss - precipitation input) + 6v

(12.6 kg ha-1 yr-l
- 1.00 kg ha-1 yr-1) + 1.94 kg ha-1 yr-1

-1 -1
13. 5 kg ha yr

Adjusting the mass of Na weathered by the ratio: formula weight of
. 3lbite/atomic weight of Sa results in 149.kg ha-l yr-1 of albite weathered.

Similar ealculations for orthoclase and an~rthite give 31 and 138 kg ha-1 yr-1
wea~hered resRectivel~ Hydrolysis of 1 mole of albite or orthoclase forms
0.5 mole of kaolinite; 1 mole of anorthite hydrolyzes to f~rm 1 mole of

kaolinite. Table 4 summarizes the annuai feldspar weathering and kaolinite

fomation rates.
.

Table 4.--Estimated feldsDar weatherin~ and kaolinite formation in SC-5 based

+ + ++on annual release of Na
. K . and Ca .

Miner31 Primary mineral weathered
Kaolinite formed

mol5 ha
-1 yr-1 kg ha-1 yr-1

OrthoC'lase

Albite
Anorthite

Total

31
149
138
ill

112
569
495

T:TI6

56
284
495
835

14
73
128
ill

The exchange capacity of kaolinite was estimated as follows. Cation
exchange capacity (CEC) of A and C horizons from the four common soils in SC-5
wpre plotted versus percent organic matter. CEC was considered the sum of the

exchange3ble baseR plus exchange acidity. A linear least squares fit (r2 .
0.84) ~ave an intercept at a percent organic matter of 0.009 moles of charge
per kg of soil. Finally, the CEC was corrected for percent clay in the soil.

Clay content ranges from 5 to 10 percent; modal clay content is 8.5 percent.

CEC of the clay fraction was computed to be 100/8.5 x 0.009 or 10.5 cmoles of
charge per kg of clay. This rather gross technique for computing the CEC of

kaolinite provides a reasonable value, near the midpoint of the accepted range
of CEC values for kaolinite presented by Van der Marel (1958). Assuming 215
k~ ha-1 yr~1 of kaolinite formed, this yields 22.6 moles of charge per ha
annually.

I arrayed cations on the new exchange sites to correspond with the mean

~aturation percentage of each cation from the lab analyses of SC-5 soils.
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These ~eaps are wei~hted by areal occur~ence of soils mapped in :he watershed.

These percentages were dp.tennined by setting, the' sum.,of
thp exchangeable bases

plus exchan!1;e :lcidity equal to 100 percent. "Tabr'e 5 presents the data on
AnnuAl cati.on accretion retai!1ed'on !IE''''.exchl1nge sites on kaolinite created

from feldspar weathering.

Table 5.--Estirnatp.d cation distrihllciol' adsorbed (In kaolinite formed f~nm
feldspar wcatherin2 assu~in~ 22.6 moles per ha of new exch~l'~c sites
creatp.d annllally.

Cation Percent
.,sat.urllt~On

~Ioles of

cation ntained

Mass retained

Na+
K+
Ca++
Mg++
H+ (acidity)

0.3
3.0
25.9
5.7
65.1

0.068
0.68
2.93
0.64

0.0016
0.027
0.)17
0.016

I also considered cyclic chanRes in c:ltions stored in the soil pool

associated with periods of rapid or slow st11nd growth. One mi~ht expect

depletion of 1",1 Ca or K during pe~i('ds of rapid nutrient accrual to the

stand, and subsequent replenishment of the soil pool following stand mAturity.

I was unablp. to document this h:'
comparing the same soils ip an adjacent

watershed under a ma~ure ferest stand to soils in SC-5. Apparently, cation

release from primary mineral we~thering is capable of sustaining sufficient

cation activity to maintain similar saturation percentages of adsorbed cations

in spite of vp.~etation demand. Alban (1982) found a similar situation when

comparing soil K pools under Populus and Pinus stands in which Populus had

three times the demand for K. Similarly, they sur,gested that relealle of K

fr.om nonexchangeable mineral forms had kept pace with uptake.

DISCUSSION

Table 6 compare~ masses of the feur C:ltions released from weatherin~ to

the masses retained in the ecosystem as apnual accrual to the soil and vegeta-

tion pool. The percentages of cations released by weathering that arc

retained in the ecosystem. either in incremental biomass growth or on new

cation exchange sites, are presentp.c as "Percent efficiency" in table 6. It

is readily l1pparent that under the present stand structure, the plant pool is

~ccrecinR these cations in much larger amounts th~n is the soil. Further, the

data in table 6 suggest that fo~luwiPR a disturbance such as fire or clear-

cutting, the sucr.ession~l dynamics of plant re~st~blishment ~ill coptro: the

rate of catior ~ccrctiop to the ecosystem. The rates of nutrir.pt ~upply
presentp.d in this paper should be evaluated in light of the ~urrent ~tapd

growth dynamics, and whac we kpow a~out successional dypamics.



Released by Retained by Retained by
weathering vegetation soil Efficiency

-1 -1 kg -1 -1 kg -1 -1kg ha yr ha yr ha yr percent

13.5 1.94 0.002 14
. 4.3. 2.42 0.03 57.
20.1 10.1 0.12- 51
2.4 1.18' 0.02 50
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Table 6.--Total weatherin~ release of ~a, K, ea and Mg, and amount retained

in the soil and ve2etation as annual i~cre~ental gains to these two
pools. Percent efficiencv refers to the percent of cation released

that :s retained in the ecosystem.

Na
K' ,
Ca
Mg

Element

The direction of succession in Douglas-fir/nt"ebark habitat tvpes in the
Idaho batholith has been studied in some detail.lt. From this .one c~n speculate
about succession in the Douglas-fir/spirea habitat type. and thus. have a good
picture of succession in SC-5. This report provides data on species coverage

changes with ti~e following d~sturbance by fire or logging. In SC-5 we might
expect greater than 90 percent coverage within 10 years of a disturbance.
Species present ~ould depend on whether or not fire played a rale in the

disturbance. For example. following burning, Ceanothus velutinus might cover
60 to &~ percent of the area; without burning (but with considerable ground

disturbance) Ceanothus velutinus might be present on only 5 percent of the
area with a concommittant increase in Ribes viscosissimum and Ribes cereum.
There were slight increases in average shrub canopy volume 5 y~rollowing

clearcutting and burning in a watershed adjacent to SC-5. Restocking or
conifers is slow and coniferous biomass increment is less than that or shrubs
for at least 20 years.

As conifers slowly replace shrubby vegetation, incremental growth rates

are maintained at a high level or increase. The structure of the stand 1s

important at this point in determining nutrient increment. Stands. with large

crown ratios require abundant nutrients, so well-stocked stands with good

spacing between trees probably present a situation of high nutrient increment.

.Watershed SC-5 is carrying somewhat low volumes due to understacking in lower

diameter classes. Density related mortality fsoccurring on only 13 percent

of the area. although all plots with mortality were in the larger diameter

classes. Timber stand improvement might increase nutrient increment in SC-5.

However. the data presented here may be a reasonable maximum for a natural

stand in the Silver Creek area.
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