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ABSTRACT . 

I JOHNSON, D. W., D. W. COLE, F. W. HORNG, H. VAN MIEGROET, and 
0. E. TODD. 1981. Chemical characteristics of two 
forested Ultisols and two forested Inceptisols relevant 
to anion production and mobility. ORNL/TM-7646. 
Oak Ridge National Laboratory, Oak Ridge, Tennessee. 
30 PP. 

As a prelude to a basic program on soil leaching, some chemical 

characteristics of two forested Ultisols in eastern Tennessee and two 

forested Inceptisols in western Washington are discussed in relation to 

the production and mobility of anions. These soils were chosen in an 

attempt to provide a range of free iron (Fe) and aluminum (Al) contents 

(which are hypothesized to be related to anion adsorption) and 

l 

carbon:nitrogen (C:N) ratios (which are hypothesized to be related to 

nitrate and bicarbonate production) for field experiments involving C, 

9 N, and anion salt additions. 

The Washington Inceptisols had high free Fe and Al in surface 

horizons and decreasing free Fe and Al levels with depth, whereas the 

reverse was true of the Tennessee Ultisols. The Alderwood-red alder and 

Tarklin (sinkhole) soils had higher N concentrations and lower C:N 

ratios in their surface horizons than the Alderwood-Douglas-fir and 

Fullerton soils, respectively, but the reverse was true of subsurface 

horizons. Patterns of and relationships among the above properties and 

pH, Bray phosphorus (No. 2); adsorbed and soluble SO:-, Cl-, and 

. NO;; cation exchange capacity; and exchangeable cations are discussed. 

V 
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P c 
. ” -. ;. ,. INTRODUCTION 

* The purpose of this report is to describe some chemical and 

physical properties of four forest soils, two on the Walker Branch 

Watershed in Tennessee and two at the Thompson Site in Washington. 

These sites are involved in a joint University of Washington - Oak Ridge 

National Laboratory (ORNL) study of soil leaching processes funded by 

the National Science Foundation. The data reported herein can be used 

as a reference for this and future studies at both sites. 

The central hypothesis of the current research is that elemental 

leaching losses from forest ecosystems can be predicted by 

understanding and quantifying those processes that regulate anion 

production and mobility within the soil component. We propose to test 

this hypothesis with a series of experiments in two forest ecosystems, 

. one rich in nitrogen (N) and one poor in N, at each of the sites. 

This research is designed to test three basic hypotheses: 

1. The mobility of sulfate and phosphate in soil is related to 

the free iron (Fe) and aluminum (Al) content of the soil. This, in 

turn, is a function of the original chemical composition of the soil 

parent material and the degree to which it has been weathered. 

2. The ratio of nitrate to bicarbonate in the soil solution is 

regulated in part by the ratio of available N to available carbon (C) 

in the soil. 

3. Any addition (natural or otherwise) that raises the soil 

solution pH will mobilize HCO: and adsorbed anions and thus shift 

the anion composition of the soil solution. 
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For testing the above hypotheses the major anions have been 

divided into three categories based upon their general chemical 

characteristics and interactions in the soil. Because of their 

tendencies to enter into adsorption reactions, sulfate and phosphate 

are treated as one category. Nitrate and bicarbonate are combined into 

a second category because of the heavy influence of biological processes 

on their production and mobilities. Chloride is treated in the third 

category because of its relative freedom from both chemical and 

biological interactions in soils. 

Hypotheses 1 through 3 are schematically represented in Fig. 1. A 

soil at time zero (To) can be visualized as developing along a plane. 

One axis of the plane is an index of fertility (C:N ratio), and the 

other axis is the degree of soil weathering. The fertility is 

regulated by the biological component of the site (i.e., the development 

of species with N-rich or N-poor foliage). As the detritus from these 

species decomposes on or in the soil, the chemical makeup (available 

C:N) regulates the production of NO; and HCO; in the soil. The 

second axis, degree of soil weathering, is primarily a function of the 

physical aspects of the site (e.g., rainfall amount and composition, 

soil parent material), but the biological component plays a strong role 

as well (e.g., soil CO2 evolution and carbonic acid production). As 

the soil weathers, proceeding from To to Tn, it becomes depleted of 

bases thus becoming more acid and enriched in sesquioxides. These 

factors in turn reduce the pH, the mobilities of SOf- and H2P04, and 

the ionization of HCO;. 
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Fig. 1. Schematic diagram of hypothesized production and mobilities of 
major anions as a function of soil weathering and available 
C:N ratio. 
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While the validity of this model cannot be tested directly because 

it would involve waiting hundreds or thousands of years for the study 

soil to develop, we have decided to test component hypotheses of this 

overall model by looking at anion production and mobilities in soils 

within certain ecosystems whose properties lie on different ends of the 

axes defined in Fig. 1. In this initial research we will explore 

leaching processes in forest soils that lie near the four extremes of 

the surface in Fig. 1. The red alder and Douglas-fir stands represent 

N-rich and N-poor sites in western Washington where the soils are 

glacially derived and relatively young. The low- and high-fertility 

hardwood stands represent N-rich and N-poor sites in eastern Tennessee, 

where soils are very old. 

SITE DESCRIPTION 

Walker Branch Watershed 

Walker 

physiograph 

1971). The 

Branch Watershed is situated in the ridge and valley 

ic province near Oak Ridge, Tennessee (Grigal and Goldstein, 

climate is of the humid mesothermal type with moderate 

summer and winter temperatures. Mean annual temperature is 14.3OC and 

precipitation for the 1970-76 period averaged 151 cm/yr, most of which 

fell as rain (Henderson et al. 1977). Underlying the watershed is Knox 

dolomite, a cherty, dense to coarsely crystalline rock of late Cambrian 

to early Ordovician age. 

The low-site hardwood stand on Walker Branch is located on a 

ridgetop on the Fullerton series soil, a Typic Paleudult. A detailed 

soil description is given in Table 1. Vegetation at the site is of the 
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Table 1. Profile description of Fullerton Series Soil 

Horizon Description 

01 5-1.5 

02 1.5-o 

Al o-7 

A2 7-38 

. 

. A3 38-42 

Bl 42-50 

821 50-80 

822 80+ 

Partially decomposed hardwood litter 

Unrecognizably decomposed litter 
and humus 

Dark grayish-brown (10 yr 4/2) 
cherty silt loam; moderate fine 
granular structure; very friable; 
abundant roots; gradual smooth 
boundary 

Brown (10yr 5/3) cherty loam; weak 
fine granular structure; friable; 
occassional ,roots; gradual wavy 
boundary 

Light yellowish-brown (10 yr 6/4) 
cherty loam; weak fine granular 
and subangular blocky structure; 
friable; occassional roots; gradual 
wavy boundary; discontinuous 

Yellowish-brown (10 yr 5/8) cherty 
clay loam; weak medium subangular 
blocky structure; firm to friable; 
roots rare; gradual wavy boundary 

Yellowish-brown (5 yr 5/8) cherty 
clay loam; moderate medium angular 
blocky structure; firm; gradual 
wavy boundary 

Red (2.5 yr 4/8) cherty clay loam; 
strong medium angular blocky 
structure; very firm. 
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oak-hickory type described by Grigal and Goldstein (1971). Species 

consist primarily of hickory (Carya spp.), red maple (Acer rubrum), 

white oak (Quercus alba), chestnut oak (4. prinus), black oak 

(4. velutina), blackgum (Nyssa sylvatica), sourwood (Oxydendrum 

arboreum), and tulip poplar (Liriodendron tulipifera), with occasional 

dogwood (Cornus florida) and northern red oak (0. rubra). Understory 

is absent. 

The high-fertility hardwood stand is located in a sinkhole 

depression on the Tarklin series soil, a Typic Fragiudult. A detailed 

soil description is given in Table 2. Vegetation is of the 

yellow-poplar type described by Grigal and Goldstein (1971). Species 

consist primarily of tulip poplar (Liriodendron tulipifera) with 

occasional red maple (Acer rubrum), white oak (Quercus alba), black 

locust (Robinia pseudoacacia), persimmon (Diospyros virginiana), black 

cherry (Prunus serotina) and Carolina buckthorn (Rhamnus caroliniana). 

Understory consists of dogwood (Cornus florida), occasional eastern red 

cedar (Juniperus virginiana) and Japanese honeysuckle (Lonicera 

japonica). 

Thompson Site 

The Thompson site is located in the western foothills of the 

Cascade Mountains near Landsburg, Washington. The climate is of the 

cool, maritime type with cool, dry summers and wet, moderate winters. 

Mean annual temperature is 9.8OC and mean annual precipitation is 

136 cm, most of which falls as rain between October and March. Soil 

parent material at the site consists of glacial tills and outwash. 
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01 7-2.5 Partially decomposed hardwood and 
honeysuckle litter 

02 2.5-o Unrecognizably decomposed litter 
and humus 

Al O-8 Dark grayish-brown (10 yr 4/2) 
cherty silt loam; weak granular 
structure; very friable; abundant 
roots; smooth boundary 

AP 8-18 Dark yellowish-brown (10 yr 4/4) 
cherty silt loam; weak fine 
granular structure; friable; many 
roots; gradual smooth boundary 

Bl 18-32 Dark grayish-brown (10 yr 4/2) 
cherty silt loam; medium subangular 
blocky structure; friable; 
occasional roots; gradual wavy 
boundary 

B2 32-50 Yellowish-brown (10 yr 5/4) cherty 
silt loam; medium subangular blocky 
structure; friable to firm; 
occasional roots; abrupt clear 
boundary 

B3 50+ Brownish-yellow (10 yr 6/8) cherty 
silt loam; mottles common; angular 
blocky structure; very firm, 
compact; brittle; roots rare 

Table 2. Profile 'description for Tarklin series soil 

- 

Horizon Depth 
(cm) 

Description 
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Ablation and lodgement tills have developed into the Alderwood series, 

the soil used in this study, whereas outwash material has developed into 

the Everett series. 

The study sites are located on a small drumlin dominated by the 

Alderwood series. A detailed description of the Alderwood soil is given 

in Table 3. 

Vegetation consists of a naturally regenerated, 48-year-old red 

alder (Alnus rubra) stand surrounded by a 48-year-old plantation of -- 

Douglas-fir (Pseudotsuga menziesii). Perrenial understory in the red 

alder stand consists predominantly of sword fern (Polystichum munitum) 

with occasional western hemlock (Tsuga heterophylla), huckleberry 

(Vaccinium parviflorum), vine maple (Acer circinatum), Oregon grape 

(Berberis nervosa), and elderberry (Sambucus callicarpa). Understory 

in the Douglas-fir stand is .much less predominant and consists of salal 

(Gualtheria shallon), huckleberry (Vaccinium parviflorum), with 

occasional sword fern (Polystichum munitum). 

METHODS 

At each of the four study sites, four 6 m x 6 m plots were laid 

out. At Walker Branch, a soil pit (approximately 0.5 m x 0.75 m at the 

surface) was dug in the center of each plot and at the Thompson site, a 

larger soil pit (approximately 1 m x 2.5 m at the surface) was dug 

between pairs of plots. Soil samples were taken proportionally by 

horizon from the pit walls prior to lysimeter installation, the latter 

being placed at depths of 8 cm and at 38 cm below the A-B horizon 

boundary (keeping the depth of B horizon a constant). After four months 

. 
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Table 3. Profile description for the Alderwood series soila 

Horizon 

. “_ / ., 

Description 

01 3-2 Partially decomposed litter 

02 2-o Unrecognizably decomposed litter 
and humus 

A o-15 Brown (10 yr 4/3) sandy loam; 
moderate medium granular structure; 
friable; scattered concretions; 
clear, wavy boundary; many roots 

821 15-30 Pale brown (10 yr 6/3) sandy loam; 
weak medium subangular blocky 
structure; friable; scattered 
concretions; clear, wavy boundary; 
many roots 

622 30-60 Light yellowish-brown (10 yr S/4) 
gravelly sandy loam; weak medium 
subangular blocky structure; 
friable; clear, wavy boundary; 
occasional roots 

B22 60-85 Very pale brown (10 yr 7/3) 
gravelly, sandy loam; weak medium 
subangular blocky structure; 
friable; clear, wavy boundary; 
occasional roots 

C 85+ Dark gray (10 yr 4/l) gravelly, 
sandy loam; strong medium platy 
structure to massive; roots rare 

asource: Cole and Gessel, 1968. 
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of monitoring the lysimeter waters, treatments were applied to three of 

the four plots, the fourth being left as control. Treatments included 

(1) sufficient urea-N to double litter N content, (2) sufficient sawdust 

to double litter weight, and (3) 0.5 eq/m2 NaH2P04, Na2S04, NaCl, and 

NaN03 salts. Effects of these treatments on soil solution composition 

will be reported elsewhere. 

Soil samples from lysimeter pits were analyzed for bulk density and 

percent gravel where needed and for the chemical constituents as outlined 

in Table 4. To ensure comparability of results, analyses were divided 

between ORNL and the University of Washington to allow all analyses of 

each kind to be done at one place by the same personnel. 

.RESULTS AND DISCUSSION 

Expressed as percentages of the less than 2-mm size fraction, free 

Fe and Al in the Alderwood soils exceeded that in the Oak Ridge soils 

with the exception of the Fullerton Bl and 82 horizons (Tables 5 and 6). 

The relatively low Fe values in the Tarklin B horizon may be the result 

of wet, anoxic conditions created by the impermeable fragipan 

immediately below it. During rainy portions of the year, very moist 

conditions prevail immediately above the fragipan and a perched water 

table above the B2 horizon is common following storm events. 

The profiles of free Fe and Al in the Alderwood and Walker Branch 

soils reflect different degrees and patterns of weathering. The 

relatively young (ca. 10,000 years) Alderwood soils appear to be 

experiencing buildups of free Fe and Al from the surface downward, 

whereas surface horizons of the much older (ca. 2 x lo8 years) 
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P 

Table 4. Methods used in Soil Chemical Analyses 

1. 

2. 

3. 

4. 

5. 

6. 

Water-soluble anions - Shake 10 g air-dried soil with 50 ml H20 

for 1 h. Analyze for P04, S04, Cl, NO3 on Autoanalyzer. 

Absorbed anions - Subtract soluble anions from results of the 

following analyses: 

A. For SO:-, NO;, and Cl-: 

Shake 10 g air-dried soil with 50 ml NaH2P04 containing 

1000 ppm P for 1 h and analyze as follows: 

1. so;- : determine by barium chlorinate analysis 

(Bertolacini and Barney, 1957) 

2. N03: Autoanalyzer 

3. Cl- : Autoanalyzer 

B. For PO4 --analyze with Bray P (No. 2) according to Black 
(1965) except shaken for 20 min. PO4 then analyzed on 
Autoanalyzer. 

Free Fe and Al by Citrate buffer-dithionite extraction (Jackson, 
1973) without prior organic matter removal 

Cation exchange capacity (CEC) and exchangeable cations by 
extraction with 1 N NH4Cl in Buchner funnels followed by an 
alcohol rinse and an extraction with NaCl. Exchangeable cations 
determined by atomic absorption on NH4Cl extract, CEC by 
Autoanalyzer analyses for NH4 on NaCl extract. 

Total N by macro-Kjeldahl digestion, 
Total C by LECO combustion 

pH in 1:l soil:water paste 
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Table 5. Values for pH, free Fe and Al, Bray P and anion concentrations in soils from the 
Oak Ridge site+ 

tbri zon 

Bray PC 
Soluble 

and depth 
pHb 

PO4 P "Zb? 
Soluble Soluble Soluble 

(cm) 4 
so, s Cl NO; N 

Ippm) 

Tarklin 

Al (O-7) 4.60 0. 51 0.15 13.28 0.39 2.88 31.50 19.43 0.50 

(0.05) (0.01) L;.pFl ;;.,";I (0.11) (1.33) (2.55) (4.52) (0.0001) 
Ap (O-18) 4.95 0.47 0.77 1.52 22.38 30.45 0.18 

(0.19) (0.009) (0:0001)(10:48) (0.25) (1.52) (6.87) (9.53) (0.05) 
81 (19-32) 4.73 0.63 0.18 2.68 0.53 20.10 26.73 95.15 0.29 

(0.06) (0.03) (0.006) (0.48) 10.24) (9.89) (9.06) (39.60) 82 (32-50) 4.66 0.75 0.17 2.88 0.10 42.50 10.48 9.09 ';A;' 

(0.08) (0.05) iO.01) (2.181 (0.071 (7.95) (1.72) (5.94) to:041 

Fullerton __- 

Al (O-7) 4.60 0.94 0.39 6.97 0.23 8.80 33.54 15.90 0.45 

(0.11) (0.08) (0.03) (1.28) (0.03) (2.45) (3.82) (2.09) (0.05) 
A2 (O-38) 4.88 0.49 0.17 2.28 0.13 30.73 16.50 14.23 0.13 

(0.05) (0.03) (0.01) (0.16) (0.10) (5.32) (2.63) (4.38) (0.01) 
81 (38-50) 4.58 1.10 0.20 0.42 0.02 63.60 9.08 4.36 0.14 

(0.04) (0.09) (0.021 (0.04) (10.00) (1.64) 
82 (50-80) 4.75 2.49 0.33 0.20 'o"rJKp 94.35 5.17 

(0.17) (0.14) (0.009) (0.04) (0.07) (23.56) (2.04) 

aStandard deviations in parentheses (<2 mm fr.XtiOns). 

bArithmetic mean of Ht. 

'Soluble component subtracted. 

Table 6. Values for pH, free Fe and Al, Bray P, and anion concentrations in soils from the 
Thompson sitesa 

Horizon Soluble Soluble Soluble 
and depth Fe 

(cm) pHb % 
Al 
% 

Bray PC 
Soluble 

PO4 P ":Fb? 4 
so, s Cl NO; N 

5.00 1.30 
16.07) (0.09) 

5.15 1.52 

Al (O-7) 

A2 (7-15) 

821 (15-30) 

822 (30-45) 

822 (45-60) 

B22 (60-75) 

c (75-901 

(0.03) (0.23) 
5.13 1.31 

(0.03) (0.06) 
5.13 1.18 

co.oi, (0.09) 

Al (O-71 

A2 (7-151 

821 (15-30) 

622 (30-45) 

822 (45-60) 

822 (60-75) 

c (75-90) 

4.56 1 31 
(0.21) (0.17) 

4.78 1.52 
(0.08) (0.13) 

5.18 1.22 
(0.06) (0.13) 

5.20 1.03 

5.07 0.98 
(0.12) (0.04) 

Alderwood - Douglas-fir 

0.80 23.68 1.84 4.38 
(0.08) (5.11) (1.11) (2.53) 

0.87 7.40 0.39 21.90 
(0.22) (0.96) (0.37) (9.43) 
0.55 4.36 0.20 60.70 

(0.05) (0.10) (0.11) (21.26) 
0.43 2.13 0.02 51.20 

(0.04) (0.32) (0.01) (11.86) 
0.31 2.16 0.02 28.63 

(0.02) 10.39) (0.009) (4.22) 

$J:% (2% tDo:i?, \84:97: 1 
0.26 5.73 0.01 20.40 

(0.01) (1.25) lO.001) (10.26) 

Alderwood - red alder 

0.84 14.86 0.06 9.45 
(0.07) (4.77) (0.02) (4.67) 
0.91 6.46 0.06 10.10 

(0.03) (2.88) (0.02) (4.63) 
0.65 1.75 0.06 10.95 

(0.06) (0.47) (0.008) (4.62) 
0.45 1. 31 0.02 27.45 

(0.04) (0.35) (0.007) (11.42) 
0.39 1.38 0.03 32.80 

(0.02) (0.35) (0.008) (12.94) 
0.46 1.56 0.04 24.78 

(0.04) (0.50) (0.01) (18.61) 
0.45 1.26 0.02 35.97 

(0.021 (0.15) (0.007) (20.55) 

5.75 
(3.07) 

4.98 
(2.13) 

3.93 
(1.081 

2.92 
(0.80) 

2.25 
(0.63) 

i20:09:, 
2.59 

(1.05) 

7.79 
(1.73) 

4.81 
(0.98) 

6.38 
(0.68) 

4.44 
(0.361 

0.44 
(0.09) 

0.38 
(0.03) 

0.27 
(0.03) 

0.23 
(0.02) 

0.22 
(0.02) 

coo:%:, 
0.21 

(0.02) 

6.49 
(1.79) 

,a:a:, 
4.83 

(1.06) 

4.18 6.46 6.32 
(0.72) (0.93) (2.56) 

2.73 5.31 4.44 
(0.80) ';.;;' (1.10) 

3.06 3.17 
(0.37) (0:28) (0.13) 

2.32 3.69 4.22 
(0.60) (0.52) (1.401 

2.46 3.69 2.93 
(0.84) 

&WI 
2.21 

(0.92) 

aStandard deviations in parentheses (<2 mm fraction). 

bArithmetic mean of Ht. 

'Soluble component subtracted. 
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Tarklin and Fullerton soils are relatively depleted in Fe presumably 

because of both clay and soluble Fe migration to the B horizons. 

Both the Tarklin and Fullerton soils are slightly more acid than 

the Alderwood soils, except in the A7 and 82 horizons of the red alder 

soil (Table 5 and 6). The reason for the difference in A-horizon pH 

between the Douglas-fir and red alder soils appears to be due to lower 

base saturation in the latter (Table 7). 

Both soluble and Bray phosphorus (P) were highest in A horizons 

and declined rapidly with depth in all cases. The red alder site had 

significantly less soluble and Bray P than the Douglas-fir site, perhaps 

because of N-induced P immobilization (broader N:P ratio) in the alder 

site. The Tarklin soil contained more soluble and Bray P than the 

Fullerton soil, and P status by these indices appeared to be the most 

striking nutritional difference between these soils among the analyses 

conducted (Tables 6 and 8). 

Adsorbed sulfate increased and soluble sulfate decreased with depth 

in both the Tarklin and Fullerton soils. The sulfate pattern in the 

Fullerton soil was very similar to that reported previously (Johnson 

and Henderson, 1979). In their respective Bl and B2 horizons, the 

Tarklin soil contained considerably less adsorbed sulfate but more 

soluble sulfate than the Fullerton soil; this probably reflects 

; 

differences in adsorption of sulfate due to differences in free Fe and 

Al concentration. The same general pattern of decreasing soluble 

9 

sulfate and increasing adsorbed sulfate with depth was observed in the 

Alderwood soils, but the relationship between these patterns and those 

of free Fe and Al with depth was not consistent; i.e., soluble sulfate 
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Al (O-7) 
1.03 46.4 

A2 (7-15) 

821 (15-30) 1.13 49.9 

822 (30-45) 

B22 (45-60) 1.34 46.7 

822 (60-751 

c (75-90' 

Al (O-7) 
0.96 62.0 

A2 (7-15) 

821 (15-30) 1.89 78.6 

B22 (30-45) 
1.30 59.5 

822 (45-60' 

B22 (60-75) 

c (75-90' 

4.04 
(0.37) 
2.84 

(0.14) 
1.93 

(0.22) 
1.37 

(0.18) 
0.75 

(0.08) 
0.73 

(0.12) 
0.49 

(0.03) 

4.10 
(0.57) 
3.33 

(0.41) 
2.30 

(0.48) 
1.79 

(0.151 
1.10 

(0.12) 
1.47 

(0.17) 
1.36 

(0.24) 

Table 7. Bulk density [Obj. percent gravel, N, C, C:N ratio, cation exchange capacity (EC), 
exchangeable cations and percent base saturation (BS) in soils from the Oak Ridge 
sitea 

Horizon 
and depth 

In' 

%>2lml c N C:N CEC Ca Mg K % BS 

(%) (meqIlO0 91 

Tarklin 

Al (O-7) 3.21 0.23 13.74 7.58 4.52 0.68 0.41 74 
1.14 (0.42) (0.06) (0.04) (41 

Ap (O-18) 
7.9 y;, (0.01) 

(0:18) 
6% 1.85 0.33 0.21 

(0.03) 
Bl (18-32) 1.29 9.6 0.54 0.04 0.09 21 

(0.06) [0.003) (0.009' (9' 
I32 (32-50) 1.38 19.4 0.25 0.03 0.09 

(0.03) (0.002) (0.01) $1 

Fullerton 

Al (O-7) 1.15 17 3.61 0.16 22.55 6.19 3.28 0.27 
(1.61) (0.58) (0.58) IO.031 

A2 (O-38) 1.46 29 17.49 2.03 0.19 0.03 0.07 19 
(1.44) (0.42) (0.08) (0.01) (0.01) (8) 

Bl (38-50) 1.57 27 9.98 5.37 0.22 0.11 0.07 (0.04) (0.03) A 
82 (50-80) 1.45 23 0.42 0.66 cgl9, 

(0:02) 
10 

(0.11) (0.21) (3) 

astandard deviations in parentheses (~2 mm fraction). 

Table 8. Bulk density (Ob), percent gravel, N, C, C:N ratio, cation exchange capacity (CCC). 
exchangeable cations, and percent base saturation (8s) in soils from the Thompson 
sitea 

Horizon 
and depth %>2Iml c N C:N CEC Ca Mg K % BS 

(cm) % (mq/lOO g' 
- 

Alderwood - Douglas-fir 

0.19 
(0.01) 
0.13 

(0.021 
0.10 

(0.02) 
0.08 

(0.01) 
0.06 il.17 4.58 

(0.005) (1.19) (1.59) 
0.05 13.99 5.10 

(0.003) (1.78) (1.771 
0.04 11.40 7.58 

l0.0004) (0.71) (4.09) 

20.85 
11.65) 
21.95 
(2.14) 
19.50 
(1.96) 
17.23 
(1.97) 

12.33 
(1.41) 
9.06 

(1.02) 
8.11 

(0.70) 
5.80 

(0.55) 

Alderwood - I 

0.34 13.64 
(0.03) (1.19) 
0.23 16.54 

(0.01) (1.35) 
0.15 15.47 

(0.007) (2.621 
0.11 17.40 

(0.01) (3.621 
0.08 14.10 

(0.004) (0.95) 
0.10 15.20 

IyJN (0.741 

(0:008, 
15.66 
(1.901 

-ed - alder 

10.05 
(0.791 
9.76 

(0.87) 
7.39 

(0.46) 
5.70 

(1.39) 
5.35 

(1.40) 
7.53 

(1.34) 
9.36 

(1.30) 

1.03 
(0.26) 
1.18 

(0.23) 
1.14 

(0.48) 
0.78 

(0.35) 
0.73 

(0.38) 
0.93 

(0.37) 
0.82 

0.16 
(0.03) 
0.13 

(0.03) 
0.10 

(0.03) 
0.09 

(0.03) 
0.11 

(0.04) 
0.14 

(0.40) 
0.11 

(0.02) (0.28) 

2.66 0.32 
(0.77) (0.09' 
1.01 

(0.21) 
0.47 

(0.14) 
0.21 

(0.02) 
0.23 

(0.023) 
0.38 

(0.17) 
0.26 

(0.04) 

0.16 
(0.031 
0.12 

(0.04) 
0.07 

(0.01) 
0.09 

(0.02) 
0.15 

IO.051 (0.03) 
0.17 0.16 

(0.03) (0.031 

0.33 
(0.09) 
0.19 

(0.02) 
0.14 

(0.021 
'0.15. 
(0.03) 
0.13 

(0.02) 
0.13 

0.30 
(0.03) 
0.23 

(0.02) 
0. 21 

(0.02) 
0.21 

(0.50) 
0.14 

(0.03) 
0.15 

(0.041 
0.20 

(0.12) 

15 
(4) 
16 
12) 
19 
(5) 

G, 

& 
16 
(5) 
13 
(5) 

aStandard deviations in parentheses (<2 mm fraction). 
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was relatively high and adsorbed sulfate was relatively low in Al and 

A2 horizons, even though free Fe and Al were relatively high (Table 6). 

This was probably due to the presence of high organic matter in these 

horizons (Table 81, which is thought to block sulfate adsorption sites 

(Johnson et al., 1979, 1980). 

No adsorbed nitrate or chloride was detected in any soils tested 

(i.e., differences between phosphate and water extractions were not 

statistically significant). The general pattern of both nitrate and 

chloride was a decreasing concentration with depth. The Tarklin soil 

had the highest chloride concentrations followed by the Fullerton and 

the two Alderwood soils, the latter two being quite comparable to one 

another in this regard. Nitrate concentrations in the Fullerton, 

Tarklin, and Alderwood-Douglas-fir were comparable whereas the presence 

of red alder apparently resulted in much higher nitrate concentrations 

in that soil. 

Carbon concentrations were comparable in the Al horizons of the 

Tarklin, Fullerton, Douglas-fir, and red alder soils, respectively, but 

in each case the richer soil (Tarklin and red alder) had higher C than 

the poorer soil (Fullerton and Douglas-fir) in deeper horizons (Tables 

7 and 8). The richer soils were higher in total N than the poorer soils 

throughout their respective profiles, but C:N ratios showed curious 

crossovers with depth: the richer soils had narrower C:N ratios than 

the poorer soils at the surface, but the reverse was true in deeper 

i 

f 

horizons (Tables 7 and 8). In the case of the red alder soil, the C:N 

the ratio increases significantly from the Al 

same trend, though less pronounced, is ev 1. 

to deeper horizons, and 

ident in the Tarklin soi 
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Arithmetically this effect is due to the higher carbon concentrations 

in deeper horizons of the richer soils, but a full mechanistic 

explanation for this is not yet available. 

Cation exchange capacity (CEC) is lower but base saturation is 

higher in the Al horizons of the Oak Ridge soils as compared to the 

Alderwood soils. This would appear to conflict with pH data, but the 

explanation probably lies in the fact that NH4C1 extraction does not 

measure pHdependent CEC, and, in this case at least, does not reflect 

the relative degree of soil acidity. Raising the pH of the Oak Ridge 

soils, either by treatments in the field (i.e., urea application) or by 

using the standard ammonium acetate extraction would no doubt produce 

higher CEC and lower base saturation values. Free Fe and Al oxide 

surfaces and organic matter are known to contribute to this pH-dependent 

CEC (Coleman and Thomas, 1967). 

There was a general pattern of rapidly decreasing exchangeable 

cation concentration with depth in all soils except the Alderwood-red 

alder. The latter soil had lower calcium (Cal levels than its 

Douglas-fir counterpart in the Al horizon but higher Ca levels in 

subsurface horizons (Table 8). Similarly, the Tarklin soil had much 

higher Ca levels than the Fullerton soil in subsurface horizons even 

though Al horizon Ca levels were fairly comparable. 

With regard to the hypotheses being tested in the current study, 

the soils chosen provide adequate contrasts in N status and in free Fe 

and Al content, but the patterns in the latter were not as expected. 

The younger Alderwood soils had higher free Fe in surface horizons and 

higher free Al in nearly all horizons than the older Oak Ridge soils. 
b 
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The Tarklin soil was a major exception to the pattern depicted in 

Fig. 1, with its very low free Fe and Al content throughout the soil, 

but the Fullerton 82 horizon fell in its predicted place with regard to 

its high free Fe. These somewhat unexpected patterns do not preclude 

the testing of any hypotheses regarding the relationships between free 

Fe and Al and anion mobility, however, and experiments are therefore 

proceeding according to original plans. It should also be noted that 

if concentrations are expressed on a whole-soil basis, taking the 

weight of gravel (% > 2 mm) fraction into account (but assuming it to 

be chemically inert), the free Fe and Al in the Alderwood B horizons 

fall to values comparable to those in the Tarklin B horizon and below 

those of the Fullerton B horizon by virtue of the lower gravel content 

of the latter soils (Table 9). The relative N contents and C:N ratios 

between the two Oak Ridge and two Alderwood soils remain unchanged ^,,i ,, 

according to this calculation, although the greater gravel content in 

the Alderwood-red alder soil reduced its content proportionally more 

than in the Douglas-fir soil. Since field studies do involve C, N, and 

anion salt applications to intact soils, the data in Table 9 may be 

more relevant to the leaching responses following field manipulations 

than data for the nongravel fraction only. 

,_ . . . . . - 
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Table 9. Percent free Fe, Al, C, and N in Tarklin, 
Fullerton and Alderwood soils on a whole-soil 
basis 

horizon Fe Al C N C:N 
% 

Al 

AP 

Bl 

B2 

Al 

A2 

Bl 

B2 

Al 

A2 

B21 

822 

822 

822 

Al 

A2 

B21 

B22 

B22 

822 

Tarklin 

0.47 0.14 2.95 0.21 

0.43 0.17 1.52 0.11 

0.57 0.16 0.49 0.04 

0.61 0.14 0.20 0.02 

Fullerton 

0.78 0.32 3.00 0.13 

0.36 0.12 0.55 0.03 

0.80 0.15 0.15 0.01 

1.92 0.25 0.13 0.02 

Alderwood - Douglas-fir 

0.71 0.44 2.17 0.10 

0. a3 .4a 1.52 0.07 

0.72 .2a 0.99 0.65 

0.60 0.22 0.73 0.04 

0.50 0.17 0.40 0.03 

0.43 0.15 0.39 0.03 

Alderwood - red alder 

0.50 0.32 1.56 0.13 

0.50 0.35 1.27 0.09 

0.27 0.15 1.27 0.03 

0.53 0.23 0.92 0.06 

0.48 0.20 0.57 0.04 

0.53 0.24 0.76 0.05 

13.74 

14.03 

14.20 

9.73 

22.25 

17.49 

9.98 

9.27 

20.85 

21.95 

19.50 

17.23 

11.77 

13.99 

13.64 

16.54 

15.47 

17.40 

14.10 

15.20 

f 
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