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Abstract

Coarse-textured surface horizons are common in highly weathered southeastern US coastal plain soils. These soils have
historically been managed under conventional tillage practices, but conservation tillage management practices are increasing.
Although clay 2 um) contents are low in these surface horizons (typically)0 g kg '), the reactive nature of this fraction
tends to play a dominant role in colloidal facilitated pollutant transport. Studies have suggested that enrichment of certain
minerals occurs in transported sediments, thus, we evaluated sediment size and the mineralogical partitioning of clay minerals
of soil versus runoff sediment under simulated rainfall. In addition, because water dispersible clay (WDC) has been shown
to be correlated with soil erodibility, we evaluated WDC differences as a function of tillage practices. Plots were established
at a site in the upper coastal plain of central Alabama, where soils classified as coarse-loamy, siliceous, subactive, thermic
Plinthic Paleudults and Typic Hapludults (FAO-Acrisols). Surface tillage treatments were established in 1988, and included
conventional tillage (CT) versus no surface tillage (NT) treatments, with crop residue remaining or removed, and with or
without paratilling (non-inversion subsoiling). Within these plots, simulated rainfall (target inteasymm hr for 2 h) was
applied to replicated 1 nx 1 m areas, and runoff and sediment were collected. Mineralogical analyses of soils and sediment
were conducted using thermogravimetric analysis (TGA) and X-ray diffraction (XRD) techniques. WDC quantities were
highly correlated with percent soil organic carbon (S@€)= 0.76), which was a function of tillage treatment. Although no
differences in the mineralogy of the2 um sediment were observed between tillage treatments, runoff sedimehpsg)
were enriched in quartz (gtz) and relatively depleted with kaolinite compared to in situ soils. These findings will facilitate
development of mechanistic models that predict sediment attached losses of nutrients and pesticides.

Published by Elsevier Science B.V.
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1. Introduction the southeastern US coastal plain. Many of these soils
are intensively cropped to cottoGgssypium hirsu-
Ultisols with coarse-textured surface horizons and tumL.), and have historically been under conventional
highly weathered mineralogical suites are common in tillage practices. This often results in accelerated ero-
sion and loss of productive topsoil, sedimentation of
"+ Corresponding author. Tek:1-334-844-3957: waterways, and the trgnsport. Qf pollutants into water
fax: +1-334-844-3945. sources through colloidal facilitated transport of nu-
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Soils possessing water dispersible particles, particu- fraction, and depleted with regard to HIV and gtz
larly water dispersible clay (WDC), are susceptible to (Kaplan et al., 199¢ These authors concluded that
surface sealing and crusting, which decreases infiltra- the relatively coarser size of HIV and gtz (concen-
tion and increases erosio@lfiang et al., 1994 Soil trated in the coarse clay fraction) may constrain their
erodibility, or the susceptibility of a soil to release sed- movement through the soil matrix as compared to
iment under erosive forces, has been correlated with other minerals. Relatively few studies have evaluated
water stable aggregate quantities and the ratio of WDC the mineralogy of overland eroded sediments.
to total clay Bajracharya et al., 1992Although many However, much work has been done examining
properties have been correlated with WDC quanti- the preferential erodibility of particular particle sizes.
ties, total clay content of the soil has been shown to Wan and EI-Swaify (1998jound that processes as-
be the most significantBfubaker et al., 1992 Soil sociated with splash (soil detachment) and wash
organic matter (SOM) content, exchangeable cation (sediment delivery) caused preferential transport of
and sodium absorption ratios (SARs), pH, and the particles<63pum. Splash sediment size tended to be
soil solution ionic strength also affect soil dispersibil- similar to in situ soil, while wash sediment tended
ity (Goldberg et al., 1990; Miller et al., 1990; Heil to be finer. Due to aggregation effects, eroded sed-
and Sposito, 1993 Other soil properties correlated iment from agricultural fields is often coarser than
with WDC include dithionite—citrate—bicarbonate ex- the fundamental particle size of the residual soil
tractable Fe and Al, the coefficient of linear extensi- (Meyer et al.,, 1992 Aggregated sediments derived
bility (COLE), cation exchange capacity (CEC), and from clay-rich soils are sometimes coarser than sed-
the water content at 1.5 MP8iubaker et al., 1992 iments derived from coarser-textured soi3apriels
Some of these near-surface properties important for and Moldenhauer, 1978; Meyer et al., 199Rleyer
WDC amounts are strongly affected by soil manage- et al. (1992)examined midwestern and southern soils,
ment. For exampleCurtin et al. (1994showed crop and showed that soils with higher clay dominantly
management practices (mainly crop rotation) affected erode as aggregates, whereas coarser soils (silty and
WDC quantities for some Canadian soils. sandier-textured) erode as primary particles. They

Highly weathered soils dominated by kaolinite, also suggest that once-dispersed, sediment derived
gibbsite, Fe oxides, and hydroxy-interlayered ver- from soils is similar in texture to the fundamental
miculite (HIV) can have relatively high amounts particle size. Because of the reactive nature (charged
of WDC (Miller and Baharuddin, 1986; Miller and  surfaces) and relatively higher surface area of clay
Radcliffe, 1992; Chiang et al., 1994Miller et al. particles, runoff enriched in clay has an increased
(1990) examined the dispersibility of Georgia soils ability to facilitate off-site transport of sorbed nutri-
and found that for Ap horizons, kaolinitic soils were ents and pesticides.
more dispersive than soils which contained both smec- Conservation tillage systems are becoming more
tite and kaolinite. Dispersibility of highly weathered common in the southeastern US. Decreased erosion
soils may be due to the low electrolyte concentrations is one of the main benefits of conservation tillage and
commonly found in these soil environmentgliller residue managemenSéta et al., 1993; Gaynor and
and Radcliffe, 199p Kaplan et al. (1996jound that Findlay, 1995; Potter et al., 19R5This is partly due
the dispersibility of highly weathered soils was in part to increases in SOM that often result with adoption of
due to resident low electrolyte concentrations as well conservation tillage practiceEdwards et al., 1992;
as the presence of organic coatings, and their dataLangdale et al., 1992; Reeves, 199¥creases in
suggested that even slight increases in SAR can en-SOM often lead to improved aggregation, increased
hance dispersiofKretzschmar et al. (1993pund that infiltration, and subsequently, decreased erodibility
fine grained £0.2um) WDC collected from highly (Castro and Logan, 1991; Reeves, 1997; Truman et al.,
weathered soils was enriched with kaolinite, gibbsite, 2002. Differences in dynamic near-surface soil prop-
and Fe oxides, and was depleted in HIV and quartz erties (including SOM) may also result in differences
(qtz). Mobile colloids leached through reconstructed in dispersed particle amounts and the preferential
columns have been shown to be enriched in kaolinite, dispersion of certain clay minerals. Because mecha-
Fe oxides, and gibbsite as compared to the total clay nistic models developed to predict sediment attached
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losses of pollutants need data on the reactive natureof the CT versus the NT treatments and residue

of the sediment, mineralogical enrichment studies are
fundamental to model development. This study was
conducted to evaluate the effect of long-term tillage

management has remained intact since 1988. Winter
cover crops of lupin l(upinus albus L.) and black
oat (Avena strigosa Schreb.) were planted in 1996

systems in coarse-textured surface horizons of highly and 1997, respectively. In the summer of 1998, the

weathered soils on (1) WDC quantities and (2) clay
mineralogical partitioning between eroded sediments
and in situ soil.

2. Materials and methods

2.1. Research site

plots were planted to sorghum-sudangra&sghum
drummondii (Nees ex Steud.) Millsp. and Chase),
with black oat A. strigosa Schreb.) being planted for
seed in November and harvested in June 1999.
Black oat residue was mowed and evenly dis-
tributed, and was removed from four treatments prior
to rainfall simulations (discussed below). CT treat-
ments were applied on 7 July 1999, and half of the
plots were subsequently paratilled (P). This resulted

The research site was located in the upper coastalin a factorial arrangement of two long-term surface

plain province of central Alabama at the E.V. Smith
Research Center of the Alabama Agricultural Exper-
iment Station. Soils were classified as coarse-loamy,
siliceous, subactive, thermic Plinthic Paleudults and
Typic Hapludults Table 7. As common for this re-
gion, surface horizons (Ap horizons) were coarse-
textured (loamy sand and sandy loam), and clay
contents were lowTable J).

2.2. Treatments

Soils of the region are intensively cropped, and an
experiment with treatments (plots ar®&n x 21.3 m)
consisting of tillage-residue management practices
was evaluated. A further explanation of treatments can
be found inTruman et al. (2002)and a brief summary
follows. Historical information on trafficking at this
site can be found iReeves et al. (1992fFrom 1988 to
1995, the site was in a traffic and tillage study using a
corn (Zea mays L.)—soybeanGlycine max L. (Merr.))
rotation, along with a winter cover crop of crimson
clover (Trifolium incarnatum L.). During that period
(1988-1995), conventional tillage (CT) (all conducted
in spring) consisted of disking, chisel plowing, in-row
subsaoiling, disking, field cultivation; the conservation
tillage system consisted of no surface tillage (NT) with
in-row subsoiling using a narrow-shanked subsoiler
(strip tillage). In the fall of 1995, all plots were sub-
soiled (with a bent-leg subsoiler) to the 40 cm depth
to remove existing traffic and subsoiling treatment
effects, and subsequently cropped to ultra-narrow row
cotton (19cm rows) in 1996-1997. Surface tillage

tilage treatments (CT and NT), with two residue
management treatments (residue removed (RR) or
left in place before rainfall simulation experiments
(RT)), and two non-inversion deep tillage treatments
(paratilled (P) or non-paratilled (NP)). For rainfall
simulation experiments, duplicate 4t m plots were
established on one replicate of each tillage—residue—
paratill treatment. Each tillage treatment (CT versus
NT) was replicated four times. The treatments are
shown inTable 2

2.3. Analyses

Bulk samples were collected from the horizons
of two pedons (pedon samples) and the near-surface
(0—1cm depth) of each plot (plot samples). For the
two pedons, soils were described and sampled as
per standard soil survey practicé&ble 1. The plot
samples were composite sampled (20 samples) at the
0—1 cm depth for comparison with sediment samples
in runoff collected during rainfall simulation experi-
ments (discussed below). All samples were air-dried,
crushed, and coarse fragments (>2mm) were re-
moved. Particle size determination (PSD) was con-
ducted on all samples by the pipette method, and sand
grains were separated into size fractions by sieving
(Kilmer and Alexander, 1949 For pedon samples,
base cations (Ca, Mg, K, and Na) were extracted with
1M NH4OAC (pH 7), Al was extracted with 1M
KCI, and both were measured with atomic absorption
spectroscopy (AAS)Soil Survey Investigation Staff,
1996. CEC was measured with the NBAC (pH 7)

treatments remained unchanged, thus the integrity method Goil Survey Investigation Staff, 1996For



Table 1

Soil characterization data for two sampled pedons for the E.V. Smith sites®

Horizon Depth Sand Silt Clay Ca Mg K Na Al CEC ECEC BS

(cm) (eke™) (gkg™) (eke™") (cmolckg™) (cmolckg™) (cmolckg™') (cmoleckg™') (cmolkg™) (cmolkg™) (cmolckg™) (%)

Pedon 1: coarse-loamy, siliccous, subactive, thermic Plinthic Paleudult
Ap 0-17 804 159 38 1.17 0.54 0.17 0.02 0.00 2.28 1.89 83.1
BE 17-42 732 196 72 0.67 0.45 0.13 0.02 0.00 1.86 1.27 68.6
Btl 42-80 720 207 73 0.20 0.32 0.12 0.03 0.11 1.41 0.77 47.4
Bt2 80-99 720 201 79 0.09 0.16 0.10 0.01 0.86 1.58 1.22 22.8
Btv 99-122 740 176 84 0.10 0.20 0.11 0.03 0.97 1.59 1.42 27.9
BC 122-140 729 152 118 0.14 0.21 0.10 0.01 1.48 2.28 1.95 20.5
C 140-150 714 149 138 0.19 0.27 0.11 0.02 1.74 2.94 2.32 19.9

Pedon 2: coarse-loamy, siliceous, subactive, thermic Typic Hapludult
Ap 0-24 806 148 46 1.40 0.48 0.26 0.02 0.14 2.28 2.30 94.8
Bt1 24-51 698 177 124 0.36 0.53 0.18 0.02 0.90 2.73 1.99 39.9
Bt2 51-84 725 161 115 0.16 0.31 0.15 0.02 1.74 2.62 2.37 24.0
BC 84-110 792 150 58 0.07 0.14 0.08 0.02 0.70 1.18 1.01 26.2
C 110-150 761 148 92 0.13 0.16 0.08 0.01 0.83 1.64 1.21 23.0

2 CEC: cation exchange capacity; ECEC: effective cation exchange capacity; BS: base saturation.
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Table 2
Averaged physical and chemical data at the 0—1cm depth for in situ soil samples
Treatmert  Sand (gkg?l) Silt Clay Fe® Fe Fg SOC WDCY WDCiclay
kg™t kgl) (% % % % % %
Very Coarse Medium Fine Very (kg™ (gkg™) (O (0) (%) (%) 0) 0)
coarse fine
NT, RT, NP 91 241 257 161 77 146 27 0.25 0.05 0.02 1.47 0.11 4.10
NT, RT, P 46 185 259 211 114 155 31 0.29 0.05 0.03 0.82 0.48 15.60
NT, RR, NP 82 217 250 181 91 148 30 0.28 0.04 0.02 1.09 0.53 17.69
NT, RR, P 88 205 242 162 86 182 35 0.28 0.05 0.03 1.00 0.33 9.58
CT, RT, NP 75 188 240 200 116 145 36 0.33 0.04 0.03 052 1.05 29.19
CT, RT, P 79 221 248 181 102 142 27 0.28 0.04 0.02 0.50 0.51 19.14
CT, RR, NP 83 218 233 161 101 175 30 031 0.05 0.02 0.62 0.58 19.46
CT,RR, P 68 190 249 199 108 153 33 0.33 0.05 0.03 0.65 0.66 19.81

2NT: no surface tillage; CT: conventional tillage; RR: residue removed; RT: residue remain in place; P: paratill; NP: no paratill.
bFey, Fey, and Fg are sodium dithionite, ammonium oxalate, and sodium pyrophosphate extractable Fe, respectively.
¢Soil organic carbon.

dWater dispersible clay.
€ Ratio of WDC to total clay.

plot samples, organically bound Fe was extracted with inserting 1 mx 1 m metal frames (15cm in height)

sodium pyrophosphate (f)g non-crystalline (poorly
crystalline and organically bound) Fe was extracted
with acid ammonium oxalate (g and total Fe ox-
ides and organically bound Fe were extracted with
dithionite—citrate—bicarbonate (fje(Jackson et al.,
1986. Soil organic carbon (SOC) was evaluated
on all samples using dry combustioffeomans and
Bremner, 1991

The WDC of plot samples (0—1 cm depth) was an-
alyzed (20 laboratory replications, except 10 replica-
tions for plots 409 and 410) using a modification of the
method ofMiller and Miller (1987) Forty milliliter
of H,O were added to 5.0g of soil in 50ml tubes,
and were mechanically shaken on a flatbed-reciprocal
shaker (120 oscillations mift) for 12 h. The HO was
the same as used in the rainfall simulation experiments
(collected from a nearby well), and for all experiments
had an average pH= 7.7 + 0.1, and an electrical
conductivity = (0.0018+ 2.5) x 10°Sn 1. 2.5ml

approximately 10cm into the soil. Runoff was col-
lected continuously throughout 2 h of simulated rain-
fall (target intensity~ 50 mmh1). Each plot had
similar slopes{1%). Details of these rainfall simula-
tion experiments are covered Tmuman et al. (2002)

In summary, rainfall simulations were conducted by
raining for 1 h, breaking for 1 h, then raining again
for an additional 1 h. Samples for this study were col-
lected at an outlet every 20 min during rainfall periods.
Sediment samples were composted into one sample
for each plot so sufficient clay could be obtained
for analyses. Thus, sediments analyzed represented a
composite for the rainfall simulation event.

2.5. Mineralogy

Plot soil samples (0—1cm) and runoff sediment

samples were fractionated into sand (50-2061),
silt (2-50pnm), and clay &2 pm) using standard cen-

samples were taken from the tube at a 2.5cm depth trifygation and sieving techniques following SOM re-
after solutions had settled for 1 h and 50 min. The clay moyal gackson, 1975 Fine clay «0.2pum) was not

concentration was then calculated.

separated from samples because of insufficient clay
amounts in the runoff sediment. Silt and clay amounts
in the runoff samples were calculated from suspen-
sion densities, and sand amounts were measured after
On one replicate of each tillage-residue—paratill sieving and drying. Clay mineralogicak@ um) con-
treatment, duplicate 1 m 1 m plots were established stituents were evaluated using a combination of X-ray
for rainfall simulations. Plots were constructed by diffraction (XRD) and thermogravimetric analysis

2.4. Rainfall simulations
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(TGA). Very fine sand (50-10@m) and silt fractions
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that higher amounts of WDC can be obtained with in-

were crushed and analyzed as powder mounts with creased shaking time (0.5 h versus 36 h). Because our

XRD.

Clay fractions were orientated using the method
of Drever (1973) and examined by XRD using these
treatments: Mg-saturation/ethylene glycol solvation
at 25°C, Mg-saturation at 25C, K-saturation at
25, 300, and 550C (Whittig and Allardice, 1985

shaking time (12 h) was in between these, it is not sur-
prising our percentages lie intermediate of theirs.
Differences in WDC were evident between tillage—
residue management treatmerTialfle 9. The straight
conventional tillage treatment (CT, RT, NP) had higher
amounts of WDC (as both actual totals and the per-

Magnesium-saturated clay fractions were analyzed centage of total clay) than other treatments, whereas

with TGA. Analyses were conducted from 25 to

the NT treatment had the lowest amounts of WDC

625°C in an argon atmosphere, and gibbsite (using the (Table 9. Also, when all treatments are grouped as ei-

theoretical water loss of 31.2%) and kaolinite (theo-
retical water loss of 14.0%) were quantified. HIV and

ther conservation tillage (NT) or conventional tillage,
the ratio of WDC and total clay was lower for the con-

gtz amounts were estimated using the techniques of servation tillagg11.7+6.2%) versus the conventional

Karathanasis and Hajek (1982)his method uses the
proportional XRD intensity of HIV and gtz peaks to
an internal kaolinite standard (peaks used with corre-
spondingd-spacings of 1.40 nm for HIV, 0.72 nm for
kaolinite, and 0.425nm for gtz). Although reporting
exact quantities on clay mineral amounts is open to

tillage (21.9 4+ 4.9%) treatments. Differences in SOC
were a function of treatment, with NT treatments pos-
sessing higher percentage of SOC than conventional
tillage treatments (seeruman et al., 200Zor details).
High correlation(p = 0.008) between the ratio of
WDC and total clay versus the percentage of SOC ex-

some interpretation, the above mentioned techniquesisted for these soilsHg. 1). Levy et al. (1993)ound

provide a sound approach for relative comparisons.

3. Results and discussion

3.1. Water dispersible clay

Surface horizons were coarse-textured, which is
common for soils of this regionTébles 1 and 2
Although clay amounts were low in these surface
horizons, reactive surfaces important for colloidal
facilitated transport are concentrated in this fraction
(and to a lesser extent in the silt), while coarser
fractions are typically dominated by relatively inert

micro-aggregates were most stable for kaolinitic soils
with higher SOM levels.Castro and Logan (1991)
found decreasing erodibility with increasing organic
C content for tropical soils. Soil erodibility has been
shown to be correlated with the ratio of WDC to total
clay Bajracharya et al., 1992and our data suggests
a similar relationship for these soils managed under
given tillage-residue management practices.

3.2. Mineralogy

Sand and silt fractions for soil samples taken from
the 0 to 1cm depth were dominated by qEig( 2.
As expected, small quantities of phyllosilicates were

gtz. Therefore, our analyses concentrated on the clayalso evident in the total silt and very fine sand frac-

fraction of these soils.

Overall, <30% of the total clay was dispersible by
our methods Table ). Brubaker et al. (1992ana-
lyzed soils collected from eight orders (65 samples)
and found an average of 34% of the clay fraction was
water dispersibleKaplan et al. (1996found relatively
higher amounts of WDC for two southeastern sandy
surface horizons than WDC amounts in our study, but
SOM levels in their study were relatively low, which
might affect dispersion amounts. Our numbers are in-
termediate of valuedMiller and Baharuddin (1987)

tions (Fig. 2). These soils possessed clay mineralog-
ical suites typical of highly weathered soil$aple 3
andFig. 3). For all plots examined, HIV and kaolinite
dominated the clay fractions, with lesser amounts of
gibbsite and qtzKig. 3). The absence of XRD peaks
indicative of goethite or hematite and the low amount
of Fe, and Fgq in the total soil suggests Fe oxide quan-
tities were minimal.

Runoff sediment size was similar to particle size
of the in situ soil Table 3, which is similar to find-
ings by other workersMeyer et al., 199p No differ-

found for 15 southeastern soils. These authors found ence in clay mineralogy of sediments existed between



J.N. Shaw et al./ Soil & Tillage Research 68 (2002) 59-69 65

= 350
g
b
<
o 40 —
o RZ=071
= p=0.008
B
g 30 —| o
P
<
20
¥
Z
2 10 —
=
0
! ! I
0.0 0.5 1.0 1.5 2.0
SOC (%)
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residue removed, paratill treatment.



Table 3

Comparison of mineralogical composition of clay (<2 um) fraction between in situ soil and runoff sediment®

Treatment” In situ soil samples (0—1 cm) Sediments in runoff*

Kao HIV Gibb Qtz Total Kao (%) HIV (%) Gibb (%)  Qtz (%) Total (%) Sand Silt Clay

(%) (%) (%) (%) (%) (kg™  (gkg)  (gke™)
NT, RR 33.9 45.0 0.8 53 85.0 24.6 (1.7) 445 (126) 05 (0.2) 10.5 (0.5) 80.1 (14.9) 911 (31) 65 (13) 24 (33)
NT, RR, P 37.6 62.1 0.7 6.4 106.8 245 (1.8) 459 (1.0) 0.7 (0.1) 15.6 (1.7) 86.7 (4.4) 899 (81) 82 (70) 19 (12)
CT 40.9 65.9 0.8 6.3 113.9 283 (1.7) 428 (8.5) 0.8 (0.0) 16.1 (11.4)  88.1 (4.7) 848 (95) 125 (74) 27 (22)
CT, P 39.6 55.8 0.9 6.3 102.6 249 (2.0) 51539 0.6 (0.6) 14.7 (1.1) 91.7 (5.5) 949 (37) 36 (20) 15 (17)
CT, RR 36.1 50.3 1.2 6.4 94.0 274 (1.3) 482 (22) 0.5 (0.0) 13.9 (1.9) 90.0 (2.8) 818 (19) 149 (10) 32 (11)
CT, RR, P 37.7 59.5 0.8 4.9 102.9 26.1 (2.4) 531 3.2 0.6 (0.1) 11.8 (0.6) 91.6 (5.1) 881 (29) 98 (22) 21 (8)

2 Kao: kaolinite; HIV: hydroxy-interlayered vermiculite; gibb: gibbsite; qtz: quartz.
Y NT: no surface tillage; CT: conventional tillage; RR: residue removed; P: paratill.

¢ Numbers in parentheses are standard deviations of means.
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tillage—residue management practicgéake 3, and
no particular enrichment or depletion of a particular
clay mineral occurred as a function of tillage. It was,

67

Table 4
Comparison of average mineral quantities for in situ soil and runoff
sediment averaged for all plots (normalized to a 100% b#is)

n  Fraction «2pum)

Kao (%) HIV (%) Gibb (%) Qtz (%)
In situ soil 6 37.5(1.9) 55.7 (2.6) 0.9 (0.2) 5.9 (0.7)
Sediment 12 29.6 (2.3) 54.1 (5.0) 0.8 (0.2) 15.6 (4.3)

aKao: kaolinite; HIV: hydroxy-interlayered vermiculite; gibb:
gibbsite; qtz: quartz.
b Numbers in parentheses are standard deviations of means.

soils (Table 3. Reasons for this were unclear, but may
be due to increased amounts of relatively amorphous
material in the sediments.

Because mineral recovery amounts were different
between soil and sediment samples, quantities of min-
eral recovery were normalized to 100% for relative
comparison purposedgble 4. When mineral quan-
tities in the clay fraction of sediments were compared
to soil samples for all plots, differences in mineral
quantities existedHig. 3 and Table 4. More specif-
ically, our data suggests clay fractions of sediments
were enriched with gtz (9.7% higher for sediment),
and slightly depleted with respect to kaolinite (7.9%
lower for sediment) Table 4. This is evidenced by
the TGA data (for kaolinite), as well as the higher
relative intensity of the XRD gtz peak and the lower
relative intensity of kaolinite peaks of sediment com-
pared to in situ soil Kig. 3). We hypothesize these
differences might be due to a relatively increased
aggregation and aggregate stability of kaolinite par-
ticles, possibly reducing the amount of transported
kaolinite compared to gtz. The clay-sized gtz might
be more easily dispersed and/or less likely to exist in
larger aggregates, and thus more readily available for
transport. No differences were evident for HIV and
gibbsite.Kaplan et al. (1997found relative enrich-
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