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ABSTRACT

A study was conducted using the most common homogenization techniques, namely, grinding and
sieving, riffle splitting (open- and closed-bin), and cone and quartering to homogenize four soils of differing
textures to determine the effectiveness, efficiency, and extent of fine particle loss from each technique by
examining particle-size distribution, loss on ignition organic matter, and pH. Five passes should be used to
effectively homogenize a sample since the least replicate variability almost always occurred after the fifth
pass. Riffle splitting was more efficient and had less loss of fines than cone and quartering and is therefore
the recommended method for soil homogenization, The closed-bin riffle splitter had a greater apparent ability
to contain the loss of fines than the open-bin riffle splitter. Grinding and sieving (random sampling) was the
most efficient process yet almost consistently showed greater replicate variability than the other
homogenization techniques after the fifth pass thereby reducing its value for soil homogenization.
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INTRODUCTION

The need for sample homogeneity prior to laboratory analyses has been long recognized by geologists,
geologists, chemists, and members of other scientific disciplines. Homogeneity is the degree that the material
under investigation is mixed resulting in the random distribution of all particles in the sample. Completely
homogenous materials are so rare that they may be considered nonexistent (Ingamells and Pitard, 1986) yet
scientists must strive to obtain a homogenous sample in order to obtain data exhibiting minimal error
attributable to sample heterogeneity.

Care must be taken during the subsampling phase of soil preparation, during sample
transport, unpacking, and transfer to other containers in the laboratory to avoid particle sorting via different
particle densities, shapes, sizes, and resistance of certain minerals to mixing, such as magnetite (Muller,

1967; Ingamells and Pitard, 1986; Reeves and Brooks, 1978). Numerous methods have been used to obtain
homogeneous soil samples. The various methods range from simple grinding and sieving of the sample to a
desired particle-size to various mixing and splitting devices and machines. Each method will be discussed
individually with both advantages and disadvantages being presented.

One of the most common methods used to obtain a homogeneous sample is to grind and sieve the soil
to a desired particle-size (generally <2-mm) followed by random sampling. This method assumes that the
initial material is ground without preference to any given factor, such as color, and that during grinding and
sieving, the sample becomes sufficiently homogenized. To further eliminate possible heterogeneity within the
sample and to reduce the sample size to the desired quantity for a given analysis, subsamples may be
obtained by “spooning” (Carver, 1961) or some other method which involves the random insertion of a spoon
or other sampling device into the previously ground and sieved sample. This method is preferably performed
rapidly and without extensive visual examination of the sample that could lead to a processor preference in
certain cases, e.g., light catching the shiny surfaces of mica flakes leading to preferential inclusion or
exclusion of that part of the sample. The “spooning” type of subsampling markedly reduces the time of
sample processing in comparison to multiple, successive splitting operations and has been shown to produce
equivalent correlation coefficients between observed settling velocities of sands (median r=0.994 using other
splitting methods and median r=0.9955 using the spooning technique) when used to obtain 20 gram
subsamples from initial 1 to 2 kg sand samples (Carver, 1981).

Two other methods have been devised which are similar to the “spooning” method except they involve
an intermediate step between grinding and sieving and subsampling procedures. Gilliam and Richter (1965)
used an intermediate step of stirring the sample with a spatula, presumably until visual homogeneity was
obtained, before subsampling. Some analysts content themselves by merely shaking the sample in a bottle
prior to subsampling and ignore the risk of constituent segregation (Reeves and Brooks, 1978).

An additional method of sample subdivision with the goal of obtaining a representative sample was
presented by Allman and Lawrence (1972). Their method is similar to the “spooning* method of Carver (1961)
except that a scoop of ground and sieved materials was divided among four containers. The process was repeated
continually changing the filling order of the containers until the sample had been quartered or an appropriate
sample size had been obtained. As with the spooning process, visual bias as to how much sample and into which
container the samples were placed is a concern.

Before proceeding to the more elaborate sample splitting schemes, a discussion of methods used simply
to mix (homogenize) the ground and sieved sample is warranted. The simplest of the homogenization processes
is tumbling the sample on a sheet of paper, cloth, or plastic. This process involves the manual rolling of ground
samples such that the sample must tumble upon itself and not just slide along the surface of the sheet (Schuler,
1971; Van Johnson and Maxwell, 1981; Ingamells and Pitard, 1986). This method is effective on sample sizes less
than 2 kg, yet
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Fig. 1. A twin shell V-blender,

caution must be taken to ensure that the sheet material does not contain any element which is to be
quantitatively analyzed and does not develop static charges that may lead to segregation of the finer
particle sizes.

Homogenization may also be achieved through the use of mechanical mixing devices including
a spiral mixer, a cement mixer, and a twin shell V-blender. The spiral mixer involves the rotation of the
bottled sample in both horizontal and vertical planes (Van Johnson and Maxwell, 1981). The cement mixer
or similar devices involves the rotation of the sample in a chamber with a series of internal baffles that
cause the materials to be thoroughly tumbled and mixed. These two methods are useful for samples
ranging from less than one pound to several hundred pounds. The twin shell V-blender involves the
rotation of two hollow cylinders about an horizontal axis such that the apex describes a circle in the
vertical plane (Schuler, 1971). Twin shell blenders are available commercially in sizes ranging from 4 to 16
quarts (approximately 10 to 40 kg of a mineral soil) internal capacity (Fig. 1). However, Ingamells and Pitard
(1966) expressed serious doubts as to the value of mechanical splitters. They stated that, ‘In general,
machines that use mechanical violence and look and sound as though they are efficient are most likely to
cause segregation of heavy and light, large and small, and flat and round particles*. Further concerns have
been expressed concerning sample breakdown to finer particle sizes due to the violent tumbling in the

machines.

The riffle splitter (also called a chute splitter, Jones splitter, or sample splitter) is perhaps
the most common mechanical method for sample homogenization and/or sample size reduction
(Ingram, 1971, Mullins and Hutchison, 1982). The riffle splitter also provides one of the best general
methods of sample mixing to obtain bulk sample homogeneity (Ingamells and Pitard, 1986). A riffle
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Fig. 2. An open-bin riffle splitter. Fig. 3. A closed-bin riffle splitter.

splitter is a device having an equal number of narrow sloping chutes with alternate chutes discharging the
sample in opposite directions into two collection bins (Figs. 2 and 3). Sample homogenization is achieved
by repeated pouring of soil through the splitter and combining the halves between passes. The use of the
riffle splitter as a subsampling device is done in a similar manner with the exception that after the sample is
passed through the splitter, one collection pan is replaced with a clean pan. The material in the ‘replaced”
pan, which contains about one-half of the original sample, is then passed through the riffle splitter again
thereby reducing the volume in the clean pan to one-quarter of its original sample volume. This process of
sample reduction is repeated until the desired weight or sample size is obtained.

Many variations on the size and construction materials have been built on the principle of
the riffle splitter. For small samples (10 to 60 grams), an efficient microsplitter has been designed
by Newton and Dutcher (1970) using balsa wood and glass microscope slides. These authors
conducted experiments using 40 gram samples of the fine sand fraction and found only an 1.2% average
error when quartering the sample by a P-step halving. The results of Newton and Dutcher (1970) are
supported by the earlier work of Griffiths (1953) who found that sample homogenization using a riffle
splitter produced an overall coefficient of variance (C,) between median grain sizes of less than 3% in 9 out
of 10 samples run on various rock and sand samples. In the one case where the C, was greater than 3%, the
error was attributed to operator differences (16 in the single case vs. 5 or less in the other nine cases). A
portable sieving and splitting device for field use has been designed by Ibbeken (1974) which uses the riffle
splitter to subsample and process coarse grained sediments. During his research on unconsolidated
sediments, no significant differences were found between splits in terms of petrographic mineralogical
composition, with the exception of the 125 to 160 mm serpentine fraction (represented by only four
pebbles), nor in grain size distribution. Another variation of the riffle splitter found in tile literature was the
use of a Single piece of tin-plate bent several times to form a riffle splitter (McKinney and Silver, 1956). The



Fig. 4. The cone and quarter technique.

advantage of this construction method is that free grain flow in the chutes was obtained, without the
hindrance of unevenly soldered joints that may be present in other riffle splitters.

The use of riffle splitters and their variations are valuable in splitting samples which range in size
from less than 10 grams (Humphries, 1961) to several kilograms (Van Johnson and Maxwell, 1981). Ibbeken
(1974) reported that 0.5 to 1 ton (455 to 909 kg) of sample can be processed daily using a standard riffle
splitter to reduce the initial quantity to 5 kg subsamples. Although most authors find the use of the riffle
splitter to be an effective, efficient method for sample homogenization and sample splitting, several
problems exist.

The major source of error involved in using a riffle splitter is the loss of fine particle sizes by
“dusting” when processing air-dried or oven-dried samples which contain fine particle sizes (Van Johnson
and Maxwell, 1981). The process of riffle splitting requires that a uniform stream of material be poured into
the mouth or top of the splitter. Dust loss may occur through the chute ends, in the collection bins, and
through the mouth openings (Fig. 2) in an open-bin system or just through the mouth if a closed-bin system
is used (Fig. 3).

Several studies have been conducted comparing the effectiveness of the riffle splitter to
other homogenization techniques. Wentworth et al. (1934) compared the riffle splitter with a rotary
splitter (to be discussed) and found that the rotary splitter more accurately split an initial sample of
known grain size distribution into subsamples with similar grain size distributions than the riffle
splitter. Kellagher and Flanagan (1956) in a comparison experiment among a multiple-cone splitter
(to be discussed), cone and quartering (to be discussed), and a riffle-based microsplitter found the
microsplitter was the worst for both accuracy and precision of grain frequency percentages for
subsampling three different weights (5, 10, and 20 grams) of an artificially created very coarse and
coarse sand fraction mixture. In a similar type of study, Mullins and Hutchison (1982) compared
the C,among sand fraction contents of several soils and ranked, in order of best to worst, the



Fig. 5. A rotary splitter.

rotary subsampling, riffle splitting, cone and quartering, and spoon sampling, in terms of their ability to
homogenize a sample. These authors did note, however, that the best and worst methods were only
significantly different at the 10 percent level.

Perhaps the best known sample splitting method is the classical cone and quarter technique, This
technique involves pouring the sample into a cone, flattening the cone, dividing the flattened cone into four
equal divisions (quartering), and then removing 2 opposite quarters (Fig. 4). The remaining two quarters are
repiled into a cone and the process is repeated until the desired sample size is obtained. Variations on the
process are possible which can enhance the speed of sample size reduction by using just one quarter
(chosen at random) to continue the splitting process or which allow this method to be modified to homogenize
a large sample. The use of the cone and quarter method to homogenize a sample involves the removal of the
first quarter and repiling it into a cone followed by the subsequent repiling of the opposite quarter and then
the remaining two quarters to reform a single cone (Raab et al., 1990). This process is repeated several times
until sample homogeneity is achieved.

Several sources of error for this method have been identified. Van Johnson and Maxwell (1981)
reported that during the cone and quarter process on large samples (several kilograms), there is the
danger of unequal segregation of heavier materials during the flattening and coning of the sample.
Similar to the riffle splitting techniques, dusting is also a possible source of error during cone
formation. Sample loss from the inability to recollect all the soil from the underlying material, the
ability of the sample to “cling” to the underlying material via static charges, and sample
embedment are all further sources of error. Muller (1967) placed a limitation on the cone
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Fig. 6. A multiple-cone splitter,

and quarter technique to samples greater than 50 grams and stated that this method is most successful in the
field for sample processing of larger sample sizes. Raab et al., (1990) used the cone and quarter method to
homogenize large volumes of soil (450 kg) and then subsampled the repiled cone with a 2-foot long plastic
tube (Z-inch internal diameter). They then sieved the sample into 3 particle size classes (2-mm to 0.105 mm,
0.105 mm to 0.053-mm, less than 0.053-mm) and subsampled using ariffle splitter. A resieving to check particle
class weights of the three divisions between the six subsamples resulted in the finding that no significant
difference (error level = .05) among the subsamples indicating a homogenous mixture had been obtained.

Several other sample splitting/homogenizing devices found in the literature include a rotary
splitter (Muller, 1967, Schuler, 1971; Allman and Lawrence, 1972), a brass disc microsplitter (Brewer
and Barrow, 1972), and a multiple cone splitter (Kellagher and Flanagan, 1956). The rotary splitter
involves the pouring of the sample into a feeding hopper located above a rotating disc containing
sample bottles or pans (Fig. 5). The disc is mechanically rotated and the sample is divided among
the collecting bottles or pans. The brass disc microsplitter was designed by Brewer and Barrow
(1972) for subsampling small particulate samples which range up to 1 gram in the particle size
range between lo and 200 microns. This splitter divides the sample by passing it through a fluted



brass disc which contains several holes to separate the sample into different collection bottles. The device
also has a mechanical vibrator system to ensure complete collection of the fine particles, The multiple-cone
splitter of Kellagher and Flanagan (1956) consists of three funnels and brass cones vertically mounted
which are capable of splitting small samples (10 to 400 grams) into 5 mg subsamples which are collected
in one of four divisions in the base pan (Fig. 6). These authors statistically compared the precision and
accuracy of grain frequency percentages obtained using their device with a riffle-based microsplitter and the
cone and quarter technique and found that their splitter was better in both categories than the riffle splitter
while being better than the cone and quartering in terms of accuracy only.

Due to the overwhelming concurrence (although not unanimous) in the literature as to the value of the
cone and quarter and riffle splitting techniques in sample homogenization and the common use of random
sampling after grinding and sieving of the soil, investigations were undertaken to determine the effectiveness
(degree of homogenization), efficiency (time consumption), and the extent of the loss of fine particles by
these methods during the homogenization of large soil samples.

MATERIALS AND METHODS

Bulk samples (approximately 15 kg) of surface horizons of the Overton clay (fine, montmorillonitic,
calcareous, thermic Mollic Haplaquepts), Gila silt loam (coarse-loamy, mixed, calcareous, thermic Typic
Torrifluvents), Calico loam (coarse-loamy, mixed calcareous, thermic Typic Torrifluvents), and Jean gravelly loamy
fine sand (sandy-skeletal, mixed, thermic Typic Torrifluvents) were collected in Clark County, Nevada (Speck,
1965). Surface horizons with different textures were selected to represent soil systems with varying sensitivities
to the loss of fines that may occur during sample homogenization.

Moist bulk samples were split into three subsamples (approximately 5 kg each) and air-dried. Samples
were ground and sieved through a 2-mm (10 mesh) sieve with three random samples being collected from
each of the subsamples Prior to any homogenization procedures. The three original subsamples from each
soil series were “homogenized” by either passing the soil seven times through the cone and quarter
technique, an open bin riffle splitter, or a closed bin riffle splitter. Three samples of approximately 60 g each
were collected after the first, third, and fifth passes. Seven samples were collected after the seventh pass
through each of the homogenization processes. Samples were collected from the riffle splitters by placement
of the receiving bottle under randomly selected chutes prior to the sample being poured through the splitter.
Samples from the cone and quarter technique were collected by pouring the sample over the collection
bottles during cone rebuilding and subsequently removing the bottles when they were full prior to completion
of the cone using all four quarters.

A timed experiment was conducted to determine the efficiency of each splitting technique and involved
the passing of the previously “homogenized” soil (from the seventh pass) through the three homogenization
procedures seven times without collection of soil samples after any intermediate passes. Sewn samples were
collected after the timed experiment in which the soil had now been passed fourteen times through the
homogenization process.

Three parameters were selected to determine the effectiveness of the homogenization method and loss of
fines from the system, namely, particle-size analyses (for loss of inorganic fines), loss on ignition (LOI) organic
matter (for organic fine losses) and pH (for bulk chemical changes). Particle-size distribution (<2-mm) was
determined using the pipette method described by Gee and Bauder (1986). Soil samples were oven-dried at 110*
C overnight and loss on ignition organic matter content was determined gravimetrically after heating at 450° C
for a minimum of 6 hours. The pH values were determined in a 1:2 s0il:0.01 M CaCl, solution ratio (McClean, 1982).
Levels of confidence were determined by analysis of variance (ANOVA).



RESULTS AND DISCUSSION

It should be noted that pass no. 0 represents the random samples collected prior to any sample
homogenization process other than preparatory grinding and sieving. Complete data tables containing
individual analyses of sand, silt, clay, sand fractions, pH (no standard deviations or %RSDs presented), air-dry
moisture contents, and LOI organic matter as well as means , standard deviations, and %RSDs for replicate and
cumulative data are presented in the Appendix.

Observed Sources of Soil Loss

Loss of fines via dusting was most apparent during the use of the open bin riffle splitter. Dust loss
occurred from the mouth of the riffle splitter due to the air-dried soil hitting the baffles and sliding down the
chutes as well as in the collecting bin from the soil falling upon itself, Apparent fine particle losses from use
of the closed bin riffle splitter were less noticeable than for the open bin riffle splitter. Dust losses occurred
through cracks within the riffle splitter and through the mouth into which the soil was being poured.
However, although the overall dust loss appeared to be less, additional soil loss was observed within the
closed bin riffle splitter where soil collected on internal ledges and around the outside of the collecting
bins. Little loss of fines, via dusting, was observed using the cone and quarter technique. Dusting
occurred only during the piling of the quarters upon each other to form a new cone. Soil losses were
observed due to an inability to completely transfer all soil materials during new cone formation.

Influence of Sample Homogenization on PH

No significant differences were found in pH values among replicates regardless of soil texture, splitting
method, or the number of the pass from which the subsample was obtained (Table 1). All replicate pH values
met the intralaboratory precision goals set for the Mid-Appalachian soil survey (0.10 pH unit). The ranges in pH
for the Jean gravelly loamy fine sand and Calico sandy loam were 7.7 to 7.8. The Gila silt loam had pH values
of 7.8 in all samples while the Overton clay had pH values ranging from 7.9 to 8.0.

Influence of Sample Homogenization on Particle-Size Distribution

All replicate total sand, silt, and clay contents met the intralaboratory precision goals set for the Mid-
Appalachian soil survey of 3.0 wt% standard deviations for sand and silt; 2.0 wt% standard deviations for
clay. Standard deviations for total sand, silt, and clay contents ranged from 0.05 to 1.30, 0.05 to 2.59, and
0.00 to 200, respectively (Table 2).

The lowest standard deviations among replicates were almost always found after the
samples had been passed five times through the homogenization process regardless of homogenization
technique used or soil texture (Table 2). When exceptions did occur, the standard deviations were not
significantly different from the fifth pass and occurred in either the random sample or after the first pass
through the homogenization process. In the later case, the sample was simply halved via riffle Splitting or
was effectively a random sample from the first flattened quarter for the cone and quarter technique. At the
90% or greater confidence interval, the random (pass 0), first, third, seventh, and timed experiment passes
had 36, 33, 53, 86, and 97%, respectively, of the samples having significantly greater replicate variances
than the fifth pass. If a 75% or greater confidence limit was used, pass 0, 1, 3, 7, and T had 53, 56, 78, 98,
and 100% of the samples, respectively, had significantly greater variances than the fifth pass. Earlier passes
(pass 0, 1, and 3) resulted in fewer samples with significantly different variances among the replicates than
in passes after the fifth, yet one-third to more than one-half of the samples had significantly greater
variances than found after five homogenization passes. These data indicate that any attempts to further
homogenize the soil after the fifth pass through the various homogenization methods markedly increased
the variability among replicates and thus the heterogeneity of the sample regardless of soil texture or
homogenization technique.



Table 1. Soil pH values determined in a 1:2 soil:solution of
0.01_Af CalCl, for homogenization study®

Open Bin Closed Bin Cone and Quarter
Spilit No. Riffle_Splitter Riffle Splitter Technique

Jean loamy fine sand

Q 7.7 7.8 7.8
1 7.7 7.7 7.7
3 7.7 7.7 7.7
5 7.7 7.7 7.7
7 7.7 7.7 7.7
T 7.7 7.7 7.7
Calico sandy loam
0 7.7 7.8 7.7
1 7.7 7.7 7.7
3 7.7 7.8 7.7
5 7.8 7.7 7.7
7 7.7 7.7 7.7
T 7.7 7.8 7.7
Gila_silt loam
[0) 7.8 7.8 7.8
1 7.8 7.8 7.8
3 7.8 7.8 7.8
5 7.8 7.8 7.8
7 7.8 7.8 7.8
T 7.8 7.8 7.8
Qverton clay

O 7.9 8.0 7.9
1 7.9 8.0 7.9
3 7.9 8.0 7.9
5 7.9 8.0 7.9
7 7.9 8.0 7.9
T 7.9 8.0 7.

a = data presented are the means of 3 replicates for splits 1
through 5 and means of 7 replicates for splits 7 and T.



Table 2. Standard deviations between replicate analyses for particle-size distribution and loss on
ignition organic matte*.

Open Bin Closed Bin Cone and Quarter
__Riffle Spiitter Riffle Splitter Technique

Spilit Sand® Sit Clay OM. Sand Sit Clay OM. Sand Sit Clay OM.
( wt. % )

Jean loamy fine sand

0457 008 015 0057 009 005 008 007" 033" 038" 008" 0.05"
012" 020™ 008 001 018" 016 011 003 010 006 004 004
022" 0.24™ 008 003" 073™ 063™ 011 007 019" 025" 007" 003
005 006 008 001 009 011 009 004 010 010 002 002
0.18"" 013" 0.167" 0.02™° 025" 023" 0.10° 0.44™ 0.18"™ 0.45" 007" 0.03"
047" 021" 041 0.03™ 0227 0.24™ 0.43™ 0.16™ 030" 0.35™ 0.10™" 0.01

—ANOVW -~ O

Calico _sandy loam

0.10 036" 041" 010™ 034 034 000 007" 027 048" 031" 008"
064" 063" 022 003 052° 043 0140 007" 029 013" 0.6 005"
0.89™ 079" 020 006" 040 060" 021" 006 016 025 041 0.02°
023 015 016 002 028 033 009 003 012 007 008 0.0
030" 0.32™ 0.30"" 0.04™ 034" 036" 042" 041" 047 034" 034™ 005"
0.46™ 074 052 0.10™ 033" 045" 035 0.06™ 054 052 0.24™ 0.07™

~~Nw-=2O

Gila silt loam

031" 041 021 002" 037 030 026 009 067" 038" 046 0.03
020 019 019 004 048 017 032" 008" 023 006 028" 0.04
031" 026 0.39" 006" 130™ 096 0.35 0.06" 050" 051" 014 0.04
018 019 017 001 029 025 021 002 019 011 012 003
0.34™ 051" 0.28™ 007" 056 0.49" 022" 006 019 034™ 023" 007"
0.83™ 0.88™" 0.43™ 0.08™" 0.37" 042" 023" 007" 0.40™ 028 039" 007"

—~~NONwWw = O

QOverton clay

141" 057 056" 005 032 024 030 0247 025" 0.17 008 0107
0.83™ 259" 1.85™ 0.07° 007 021" 026 0.09° 059" 066" 055 0.06
061" 207 146’ 0.09° 051" 039" 0.90™ 0.12™ 020" 050" 044" 0.08"
028 058 031 004 029 013 024 002 009 023 02 003
071 1.02™° 0577 007 0.32° 0.37™ 047" 0.06™ 051" 038" 046 0.07"
0.53™" 2.33™ 200 005" 053" 065" 059" 0.08™ 042" 0.85" 066" 0.107"

—~NOW O

a - data presented are the standard deviations of 3 replicates for splits 1 through 5 and means
of 7 replicates for splits 7 and T.
b - * = 75%; ** = 90%, *** = 95% confidence levels as determined by ANOVA. Significant
differences are compared to the fifth pass.
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Table 3. Efficiency of various homogenization techniques.?

Open Bin Closed Bin Cons and Quarter

Sail Riffle Splitter Riffle Splitter Technique

( minutes )
Jean 4. 4, 24,
Calico 7" 4. 44"
Gila 6. 5. 29.
Overton 5. 5.° 26.
Mean 5.50 4.50 30.75
Mean-1° 5.00 4.33 26.33

a - * = first sample homogenized by the given method.
b - Mean-1 = mean of timed experiment excluding first
sample homogenized by the given method.

Table 4. Loss of fines between the seventh pass a
timed experiment.

Open Bin Closed Bin  Cone and Quarter

Soil___ Riffle Splitter  Riffle Splitter Technigue

% clay )
Jean -0.03* nc +0.06
Calico -0.02 -0.10 -0.56
Gila +0.09 -0.22 -0.57
Qverton___-0.36 -0.18 -0.42
a - + = clay increase; - = clay loss; nc = no change.

11



Influence of Sample Homogenization on Loss on Ignition Organic Matter

The lowest standard deviations among replicates for LOIl organic matter content were found after the fifth
pass, with only two exceptions, similar to the results for standard deviations in particle-size distribution (Table
2). The two exceptions were noted in the Jean gravelly loamy fine sand (after the homogenized by the cone and
quarter technique), yet neither standard deviation was significantly less than the standard deviation of the fifth
pass. When a confidence interval of 90% or greater was established, 56, 33, 50, 100, and 91% of the replicates
from passes 9, 1, 3, 7, and T, respectively, had significantly greater variances than those found in the fifth pass.
At the 75% or greater confidence level, two-thirds or more of the replicates (83, 66, 83, 100, and 91% for passes
0.1, 37, and T, respectively) had significantly greater variances. These results support our earlier findings that
the sample appears to have achieved the greatest homogeneity after the fifth pass through the homogenization
process.

Homogenization Technique Efficiency

The average time required to homogenize a sample using seven passes was 5.00 (range 4 to 5
minutes), 5.50 (range 4 to 7 minutes), and 30.75 minutes (range 24 to 44 minutes) for the closed-bin riffle
splitter, open-bin riffle splitting, and cone and quartering, respectively (Table 3). The slightly longer time
required to perform open-bin riffle splitting compared to closed-bin riffle splitting was attributed to an initial
lack of experience in the use of a riffle splitter by the technician. Excluding the first time use of either riffle
splitter, the average time required for open-bin riffle splitting decreased to 5.00 minutes per sample
compared to 4.3 minutes per sample required for the closed-bin riffle splitter. Excluding the first use of the
cone and quarter technique by the technician, the average time required to homogenize the sample
decreased from 30.75 to 26.33 minutes per sample. These results indicate that the use of the riffle splitter
for homogenization required markedly less time per sample than samples homogenized by the cone and
quarter technique and was thus more efficient.

Loss of Fines

Loss of fines was determined by comparison of clay contents between the seventh split and timed
experiment. Clay contents generally decreased after the additional seven passes through the homogenization
procedures but the overall clay content loss was very small (less than 0.6%) and could be attributed to expected
variance in the homogenization and analytical methods (Table 4). It was interesting, however, to note that the
greatest clay content decreases were found when the soils underwent cone and quartering as the
homogenization process. This result was due to a twofold effect in which the inability to recover all the soil from
the underlying paper led to a greater clay loss from gap filling between the larger sand particles and perhaps
due to static charge development on the paper leading to a retention of the charged clay particles.

CONCLUSIONS

me use of riffle splitting to homogenize a bulk soil sample was more efficient and had less of fines
than cone and quartering and is therefore the recommended homogenization technique. me use of a closed-
bin riffle splitter was preferred to an open-bin riffle splitter due to its greater apparent ability to contain and
reduce the loss of fines from dusting. Only five passes, instead of seven, should be used to obtain the most
homogeneous sample, in terms of particle-size distribution and loss on ignition organic matter, due to the
overwhelming evidence that the least variability among replicates occurred after the fifth pass using all
three splitting techniques and all four soil textures. Random sampling after grinding and sieving was the
most efficient homogenization method, since no additional sample preparation was involved, yet these
samples almost consistently had greater replicate variabilities than the other homogenization techniques
after the fifth pass reducing the value of this technique for soil sample homogenization.

12
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APPENDIX

DATA TABLES

NOTE: It should be noted that the split or pass no. 0 represents‘the random samples collected prior to any
sample homogenization process other than the preparatory grinding and sieving. Other sample designations have
been assigned such that for the first seven passes, the first digit is the pass number while the second digit is the
replicate number (i.e. 1-1 = pass 1, replicate 1). The timed experiment sample numbers are. indicated by a T-
replicate number (i.e. T-1 = timed experiment, replicate 1). An overall mean (MEAN ALL) was calculated for all
sand, silt, and clay contents while standard deviations, and %RSDs were calculated for only the total sand, silt,
and clay percentages for each pass and the overall mean.
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Table A1, The 0.01 M CaCl, pH valugs for individual samples in the hemogenization study®

Sample No. Jean loamy fine sand __ Calieo loam Gla gt loam . Overton clay

B (B CQ 0B CB CQ OB CB CQ OB (B CQ
01 7 T8 1T 11 18 11 78 78 80 79
02 770718 18 77 78 17 18 78 18 79 8h 78
03 77018 78 77 78 M1 18 78 78 79 80 79
B oo oo oI 18 18 18 19 80 79
2 wowowowm w1 18 18 78 79 80078
i3 oW w17 18 18 18 18 80 019
3 w117 78 18 17 78 78 78 19 B0 78
32 o 1 1T 18 1 78 78 78 19 BOO78
33 M 1 1 78 17 18 78 78 18 80 79
51 A A A Y N Y B & S - RO # S £ N 1 R
52 w78 1 1 18 18 78 79 80 79
53 w1 N 18 18 78 19 80 79
7 o1 T I 1 18 18 78 19 80 79
12 17O 1 1 1 18 18 78 18 &0 79
& oMot 1 11 78 78 18 78 80 19
74 oo oo 18 I8 18 19 8079
75 won oI o1 1 78 18 18 19 8079
&) 17O 11 11 18 78 18 79 80 79
2} T 1 18 17 18 18 18 1% 80 79
T4 7N 1 1 18 1T 18 18 18 19 8079
T [/ Y Y A TR O S B & T & B O T T/
T3 [ A N Y N R Y B & TR X B T X B Y Y 4
T4 wonr w17 18 11 18 18 18 19 80 79
T4 oo o1 18 118 18 78 19 80 79
16 [ A Y N Y A N Y 1 T & B 1 S £ T B
1 1 11 77 78 17 78 18 18 1% 80 79

a - OB = open-bin riffle spitter, CB = diosed-bin il splittar; CQ = cona and quarter tecfmique.
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Table A-2. Particle-size data for the Jean loamv fine sand homoaenized bv own-bin riffle splitting.

SOIL TYPE - SAND

SPLITTING METHOD - OPEN BIN RIFFLE SPLITTER

SAMPLE

NO

NN NN N SOOIV W L0 OO
'
NS WN LW W R LD LN

[eRoRoRvRvivlw)

UV W= O

~

T
A

Yol N W O

1
2
3
4 90.16
5
6
7

SAND

89.66
89.77
89.48
89.58
89.80
89.63
89.43
89.85
89.69
89.73
89.80
89.71
89.77
90.12
89.64
89.90
89.67
89.76
89.62
90.17
89.80
89.80

89.94
90.08
89.82

89.64
89.67
89.66
89.75
89.78
IM 89.87
LL 89.78

0.147
0.116
0.215
0.048
0.176
0.167
LL 0.187

9.02
8.51
8.80
8.96
8.44
8.46
8.52
8.82

9.06
8.74
8.69
8.81
8.80
8.64
8.77

0.080
0.195
0.239
0.055
0.131
0.209
0.192

1.20
1.24
1.48
1.56
1.68
1.52
1.68
1.72
1.56

1.36
1.44
1.32
1.20
1.56
1.36
1.68
1.48
1.36
1.32
1.40
1.24
1.40
1.60
1.40
1.36

1.31
1.59
1.65
1.44
1.42
1.39
1.45

0.151
0.083
0.083
0.080
0.161
0.110
0.150

0.99
0.84
0.80
0.74
0.93
0.85
0.94
0.82
0.82
0.63
1.30
0.69
1.34
0.97
0.82
0.86
0.59
0.62
0.93
1.15
0.74
1.04
0.55
1.11
1.10
1.07

0.88
0.84
0.86
0.87
0.88
0.97
0.89

%RSD
%RSD
%RSD
%RSD
%RSD
%RSD
%RSD
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1.58
1.65
1.67
1.73
1.78
1.52
1.63
1.67
1.87
1.46
1.77
1.52
1.69
1.54
1.50
1.53
1.57
1.63
2.04
1.64
1.69
1.58
1.62
1.64
1.84
1.45

1.63
1.67
1.72
1.58
1.64
1.64
1.65

0.164
0.130
0.240
0.053
0.196
0.185
LL 0.209

4.58
4.39
4.50
4.31
4.35
3.76
4.06
4.09
4.20
4.27
4.08
4.30
4.04
4.30
4.28
4,22
4.25
4.57
4.25
4,57
4.44
4.34
4.31
4.24
4.45
4.36

4.49
4.14
4.12
4,22
4,27
4.39
4.29

0.888
2.236
2.746
0.629
1.489
2.421
2.195

56.99
57.15
87.10
56.85
57.41
58.10
57.29
57.73
56.95
57.89
57.23
58.34
58.00
58.15
57.28
57.35
57.43
59.06
56.49
58.46
58.74
§7.53
58.11
58.34
57.67
57.58

57.08
57.45
57.32
57.82
57.68
58.06
57.66

11.592
5.249
5.037
5.556

11.345
7.926

10.395



Table A-3. Particle-size data for the Jean loamv fine sand homogenized by closed-bin riffle splitting.

SOIL TYPE - SAND
SPLITTING METHOD - CLOSED BIN RIFFLE SPLITTER

SAMPLE SAND SILT CLAY ves cs MS FS VFS
NO (=== WE fmmms s e
0-1 8%.42 9.38 1.20 . 0.77 1.61 4.37 57.61 25.06
0-2 89.29 9.47 1.24 0.92 1.71 4.22 56.52 25.91
0-3 89.24 9.40 1.36 1.04 1.56 4.22 56.88 25.53
1-1 89,34 9.34 1.32 0.83 1.75 4.33 57.57 24.86
1-2 89.04 9.44 1.52 0.79 2.02 4.21 55.78 26.24
1-3 88.99 9.65 1.36 0.80 1.73 3.97 55.67 26.82
3-1 88,28 10.20 1.52 0.67 1.62 3.76 56.05 26.17
3-2 89.55 9.03 1.36 0.65 1.71 4.05 57.57 25.57
3-3 89.55 9.13 1.32 0.74 1.70 4.16 56.61 26.33
5-1 89.52 9.04 1.44 0.61 1.83 4.25 56.12 26.71
5-2 89.48 9.24 1.28 0.68 1.75 4,47 S7.74 24.84
5=3 89.65 9.07 1.28 0.76 1.93 4.65 57.03 25.28
7-1 89.11 9.57 1.32 0.95 1.83 4,00 56.54 25.78
7-2 89.66 9.06 1.28 1.10 1.74 4,43 57.10 25.29
7-3 89.61 9.19 1.20 0.82 . 2.07 4.86 57.53 24.33
7-4 89.43 9.13 1.44 0.91 1.78 4.52 56.49 25.73
7-5 89.58 9.22 1.20 0.67 1.59 4.39 57.41 25.52
7-6 89.88 8.80 1.32 0.59 1.56 4,79 58.61 24.34
7-7 89.37 9.19 1.44 0.82 1.72 4.28 56.79 25.77
T-B-S-1 89.57 9.03 1.40 0.87 2.26 4.67 56.65 25.12
T-B~5-2 89.68 2.12 1.20 0.47 1.61 4,63 58.14 24.83
T-B-5-3 89.57 8.99 1.44 0.61 1.53 4,21 57.20 26.02
T~B-S-4 89.70 9.06 1.24 0.51 1.92 4.30 57.40 25.57
T-B-5-5 89.96 8.68 1.36 0.70 1.75 4.44 57.57 25.50
T-B~5-6 89.26 9.30 1l.44 0.55 1.67 4.18 56.79 26.06
T-B-5-7 89.46 9.42 1.12 0.59 1.75 4.47 57.43 25.22
MEAN 0 89.32 9.42 1.27 0.91 1.63 4.27 57.00 25,50
MEAN 1 89.12 9.48 1.40 0.81 1.84 4.7 56.34 25.97
MEAN 3 89.13 9.47 1.40 0.69 1.68 3.99 56.75 26.03
MEAN 5  89.55 9.12 1.33 0.68 1.84 4.45 56.96 29.61
MEAN 7 89.52 9.16 1.31 0.84 1.75 4.47 57.21 25.25
MEAN TIM 89.60 9.09 1.31 0.61 1.79 4.41 57.31 25.47
MEAN ALL 89.43 9.24 1.33 0.75 1.76 4.34 57.03 25.55
$.D. 0 0.090 0.046 0.083 %RSD 0 0.101 0.49¢4 6.574
S.D. 1 0.189 0.159 0.106 %RSD 1 0.213 1.677 7.562
S.D. 3 0.734 0.630 0.106 %RSD 3 0.823 6,648 7.559
S.D. 5 0.091 0.108 0.092 *RSD 5 0.102 1.179  6.929
s$.D. 7 0.247 0.231 0.098 %¥RSD 7 0.276 2.518 7.542
5.D. T 0.217 0.236 0.127 %RSD T 0.242 2.600 9.692
S.D. ALL 0.324 0.291 0.103 %RSD ALL 0.362 3.150 7.756
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Table A-4. Particle-size data for the Jean loamy fine sand homogenized by cone and quartering,

SOIL TYPE - SAND
SPLITTING METHOD - CONE AND QUARTER

SAMPLE SAND
NO
0-1 89.80
0-2 89.34
0-3 89.99
1-1 89.71
1-2 39.68
1-3 89.53
3-1 89.60
3-2 89.98
3-3 89.86
5-1 89.98
5-2 89.86
5-3 89.78
7-1 90.35
7-2 90.26
7-3 90.28
7-4 90.12
7-5 90.06
7-6 90.34
7-7 90.62
T-C-S-1 90.02
T-C~-S=-2 89.71
T-C-S-3 89.80
T-C-S-4 89.82
T-C~-5-5 90.46
T-C~-S-6 89.50
T-C-S-7 89.91
MEAN 0 89.71
MEAN 1 89.64
MEAN 3 89.81
MEAN 5 89.87
MEAN 7 90.29
MEAN TIM 89.89
MEAN ALL 89.94
s.D. O 0.334
s.D. 1 0.097
S.D. 3 0.190
S.D. 5 0.097
S.D. 7 0.182
5.D. T 0.300
S.D. ALL 0.306

8.62

8.97
2.00
8.90
8.14
9.14
8.61

8.90
8.92

8.87

8.79
8.42
8.76
8.72

0.380
0.061
0.246
0.097
0.154
0.347
0.292

1.48
1.32
1.36
1.40
1.44
1.48
1.28
1.40
1.28
1.32
1.36
1.32
1.28
1.28
1.36
1.36
1.32
1.16
1.24
1.44
1.32
1.20
1.28
1.40
1.36
1.48

1.39
1.44
1.32
1.33

1.35
1.34

0.083
0.040
0.069
0.023
0.071
0.096
0.082

0.99
1.11
0.87
1.34
1.06
0.81
1.25
0.91
0.84
1.09
1.17
0.73
1.51
1.25
1.03
1.03
0.67
1.08
0.93
0.83
0.90
1.04
0.95
0.85
0.70
0.92

0.99
1.07
1.00
1.00
1.07
0.8R8
0.99

%RSD
$RSD
%RSD
%RSD
%$RSD
%RSD
%RSD
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1.72
1.90
1.585
1.89
1.84
1.61
2.27
1.69
1.73
1.76
1.89
1.76
2.05
. 2.22
1.76
1.74
1.61
2.16
1.63
1.78
1.90
1.80
1.88
1.79
1.73
1.77

1.72
1.78
1.90
1.80
1.88
1.81
1.82

0.373
0.108
0.212
0.108
0.201
0.334
LL 0.340

4.32
4.24
4.23
4.18
4.10
4.32
4.15
4.28
4.01
4.12
4.15
4.35
4.50
4.53
4.40
4.46
4.40
4.74
4.70
4.32
4.35
4.12
4.11
4.45
3.78
4.00

4.26
4.20
4.14
4.21
4.53
4.16
4.28

4.274
0.684
2.770
1.103
1.825
3.962
3.353

56.89
56.95
57.39
57.02
56.68
57.27
55.91
57.76
57.57
57.07
56.49
58.71
57.53
57.78
58.51
58.14
57.97
58.50
59.38
57.50
57.48
57.17
58.24
58.11
56.57
56.96

57.08
56.99
57.08
57.42
58.26
57.43
57.52

6.006
2.782
5.248
1.735
5.515
7.122
6.081

25.89
25.14
25.94
25.29
26,00
25.52
26.03
25.34
25.72
25.93
26.16
24.24
24.76
24.47
24.58
24.76
25.41
22.86
23.97
25.58
25.08
25.67
24.64
25.26
26.72
26.26

25.66
25.60
25.69
25.44
24.55
25.60
25.32



Table A5, Particle-size data for the Calico loam homogenized by open-bin ritfle splitting,

SOIL TYPE - LOAM
SPLITTING METHOD - OPEN BIN RIFFLE SPLITTER
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46.77 43.03 10.20
46,80 42.44 10.76
46.95 43.09 9.96

20.47 22.07
19.70 23.09
20.56 22.54

- 47.37 42.67 9.96 20.75 22.719
- 46.93 42.67 10.40 . 20.36 22.30
- 48,19 41.57 10.24 ) ' . 21.36 22.14
- 48.28 41.56 10.16 20,38 2.7
- 47.35 42,65 10.00 . 20.81 22.46
- 46.50 43.10 10.40 . 20.14 22.35

47.09 42.43 10.48 20,01 23.01
- 46,72 42.48 10.80 19.99 22.80

46.69 42.71 10.60

_ 18.65 24,44
46,19 4317 10.64

20.41  21.81

D O R OO RO ORI OO0 OO
ORI WOWWMMNMEWYWOIWKE & WNnoW-1IO L

- 46.37 43.15 10.48 20.52 22,00
- 46.00 43.92 10.48 19.33 22.88
- 46.59 43.09 10.32 19.74 23.09
- 46.87 43.01 10.12 20.37 22.67
- 46.27 42.73 11.00 19,73 22,91

B R B B IS BN B S S S, B U N O R 0% B et sl pedi = v I )
1
O N e L B Gd DN P L) B = LD B R L) B

46.63 42.53 10.84
47.14 41.62 11.24
46.49 42.47 11.04
46,35 42.89 10.76

18,41  23.2¢
19.90 22.83
19.52 22,58
19.58 22.47

':,'\:hhum-&huhubuhu‘;hu“wl\)!\lu‘u#bt-
OO OO OO0 O DO WD e 0O ] e WD O
O o I R B T T T I R S R I B R ™ B N O R i L P SN P UL UL Ry VR |
N&M&mmc:axopnuw.p.puhp\\\luu\uupm
Y On WO O8I~ O~ W0 - on L O OO R

0——3*—30——3"'-]'—]*3'—]
Wbﬂﬁ:}’:ﬁk’k’
L"‘l:"t"l.:‘t.‘"t"l_—'
~ O U A W B

46.32 43,16 10.52 19.47 23.02

~R-L-3 46,38 43.72 9.92 08 19.16 23.35
-R-L-6 47.44 42,44 10.12 04 20.68 22,41
-R-L-7 46.35 43.61 10,04 09 . 19.32 23.19
MEAN 0 46.84 42.85 10,31 0.10 0.47 1.45 20,25 22.57
MEAN 1 47.49 42.31 10.20 0.08 0.40 3.78 20,82 22,41
MEAN 3 47.37 42.44 10.19 0.08 0.34 3.99 20,44 22.53
MEAN 5 46.83 42.54 10.63 0.15 0.40 .31 19.55 13.42
MEAN 7 46.42 43.03 10.55 0.10 0.39 1.34 19.93 22,66
MEAN TIY 46.64 42.84 10.52 0.10 0.47 3.58 19.66 22.84
MEAN ALL 46.81 42.75 10.44 0.10 0.42 3.54 20.01 2.7

5.0. 0 0,097 0.357 0.411 4RSD 0  0.208 0.832  3.983
§.D. 1 0.638 0,634 0.223 $RSD 1 1.343 1.498  2.184
$.D. 3 0.891 0.792 0.201 $RSD 3 1.880 1.867 1,976
§.D. 5 0.225 0.152 0.162 $RSD 5 0.481 0,356 1.521
S.D. 7 0,296 0,320 0.301 ¥RSD 7 0.639 0.743  2.848
§.0. T 0.458 0.737 0.516 tRSD T 0.982 1,721 4.904
§.D. ALL 0.553 0.551 0.360 $RSD ALL 1.182 1.288  3.447
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Table A-6. Particle-size data for the Calico loam homogenized by closed-bin riffls splitting.

SOIL TYPE - LOAM
SPLITTING METHOD ~ CLOSED BIN RIFFLE SPLITTER

1
N

U R
Lo el e

]
[

t 0 LI I ]

LRV WWLI W PO o0
L]

1 ]
O U Lo B LD RO LD BN

B e e I B B |
[}

T Y W O

>~ O

45.85
46.35
46.51
45.87
46.68
45.70
45.79
46,30
46.59
45.60
46.08
46.08
46.08
46.09
46.53
46.20
46.73
46.82
46.82
1 47.07
2 47.20
3 46.72
4 46.73
5 47.00
6 47.44
7 46.47

46,24
46.08
46.23
45.92
46.47
IM 46.95
LL 46.43

0.342
0.523
0.401
0.276
0.339
0.330
LL 0.475

SILT CLAY VCs cs MS FS VFS
wt %

43.39 10.76 0.09 0.49 3.45 18.79 23.04
42.89 10.76 0.15 0.52 3.26 19.22 23.20
42.73 10.76 0.24 0.48 3.49 19,70 22.58
43.37 10.76 0,13 0.34 3.32 18.95 23,13
42.68 10.64 0.14 0.36 3.47 19.36 23,15
43.46 10.84 0.06 0.43 3.30 19,06 22.85
43.53 10.68 0.09 0.37 3.34 19.51 22.49
42.90 10.80 0,08 0.31 3.25 19.72 22.94
42,33 11,08 0.10 0.29 3.18 19.96 23.05
43,16 11,24 0.06 0.60 3.39 19.19 22.35
42.68 11,24 0,14 0.43 3.33 19.96 22.21
42.52 11,40 0.07 0.38 3.41 18.96 23.26
42.96 10,96 0.10 0.42 3.57 19.29 22.70
42,83 11.08 0.06 0.48 3.18 19.58 22.79
42,99 10.48 0.09 0.47 3.33 19.44 23.20
42.08 11.72 0.09 0.39 3.21 19.03 23,49
42,23 11.04 0.06 0.40 3.24 19.65 23.37
42.46 10.72 0.14 0.31 3.23 19,78 23.38
42.62 10,56 0.07 0.45 3.96 19.80 22.98
41.53 11.40 0.12 0.30 3.38 20.26 23.01
42.00 10.80 0.13 0.44 3.47 19.73 23.42
42.76 10.52 0.06 0.39 3.44 19.99 22.84
42.03 11.24 0.07 0.47 3.41 19.69 23.10
42,36 10,64 0.07 0.39 3.58 19.97 22.99
42.04 10.52 0.06 0.37 3.62 20,23 23,15
42,77 10.76 0.13 0.43 3.68 19.85 22.38
43.00 10.76 0.16 0,50 3.40 19.24 22.94
43.17 10.75 0.11 0.37 3.36 19,12 23.11
42.92 10.85 0.09 0.32 3.26 19.73 22,83
42,79 11.29 0.09 0.47 3.38 19,37 22,61
42.60 10.94 0.09 0.42 3,33 19,51 23.13
42,21 10.84 0.09 0.40 3.51 19,96 22.99
42,67 10.90 0.10 0.41 3.39 19,56 22.97
0.342 0.000 {RSD O 0.739 0.794 0.000

0,426 0.101 §RSD 1 1.136 0.988 0.937

0.596 0.205 iRSD 3 0.868 1.389 1.891

0,332 0,092 $RSD 5 0.601 0.777 0.818

0.358 0.417 $RSD 7 0.730 0.83% 3.812

0.450 0.348 $RSD T  0.703 1.066  3.210

0.493 0.312 $RSD ALL 1.022 1.156  2.859
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Table A-7. Particle-size data for the Calico loam homogenized by cone and quartering,

SCIL TYPE - IQAM
SPLITTING METHOD - CONE AND QUARTER

SAMPLE SAND SILT CLAY ves cs MS FS VES

NO (== -- - --wt § ————————— ---
0-1 45.85 42.83 11.32 0.05 0.36 3.36 18.85 23.23
0-2 46.19 41.89 11.92 0.15 0.44 3.48 19.73 22.39
0-3 45.67 42,57 11.76 0.06 0.49 3.31 18.70  23.11
1-1 46.79 41.66 11.56 0.17 0.53 3.77 19.86 22.46
1-2 47.06 41.50 11.44 0.07 0.52 3.60 20.69 22.17
1-3 46.48 41.76 11.76 0.19 0.53 3.83 20.25  21.68
3-1 46.49 42.47 11.04 0.08 0.52 3.60 19.24  23.04
3-2 46.67 42.09 11.24 0.16 0.54 4.05 20.81 21.11
3-3 46.80 42.00 11.20 0.06 0.42 3.54 20.38 22.40
5-1 46.96 41.56 11.48 0.04 0.28 3.43 19.86 23.35
5-2 46.73 41.63 11.64 0.04 0.45 3.45 19.89 22.90
5-3 46,78 41.70 11.52 0.06 0.31 3.16 20.05 23.20
7-1 47.14 41.62 11.24 0.17 0.48 3.29 19.65 23.56
72 47.14 41.66 11.20 0.05 0.41 3.44 19.41 23.83
7-3 46.49 42.27 11.24 0.05 0.51 3.26 19.53 23.09
T4 45.91 42.17 11.92 0.06 0.63 3.66 19.31  22.26
7-5 47.03 42.17 10.80 0.09 0.63 3.74 19.36 23.21
7-6 47.05 41.51 11.44 0.12 0.38 3.50 19.73 23.33
7-7 46.46 42.30 11.24 0.05 0.30 3.25 19.40 23.47

T-C-L-1 46.91 42.05 11.04 0.03 0.36 1.65 19.96  22.91

T~C=L~2 46.58 42.38 11.04 0.10 0.34 3.36 19.76  23.01

T-C-L-3 47,52 41.96 10.52 0.06 0.43 3.60 19.59 23.83

T-C-L-4 46.59 42.69 10.72 0.03 0.44 3.34 19.38 23.40

T-C-L~5 47,03 42.41 10.56 0.14 0.35 3.51 19.27 23.76

T-C-L-6 46.59 42.93 10.48 0.02 0.46 3.59 20.32 22.21

T-C-L-7 45.75 43.45 10.80 0.11 0.49 3.75 19.36 22.03

MEAN 0  45.90 42.43 11.67 0.09 0.43 3.38 19.09 22.91

MEAN 1  46.77 41.64 11.59 0.14 0.53 3.73 20.27 22.10

MEAN 3 46.65 42.19 11.16 0.10 0.49 1.73 20.14 22.19

MEAN 5  46.82 41.63 11.55 0.05 0.35 3.34 19.93 23.15

MEAN 7  46.75 41.96 11.30 0.08 0.48 3.45 19.49 23.25

MEAN TIM 46.71 42.55 10.74 0.07 0.41 3.55 19.66 23.02

MEAN ALL 46.64 42.12 11.24 0.09 0.45 3.52 19.71  22.88

S.D. 0 0.265 0.484 0.311 $RSD 0  0.577 1.142  2.663

S.D. 1 0.290 0.130 0.162 $RSD 1 0.619 0.312  1.395

sS.D. 3 0.155 0.249 0.106 %¥RSD 3 0.333 0.590 0.948

s.D. 5 0.123 0.072 0.083 $RSD 5  0.263 0.173  0.721

S.D. 7 0.471 0.343 0.335 $RSD 7 1.007 0.817 2.968

S.D. T 0.541 0.518 0.235 $RSD T  1.158 1.218  2.192

S.D. ALL 0.455 0.487 0.406 $RSD ALL 0.975 1.156 3.615
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Table A-8. Particle-size data for the Gila silt loam soil homogenized by open-bin riffle splitting,

SOIL TYPE. - SILT LOAM
SPLITTING METHOD - OPEN BIN RIFFLE SPLITTER

SAMPLE

NO

NN NN TRV WO OO0
[ D O TR N T [ SR SN S |
' I T T NGO BELWD P WNEFEWRNERE WD R WN P
nuntnhnwninwnm
F‘L“L“tl“r‘t‘t“
N N

3 V33 ?'%'i 3
X ?1” o X

E

th W - o

TIM
ALL

r3 - N O

SAND SILT CLAY
( —
21.03 62.73 16.24
20.41 63.43 16.16
20.73 62.71 16.56
20.43 63.65 15.92
20,42 63,34 16.24
20.77 63.31 15.92
21.33 62.87 15.80
21.60 62.37 16.04
20.97 62.47 16.56
20.68 63.16 16.16
21.03 62.89 16.08
20.80 62.80 16.40
20.34 63.62 16.04
20.18 63.82 16.00
20.81 63.19 16.00
20.61 62.63 16.76
20.99 62.69 16.32
21.13 62.47 16.40
20.81 63.11 16.08
19.37 64.46 16.16
19.59 63.93 16.48
20.71 62.37 16.92
21.03 63.13 15.84
21.26 62.02 16.72
21.44 62.80 15.76
21.11 62.53 16.36
20.72 62.96 16.32
20.54 63.43 16.03
21.30 62,57 16.13
20.84 62,95 16,21
20.69 63.08 ° 16,23
20.64 63.04 16.32
20.75 €3.02 16.23
0.308 0.407 0.212
0.202 0.189 0,185
0.313 0.264 0.389
0.179 0.186 0.167
0.341 0.512 0.284
0.828 0.880 0.431
0.500 0.555 0.301

0.25
0.12
0.44
0.13
0.23
0.14
0.22
0.18
0.15
0.24
0.16
0.15
0.17
0.27
0.09
0.19
0.04
0.46
0.12
0.19
0.14
0.44
0.12
0.12
0.46
0.23

0.27
0.17
0.19
0.18
0.19
0.24
0.21

%RSD
%¥RSD
%¥RSD
2RSD
%$RSD
%RSD
%RSD

23

0.23
0.20
0.29
0.16
0.45
0.23
0.20
0.24
0.20
0.36
0.27
0.18
0.26
0.23

0.18

0.32
0.25
0.26
0.31
0.33
0.19
0.27
0.35
0.23
0.22
0.34

0.24
0.28
0.21
0.27
0.26
0.28
0.26

1.484
0.984
1.471
0.861
1.648
4.009

LL 2.410

1.43
1.37
1.15
1.30
1.10
1.23
1.54
1.72
1.23
1.25
1.37
1.15
1.50
1.18
1.18
1.26
1.29
1.13
1.18
1.35
1.20
1.62
1.39
1.43
1.26
1.55

1.32
1.21
1.50
1.26
1.25
1.40
1.32

0.647
0.298
0.423
0.295
0.812
1.396
0.881

e N N Y

6.55
6.17
6.17
6.30
5.99
6.38
7.05
7.07
6.44
6.57
6.58
6.11
6.39
6.18
6.41
6.48
6.94
6.28
6.37
5.69
6.07
6.42
7.02
6.55
6.91
7.10

6.30
6.22
6.85
6.42
6.44
6.54
6.47

.297
.133
.408
. 027
.747
. 643
.852

12.57
12.55
12.68
12.55
12.65
12.80
12.33
12.38
12.95
12.26
12.66
13.20
12.03
12.31
12.94
12,38
12.47
12.99
12.82
11.82
11.98
11.85%
12.16
12.93
12.59
11.88

12.60
12.66
12.55
12,71
12.56
12.19
12.49



Table A-9. Particle-size data for the Gila silt loam homogenized by closed-bin riffle splitting.

SOIL TYPE - SILT LOAM
SPLITTING METHOD - CLOSED BIN RIFFLE SPLITTER

SAMPLE SAND SILT CLAY ves cSs MS Fs VFS
NO e Tt L Ly M WE fmmemm e e e e
0-1 21.24 62.87 15.88 0.04 0.17 1.13 6.82 13.0¢9
0=2 20.79 62.81 16.40 0.11 0.12 1.15 6.69 12.72
0-3 20.52 63.36 16.12 0.04 0.24 1.02 6.84 12.38
1-1 20.76 63.44 15.80 0.03 0.16 1.33 6.82 12.42
1-2 21.72 63.12 15.16 0.03 0.11 1.10 7.41 13.07
1-3 21.17 63.35 15.48 0.03 0.10 1.01 6.71 13.33
3-1 20.08 64.12 15.80 0.08 0.19 1.11 6.25 12.45%
3-2 20.84 63.48 15.68 0.03 0.19 1.27 6.97 12.37
3-3 21,64 62.96 15.40 0.02 0.14 1,31 6.97 13.19
5~-1 21.31 63.41 15.28 0.06 0.10 1.26 7.22 12.67
5-2 21.49 63.63 14.88 0.04 0.16 1.36 6.61 13.33
5-3 20.93 63.91 15.16 0.14 0.11 1.05 6.93 12.69
7=1 20.76 64.24 15.00 0.08 0.13 1.29 7.19 12.08
7-2 21.11 63.49 15.40 0.06 0.23 1.15 6.73 12.94
7-3 21.28 63.68 15.04 0.03 0.26 1.2Q 6.84 12.94
7-4 20.92 64.20 14.88 0.06 0.11 1.28 6.42 13.04
7-5 22.19 63.13 14.68 0.03 0.12 1.10 7.09 13.85
7-6 21.21 63.71 15.08 0.05 0.13 1.35 6.85 12.83
7=7 20,37 64.51 15.12 0.05 0.22 1.23 6.81 12,06

T-B-SL-1 21.73 63.11 15.16 0.03 Q.19 1.66 7.05 12.78

T-B-SL-2 21.87 63.13 15.00 0.08 0.10 1.26 7.50 12.94

T-B-SL-3 22.52 62.76 14.72 0.14 0.13 1.33 7.67 13.25

T-B-SL-4 21.61 63.51 14.88 0.04 0.12 1.14 6.90 13.40

T-B-SL-5 21.47 64.04 14.48 0.09 0.16 1.36 7.17 12.69

T~-B~SL=-6 22.22 63.14 14.64 0.01 0.15 1.87 7.80 12.39

T-B-S5L-7 21.70 63.54 14.76 0.06 0.12 1,62 7.58 12.32

MEAN O 20.85 63.01 16.13 0.06 0.18 1.10 6.78 12.73

MEAN 1 21,22 63.30 15.48 0.03 0.12 1.15 6.98 12.94

MEAN 3 20.46 63.80 . 15.74 0.06 0.19 1.19 6.61 12.41

MEAN 5 21.25 63.65 15.11 0.08 0.13 1.22 6.92 12.90

MEAN 7 21.12 63.85 15.03 0,05 0.17 1.23 6.85 12.82

MEAN TIM 21.87 63.32 14.81 0.07 0.14 l1.46 7.38 12.83

MEAN ALL 21.27 63.51 15.22 D.06 0.15 1.22 6.73 12.31

s.n. 0 0.365 0.300 0.260 %RSD 0 1.749 0.476 1.613

s.D. 1 0.482 0.165 0.320 %RSD 1 2.270 0.260 2.067

sS.D. 3 1,299 0.957 0.350 %RSD 3 6.351 1.500 2.227

s.D. 5 0.288 0.253 0.205 IRSD 5 1.357 0.398 1.359

sS.D. 7 0.564 0.485 0.221 %RSD 7 2.672 0.759 1.472

s.0. T 0.368 0.416 0.228 $RSD T 1.684 0.657 1.540

S.D. ALL 0.57% 0.459 0.473 FRSD ALL 2.703 0.723 3.107
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Table A-10. Particle-size data for the Gila silt loam soil homogenized by cone and quartering.

SOIL TYPE - SILT LOAM
SPLITTING METHOD - CONE AND QUARTER

SAMPLE SAND SILT CLAY ves cs MS FS VFS
NO e ————————— BT T
0-1 22.22 62.34 15.44 0.14 0.24 1.01 7.12 13.71
0-2 22.24 62.84 14.92 0.18 0.25 1.25 6.94 13.63
0-3 21.08 63.08 15.84 0.21 0.30 0.90 6.24 13.42
1-1 21.79 62.61 15.60 0.13 0.30 1.23 7.05 13.08
1-2 21.95 62.65 15.40 0.16 0.29 1.07 6.81 13.63
1-3 21.50 62.54 15.96 0.17 0.20 1.11 6.56 13.46
3-1 21.57 63.15 15.28 0.14 0.23 1.08 6.63 13.49
3-2 22.51 62.13 15.36 0.19 0.32 1.27 7.38 13.34
3-3 21.74 62.70 15.56 0.17 0.40 1.22 6.88 13.07
5-1 21.65 62.43 15.92 0.15 0.24 1.27 6.93 13.06
5-2 21.75 62.25 16.00 0.20 0.20 1.00 6.66 13.69
5-3 21.39 62.45 16.16 0.25 0.22 1.24 6.72 12.95
7-1 21.48 62.64 15.88 0.28 0.26 1.18 6.58 13.17
7-2 21.54 62.54 15.92 0.13 0.20 1.05 6.85 13.32
7-3 21.61 62.27 16.12 0,15 0.27 1.23 6.78 13.18
7-4 21.42 62.26 16.32 0.11 0.33 1.35 6.64 12.99
7-5 21.95 61.81 16.24 0.16 0.20 1.18 6.71 13.69
7-6 21.136 62.80 15.84 0.11 0.28 1.19 6.66 13.11
7-7 21.61 62.71 15.68 0.13 0.21 1.07 6.57 13.63

T-C~SL-1 21.91 62.21 15.88 0.11 0.26 1.37 7.75  12.42

T-C-SL-2 22.06 62.70 15.24 0.02 0.10 1.87 7.69 12.39

T-C-SL-3 21.66 62.90 15.44 0.10 0.28 1.30 6.98 13.01

T-C-SL-4 22.04 62.84 15.12 0.11 0.36 1.43 6.88 13.25

T-C-SL-5 22.18 62.58 15.24 0.27 0.35 1.37 7.23 12.95

T-C-SL-6 22.76 62.20 15.04 0.13 0.43 1.59 8.28 12.33

T-C-SL-7 21.52 62.44 16.04 0.15 0.19 1.05 6.68 13.46

MEAN 0  21.85 62.75 15.40 0.18 0.26 1.05 6.77 13.59

MEAN 1 21.75 62.60 15.65 0.15 0.26 1.14 6.81 13.39

MEAN 3 21.94 62.66 15.40 0.17 0.32 1.19 6.97 13.30

MEAN 5  21.60 62.38 16.03 0.20 0.22 1.17 6.77 13.23

MEAN 7  21.57 62.43 16.00 0.15 0.25 1.18 6.69 13.30

MEAN TIM 22.02 62.55 15.43 0.13 0.28 1.42 7.36 12.83

MEAN ALL 21.79 62.54 15.67 0.16 0.27 1.23 6.93 13.21

S.D. 0 0.666 0.379 0.461 $RSD O  3.049 0.603 2.996

S.D. 1 0.227 0.057 0.284 $RSD 1 1.045 0.090 1.813

S.D. 3 0.498 0.509 0.144 3IRSD 3 2.271 0.812 0.937

$.D. 5 0.187 0.112 0.122 $RSD 5  0.865 0.180 0.763

S.D. 7 0.192 0.343 0.232 $RSD 7  0.892 0.549  1.451

S.D. T 0.401 0.281 0.386 $RSD T  1.822 0.449  2.503

S.D. ALL 0.375 0.302 0.386 $RSD ALL 1.720 0.482 2.461
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Table A-11. Particle-size data for the Overton clay homogenized by open-bin riffle splitting,

SOIL TYPE - CLAY
SPLITTING METHOD - OPEN BIN RIFFLE SPLITTER

SAMPLE SAND SILT CLAY ves cS MS FS VFS
NO (e — e e e e s Wt Fommmmm e e e
0-1 18.08 42.76 39.16 0.22 0.33 2.94 9.65 4.94
0-2 16.04 43.72 40.24 0.38 1.08 1.78 8.12 4.68
0-3 16.32 43.76 39.92 0.46 0.99 1.93 8.32 4.62
1-1 16.42 44.22 39.36 0.26 0.56 2.22 8.32 5.06
1-2 17.58 42.30 40.12 0.51 0.28 2.50 8.83 5.47
1-3 18.02 39.10 42.88 0.21 0.32 2.37 9.26 5.86
3-1 16.57 43.863 39.80 0.35 0.41 2.02 8.08 5.71
3-2 16.77 43.27 39.96 0.38 0.20 1.93 8.57 5.69
3-3 15.62 47.02 37.36 0.40 0.35 1.86 7.87 5.14
5-1 16.62 43.54 39.84 0.27 0.65 2.08 8.00 5.61
5«2 16.40 43.96 39.64 0.41 0.29 1.94 8.32 5.44
5-3 16,94 42.82 40.24 0.33 0.34 2.00 8.47 5.80
7-1 16.92 43.44 39.64 0.42 0.31 2.08 8.45 5.65
7-2 18.09 42.75 39.16 0.54 0.85 1.96 8.82 5.92
7-3 17.60 43,09 39.32 0.32 '0.58 2,30 8.68 5.72
7-4 16.90 43.38 39.72 0.56 0.69 2.12 8.06 5.48
7~5 16.74 45.22 38.04 0.40 0.34 1.76 8.61 5.63
7~6 16.86 43.90 39.24 0.31 0.49 2.06 8.40 5.60
7=7 15.84 45.32 38.84 0.29 0.58 2.15 7.60 5.22

T-R-C-1 17.95 43.09 38.96 0.35 0.38 1.92 9.53 5.77

T-R-C-2 16.75 43.93 39.32 0.22 0.34 1.72 8.65 5.82

T-R-C-3 17.92 43.44 38.64 0.30 0.75 2.27 8.73 5.87

T-R-C~-4 17.19 44.05 38.76 0.46 0.59 2.21 8.38 5.54

T-R~-C-5 16.87 44.29 38.84 0.48 0.36 2.29 8,41 5.32

T-R-C-6 17.27 40.85 41.88 0.34 0.62 2.80 8.45 5.06

T-R-C-7 16.66 48.30 35.04 0.41 0.31 1.90 8,65 5.40

MEAN 0 16.82 43.41 39.77 0.35 0.80 2,22 8,70 4.75

MEAN 1 17.34 41.88 40.79 0.33 0.38 2.36 8,81 5.46

MEAN 3 16.32 44.64 39.04 0.38 0.32 1.94 8.17 5.52

MEAN S 16.65 43.44 39.91 0.34 0.43 2.01 8.26 5.62

MEAN 7 16.99 43.87 39.14 0.41 0.55 2.06 8,37 5.60

MEAN TIM 17.23 43.99 38.78 0.37 0.48 2.16 8.69 5.54

MEAN ALL 16.96 43.66 39.38 0.37 0.50 2.12 8.51 5.46

sS.D. O 1,108 0.568 0.555 $RSD O 6.589 1.309 1.395

S.D. 1 0.826 2.585 1.852 $RSD 1 4.765 6.174 4,541

sS.D. 3 0.614 2.068 1.457 $RSD 3 3.760 4.634 3.732

S.D. 5 0.276 0.581 0.305 $RSD 5 1.657 1.337 0.765

sS.D. 7 0,707 1.019 0.567 iRSD 7 4.161 2.323 1.449

S.D. T 0.530 2.222 1.998 $RSD T 3.074 5.050 5.152

S.D. ALL 0.677 1.675 1.363 $RSD ALL 3.994 3.836 3.462



Table A-12. Particle-size data for the Overton clay homogenized by closed-bin riffle splitting.

SOIL TYPE - CILAY
SPLITTING METHOD - CLOSED BIN RIFFLE SPLITTER

SAMPLE SAND SILT CLAY ves cs MS FS VFS
NO (=mmmm e e e e Wt - e
0-1 18.66 41.18 40.16 0.14 0.50 J.21 9.21 5.60
0-2 18.07 41.53 40.40 0.15 0.37 2.96 8.98 5.60
0-3 18.57 41.63 39.80 0.20 0.40 2.96 9.50 5.51
1-1 17.41 41.19 41.40 0.21 0.40 2.48 8.52 5.81
1-2 17.43 40.97 41.60 0.29 0.47 2.60 8.28 5.80
1-3 17.54 41.38 41.08 0.18 0.34 2.83 8,62 5.58
3-1 16.44 41.92 41.64 0.31 0.59 2.59 7.57 5.37
3-2 17.46 42.70 39.84 0.20 0.50 2.76 8.52 5.48
3-3 16.90 42.27 40.84 0.38 0.49 2.71 7.94 5.35
5-1 17.60 41.88 40.52 0.21 0.43 2.82 8.56 5.58
5=2 17.19 42.13 40.68 0.17 0.62 2.66 8.19 5.55
5-3 17.74 42.06 40.20 0.20 0.46 2.87 8.46 5.75
7-1 17.23 41.45 41.32 0.17 0.45 2.74 - 8.30 5.56
7-2 17.96 41.71 40.32 0.16 0.35 2.72 8.89 5.85
7-3 17.65 41.35 41.00 0.08 0.39 2.88 8.68 5.62
7-4 17.91 42.09 40.00 0.31 0.49 2.71 8.78 5.63
7-5 17.97 41.75 40.28 0.26 0.38 2.94 8.71 5.67
7-6 18.23 41.05 40,72 0.35 0.42 2.77 B.92 5.76
7-7 17.96 41.16 40.88 0.20 0.49 2.97 8,61 5.69

T-B~C-1 18.51 40.69 40.80 0.1¢ 0.59 3.01 8.92 5.79

T-B-C-2 18.79 40.57 40.64 0.12 0.49 2.93 9.28 5.98

T-B-C-3 15.36 40.60 40.04 0.13 0.40 3.24 9.51 6.09

T-B-C-4 18.02 40.82 41.16 0.35 0.55 2.96 8.56 5.60

T-B-C~5 18.56 41.56 39.88 0.12 0.47 2.97 9.29 5.71

T-B-C-6 17.91 41.09 41.00 0.16 0.57 2.65 8.90 5.62

T-B~C-7 17.99 42.33 39.68 0.21 0.49 2.92 8.76 5.61

MEAN 0 18.44 41.45 40.12 0.17 0.42 3.05 9.23 5.57

MEAN 1 17.46 41.18 41.36 0.23 0.40 2,63 8.47 5.73

MEAN 3 16.93 42.30 40.77 0.30 0.53 2.69 8.01 5.40

MEAN 5 17.51 42.02 40.47 0.19 0.50 2.78 8.41 5.63

MEAN 7  17.85 41.51 40.65 0.22 0.43 2.82 8.70 5.68

MEAN TIM 18.45 41.09 40.46 0.18 0.51 2.95 9.03 5.77

MEAN ALL 17.89 41.50 40.61 0.21 0.47 2.84 8.71 5.66

§.D. 0 0.322 0.239 0.302 tRSD 0  1.747 0.576 0,753

§.D. 1 0.072 0.205 0.262 $RSD 1 0.412 0.497 0.634

s.D. 3 0.511 0.390 0.902 $RSD 3 3.021 0.923  2.212

S.D. 5 0.287 0.132 0.244 RSD 5 1.638 0,315 0,604

5.0. 7 0.320 0.365 0.465 §RSD 7 1.794 0.878 1.144

5.0. T 0.525 0.645 0.585 =~ $RSD T 2.847 1.568 1.445

S.D. ALL 0.621 0.556 0.559 $RSD ALL 3.470 1.339 1.377
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Table A-13. Particle-size data for the Overton clay soil homogenized by cone and quartering

SOIL TYPE - CLAY
SPLITTING METHOD - CONE AND QUARTER

SAMPLE

NO

[ L L L UL

N NNNN NN OO WWW R PO o0
1
OV U WA W R W N N W N

28

SAND SILT CLAY ves cs MS FS
( ————— ——Wt §m=--mmmes -—-
17.10  41.66  41.24 0.29 1.03 1.85 8.41
17.54  41.34  41.12 0.20 0.95 2.19 8.66
17.12 41,60  41.28 0.13 0.92 1.96 8.85
18.09  41.11  40.80 0.23 1,12 2.33 9,15
17.36  40.80 41,84 0.26 1.29 2.22 8.83
16.93 42,07 41,00 0.16 1.13 2.66 8.94
17.11  42.01  40.88 0.07 1.06 2.10 8.84
17.41 41.07 41.52 0.18 1.06 2.23 9.36
17.50  41.82  40.68 0.14 1.14 2.41 9.13
17.01  41.71  41.28 0.10 0.33 2.76 8.93
16.96  41.40  41.64 0.08 0.31 2.67 8.95
17.13  41.27  41.60 0.09 0.37 2.73 9.50
18.11  41.73  40.16 0.09 1.54 2.44 9.65
17.72 41,00 41,28 0.12 1.24 2.59 9.01
18.14  41.14  40.72 0.09 1.41 2.38 9.36
17.34  41.22  41.44 0.18 1.44 2,31 8,93
18.52  41.04  40.44 0.08 1.29 2.30 9.91
17.02 42,02 40.96 0.21 1.18 2.18 8.68
17.67  41.25  41.08 0.09 1.49 2.55 8.94

1 18.28  41.20  40.52 0.11 0.30 3.14 9.93
2 17.66  42.34  40.00 0.12 0.32 2.78  10.21
3 18.14  40.66  41.20 0.20 0.36 2.98 9.52
4 18.98  39.90  41.12 0.12 0.27 3.05  10.69
5 18.67  41.49  39.84 0.13 0.29 3.06  10.19
6 18.54  40.54  40.92 0.11 0.32 . 3.35  10.42
7 18.49  41.95  39.56 0.09 0.38 3.25  10.24
17.25 41,53 41.21 0.21 0.97 2.00 8.64
17.46  41.33  41.21 0.22 1.18 2.40 8.97
17.34  41.64  41.03 0.13 1.09 2.25 9.11
17.04  41.46  41.51 0.09 0.34 2.72 9.13
17.79  41.34  40.87 0.12 1.37 2.39 9.21
IM 18.39  41.15  40.45 0.12 0.32 3.09  10.17
LL 17.71  41.36  40.93 0.14 0.87 2.56 9.36
0.249  0.171  0.083 $RSD 0  1.445  0.412  0.202
0.588  0.662  0.552 $RSD 1  3.369  1.602  1.339
0.204  0.498  0.439 $RSD 3 1.179  1.195 1.070
0.087  0.227  0.197 $RSD 5 0.510  0.549  0.475
0.511  0.384  0.458 $RSD 7  2.875  0.930 1,120
0.422  0.853  0.659 $RSD T 2.295  2.072  1.629
LL 0.603  0.535  0.558 $RSD ALL 3.406  1.292  1.362

5.52
5.54
5.26
5.26
4.75
4.02
5.03
4.57
4.68
4.88
4.95
4.44
4,38
4.76
4.90
4.49
4.94
4.77
4.60
4.79
4.22
5.09
4.84
5.02
4.34
4.53

5.44
4.68
4.76
4.76
4.69
4.69
4.79



Table A-14. Air-dried moisture and LOI organic matter contents for the Jean loamy fine sand homogenized
by open-bin riftle splitting.

SOIL TYPE - SAND
SPLITTING METHOD - OPEN BIN RIFFLE SPLITTER

SAMPLE AIR-DRY OM CONTENT

NO (w=m=m——== Wt §em—--—e )

0-1 0.21 0.75

0-2 0.20 0.74

0-3 0.16 0.65

1-1 0.18 0.65

1-2 0.17 0.65

1-3 0.17 0.66

3-1 0.12 0.66

3-2 0.11 0.62

3-3 0.11 0.61

5-1 0.10 0.63

5-2 0.11 0.63

5-3 0.12 0.65

7-1 0.09 0.62

7-2 0.12 0.63

7-3 0.13 0.63

7-4 0.13 0.66

7-5 0.11 0.63

7-6 0.11 0.62

7-7 0.10 0.62
T-R-S-1 0.10 0.62
T=-R-5-2 0.09 0.62
T-R-S-3 0.06 0.54
T-R-S5-4 0.12 0.61
T-R-§-5 0.11 0.59
T-R-5-6 0.12 0.63
T-R-5-7 0.10 0.58
MEAN 0 0.19 0.72
MEAN 1 0.17 0.65
MEAN 3 0.11 0.63
MEAN 5 0.11 0.64
MEAN 7 0.11 0.63
MEAN TIM 0.10 0.60
MEAN ALL 0.12 0.63
s.D. 0 0.026 0.054 %RSD 0 13.996 7.605
$.D. 1 0.003 0.008 $RSD 1 1.536 1.189
S.D. 3 0.006 0.026 3$RSD 3 5.438 4.053
S.D. 5 0.014 0.010 §¥RSD 5 12.520 1.559
s.D. 7 0.013 0.015 %RSD 7 11.745 2.378
$.D. T 0.021 0.034 3RSD T 21.146 5.616
S.D. ALL 0.035 0.042 ¥RSD ALL 28.119 6.603
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Table A-15. Air-dried moisture and LOI organic matter contents for the Jean loamy fine sand homogenized
by closed-bin riffle splitting.

SOIL TYPE - SAND
SPLITTING METHOD -~ CLOSED BIN RIFFLE SPLITTER

SAMPLE AIR-DRY OM CONTENT
NO (mmmmm——— Wt §mmm———m)
0-1 0.00 0.77
0-2 0.13 0.78
0-3 0.00 0.65
1-1 0.00 0.76
1-2 0.00 0.70
1-3 0.00 0.70
3-1 0.00 0.76
3-2 0.00 0,89
3-3 0.16 0.79
5-1 0.00 0.83
5~2 0.19 0.77
5-3 0.00 0.76
7-1 “0.00 0.85
7-2 0.26 1.03
7-3 0.00 0.73
7-4 0.19 0.94
7-5 0.00 0.61
7-6 0.28 0.85
7-7 0.00 0.79
T-B-S-1 0.00 0.55
T=B-S-2 0.00 0.96
T-B~5-3 0.00 0.90
T-B-S-4 0.00 0.89
T-B=S-5 0.00 0.69
T-B-S-6 0.00 0.60
T-B-5~7 0.00 0.68
MEAN 0 8.04 0.74
MEAN 1 0.00 0,72
MEAN 3 0.05 0.81
MEAN 5 0.06 0.79
MEAN 7 0.10 0.83
MEAN TIM 0.00 0.75
MEAN ALL  0.05 0.78
§.D. 0 0.075 0.073 $RSD 0 173.205 9.950
s.D. 1 0.000 0.031 $RSD 1 0.000 0.000
s.D. 3 0.091 0.068 $RSD 3 173.205 8.434
S.D. 5 0.111 0.038 $RSD 5 173.205 4.787
S.D. 7 0.133 0.137 $RSD 7 127.680 16.580
$.D. T 0.000 0.162 $RSD T 0.000 0.000
S.D. A ALL 190.690 14.616

LL 0.089 0.114 %RSD
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Table A-16. Air-dried moisture and LOI organic matter contents for the Jean loamy fine sand homogenized
by cone and quartering

SOIL TYPE - SAND
SPLITTING METHOD - CONE ayp uarter

SAMPLE AIR-DRY  OM CONTENT
NO (mmmmmm I )
0-1 0.19 0.70
0-2 0.17 0.69
0-3 0.21 Q.79
1-1 0.18 0.73
1-2 0.21 0.69
1-3 0.21 0.77
3-1 0.14 0.71
3-2 0.19 0.77
3-3 0.27 0.74
5-1 0.08 0.68
5-2 0.07 0.65
5-3 _0.14 0.70
7-1 0.21 0.71
7-2 0.14 0.75
7-3 0.13 0.70
7-4 0.17 0.75
7-5 0.15 0.74
7-6 0.18 0.71
7-7 0.17 0.67
T-C-S~-1 0.17 0.76
T-C-S-2 0.17 0.75
T-C-5-3 0.15 0.76
T-C-S-4 0.20 0.75
T-C-5-5 0.15 0.74
T-C-5-6 0.15 0.75
T-Cc-5-7 0.13 0.74
MEAN © 0.19 0.73
MEAN 1 0.20 0.73
MEAN 3 0.20 0.74
MEAN 5 0.10 0.68
MEAN 7 0.16 0.72
MEAN TIM 0.16 0.75
MEAN ALL 0.17 0.73
S.D. 0 0.021 0.053 $RSD 0 10.913 7.350
$.D. 1 0.015 0.043 $RSD 1 7.303 5.836
S.D. 3 0.063 0.031 $RSD 3 31.504 4.178
5.D. 5 0.038 0.021 IRSD 5§ 39.349 3.126
S.D. 7 0.029 0.027 $RSD 7 17.783 3.791
S.D. T 0.022 0.010 $RSD T 13.926 1.329
$.D. ALL 0.041 0.033 $RSD ALL 24.871 4.574
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Table A-17. Air-dried moisture and LOI organic matter contents for the Calico loam homogenized
by open-bin riffle splitting.

SOIL TYPE - LOAM
SPLITTING METHOD - OPEN BIN RIFFLE SPLITTER

SAMPLE AIR-DRY  OM CONTENT
NO (~m—mm———— Wt Fo——e——e )
0-1 0.72 3.10
0-2 0.71 3.13
0-3 0.83 3.29
1-1 0.87 3.28
1-2 0.87 3.24
1-3 0.79 3.22
3-1 0.72 3.18
3-2 0.68 3.26
3-3 0.78 3.31
5-1 0.69 3,23
5-2 0.73 3.22
5-3 0.78 3.27
7-1 ‘0.72 3.23
7-2 0.74 3.20
7-3 0.77 3.26
7-4 0.74 3.22
7-5 0.80 3.22
7-6 0.82 3.18
7-7 0.66 3.13
T~R-L-1 0.62 3.20
T~R-L~2 0.67 3.23
T~R-L-3 0.61 3.05
T~R-L-4 0.62 3.10
T~R~L=5 0.64 3.00
T~R~L-6 0.78 3.15
T~R-L-7 0.60 2.97
MEAN 0 0.75 3.17
MEAN 1 0.84 3.25
MEAN 3 0.73 3.25%
MEAN 5 0.73 3.24
MEAN 7 0.75 3.21
MEAN TIM 0.65 3.10
MEAN ALL 0.73 3.19
$.D. 0 0.069 0.103 "$RSD 0 9.139 3.260
S.D. 1 0.050 0.032 RSD 1 5.924 0.988
S.D. 3 0.050 0.062 $RSD 3 6.887 1,919
S.D. 5 0.041 0.024 $RSD 5 5.648 0.750
S.D. 7 0.052 0.040 $RSD 7 6.895 1.256
S.D. T 0.063 0.101 $RSD T 9.766 3.256
S.D. ALL 0.076 0.085 $RSD ALL 10.438 2.681
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Table A-18. Air-dried moisture and LOI organic matter contents for the Calico loam homogenized by
closed-bin riffle splitting.

SOIL TYPE - LOAM
SPLITTING METHOD - CLOSED BIN RIFFLE SPLITTER

SAMPLE AIR-DRY OM CONTENT
NO (mmmm————— Wt Fo—em——m )
0-1 1.38 3.66
0-2 1.41 3.56
0-3 1.48 3.69
1~1 1.49 3.61
1-2 1.43 3.58
1-3 1.48 3.71
3-1 1.48 3.73
3-2 1.27 3.62
3-3 1.24 3.64
5-1 1.23 3.81
5-2 1.28 3.74
5-3 1.24 3.77
7-1 1.36 3.52
7-2 1.46 3.85
7-3 1.35 3.62
7-4 1.31 3.58
7=5 1.38 3.74
7-6 1.39 3.58
7-7 1.39 3.61
T-B-~L~1 1.36 3.54
T-B-L-2 1.33 3.52
T-B-L~3 1.34 3.49
T=-B~L~4 1.35 3.60
T-B-L-5 1.38 3.56
T-B~L~-6 1.30 3.44
T-B-L~7 1.32 3.44
MEAN 0 1.42 3.64
MEAN 1 1.47 3.63
MEAN 3 1.33 3.66
MEAN 5 1.25 3.77
MEAN 7 1.38 3.65
MEAN TIM 1.34 3.51
MEAN ALL 1.36 3.62
S.D. 0 0.051 0.070 %RSD 0 3.556 1.926
S.D. 1 0.032 0.071 %RSD 1 2.207 1.946
S.D. 3 0.129 0.061 $RSD 3 9.695 1.668
S5.D. 5 0.026 0.032 %RSD 5 2.086 0.861
s.D. 7 0.046 0.114 3RSD 7 3.367 3.124
S.D. T 0.026 0.060 %¥RSD T 1.976 1.706
S.D. ALL 0.077 0.105 $RSD ALL 5.622 2.911
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Table A-19. Air-dried moisture and LOI organic matter contents for the Calico loam homogenized by
cone and quartering.

SOIL TYPE ~ LOAM
SPLITTING METHOD ~ CONE AND QUARTER

SAMPLE AIR-DRY OM CONTENT
NO R Wt §mmme——n)
0-1 0.78 3.06
0-2 0.69 2.90
0-3 0.79 2.94
1-1 0.79 2.93
1-2 0.68 2.84
1-3 0.75 2.91
3-1 0.73 2.90
3-2 0.60 2.94
3-3 0.67 2.93
5-1 0.59 2.91
5-2 0.62 2.88
5-3 .0.65 2.90
7-1 0.70 2.79
7-2 0.68 2.73
7=3 .59 2,85
7-4 0.58 2.88
7-5 0.55 2.78
7-6 0.56 2.79
7-7 0.55 2.75
T-C-L-1 0.95 3.04
T~C-L-2 0.98 3.03
T-C-L-3 0.77 3.05
T~C-L-4 0.78 3.01
T-C-L-5 0.80 3.09
T~C~L-6 0.80 3.16
T~C~L~-7 0.82 3.18
MEAN 0 0.75 2.97
MEAN 1 0.74 2.89
MEAN 3 0.67 2.93
MEAN 5 0.62 2.90
MEAN 7 0.60 2.80
MEAN TIM 0.84 3.08
MEAN ALL 0.71 2.83
S.D. O 0.057 0.082 $RSD 0 7.533 2.768
S.D. 1 0.054 0.048 %RSD 1 7.247 1.676
S.D. 3 0.064 0.022 $RSD 3 9.616 0.759
S.D. 5 0.029 0.014 $RSD 5 4.731 0.499
S.D. 7 0.063 0.054 $RSD 7 10.466 1.920
S.D. T 0.085 0.066 4RSD T 10.086 2.137
S.D. ALL 0.113 0.117 FRSD ALL 15.947 4.006
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Table A-20. Air-dried moisture and LOI organic matter contents for the Gila silt loam homogenized by
open-bin riffle splitting.

SQIL TYPE. - SILT LOAM
SPLITTING METHOD -~ OPEN BIN RIFFLE SPLITTER

SAMPLE AIR-DRY OM CONTENT

No (w=m—————— WE em————— )

0-1 l1.61 4.10

0-2 1.56 4.13

0-3 1.43 4.09

1-1 1.43 4.13

1-2 1.51 4.17

1-3 1.54 4.09

3-1 1.49 4.03

3-2 1.40 3.99

3-3 1.46 4.11

5-1 1.45 4.08

5-2 1.48 4.09

5-3 -1.51 4,10

7-1 1.46 4.00

72 1.53 4.14

7-3 1.42 4.07

7-4 1.44 4.02

7-5 1.41 4.03

7-6 1.49 4.10

7-7 1.44 3.95
T-R~SL-1 1.35 3.93
T~R-SL-2 1.44 4.12
T-~R-SL~-3 1.41 4.09
T-R-SL-4 1.40 3.95
T-R-SL-5 1.37 3.92
T-R-SL-6 1.39 4.00
T-R-SL-7 1.40 3.97
MEAN 0 1.53 4.11
MEAN 1 1.49 4.13
MEAN 3 1.45 4.04
MEAN 5 1.48 4.09
MEAN 7 1.45 4,04
MEAN TIM 1.39 4.00
MEAN ALL 1.45 4.05
s.D. 0 0.093 0.021 %RSD © 6.092 0.503
s.D. 1 0.057 0.041 3RSD 1 3.792 0.994
s.D. 3 0.048 0.061 %RSD 3 3.296 1.515
S.D. 5 0.026 0.012 $RSD 5 1.770 0.284
S.D. 7 0.043 0.065 %RSD 7 2.952 1.598
s.D. T 0.031 0.080 $RSD T 2.193 2.012
S.D. ALL 0.061 . 0.070 $RSD ALL 4.210 1.739
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Table A-21. Air-dried moisture and LOI organic matter contents for the Gila silt loam homogenized by
closed-bin riffle splitting.

SOIL TYPE - SILT LOAM
SPLITTING METHOD - CLOSED BIN RIFFLE SPLITTER

SAMPLE AIR-DRY  OM CONTENT
NO (=mmm————— Wt Fmem———— )
0-1 2.20 4.35
0~2 2.24 4.44
0-3 2.33 4.54
1-1 2.28 4.47
1-2 2.20 4.36
1-3 2.30 4.51
3-1 2.34 4.56
3-2 2.32 4.54
3~3 2.26 4.46
5-1 2.32 4.60
5-2 2.36 4.63
5-3 2.33 4.59
7-1 - 2.31 4.55
7-2 2.28 4.52
7=3 2.26 4.53
7-4 2.22 4,37
7-5 2.26 4.46
7-6 2.29 4.49
7-7 2.24 4.46
T-B-SL-1 2.25 4.46
T-B-SL-2 2.25 4.47
T-B=-SL-3 2.22 4.39
T~-B=SL-4 2.28 4.42
T-B-SL-5 2.24 4.34
T-B-SL-6 2.23 4.29
T-B-SL-7 2.27 4.36
MEAN 0O 2.25 4.44
MEAN 1 2.26 4.45
MEAN 3 2.31 4.52
MEAN S 2.34 4,61
MEAN 7 2.27 4.49
MEAN TIM 2.25 4.39
MEAN ALL 2.27 4,47
S.D. 0 0.067 0.091 %RSD 0 2.952 2.048
S.D. 1 0.049 0.078 %RSD 1 2.187 1.752
S.D. 3 0.045 0.055 3RSD 3 1.942 1.211
sS.D., 5 0.018 0.021 %RSD 5 Q.790 0.464
S.D. 7 0.030 0,062 %RSD 7 1.330 1.374
S.D. T 0.020 0.065 ¥RSD T 0.884 1.492
S.D. ALL 0.043 0.088 3RSD ALL 1.890 1.962
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Table A-22. Air-dried moisture and LOI organic matter contents for the Gila silt loam homogenized by
cone and quartering.

SOIL TYPE - SILT LOAM
SPLITTING MET:QD ~ CONE AND QUARTER

SAMPLE AIR-DRY OM CONTENT
No (m=—m=—- =Wt §ewecca- )
0=-1 2.01 4.42
0-2 2.02 4.42
0-3 1.97 4.37
1-1 2.04 4.44
1-2 2.07 4.47
1-3 2.02 4.39
-1 2.02 4,46
3-2 2.15 4.51
3-3 2.02 4.43
5-1 2.12 4.49
5=-2 2.05 4.54
§5=3 2.19 4.56
7-1 2.01 4.51
7-2 1.96 4.44
7=3 2.00 4.50
7-4 1.99 4,40
7-5 1.93 4.35
7-6 1.98 4.52
7=7 1.90 4.40
T-C-51-1 1.84 4.33
T-C-SL-2 1.84 4.34
T-C-SL-3 1.89 4.39
T-C-SL-4 1.88 4.34
T-C-SL-5 1.81 4.18
T-C-SL-6 1.83 4.28
T-C~SL-7 1.89 4.33
MEAN 0 2.00 4.40
MEAN 1 2.04 4.43
MEAN 3 2.06 4.46
MEAN 5 2.12 4.53
MEAN 7 1.97 4.45
MEAN TIM 1.85 4.31
MEAN ALL 1.98 4.42
5.D. 0 0.026 0.026 %RSD O 1.313 0.593
§.D. 1 0.029 0.043 $RSD 1 1.441 0.968
S$.D. 3 0.074 0.042 RSD 3 3.607 0.939
s.D. 5 0.071 0.034 %RSD 5 3.372 0.753
§.D. 7 0.039 0.067 3RSD 7 2.003 1.502
S§.D. T 0.032 0.069 ¥RSD T 1.741 1.611
S.D. ALL 0.087 0.086 3RSD ALL 4.886 1.957
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Table A-23. Air-dried moisture and LOI organic matter contents for the Overton clay homogenized by
open-bin riffle splitting.

SOIL TYPE - CLAY
SPLITTING METHOD - OPEN BIN RIFFLE SPLITTER

SAMPLE AIR-DRY OM CONTENT
NO (mmmm———— “WL fmmm————)
0-1 3.25 8.13
0-2 3.23 8.09
0-3 3.05 8.04
1-1 3.28 8.18
1-2 3.22 8.19
1-3 3.39 8.31
3-1 3.31 8.24
3-2 3.30 8.25
3-3 3.12 8.10
5-1 1.18 8.14
5=2 3.17 8.16
5-3 3,31 8.22
7-1 3.25 8.15
7-2 3.29 8.30
7-3 3.21 8.25
7-4 3.20 8.20
7-5 3.14 8.15
7-6 3,15 B.12
7-17 3.19 8.11
T-R-C-1 3.16 8.08
T-R-C-2 3.12 7.99
T-R-C-3 3.07 8.08
T-R-C-4 3.09 7.98
T-R-~C-5 3.11 8.04
T-R~C-5 1,05 7.97
T-R-C-7 3.11 8.03
MEAN © 3.17 8.09
MEAN 1 3.29 8.23
MEAN 3 3.24 8.19
MEAN S 3.22 8.17
MEAN 7 1.21 8.18
MEAN TIM 3.10 8.03
MEAN ALL 3.19 8.14
S.D. 0 0.111 0.046 $RSD 0 3.482 0.563
s,D. 1 0.086 0.073 $RSD 1 2.612 0.884
s.D. 3 0.104 0.085 $RSD 3 3.212 1.041
s$.D. 5 0.075 0.039 %$RSD 5 2.328 0.483
S.D. 7 0.054 0.069 $RSD 7 1.690 0.844
S.D. T 0.036 0.046 %RSD T 1.177 0.569
S.D. ALL 0.087 0.091 $RSD ALL 2.740 1.124
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Table A-24. Air-drled moisture and LOI organic matter contents for the Overton clay homogenized by
closed-bin riffle splitting,

SOIL TYPE - CLAY
SPLITTING METHOD ~ CLOSED BIN RIFFLE SPLITTER

SAMPLE AIR-DRY  OM CONTENT

N0 (mmmmmmmme L T )
0-1 3.67 7.98
0-2 3.81 8,13
0-3 3.91 8.44
1-1 4.06 8.62
1-2 4.03 8.78
1-3 3,97 8.61
3-1 3.93 8.50
3-2 4.09 8.73
3-3 3.99 8.64
5-1 3.86 8.59
§-2 3.89 8.56
5-3 3.94 8.59
7-1 3.77 8.52
7-2 3.79 8.38
7-3 3.91 8.57
7-4 3.86 8.43
7-5 3.85 8.50
7-6 3.87 8.51
=7 3.85 8,51
T-B-C-1 3.78 8.34
T-B-C-2 3.84 8.36
T-B~C-3 3.79 8.32
T-B-C-4 3.78 8.33
T~B-C-5 3.72 8.13
T-B-C~6 3.80 8.35
T-B-C-7 3.76 8.25
MEAN 0 3.79 8.18
MEAN 1 4.02 8.67
MEAN 3 4.00 8.62
MEAN 5 3.90 8.58
MEAN 7 3.84 8.49
MEAN TIM  3.78 8.30
MEAN ALL 3.87 8.45
$.0. 0 0.121 0.236 $RSD 0 3.176 2.880
S.D. 1 0.045 0.092 $RSD 1 1.128 1,061
s.D. 3 0.082 0.118 $RSD 3 2.059 1.366
S.D. 5 0.041 0.017 $RSD 5 1.049 0.204
$.D. 7 0.048 0.063 RSD 7 1.248 0.745
S.D. T 0.038 0.083 $RSD T 0.994 1.003
5.0, ALL  0.101 0.186 §RSD ALL 2.619 2.204
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Table A-25, Air-dried moisture and LOI organic matter contents for the Overton clay homogenized by
cone and quariering.

SOIL TYPE - CLAY
SPLITTING METHCD - CONE AND QUARTER

SAMPLE AIR-DRY OM CONTENT

NO ( wt % )
0-1 3,61 8.08
0-2 3.69 B.0S
0-3 3.50 7.92
1-1 3.65 8.14
1-2 3,60 8.11
1-3 3.64 8.03
3~1 3.56 8.11
3-2 3.52 7.87
3-3 3.61 8.09
5-1 3.48 8,00
5-2 1,39 7.95
5-3 3.47 8.01
7-1 3,34 7.85
7-2 3,29 7.74
7-3 3.35 7,96
7-4 3.20 7.87
7-5 3.22 7.85
7-6 3.29 7.81
7-7 1.28 7.85
T-C-C-1 3.04 7.58
T-C-C-2 2.96 7.84
T-C-C-3 2.94 7.55
P-C-C-4 3,04 7.64
T-C-C-5 3,00 7.62
T-C-C-6 2,99 7.63
T-C-C~7 2.95 7.74
MEAN 0 3,60 8.03
MEAN 1 3.63 8.09
MEAN 3 3.56 8.06
MEAN 5 3.45 7.99
MEAN 7 3,28 7.85
MEAN TIM 2.99 7.66
MEAN ALL  3.33 7.89
$.D. 0 0.098 0.097 $RSD 0 2.724 1.205
s.D. 1 0.026 0.058 $RSD 1 0.723 0.722
$.D. 3 0.044 0.075 $RSD 3 1.236 0.926
§.D. 5 0.048 0.029 $RSD 5 1.405 0.365
s.D. 7 0.055 0.067 $RSD 7 1.667 0.857
s5.D. T 0.040 0.101 %RSD T 1.355 1.316
S.D. ALL  0.246 0.176 $RSD ALL 7.395 2.231
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