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water and 20 grams of soil, which had been air-dried and put through a
1o mesh sieve. The mixture was stirred occasionally during an interval of
30 minutes before determining the acidity.

The complete list of pH values for the Culvers loam is given in Table I
andfor the Sassafras sand in Table II together with the mean values for
the various stations. Each table is divided into thirds corresponding to the
three layers sampled. The eight values in any row are from the same sta-
tion, in accordance with the numbering scheme described above. The im-
mediate impression given by the data is that the averages of the several
stations for any set agree more closely than individual samples from the

TABLE III
DirFeEreNcE 1N PH oF DurLicate SampLEs ofF CULVERS GraverLy Sit Loax
Distance between o—2inch layer 2-6 inch layer
duplicate samples Av. difi. | Max. diff. Av. diff. i Max. diff.
. .. ——
10 feet i o.14 I 0.44 0.71 l 0.49
100 {eet 0.18 0.84 0.20 0.33
1000 feet 0.26 0.69 6.25 0.81
-3 miles 0.36 1.32 0.28 l 1.03
TABLE IV
DIFFERENCE 1IN PH OF DUPLICATE SAMPLES OF SASSAFRAS T.oaMy COARSE SAND
, . i .
Distance, Ay horizon A horizon ) B horizon
between duplicate) Ay, Max. Av. Max. Av. Max.
sampie diff. diff. | dif. diff. diff. diff.
b —
i
10 feet .23 0.76 0.17 i 0.50 0.13 0.40
100 feet o.27 1,11 ©.19 0.39 0.18 0.81
1000 feet ©.37 1.37 o.28 ©.99 0.10 0.70
1—3 miles 0.35 1.55 , 0.28 7.18 ‘ 0.20 1.00

same station, although samples separated by but ten feet show very good
agreement. The average difference between samples separated by 10 feet,
100 feet, 1000 feet, and by stations were calculated from the data and are
listed in Tables I1I and 1V. The maximum differences encountered are
also listed. The average differences become larger as the distance between
the duplicate samples increases. In the case of the lower layers the average
difference is evidently approaching a limiting value. This is shown in Figure 3
which brings out the greater variability of the surface layers in comparison
with the lower lavers. The differences do not arise to any important extent
from the error of analysis, since the correction for this source amounts to

less than o.02 pH unit.
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STATISTICAL ANALYSIS OF DATA

An elegant analysis of these data is furnished by the partition of the
variance into several categories. This is given in detail for the surface layer
of the Culvers loam in Table V. The z distribution (3, p. 248) shows that
statistical significance may be attached to the differences in variation, i.e.,
the mean squares, calculated for the several items. The data may be con-
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Ficure 3. Graph showing the relative variability of the various soil layers. The
average difference between duplicate samples becomes larger as the linear distance hetween
the samples increases. The curves show that this difference approaches a maximum value
for the lower layers.

sidered as 36 pairs of duplicate samples (ten feet apart) and Student’s
method used. The mean square in that case will be twice as large as that
given for sample points in Table V. This is the case because Student’s
method gives the variance of the difference between two samples while the
value in the table is the variance of a single sample. The values for each
pair of sample points may be combined giving 36 items which may be ar-




INsSTITUTE [Vor. g

A

y the partition of the
‘il for the surface layer
3, 1)..248) shows that
nces in variation, i.e.,
‘he data may he con-

e

/—-"‘D_

10000 fFeET
4

ATE SAMPLES

arious soil layers. The
linear distance between
ches a maximum value

art) and Student’s
ice as large as that
because Student’s
» samples while the
he values for each
- which may be ar-

" 1037) YoUDEN & MEHLICH—S0IL SAMPLING METHODS 67

ranged in 18 pairs of neighboring sample areas. Student’s method may be
~applied to these values in turn, and the result compared with the entry

after sample areas.
TABLE V

ANALYSIS OF VARIANCE OF THE SURFACE LAYER oF CULVERS GRAVELLY SILT Loam
Deygrees Sum of Mean Standard
Ttem i
: freedom squares square deviation
Between sample points 30 0.5758 0.01399 0.126
" Between sample areas 18 0.6536 0.03631
‘ Between substations 9 1.3393 0.1488
. Between stations 8 4.0984 0.5123
Total 71 6.6671

The mean squares for the other five sets are tabulated in Table VI
In only one instance, the A horizon of Sassafras sand, does the mean square
fail to increase as the distance increased between places contrasted. The
mean squares for substations and stations in this column do not differ
significantly.
S TABLE VI

MEAN SQUARES FROM ANALYSIS OF VARIANCE

 Variane Culvers loam Sassafras sand
- Variance

between 2-6" layer i Composite | Aq herizon | A horizon I B horizon

H : |
Sample points 0.01170 0.01391 0.04018 ! 0.02223 l 0.01400Q
mple areas 0.03477% 0.02404 0.060346 | ©0.03021 ©.03310
Substations 0.11432 6.11856 o.15019 | o0.21380 0.04982
. Stations 0.2724 0.3441 0.215%6 l 0.10084 0.09536

" Following a procedure given in detail by Tippett (11, p. 92, 93) the
stimated variance for the different items has been calculated. These are
s follows for Culvers gravelly silt loam:

o—z inch layer  2—6 inch laver

Sample points 0.0159¢ 0.01176
Sample areas _0.0101 0.01T§
Substations 0.0281 0.0199
Stations 0.0454 0.0198

rom these may be calculated the variance of the station mean of eight
amples. First two sample points are averaged, the result having a variance
of 0.01599/2, or 0.0080. This is added to o.o101 t0 give the variance for a
sample area as sampled, or 0.0181. Two of these constitute a substation so
that a substation as sampled has a variance of 0.0181/2+0.0281,0r 0.0372.
The value of 0.0640 is obtained for the station variance in the same way.
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This checks the value taken from Table V since the variance of a station
mean is one-eighth of 0.5723, or 0.0640.,

The values are now in hand to compute the variance of station means
when sampled according to some other pattern. Thus if but four samples
are taken at intervals of 1000 feet the variance is

0.0160+0.01014+0.02871
4

+o0.0454=0.0590

or less than that obtained with eight samples most of which are taken in
close proximity to each other. Any other combination of distances may be
assumed and the efficiency of the arrangement determined.

DISCUSSION

The usefulness of laboratory examination of soil samples in the classifi-
cation of soil types depends on the selection for study of soil properties
which vary over a limited range within the type and which take on
uniquely different values for different types. The range within which a
given property may vary for each type may be determined by choosing
a number of localities all classified as the same type and sampling very
intensively by taking a great number of samples. The local irregularities
will disappear in the station averages which may then be used to estimate
the range over which the property varies. This is equivalent to making
the first term in the computation in the preceding paragraph approach
zero since the denominator represents the number of samples taken. The
remaining quantity, 0.0454, which characterizes the station variance may
be doubled to give the variance of the difference between two stations.
The standard deviation is the square root of this quantity, or ¢.30, and
when divided by 1.253 gives the average difference, or o.24. Differences
up to two and one-half times the average difference will be frequently en-
countered so that the range within which the great bulk of the stations
will fall is 0.6 pH unit. The maximum difference found between any pair
of the nine station means, even with limited sampling, is o.74. Similar
calculations for the lower layer give an expected range of about 0.4 pH
unit. The maximum observed difference between station means is 0.44.
In the instance of the two soil types under consideration there is a marked
difference in the average values for the acidity,

The problem, referred to in the introduction, of distinguishing whether
differences in properties found between widely separated areas are such as
occur naturally in the type or are indicative of the superimposition of un-
usual conditions, also requires a knowledge of the variation found within
the type. In some cases soils have been exposed to industrial waste gases,
such as sulphur dioxide, and it becomes important to ascertain whether
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+the soil has been damaged, and if so, the limits of the area affected. It
suld be clear that supposed differences in properties must be considered
view of the distances involved. Certainly the evaluation of such differ-
ces in terms of the agreement of samples taken within a limited area
ourts misinterpretation. '

A recent article by Walker (12) discusses the general question of hetero-
_geileity within a soil type and its bearing on field experiments. This author
‘strongly advocates the use of statistical control in soils experiments. Soil
studies are often carried on simultaneously with yield trials. The sampling
methods used in the soil work may properly be given the same considera-
ion that is now directed to the design and analysis of the yield trials.
The evidence in this work indicates that the sampling of large areas
‘may have been inefficient because the replicates were taken too near to
‘eich other. This may be demonstrated by eliminating all the even or all
e odd numbered samples in Tables 1 and IT and noting that the stations
te nearly as well defined by the remaining values. Samples taken close
ether oo often show the influence of the same local situation and con-
ribute little more than one sample would to the formulation of an ac-
“urate estimate of the whole area. When the samples are more widely dis-
ersed there is far greater opportunity for the transient conditions to
utralize themselves rather than perpetuate themselves in the average
or the area.

' SUMMARY

_Culvers gravelly silt loam from Broome County, New York, and Sassa-
¢ loamy coarse sand from the Camden area, New Jersey, were sampled
‘nine stations scattered over an area of several square miles. At each
tion samples were collected at definite intervals and the acidity of the
amples determined. The results show in each case that samples from
videly separated points vary more than samples taken close together. This
vas also observed to hold for the lower horizons where the variation was
10t as great and tended to reach a maximum value characteristic of the
oil type.

" The data were subjected to statistical analysis to show the relative
. ef_ﬁdency of various spacings for replicate samples when large areas are
. surveyed. It was found that intervals as low as 10 feet, or 100 feet, were too
mall to constitute an effective method for sampling these areas.

The sampling procedure was discussed with reference to its application
crop fertility studies, soil classification, and the investigation of possible
damage to soils over large areas.
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