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The objective of this study was to estimate the bulk densities
and points on the moisture-tension curves and to determine their
associated variances for some of the selected mapping units in
Central Oregon. These variances will produce iaformations concerning
the precision of the mean and the optimum sampling schemes, for
other similar soils.
Disturbed and undisturbed samples taken from random locations
have been analyzed separately for the 0.1-, 0.5-, 1.0-, 5-, 10and 15-bar moisture percentages and bulk density for the two depths.
From the bulk-density values, 0,1- and 15-bar percentages, the
amount of moisture held between 0.1 and 15 bars was calculated.
Variances among and within locations in a particular mapping unit
were calculated also.
According to the data which were obtained, it appears that
Deschutes and Redmond soils practically, are very
bulk density and moisture retention properties. Therefore, due
to these similarities, it would be expected that the irrigation
scheduling would be about the same for a specific crop.

similar in their

The variances among and within locations were of the same
order of magnitude. Using these variances it was calculated that
the optimum number of sites per location for bulk density and
15-bar percentage was 2, as used in this study. The limits about
the mean for a mapping unit which would include different
percentages of randomly selected locations within a mapping unit
are presented in this thesis. It could be noticed that the mean
for the mapping unit may be a rough estimate for a given location;
therefore, the number of samples required to estimate the true mean
of a location, within different percentages and S percent
significance level are presented also.
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VARILTIONS OF MOISTURE RETENTION PROPERTIES UI) BULK DENSITIES OF
SO]LS BEIWEEN UI) WITHIN SOIL..MAPPING UNITS IN CENTRAL OREGON

INTRODUCTION

Irrigation is practiced under a wide range of conditions,

with maiy different crops sad by countless growers, large and
small.

Only a few of many people who irrigate actually use a

scientific method based on the need of the plant for misture.
Farmers irrigate their gardens and even farms of considerable
acreages with

satisfactory results through their keen

tion and long experience of irrigating.

However, much

observa.

better

results would be expected if scientific methods were used. An
understanding of soil..water'm].ant relationships is .aeential

before a scientific method is applied.
The water in plants is not an inert material or filler, but,
as in all living ccl].., contributes as much to the essential

properties of life as do the mor, complex proteins, fatty
compounds, carbohydrates and minerals.

water may limit plant growth.
of the world, there are large

The availability of soil

In the arid and aemiarid regions

acreages of fertile soil that

become highly productive when irrigation water is applied.

The

maximum amount of water a particular soil can store for plant
use is the amount of water held following a full irrigation or
a soaking rain after the excess has drained away.

The soil

moisture percentage under these conditions is commonly referred
to as field capacity and. is often considered the upper limit

of available wa.er for plants.

It should be mentioned that this

is not a fixed point for a particular soil since the downward
movement of water

in

the soil depends upon many factors and

continues for many days following the application of water but
at a progressively slower rate.

However, the concept is quite

useful in irrigation work.
It has been found that the dryer the soil, the more tightly

it holds the remaining water. When plants wilt permanently the
available water is gone and the plants cannot absorb water from
the soil any more.

This is considered the lower limit of

available moisture to a particular plant.

The moisture percentage

at which plants wilt, called the wilting point, varies from soil
to soil depending primarily on the soil texture.
The difference between these two limits is an estimation of
the storage capacity of a soil for available moisture for plants.
Although plants may extract moisture to the wilting point, it
does not mean that plant growth is independent of the soil
moisture content as long as it is maintained above the wilting

point.

It has been establi*hed for many crops that the availabil.

ity of the soil water decreases long before the wilting point is

reached. More research is needed on this aspect for the many
crops grown.
Some farmers watch their plants for signs of moisture defi.

ciency as a basis for scheduling irrigation.

It has been shown

for certain crops that by the time the plants begin to show signs

of water need, they are already suffering and the yield will be
reduced correspondingly. As a genera]. recommendation, Taylor and

Slater in 1955 (25, pp. 372..376) suggested that irrigation water
should be applied when 2O.5O% of the water between the upper and

lower limits remains. According to this procedure, a measurement

of the moisture status of the soil is essential.
There are two factors involved in measuring the status of soil
water. First, the amount of water per unit mass or volume of soil,

and second, the energy or force with which water is retained.

This force is cen]y expressed as soil moisture tension, which
is defined as the pressure that mast be exerted to remove the
water from the woil. The relationship between

percent moisture

and tension depends upon the physical properties of the soil.
When this

relationship

has been established for a certain soil,

both the tension and moisture content may be obtained from a
measurement

of either.

sampling tube

Some growers collect soil samples with a

or auger and by weighing and oven drying the water

content may be determined.

answer is

hard to get.

This is a slow

With the modern

Instruments, many growers

method and

an immediate

trend in the use of

are quick to realize the advantages of

a simple measuring device that will make irrigation nor. efficient
and crop production more economical.

The ideal instrument for

measuring soil moisture under all conditions is still not avail.,

able, but there are some helpful ones on the market.
Another useful measurement of a soil is the bulk density,
since it enters Into the

conversion of percent water on

a weight

I.

basis to

a volume basis. Bulk

a unit volume of soil.

density is defined as the mass of

This volume includes both the vo].ume of

the solid particle and the pores.
Conductivity

by the

and

Such things as the water

moisture..tension relationships are influenced

bulk density of a soil.

Reliable procedures have been developed for determining the
moisture-tension curve and bulk density of a soil.

However, these

properties have not been closely related to soil mapping units.
It is realized that variations occur within mapping units, but
the extent of the variations has be.n established in only lINI ted
cases.

The object of this study was to estimate the bulk density
and the 0.1 and 15 atmosphere points on the moisture-tension
curve for selected mapping units

in Central Oregon

estimate the associated variances.

and to

The variances would yield

information concerning the precision of the means and concerning
optimum sampling schemes for similar soils.

LITERATURE REVIEW

Soil moisture stress is defined as the awn of the soil
moisture tension and the osmotic pressure of the soil solution.
Since osmotic pressure affects the availability of

water in the

same manner as tension, it is the sum of the two, or

stress, which

In soils with high soluble salts the osmotic

nuist be considered.

pressure may be of such a magnitude to be of concern in
ing the availability of

soil water to

soluble salts, as used in
soil moisture stress is

plants.

determin-.

In soils with low

this study, the tension component of

the important component.

determining the

Methods have been devised for
water held in a soil at various

amount of

stresses. For soils with a

significant osmotic pressure, methods based on the freezing

point and vapor

pressure of the soil solution have been

used

Other methods have been develop.-

since both are a function stress.

The common methods employ

ed for soils low in soluble salts.

pressure membrane apparatus, porous plate

apparatus and

tensiometers.
Free zing.Point Depression

The method

Zisasureinent

for measuring the Freezing..point depression of a

soil moisture proposed by Richards, L. A., and Campbell in

l9L8

(16, pp. h29-1436) is. commonly used for determining the stress of

the moisture in an

undisturbed soil

in containers specially
When the core is in

core.

constructed for

The cores are instaUed

submerging in a cold bath.

a supercooled condition, a thermistor is

inserted into a previously bored hole in the core. The water in

the core freezes readily in response to the friction and abrasion
which occur while inserting the thermistor. The temperature,
determined with the thermistor, increases

freezing is
zero is

initiated.

to a maximum after

The difference between the

taken as the free zing..point

and

1

depression of the soil water.

The freezing..point depression is multiplied by 12.06 to give the
in atmospheres.

equivalent soil moisture stress value
moisture content of the core

is then

on a moisture.stress cuz'vi for that

The

obtained to furnish a point
particular soil.

Other freezing-point depression methods have

been proposed

by Bodman and Day (4, pp. 397-399), Connell (7, pp. 18-27),
Anderson and Edlefsen (1,

614-653) but will

not

pp.

221-232), and Schofield (21, pp.

be discussed here.

Vapor Pressure

Many workers through the years have attempted to control and

evaluate the water vapor pressure in the atmosphere aurrounding

soil samples in the laboratory. Thomas in 1928 (26, pp. 411.4412)
discussed both the static and the dynamic methods and gave a
good review of the literature up to that date.

The static method

of controlling vapor pressure consists of placing soil samples in
a closed chamber with a source of water (usually pure water), or
an

acid

or salt solution,

Evacuation of

the chamber and total

darkness hasten the attainment of equilibrium.

The dynamic method

consists essentiaUy of bubbling air through water, or passing

air over an acid solution, and

then passing it over

or

through

the

soil sample.

Thomas questioned first the value of the static

method for moist soils, then developed the dynamic method of pass.

This air was then

ing nearly saturated air through the samples.

comp].et.Iy saturated, after which the moisture was completely
removed.

Knowing the voltune of air used, the amount of water

necessary to completely saturate it, and the amount of water

picked up between the soil

chamber and the saturator, Thomas could

calculate the relative huThidity

associated with

the soil sample.

There are other methods In the literature which will not be
discussed here.
comment (2, p.

More recently Anderson and Fletcher made this

367), "some effort is being made at California

Agriculture Experiment Station laboratory to develop a vapor
pressure method, but it is too early to predict whether our work
will meet with success."

To date nothing further has been noted

in the literature.

Pressure Membrane Apparatus
Gas pressure baa been used
of soil.

to

extract moisture from a sample

Richards, L. A., in 19h0 (13, pp. 377.386) described

the pressure nevibrane extraction apparatus for removing solution

from soils,

The soil from which the moisture is

to

be removed is

placed in a chamber in which the gas pressure is increased above
atmospheric pressure.

The downside of the chamber which supports

the soil consists of a cellophane membrane supported on a brass
screen and a brass plate in such a way that any sQlution passing
through the membrane is conducted away at atnoepheric pressure.
In this way the moisture content of the soil in contact with the

membrane will be reduced by the amount that would be necessary

under normal atmospheric conditions to make the pressure

deficiency of the soil water equal to the excess gas pressure in
the extraction chamber. For gas pressure nitrogen, supplied
from a storage cylinder, and air have been used.
Richards, L. A. and Weaver in 19b)4 (20, pp. 2l5ir.235) used

this type of apparatus to obtain moisttire.etension data above
onei'ba.r tension (one bar - 0.9869 atmosphere). Disturbed soil
samples framed by rubber rings, were arranged on a ceramic mae..

brane inside a chamber. These soils were soaked for 2h hour. in

water before they were put in the apparatus. Pressure was

applied to drive the excess water out of the soil samples through
the membrane until an equilibrium state

was reached.

The

percent

moisture in the soil represents the amount of moisture held at
the given tension.
During moisture extraction most soils undergo a certain
amount of shrinkage that tends to pull the soil out of contact
with the membrane and disrupts moisture flow from the sample to

the membrane. To minimize this problem it has been proposed by
Richards, L. A. and Weaver (20, pp. 2l-23S) that a soft rubber
diaphragm be placed over the soil and a pressure differential of

about S pounds per square inch be maintained across the

diaphragm

to hold the soil against the membrane.

Temperature is another factor that meet be considered since

an increase in temperature decreases slightly the amount of water
retained by soil at a given pressure.

To e1iinate the possibility

9

of such an effect Reitemeier and L. A. Richards (12, pp. U9'.13)
suggested that the pressure membrane extraction should be made
in a room maintained at constant temperature.
Porous Plate Apparatus

For extracting moisture from a soil at tensions

below one

bar, L. A. Richards (hi, pp. io.lio) suggested a method for
mounting and using porous plate for obtaining moisture-tension

data.

The apparatus is

minations
easier

on a large number of samples.

to control

above

For this

pressure.

adapted for mr{ng moisture-tension deter..
Air pressure is somewhat

atmospheric pressure than

below atmospheric

reason the porous plate is arranged for

installation in a conventional domestic

pressure cooker so that

various soil moisture equilibria between 0-' and 1..bar can be

tained by application of air
plates.

A rubber

plates and j8

pressure to a

at-

chamber containing the

diaphragm covers the underside of the porous

sealed to the edge of the plate. Atmospheric

pressure is maintained between the plate and the diaphragm.

This

apparatus can be used also for measuring the permeability of soils
at moisture contents below saturation, Richards, L. A.

(18, pp. 3944O).
Tezmaiometera

Richards, L. A. and Gardner in 1936 (19, pp. 352..38)

developed the

tensiometer to measure tension or condition of water

in soil. The tensiometer consists of a porous cup filled with
water and

attached to a vacuum gauge or

it is buried in moist soil an outward

mercury manometer.

movement of water

When

occurs
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through the porous cup to establish a meisture equilibrium

between water in the cup

and soil water.

The increase in tension

that occurs as the soil dries causes the vacuum reading to in-.
crease.

Conversely, an increase

in

soil water content reduces

the tension and lowers the gauge reading.

Bulk Density
Bulk density is defined as the mass of a unit volume of soil
including the solid particles and the pores in it.

It is

iortant since it enters into the conversion of percent water
on a weight basis to volume basis.

The bulk density of a soil

influences also the moisture-.tension characteristics and water

conductivity of the soil.
Clod I4ethod.

Methods for determining bulk density have been

biown for a long time and they have been iroved year after year.

Shaw in 1917 (23, pp.

method for measuring

381442) described the paraffin immersion

the bulk density of soil.

Blocks of soil

are carefully cut and divided into cubes. The blocks

are placed

on a weight support or dipping device and carefully weighed,
dipped several times in melted paraffin.

blocks are weighed to

After coaling, the

determine the amount of paraffin

The paraffined soil is then weighed

in

then

water.

taken up.

The difference in

weights is the weight of the water displaced or the volume of the
cube.

After the weighing

is completed the block is broken up to

recover the paraffin and to note any unusual features, such as
worm holes, excessive quantities of roots or atones, or any other

features that would make the sample exceptional. In some case.

11
where an unusual number of pebbles are present,
ed washed, dried, and weighed.

they

are collect-

This volume is then determined by

immersing in a graduated cylinder and suitable deductions are made
from the soil figures.

From the data thus obtained the bulk

density is calculated by the following formula:

Bulk Density:

N (l0O,'p)-R

V-(N-14/o .9-R

here 14 - Weight of soil in field condition

N = Weight of soil
V

and paraffin

Volume of soil and paraffin

p : Percentage of water in the soil
R z Volume of stone in the soil

gravity of

0.9 : Specific

the paraffin

Sekera in 193]. (22k pp. 87-lu) introduced the idea of
determining

the

natural clods.

porosity and water capacity of soils by using
After the clods are allowed to saturate by capili.

larity with water under a tension of about 7 cm, its volume is
determined by measuring the displacement of the wet cloda in

mineral oil. If
washed with

the wet clod is then removed from the oil,

lene until free from oil, dried and weighed, it

is possible to determine the air capacity.

This method is well

adapted to the study of the porosity of the larger units into which
the soil crumbles.

It may give an erroneous concept of the

porosity of the profile or a whole soil if there are considerable

12

In order to prevent

pores between these aggregates or fragments.
slaking, it is essential not to dry

the clods before saturating

by capillarity. The total porosity of the clod may also be
determined by coating with a thin layer of paraffin and weighing

in both air and water. The volume is calculated from the amount
of water displaced.
Core Method.

Lebedev in 1928 (9, pp. 2O7-211) described

a method of determining the bulk density of soils.
method the sharp end of a thin-wall steel tube

In their

is inserted into

the soil without turning. The soil from the other side of the
tube is cut off at

an

angle with a knife so that there should

remain a heaping surplus above the sutting

that the tube is

After

is care fully

the soil. This surplus

8eparated from

cut off with

a sharp knife until the surface is

even with the cutting edge of the tube.
at

the

edge of the tube.

inner edge of the tube is cut off

The surplus of

with a

the soil

knife through two

cut off at the top and the
undisturbed soil. After the dry

openings in the tube, when the soil is

bottom
weight

there is a cylinder of
of this cylinder of the

soil has been determined and its

volume is known, the bulk density is obtained.
Coile in 1936 (6, pp. l39-1L2) used a special kind of
cylinder obtaining sanples of
tion of volume weight.

undisturbed soil for the determina-

The unit consists

of a

cutting cylinder

machined from a S-inch high pressure steel pipe, and an inner

cylinder is held in place by a ring
being driven into the soil with a

and pin while the unit is

sledge

hammer.

A steel plate
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or a block of wood placed on the cylinder prevents it from being
battered by the hammers.

After that the samp].er is removed from

the soil,, the head will be opened, the rings are removed and the

soil is cut even with the edges of the cores.

The core samples

are kept in the cores and sealed, to be carried to the laboratory.

Jamison, et

sliding

aL, in 1950 (8, pp. 1487-1498) believed that the

hammer tool which had been developed by them was

satisfactory for sampling most soil excluSive of those that are
stony or extremely hard

or compact.

The cores taken are of a

convenient size (1470 cc) and large enough to

greatly reduce

sampling error and variation in results for replicates over the

somewhat smaller cores taken by the Lutz sampler (l0, pp. 3991401)

The sampling apparatus conei8ts of a cylinder

which
!

cans are placed with about 3/6 inch of the open end of the can
exposed.

This exposed part of the can serves as a cutting

edge.

pushing out the full cans. The tool is
to use in the field and on experimental plots for

A pistan is used for
convenient

sampling to depths of less than about 18 inches.

There is no

need for sharpening or replacing damaged cutting heads, since
the cans edges are sharp enough to

of damage, a can is
can. Whether

cut

cheap and can be

into the aoi1.

In

replaced by another

case

numbered

a sample should be taken by pushing or hammering

is determined by soil conditions. In loose, very wet or very
dry soil, where a sample can be

obtained easily, pushing will

cause less disturbance than hammering.

In compact soil the

ih
reverse is true.
3..1

Barer (3, pp. 180-182) used another sampler

Inches in diameter, which he believes is satisfactory and

convenient size for most work.

Very slight effects on the natural

soil structure are produced by hammering this instrument into the

soil. A wooden plank on top of the heavy steel ring
absorbing the shock of the hammer.

aids

In

Many soil cores may be exAfter the

tracted by having a large number of brass inner rings.
samp].e is removed from the soil the core is placed in a

paraffined pint size ice cream container and sealed.
volume of the sampler is known, it is

easy to

Since the

obtain the bulk

density and the air and water capacity of the core of soil at
any desired moisture content.
Gamma Ray Nethod.

Canton in 1957

(5, pp.

0-17) showed the

application of radioisotopes to the measurement of soil bulk

density, based on

the known interaction of gamma rays

orbital electrons
rays is placed in

of atoms.

When a radioactive

and the

source of gamma

soils, the rays emitted by the source are

scattered In a].]. directions as
gamma rays and the electrons
comprising the soil.

a result of collisions between the

in

the outer orbits of the atoms

By placing a gamma ray detector at a fixed

distance of a few inches from the source, it is possible to
observe the number of gamma rays

being scattered

reaching the detector per unit of time.

toward and

The probability

that a

gamma ray emitted by the source will be scattered by an atom,

and

in

such a manner that it will

reach

the detector depends on

1!;

the probability of three separate events:

(a) the probability that

the ray will reach the atom (the ray will not be scattered away),

(b) the probability

that the atom will scatter the ray in the

right direction and (c) the probability that the scattered ray
will reach the detector, As the number of electrons per unit of
volume of scattering medium (electron density) is increased, the
scattering power of the medium increases in proportion.
Scattering, however, is not the only possibility to be con-

the detector.

sidered in determining if the gamma ray will reach
The gamma ray may be absorbed, as occurs in

the photoelectric

process where the gamma ray disappears and its energy level of
the primary gaimna rays used.

In the present models of

meters and for the atoms predominent in

the density

soil, the effect of photo..

electric absorption is negligible. With each scattering process,
however, the gamma ray loses some of its energy.

Thus,

with an

increase in electrons density of the scattering medium, the
probability of multiple scattering of the gamma ray increases
with the result that the probability that the gamma ray will be
absorbed is also increased.

The combined effect

of these various

probabilities is that for a scattering medium of either zero or

infinite

electron density, no gamma rays would reach the detector;

and that a maximum number of rays reach the detector for some
intermediate density.
depends on

The density at which this maximum occurs

the distance between the

radiation source and. the

detector, thus making this distance one of the design parameters.

16

Since the number of electrons present per unit volume of soil is
approximately proportional to the density of the soil, it is

possible to correlate the relative number of gawa rays scattered
back to the detector with the density of the soil.

Estimation of

Optimum Sampling Schemes

The 8i1 Conservation Service of the United States Depart

ment of

Agriculture employs a standard sampling procedure and

for the determination of soil permeability.

laboratory method

Briefly, the sampling procedure specifies
six undisturbed core

samples from each

given location, and using
characterizing

the

the taking of three to

major soil horizon from

of the sample

the mean

a

values for

permeability of a particular horizon at that

location.

Over the several years that these determinations have been

made, data

have been

accumulated on many thousands

of samples,

together with identification with

respect to

and past and present management.

The Soil Concervation

proposed a

cooperative

soil type, horizon

Service

project with the Institute of Statistics,

North Carolina State College to make an intensive study of the
sampling errors involved in the determination of soil perme-

ability, percent

large pores,

and bulk density. Mason, Lutz and

Petersen, In their unpublished
the variance

paper (U, pp. 12), stated

and standard error,

type management unit from

!'

that

of the mean of a soil

a sampling scheme involving any com-

bination of number of locations, L, and number of cores per
location, C, may be estimated

from the following formula:

1?

vi
..J.
L

+

vI.c
L(c)

(1)

where V1 and V0 are the variances ameng arid dthin locations,
As long as V1 is greater than 0, it is obvious

respectively.

from the formula that the lowest standard error of the mean, for
a fixed number of cores samples, will be obtained by taking one
core sample per location.

However, such a scheme is not likely to
They specify the total

be optimum from the stand point of costs.
cost C.

of estimating the mean of a given

:

C1 CL) + C

80i1

type management as:

(2)

CL) (L)

here C1 is the cost of selecting a particular location and preparing
it for taking core samples, arid C

is the coat of taking an

additional core sample from the site and processing it through an
laboratory.

In this case, one would expect C1 to be appreciably

larger than C.
In estimating the optimum sampling scheme, it is desired to
minimiz, the product of V

and C.. This

expression has

'e

smallest when:

Cl

Ce.Vs
Thus, given an estimate of costs, and the variance components,

the optimum number of samples per location L may be estimated.

Then, for a given level of precision, a given V, (equation 1)
may be solved for L, the number of locations.
Using the above procedure, the optimum number of core
samples per location were estimated for 3 horizons.

There
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posaible coet situation$ are iUuetrated tor C1 / C. That is,
number of samples is estimated for the situation where the cost

of locating, preparing arid digging the pit for sampling a given
location coats 10, 20, 0 times as much as taking one additional
core sample and processing it in the laboratory. The optimum
number of cores per location range from 2 to 6.

OBJECTIVE OF THE STUDY

The general objective of the

stu4 was

to determine the

accuracy ot estimating the moisture-tension curve and bulk
density of a soil at a location within a mapping unit by
knowing only the mapping unit.

The objective may be stated

more specifically in the foflowing manner:
le

the

To determine for the following soil parameters
mean and the

associated variances for definite horizons

within selected mapping units; iS-bar percentage,
0.1-bar percentage and bulk density.
2.

To determine the moisture-tension curve for the same

selected mapping units, and to estimate the

variance of

the curves from the information of objective 1.
To test the measured soil parameters for significant

differences between mapping units and between depths.
To estimate the variance within soil mapping units of
the amount of moisture held between the 0.1- and 15'-

bar percentages.
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THE TECHNICAL PROCEDURE

To accomplish the above objectives an irrigated area with
a recent detailed soil survey was selected in Oregon.

Random

locations were selected within this area on specific mapping
units.

Samples were taken

of the locations.

The

from two sites and. two

0.1-bar

depths at each

percentage, 15-bar percentage and

the bulk density of the samples were determined and the data
analyzed statistically.
Selection of Sampling Sites

Selection of the Napping Unite.

The sampling area lies in

Deschutes County and Crook County in Central Oregon.

description of the sampling

area is

(A detailed

presented in Appendix A.)

The soil survey work for Deechutes County was finished in i917,

while the field work of Crook County was finished
dominant soil series through both
Redmond.

Due to the prominence

surveyed area, they were

Counties are

in 3957.

Deachutes and

of these two series in a

selected for study.

The

recently

There are two

dominant soil types in each series, sandy loam and loany sand.
Types were not separated for sampling.

Several phases of each

series were mapped, based on slope and depth of soil to bedrock,
The physical properties of the soil above the bedrock were
similar, so phases were sampled without discrimination,

However,

the phase was recorded at each sampling site.
Since the counties were surveyed at different times and by
different surveyors, some workers felt that the mapping of the two
series was different

in

the two counties.

To test this, samples
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from the two counties were handled separately.

Therefore, four

(1) Deschutes series in Desohutea County,

units were sampled:

(2) Redmond series in Desohutes County, (3) Deschutes series in
Crook County and (14) Redmond

series In Crook County.

Selection of the Locations.

The selection of locations within

a mapping unit was made at random. Al]. of the township sections
which contain either one of the selected mapping units were
numbered.

Each section was divided into 36 grids of approximatel7

18 acres. Each grid was considered as a location. A section was
selected within the section by the same method. If the selected
location was not entirely mapped

as Deschutes or Redmond, the

location was discarded and another location selected within the
same section. This process was continued until there were 10
locations in each soil series for

Selection of the Sites.
random for each location.

each county.

Two sampling

sites were selected at

The procedure used to select each site

Involved selecting two numbers between 0 and 880 from a random

number table. The first selected number was used as the distance

of the sampling site
].8-aàre location.

distance

to the east of

The second

the northwest corner

selected number was used as the

of the sampling site south of

field the northwest

the distances to the

of the

the same

corner. In the

corner of the selected location was

found and

east and south were measured with a measuring

wheel.

Selection of Depth. There are only

two distinguishable
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horizons for these two series.
the bedrock.

They are A and B,

then

In general the A horizon is between 0

below that

and 10

and the B horizon is between 10 inches and the bedrock.

inches,

Two

depths were sampled at each site, from 3 to 6 Inches and from 12
to 15 Inches.

At most sites these depths corresponded to the two

horizons, but at some the horizons were not distinguishable.

Site Information, At each of the sites, at the time of
sampling, the following information was recorded:

(1) description

of location and site,(2) depth of the soil horizon, (3) soil
color, (b) soil texture, (5) soil structure, (6) soil phase,
(7) soil pH, (8) the depth of the limiting lay-er for ràots and

water penetration, (9) degree of erosion, (10) the slope of the

land, (U) the parent

material, (12) degree of drainage, (13) the

tillage problem, (]14) the appropriate

land use, (15) the

irrigation method.

Sampling Procedure

Undisturbed core samples were taken In June, 1957, for

0.1bar percentage, and for bulk density.
of 68.75 cubic centimeters.

The cores had a volume

The tool which was used to take the

samples was the Pamono sampler. A brass cylinder fits between
two rings In the

sampling

head, which screws onto a long handle.

A haimaer is used to drive the head into the soil.

There is a

small enlargement on the outside of the head above the cutting
edge to make the tool more easi]y extracted from the soil,
especially when deep core samples are taken.

The sampler was

hammered with caution so that the cores were filled with a
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nearly undisturbed sot]. as possible. After the sample was removed,
the cores were trimmed even with the edges, then placed in small

tin cans

In addition to the core samples, disturbed

and sealed.

samples were taken with an orchard auger from the specific
depths.

These samples were taken for tensions above 1 bar.

Laboratory Procedure

Porous Plate Apparatus.

The porous plate apparatus which was

proposed by Richards, L. A. and Fireman in 19143 (17, pp. 39-bOk)

was used to determine moisture percent below 1 bar. This apparatus

is adapted

for making moisture

large number of samples.

retention determinations on a

The apparatus consists of a closed

chamber in thich the soil samples under study rests on a porous
ceramic plate.

water

to

Any excess pressure on the sample will cause the

be driven off

until the state will reach the equilibrium.

The pressure is adjusted by a pressure regulating valve and
measured with a mercury manometer. Prior to placing the cores in
the porous plate apparatus, they were allowed to wet by capillarity
for 214 hours.

Then the plates

containing the cores

were placed in

the apparatus and a pressure applied equivalent to the desired
tension.

After extraction of water was ceased

cores were removed and weighed for

each depth and mapping unit for 0.5-

Five cores were selected
and 0.l.bar determinations.

These cores were weighed, resoaked and replaced in
between each applied

the

calculation of moisture content.

All cores were run at 0.1 bar initially.
for

for 214 hours,

the apparatus

pressure. All of the cores were oven dried

214

at

C and weighed for calculation of moisture content and

bulk density.
This apparatus is usua1]

Pressure Membrane Apparatus.

used to determine the moisture percentage at tensions greater
than one bar,

It was designed by Richards, L. A. in 19147

(1, pp. 14Siiu.1460) as described

in

the literature review.

The soil samples were air dried in the laboratory.

Then

Two sub-

they were crushed and sieved through a 2 nun sieve.

samples were taken from each sample and put in 2.2S"inch
diameter rubber rings, previously placed on a circular piece
of membrane.

After the 8amples were soaked for

hours, the

214

membrane and soil samples were moved to the pressure membrane
apparatus.

A constant pressure was applied until the extraction

of water had ceased for 214

hours.

removed and oven dried for

determining the

All of the samples were run

After this, the samples were

in

moisture

duplicate at

iS

Samples from the seine sites as those used for the

content.
bars.

determination

of the 0.5-. and 0.1-bar percentages were used for 5.0- and
10-bar percentages.

RESULTS

A sunary of the results, expressed as means, is presented

in table I. The table includes the mean 15-bar percentage, 0.1bar percentage, bulk density and

foot

between 0.1

and 15 bars for each of two depths for the

Deechutes and Redmond soils.
separated.

amount of moisture held per

The data for the two

counties are

Data for each site sampled are presented in Appendix

B along with a description
between depths within

a

of

each site.

Significant differences

mapping unit are indicated in the table.

There was no significant difference measured between depths for
either soil in Deachutes County.

In Crook County, however, the

following differences wore measured:

(1) the bulk density was

greater at 12-15 inches than at 3-6 inches in both, the Redmond
and Deschutes soils, (2) the 15-bar percentage was greater at

a

depth of 12-15 inches than at 3.6 inches in the Redmond soil but

not in the Deachutes soil, and (3) the 0.1-bar percentage for the

3..6 inch

depth was higher than at the deeper depth in the

Deecliutes soil.

To show other significant differences measured, table II

is presented. The bulk density

of Redmond soil was significantly

higher than that for Deachutee soil at both depths,

was a

Also, there

significant difference in bulk density between counties at

the 3 to 6 inch

depth.

The 15-bar

percentages

were significantly different at both depths.

for the two soils

The

difference was

due to the lower value for Deschutes soil in Deschutes County
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than for

the other three.

soils and

0.l.bar

to

counties

This also caused the interaction between

be significant for the 3 to 6 inch depth.

percentages were significantly different between

for the 3 to 6 inch depth only.

for the amount of water
Table I.

There were no differences meastred

held in the soil between 0.1-and 15-bars.

Depth

Crook County

(Inches)

Bulk
Density

Redmond Deechutes
Soil

Soil

l.3b

1.29

3-6"

34"

Soil

1.36

1.23
1.23

136

9.20
9.12

9,62
io.Z6

6.78
6.78

2.62
2.77

2.56

2.39
2.65

]$.'Bar
Pre centage

3-6"
12-15"

u.k8

9.16
2.65
2,6].

3.6"

Soil

26.18
2L.77

27.15
27.15

28.09k

12-35"

l215"

Desohutes County
Redmond Beschutes

25.51i

0.1-Bar
Precentage

25.68

25.73

2.i3

Inches of water per foot held between 0.1 and 3$ bars
Significant difference at 5 level between depths
Significant difference at 1% level between depths

1Q

*
**

Table II.

Soil Pro

Bulk

Density

0.li.Bar
Percentage

3$-Bar

Q

counties

The mean values of soil properties measured for each
Napping unit and depth

Soil
Property

Qi

The:

Statistically sigüificant
rties

Depth (inches)
3-.6"

12.-iS"

3.6"
12-15"

differences in

Soils

Counties

data of Table I.

Soils X Counties
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The magnitude of the variances among locations and within

locations for the four properties measured is shown in Table lU.
These data will be used later to calculate optimum sampling
schemes.

The derived moisture-tension curves are presented in Figures
3. and 2

For plotting the curves

the mean for both depths was

used. As pointed out earlier there was a difference measured
between depths for the 15.-bar percentage and 0.1-bar percentage.

th examination of the data, however, the difference was due
to some of the sites being located in heavier textured soils
occurring as inclusions "within the mapping unit. The values for
such sites were not

included in

moisture-tension curves.

calculating the mean to plot the

The confidence interval (at 5%

significance level) is shown for the 0.1- and 15-bar percentages.
The interval is shown only on one side of the curve to prevent
confusion.,

The moisture holding capacity between the 0.1- and 15-bar
percentages is shown in Figure 3 for the various depths and soils.
The range of the values for the different soils lays between
2.145 and 2.73 inches of water per foot which may be considered
small.

2 7A

0.1
8

12

PERCENT

IS

20

24

8

MOISTURE

Figure 1. Moisture-tension curves for Deschutes soil in
Deschutes and Crook County.

32

27B

15.0

Inn
RF

flhL

U,6

4

5fl

z0
Cl,

z2
LU

I.0
9
8

rnuNT
._j o

0
U,4
3

2

0.I

4

e

2

PERCENT

16

20

24

MO STURE

Figure 2. Noisture.4ension curves for Redmond soil in
Desohutes and Crook County.
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0
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-

Figure 3

2"- 5" DEPTH
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Amount of waterheld between 01 nd iS
bars for two soils, counties and depths.
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TabLe III.

Variances among and within locations for different
properties and depths.

Soil Property

Depth
3i..6"

12-l5

Bulk
Density

among location
within location

0.02
0.02

0.02
0.01

0.l.Bar
Percentage

among location
Within location

23.62
68.60

32.39
23.80

]$-Bar
Percentage

within location

14.75

13.35

Q

among location

among location

Within location

1.80
0.31
0.56

5.52
0.51
0.50
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DISCUSSION

From he data presented it is obvious that the two soils,
Deechutes nd Redmond, are quite snilar in their moisture i's-

tention properties. Although sonm differences were measured the
magnitude of each difference was small.

This was particularly

true for the amount of moisture held between 0.1-bar and iS-bars.

Due to their similarities in this respect, the scheduling of
irrigations on

the

to

two soils would be expected

same for a specific crop.

be nearly the

The depth of the root zone was not

recorded in this sudy and this factor may be the most variable

within the two soil series as for
capacity. However,

influencing

the moisture holding

the depth of the root zone is easily measured

for a given location; so with this measurement and
presented
the

in

this thesis, the

root zone should be

easily

the data

amount of water held in the soil in

calculated when the tension at

various depths is known.

The smaller bulk density mean

for the 3-to 6-inch

depth

compared to the 12-to 15-inch depth for both soils in Crook

County may be due to several things, such as

cultivation of the soil, a
greater percentage of

the

previous

higher organic matter content and a

pumice in the parent material.

apparently higher clay

content of

the Redmond soil over the

Deechutes soil had little effect on the amount

of water held at

various tension and consequently the amount of water

0.).

and 15 bars.

The

held between
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The sampling of inclusions within an area designated as a
specific mapping unit on

the soils map increased the variability

of the data but did not have much influence on the means,

for

the 0.1-bar and

Since the

]$..bar

except

percentage in cases discussed earlier.

area of an inclusion may be relatively large in a certain

field, management practices may have to be altered from that
commonly followed for the soil as mapped.

The moisture-tension curves did not differ

soil to another, the
soil

in

one

greatest difference being between the Redmond

Crook County and the other three.

intervals, plotted

greatly from

The confidence

on the graphs for 0.1 and 15 bars, are small in

all cases which indicates

if

another set of samples were taken by

the same procedure the results would probably

be very close to the

results obtained in this study, unless the soil underwent some
change between samplings.

The change with time in bulk density

and moisture retention properties would be small in these soils

except perhaps in

the plow layer.

locations was of the same order

of

Since the variance among
magnitude as the variance

within locations, one would expect that about the same nuMer

of samples

as used in this study would be

required

to estimate

the mean of a location with the same precision as the measured
means obtained for a mapping unit.

For determining future sampling
obtained

during this

study

procedures

the data

were used to calculate optimum sainpl-

ing schemes for soils with variances similiar to the Deschutes
and Redmond soils.

The total cost of sampling and processing
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the samples, C., was calculated by using the equation:
= C1 (L) + C5 (L) (s)

(1)

where L is the number of locations, C1 is the coat of locating a
particular location and preparing it for taking samples, S is

taking

the number of sites per location and C3 is the cost of

core or sample

a

from a site and processing it through the

laboratory.

The optimum number of sites per location, Sq,, is given
by the following equation:
= C

V5 / C8 V1

(2)

in which V8 and V1 are variances within and among locations,
respectively.

Since the greatest expense is technician tints

the number of hours required for various aspects of the

procedure were estimated

and

these values used to calculate the

optimum number of sites per location.

The

average number

of

hours for establishing a location was 1.5, while it took only

1 hour

for sampling two sites at a location.

In the laboratory,

0.5 hour per core as required for estimating both the bulkdensity and, 0.1-bar moisture percentage.

estimating

the 15-bar

From this information

The time for

percentage per sample was also 0.5 hour.
it is easy to determine

the total

cost

C. by using equation 1.

Equation 2 has been used to calculate the optimum number of
sites per location for 15-bar percentage and bulk density
measurements.

It

was calculated that

the optimum number of

sites per location for both properties was 2.
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To estimate the probability that the means for any

location

mapped as Deschutes or Redmond soil will fall within a certain
range of the means presented in table I, the data in table IV
The table

were calculated.

includes the

range that would include

within a mapping unit.

50, 90, 95 and 99 percent of the locations

standard

Also, the

deviation is presented for each depth and

property measured.
in

table

3- to

As an example of the usefulness of the data

IV, consider the range + 0.11 for bulk density at the

6-inch

depth.

The mean bulk density for Deschutea soil

was 1,20 gins/cc (from table I).

Deschutes soil,

For any location mapped as

there is a So-SO chance that the bulk density will

be 1.20 +0.11 gins/cc, It may be rioted

that

for all of the soil properties measured.

for a mapping unit is a very
Table 1V.

rough

the range is

Therefore,

estimate

the

mean

for a given location.

Limits about the mean which will include the specified
percentage of randomly selected locations within a
mapping unit.

Soil Property

Depth
(inches)

Standard
Deviation

50

0,16
0.16

Th.ii

+0.26
0.26

+0.31 +O.i1
0.3].

0.k].

+8.00
6.30

+9.50
1l.l

+12.5

+3,58 +14.26 +5.60

Percentage
90
95

Bulk
Density

12-15"

0.1-Bar
Percentage

3-6"
12-15"

14.86

5.68

+3.28
3.83

15-Bar
Percentage

3-6"
12-15"

2.18

+1,146

3.614

2.145

3.98

7.13

0.63
0.72

+0.142
o.148

+1.03
1.l7

+1.214

Q

larger

3..6"

3o
12-15"

+0.11

99

114.6

9.35

+1.62
]..14o ]..81i

To estimate the mean of any property studied with a range of
10 or 20 percent for one

location, the following equation from
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Snedecor (21L, p. 157) was used to give the number of samples

needed:

1:

(100)2

t2v5/p2!2

where n is the number of samples per location, t
for a given level, V is the

aflowable deviation

from

variance,

3-to 6-inch

was calculated for the

p2 is the percentage

the true mean and

Using the above procedure, the

2

number of

is the mean.

sites

per location

depth for bulk density, 0.1-

The results are

and ]$'.bar percentages.

is the t value

presented in

table V.

To estimate the mean 0.1-bar percentage and Q within 10
percent a large number of samples are needed, 3
respectively.

and 33,

This number becomes impractical for routine works

percent

so it may be necessary to estimate the mean wIthin 20
since only 8 or 9 samples are required.

Table V.

The number of samples required to estimate the true mean
within the specified percentages ( percent significance
level).

Within 10%
of mean

Within 20%
of mean

Deechutos Redmond

Desehutes Redmond

Soil Property

Bulk Density
0.la.Bar

9

2

1
10

37

39

9

15-Bar
Percentage

11

8

3

Q

35

33

Percentage

SUMMARI AND CONCLUSION

The objective of this study was to estimate the bulk density
and points on the moisture-tension curve for selected mapping
units in Central Oregon and to estimate the associated variances.
The variances would yield information concerning the precision of
the means and concerning optimum sampling schemes for similar soils.
To accomplish the above objectives an irrigated area with a
recent detail soil survey was selected in Central Oregon.

The

Deschutes and Redmond soil series in Crook and Desohutes Counties
were selected for sampling.

Samples from the two counties were

analyzed separately since the soil surveys were made at different
times with different personnel.

within

Random locations were selected

each specific mapping unit.

One core and one disturbed

sample were taken from two random sites and two depths at each
of the locations.

The 0.1-, 0.5-., 1-.,

5-,

10- and 15-bar per-

centages and bulk density of the specific samples were determined
and the data analyzed statistically.
tens ion values porous

used.

Using

plate

For determining moisture-

and pressure membrane apparatus were

the percentages for 0.1 and 15 bars and the bulk

density, the quantity o1 water held between these two tensions
was calculated.
From the data obtained it is obvious that the two soils,

Deechutes and Redmond, are quite similar in their moisture
retention properties and bulk density.

Statistically significant

differences were measured between depths and soils but the
magnitude of the differences were not generally of practical
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significance.

Due to these similarities, the scheduling of

irrigations on the two soils would be expected to be nearly the
same for a specific crop.

The confidence intervals for 0.1 and 15 bars are small in all
cases which indicates if another set of samples were taken by the
seine procedure the results would probably be very close to the

Since the variance among locations

results obtained in this study.

was of the same order of magnitude as the variance within location,
one would expect that about the same number

of

samples as used in

this study would be required to estimate the mean of a given
location with the same precision as the

for

measured means obtained

a mapping unit.

For determining

future

sampling procedures the data obtained

during this study was used to calculate optimum
for soils with
soils.

variances similar

It was calculated that

sampling schemes

to the Desehutea and Redmond

the optimum number

of sites per

location for bulk density and 15.-bar percentage was 2, as used

in this

study.

The Lunita about the mean which would include 50, 90, 95

and 99 percent of randomly selected
unit were estimated.

locations within

a mapping

As an example, the limits which included

90 percent of the locations ranged up

to

50 percent of the mean.

This indicates that the mean for a mapping unit may be a very
rough estimate for a given

location. Therefore, the number of

samples required to estimate the true mean of a location within
10 and 20 percent at

the 5 percent significance level was
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calculated.

The required number was highest for the 0.l'bar

percentage and the quantity of water held between 0.1 and 15
bars.

The number of samples for these two properties range

from 33 to 39 to estimate the mean within 10 percent or
between 8 and 10 to estimate the mean within 20 percent.
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APPENDfl&
DESCRIPTION OF SA.LING AREA.

The Deschutes and Crook areas are part of an intramountain

plain, which together with the surrounding mountains, make up what
generally is known as Central Oregon. The area is cut by the
canyons of the Deschutes and Crooked Rivers.

The climate is semi.

arid. Winter is cold with moderate snowfall. The summer is warm;
the annual rainfall varies from about 8.'l2 inches; the mean annual

temperature is about li7.° F; the mean July temperature is
approximately 700 F.

Volcanic rock materials constitute the entire underlying
formations. These materials are in the form of basalt flows,

volcanic tuff more or less consolidated, cinders, pumiceous
materials and basalt stones and gravel. The materials were
deposited by molten flow, volcanic erruption and water trans.

portation, Surficial. deposite were laid down by wind and water.
Zona]. soils of the area are in the Brown great soil, group.
The soils of this study contain large proportions of pumice (a

kind of volcanic glass so full of minute davities that it is
very light) The following descriptions of Deschutes and
Redmond soil series were prepared by George Smith, Soil Scientist,
Soil Conservation Service.

DESCHUTES SERIES

feet.

Elevation:

Approximately 3,250

Relief:

Gently sloping to sloping upland. Alluvial fan

from buttes rising above the nearly level
plateau surface.
Vegetation:

Big sagebrush, gray rabbit brush, cheat, little
blue bunch wheatgraes, June grass and scattered

junipers. Native vegetation consisted of big
sagebrush, Indian rice grass, June grass, some

blue bunch wheat grass, and scattered juner.
Drainage:

Well drained to excessive.

Parent }fat.risl:

Dacite pumice over rhyolitic alluvium.

Climate:

Brown zone 9 inches of precipitation which

occurs main2y in late fall, winter and early
spring. )iich of the precipitation occurs as
snow.

Summers are dry, 110 day growing season.

Light brownish gray, light grayish brown grading

toward pale brown (lO!R 5.5/2.6/2, 6/3) light
sandy loam; very dark grayish*brown (10Th 3/2.5

moist); the surface inch weakly fine vesicular
grading to weak thin platyiicrushing to weak

fine granular or cruth, and single grain. Soft

to loose; very friable; very slightly sticky,
non plastic when wet; numerous fine roots, root
channels and pores; neutral (pH 6.&?.0) wavy

12

gradual lower boundary; and 2 to 8 inches thick.
High in pale brown CloTh 6/3) dacite pumice of
fine medium and coarse sand size.
A3

b_9u

Light brownish gray, light grayish brown grading

toward pale brown (10Th 5.5/2.5-6/2.4/3) light
sandy loam very dark grayish brown (lOYR 3/2.5

moist); high in pumice; weak medium platy crushing

to weak fine granular, the medium and coarse pumice

separating out as single grain soft almost loose
when dry; friable to very friable when moist and
slightly sticky and nonpiastie when wet. No con..

orations, numerous fine roots, porous; neutral
(pH 7.0) clear lower boundary; 36 inches thick.

9-

Similar colored (10Th S.5/2..6/3) undisturbed light
sandy loam; high in pumice; weak medium platy

crushing to weak fine granular; soft; friable,
and dark grayish-brown grading toward dark brown

(10Th 14/2..kt/3) slightly sticky and nonpiastic when
wet. There are less roots than above horizons;

the soil is porous; and neutral (pH 7.0); clear
lower boundary very slightly wavy; and ranges in
thickness from
B2

15.. 2L"

to 12 inches.

Light brownish gray grading toward pale brown

(10Th 6/2,5.4/3), dark brown (]Th 3/3 moist),
sandy loam; high in pale brown pumice; weak medium

13

and fine eubangular blocky, crushing to weak fine

granular; soft to slightly hard when dry; friable

moist; slightly sticky, nonplaatic; few rounded
firm to hard mildly calcareou nodules; neutral
(pH 7.07.2) occasional.1y mildly calcareous in the

lower three inches (B3) where this exists. Few
fine roots; porous; neutral (pH 7.07.i) abrupt
irregular lower boundary; 6 to 10 inches thick.
I)

2L

28" Brown (lorE 5/3) extremoly gravelly sandy loam
and sandy clay loam; dark brown (10Th 3/3 moist);
moderate, fine and modium subangular blocky; the

gravels and cobbles are rhyolitic; slightly hard

to hard, friable, sticky, plastic and with distinct
dark brown (7.5Th 3/2) stains, moderate thin die'.
continuous clay flows. There is a distinct stone

line which has a clay loam matrix (old mud flow);

few roots; slightly coacted; slightly alkaline
(pH 7.6.7.8); calcium carbonate accumulation on

underside of stone and gravel; clear, irregular
boundary.
28

Thickness 2 to 6 inches.

37" Brown (10Th 5/3) dark brown (lOrE 3/3 moist) very

gravelly loam, weak fine eubangular blocky, hard;

friable; and slightly sticky, slightly plastic
when wet;, few roots; sowhat porous (pinholes);

moderately alkaline (pH 8.2) slightly calcareous;
clear wavy boundary; variable thickness 2 to 20

144

inches.
27

50" Brown grading toward pale brown (10Th

5.5/34/3)

extremely gravelly sand; single grained; loose;
nonsticky; nonplastic; few to no

roots; calcareous,

(pH 8.2) stratified alluvial material.

roughly 50% angular

The

contains

10% fine

medium and large gravels and 10% sands.

The Dica contains approximetely

cobbles,

kO% fine and

medium gravels and 10% large angular cobbles.

The Duca has a distinct

stone line partially

oriented 20% and 50% or horizon large and medium

gravels. £11 gravels apparently rhyolite.
This area was cropped until 1930.
then.

The substratum seems

flow from an infrequent

to

Range since

indicate a mud

cloud burst.

14S

RED1ND SERIES

Elevation:

3,180 feet.

Belief:

Gently sloping pumice covered upland plateau.

Vegetation:

Big sagebrush (tridentata) juniper, squirrel
tail (Sitanion nystix), oheatgrasa (Broie
tectorum) gray and green rabbitbrush
(Chysothaimius nauseosus, and Lanceolatus).

Drainage:

MDderate]1y will drained; very little external;

medium to slow internal, moderate to slowly
permeable in lower subsoil.
Parent Material:

Dominantly dacite pumice with slight basaltic
influence from alluvium from higher areas.

Climate:

Precipitation 8 to 9 inches, which occurs

mainly in

late

fall, winter and early spring.

Fifty percent of the moisture occurs as snow;
dry summers, approximately 100 day growing
season; frosts occur in any month.

Light brownish'gray to pale brown (10Th

S.S/2-

6/3) leaay coarse sand, weak fine platy to
single grain, very soft to loose dry, very
friable moist, nonsticby, nonplastic and dark

grayish.brown to brown (lOTh1s/2.3.W3) when
wet, roots comaon, very porous or rapidly

permeable, neutral (pH 6.74.8), clear,
slightly wavy

to

smooth lower bcimdary, 1 to 6

inches thick, slightly wind modified.
S

iS"

Light brownish.'gray and pale brown (10Th 5.5/2..

6/3) loamy sand grading to light sandy loam, weak
medium subangular blocky; breaking to weak fine

granular and single grain; soft when dry, very

friable moist, very slightly sticky, nonpiastic
and dark brown (10Th 3/2.5) when wet, roots

common, very porous, neutral (pH 7.0) clear

irregular lower boundary 6 to 12 inches thick.

£ very thin B1 present ranging from .5 to 1 inch
just above B2,
B2 1.5 .. 26"

Brown grading toward yeliowish'.brown (10Th 5/3J.
14/3) sandy clay loam and loam, moderate medium,

fine, angular blocky, con thick clay flows and
void til1ig, few 1/2 inch firm, rounded nodules,
slightly hard dry, firm moist, slightly sticky,
slightly plastic and brown (10Th 3.5/3) when wet,
neutral (pH 7.2) roots common, coqact and few

pores, few old root channels, clear irregular
lower boundary.

B326

3149

Pal, to very pale brcwn (10Th 6.5/3-7/14) heavy
sandy loam, moisture, weakly medium angular, soft

to slightly bard, friable to firm, slightly sticky,
slightly plastic and brown (YR 14/3) when wet, few

thin clay flows and void fiili'g, few large massive
hard areas which contain 1/2 to 3/14 inch hard

17
calcareous nodules, few roots and old root
channels, few pores, mildly alkaline (pH 7.6)

noncalcareoua, clear wavy lower boundary, 8
to 10 inches thick,

B3ca 2k

36"

Pale and very pale brown (1OYR 6.5/3, 7/k, 8/8)

moderate coarse platy to moderate and strong fine
and nedium platy, heavy sandy loam, compact very
hard when dry, very firm moist, slightly sticky,

very slightly plastic and yellowish to dark
yellowish-brown (10 YR b.5/km5/14) when wet, few

thin clay bridges and void caps, thin root mat,

very few pores, very few old root channels,
moderately alkaline (pH 8.0) calcareous, few
mayonese stains, abrupt irregular lower boundary.

Dr. 36 +

Vesicular basalt bedrock slightly fractured in
imnediate surface.

Remarkas

Slight wind deposition

in

surface; a very thin B1

which is a sandy loam and too irregular to sample.
The B2 is compacted but few fine root penetrate it,
the B3

has compacted, brittle and moderately hard

areas which

contain the calcareous concretiona,
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APPENDIX B
DATA AND DESCRIPTION FOR EACH SANPLING SITE

Bulk density values for two depths at each saiiqling site
3-6k depth

Soil

Locations

Co, Site
1

1

A.

Desohutes
B.

0

Redmond

A.

Deschutes $
B.

3

14

5

6

7

8

9

10

1.23 1.29 1.18 1.10 1.114 1.07 1.35 1.314. 1.12 1.05

2

1.314 0.90 1.10 1.014 1.014 1.13 1.19 1.142 1.114 1.16

1

1.14]. 1.10 1.29 1.30 1.01 1.30 1.39 1.33 1.146 1.03

2

1,23 1.18 1.01 1.08 136 1.32 1.21 1.140 1,12 1.314

1

1.21 1.13 1.15 1.50 1.37 1.30 1.36 1.32 1.35 1.08
1.06 1.31 1.].]. 1.26 1,32 1.15 1.05 1.30 149 1.21

2

1
.2

Redmond

2

1.30 1.148 1.07 1.33 1.38 1.38 1.39 1.143 1.80 1.00
1,45 1.45 1.114 1.38 1.19 1.25 1.614 1.141 1.148 1.39

12-1S depth

Soil

Locations

Co. Site
1
1

A.

Deechutes
B.

Redind

2

0

A,

Deechutes $
B.
Redmond

1
2

1
2

1
2

2

3

14

S

6

7

8

9

10

1,50 1,36 1,26 1.25 1.18 1.25 1,33 1,1i0 1.22 1,33
1.30 1.33 1,31. 1.29 1.09 1.30 1.21 1.58 0.98 1.143
1,12 148 1.148 1.37 1.06 1.149 1.141 1.58 1.61 1.30
1,63 1,23 1.10 1.25 1.04 1.145 1.5]. 1.145 1.143 1.18

1.05 147 1,06 1,23 1,30 1.23 1.38 1.26 1.26 1.16
1.09 1.33 1.37 1,42 1.22 1.13 1.12 1.44 1.23 1.23
1,50 1,39 1,43 1.14]. 1.62 1.146 1.30 1.36 1.00 1.22
1,142 1,34 1,23 1,37 1.22 l.0 1.614 1.147 1.35 1.36

So

0.1 bar percentage values for two depths at each san1ing site
3-6" depth

Soil

Co. Site

Locations
1

A.

1

2

6

5

3

8

7

9

10

22.9 26.7 39.1 32.2 25.1 26.7 22.1 25.i 2i.S 28.0

2

25,14. 36.13 28.0 36.2 36.9 22.3 25.1 22.7 25.6 30.7

2

23.9 31.6 33.2 20.]. 140,021.7 26.8 28.8 28.9 314,7
21.9 26.6 33.3 28.2 114.9.25.8 214.2 27.9 20.5 32.2

Deechute $2

22.3. 23,8 28.2 114.3 20.8 20.3 17.7 23.0 214.li 25.0
22.Ii. 33.0 22.6 30.1 20.9 23.2 23.8 214.3 22.0 22.2

Deschute

B.
Redmond

0
p
c3

A.

B.

1

2

Redmond

23.6 29.3 33.5 30.7 21.9 25.5 214.7 23.2 i8.1 32.9

25.0 20.9 25.6 28.6 314.14. 29.2 22.2 3.9.6 22.9 22.9

12-15" depth

Soil

Co. Site

Locations
1

A.

1

Deachutes
B.
Redmond

A,

B.

3

ii.

5

6

7

8

9

10

25.7 23.3 21i.l32.3 28,5 23,14 22.5 22.0 23.7 28.9

2

3.9,3 29.0 22.0 32.5 28.9 20.0 214.14 21.0 31.14 30.7

° 21

28.7 29.7 29.6 22.7 143.6 18.2 214.1 2L5 29.5 30.7
21.3 25.2 30.li. 25.2 26.9 28.13. 20.8 26.8 26.2 36.14

,

1

28.3 20.5 27.13, 213.8 37.13 18.6 20.6 23.6 23.9 214,0
21.7 32.6 20.7 26.5 31.9 22.9 21.2 214.6 214.8 214.8

1

22.9 33.14214.9 30.9 3.7.926.623.720.13.8.7 25.1
214.7 23.1 22.2 23.7 38.3 38.7 22.5 18.0 30.]. 25.6

Desohutes $ 2
Redmond

2

2

15.-bar percentage values for two depths at each sampling site
3.6t* depths

Soil

Co. Site
1

Deechutes

2

1
Redmond

2

Deechutes

Locations
1
2
3
6
li
7
8
9
10
8.96 6.69 8.]J.j. 12.9 8.82 8.14 8.08 9.15 8.73 12.2
9.50 7.89 7.88 16.27.146 114.2 6.70 6.614 8.35 12.2

9.05 10.14 11.0 10.8 7.3 7.141 7.61 6.95 6.3312.5
9.72 10.14 10.0 9.6 1Q.J 7.Aj.8 7.95 8.1414 9.91 10.2

1

$2

7.53 5.81 6.62 7.5]. 7.30 6.61k 7.37 7.81 6.19 6.21
5.22 7.5]. 6.38 10.6 5.63 6.36 6,52 7.03 5.L9 5.97

1
2

10.6 10.3 8.77 9.5 8.31 12.6 8.6L 7.16 10.7 7.68
9.14 9.0 9.50 15.2 8.81 11.9 9.88 7.02 9.146 8.18

Redmond

12.-15" depths

Soil

Co. Site

A.

1

Doechutes
B.
Redmond

A.

Deschute
B,
Redmond

2

I

1
2

1

1

2

314

56

Locations
7

89

10

9.12 6.57 7.25 11.14 9.16 6.8 6.78 7.96 7.90 7.9

9.68 6.93 7,140 114.0 9.87 16.9 8.19 7.67 7.78 13.2
6.93 10.14 10,6 7.13 18.2 9.30 7.99 13.0 11.2 21.14
114.814 8.14 11.2 6.92 17.9 7.19 8.17 12.3 11.8 ]J.i.8

6.86 6.18 7.7]. 10.3 6.59 5.86 7.145 6.30 5.91 1.20

$2

5.86 7.146 6.114 6.9 7.60 6.56 6.714 6.33 6.89 6.89

1

10.7 18.14 6.914 9.8 9.08 13.2 8.9 6.28 13.5 6.614
10.8 10.0 7.1414 17.6 9.98 11.14 11.14 6.14]. 10.14 10.5

2

Amount of moisture held between 0.1. and 15-bar values

for two depths at each sampling site
3.6" depth

Soil

Locations

Co. Site
1

1
Deachutes

2

Deechutes

Rdiond

3

b

S

6

7

8

9

10

2.06 3.05 14.37 2.53 222 2.314 2.55 2.61 2.1]. 2.00
2.72 3.07 2.66 3.01 3.68 1,09 2.63 2.73 2.36 2.57

2

2.51 2.8, 3.1414 1.146 3.95 2.23 3.20 3.li8 3.95 2.149
1.80 2.29 2,82 2.14]. 0,714 2.90 2.36 3.28 1,142 3.514

3.

2.1]. 1.97 2,98 1.22 2.214 21.3 1.71 2.li.0 2.914 2.1414

1
Redmond

2

2

2.19 li.00 2.16 2.95 2.14]. 2.32 2.17 2.68 2,36 2,36

1

2.03 3.36 3.17 3.38 2.211 2.11j 2.68 2.714 1.65 3.02
2.7]. 2.09 2,20 2,22 3.66 2.60 2,113 2.12 2.39 2.1i6

2

12-15" depth

Soil

Co, Site
1

Deachutes

2

Locations
2.98 2.72 2.514 3.11i 2.71i. 2.149 2.5]. 2.36 2.32 3.36
1.5]. 3,52 2,35 2.86 2,149 Ii.814 2.35 2.53 2.77 3.00

°

1.

2

2.92 2.714. 3.38 2.56 3.23 1.59 2,73 2,21 3.1i5 1.146
3.27 2.146 2,514 2.75 1.1]. 3.69 2.29 2.51 14.20 3.06

u

3.

Desohutee $

2.701.914 2,5]. 2.13 13.81 1.114 2.17 2.61 2.72 2.314

2

2.07 14.00 2.39 3.33 3.56 2.22 1,9143.15 2.63 2.63

3.

2.18 2.149 3.08 3.56 1.71 2,35 2.31 2.26 0.63 2,7]

deond
A.
B,
Redmond

2

2.38 2.3.1 2.3.7 1.00 13.114 3.614 2.17 2.05 3.20 2.146
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DESCHUTES SOIL IN CROOK COUNTY

Loc. 1.

SURFACE SOIL: Depth, less than 5"; color, light brown or
light gray; texture, moderately coarse (sandy loam), not
stony; tilth, friable or soft; pH 6.2 to 7.5.
SUBSOIL: Depth, 10 to 18"; color, light brown or light
gray; texture, moderately coarse; structure, granular;
pH 6.2 to 7.5; limiting layer, bedrock.
WHOLE SOIL: Slope, 0-3%; parent material, bees.
Drainage, good; effective depth, 10 to 20"; appropriate
land use1 range; irrigation method, border.

Loc. 2.

SURFACE SOIL: Depth, less than 5"; color, light brown or
light gray; texture, moderately coarse (sandy loam), not
stony; tilth, friable or soft; pH 6.2 to 7.5.
SUBSOIL: Depth, 10 to 18"; color, red or yellow; texture,
moderately coarse; structure, granular; pH 6.2 to 7.5;
limiting layer, bedrock.
WHOLE SOIL: Slope, 0-3%; parent material, bess.
Drainage, good; effective depth, 10 to 20"; appropriate
land use1 cultivated crops; irrigation method, border.

Loc. 3.

Depth, less than 5"; color, light brown or
light gray; texture, moderately coarse, not stony; tilth,
friable or soft; pH, 6.2 to 7.5.
SUBSOIL: Depth, 10 to 18"; color, light brown or light
gray; texture, moderately coarse; structure, granular;
pH, 6.2 to 7.5; limiting layer, bedrock.
WHOLE SOIL: Slope, 3-8% parent material, bess.
Drainage, good; effective depth, 10 to 20"; appropriate
land use, range; irrigation method, border.

Loc. 14.

SURFACE SOIL:

SURFACE SOIL: Depth, less than 5"; color, light brown or
light gray; texture, moderately coarse; (sandy loam), not
stony; tilth, friable or soft; pH, 6.2 to 7.5.
SUBSOIL: Depth, 10 to 18"; color, light brown or light
gray; texture, moderately coarse; structure, granular and
blocky; pH, 6.2 to 7.5; limiting layer, bedrock.
WHOLE SOIL: Slope, 3-8%; parent material, bess.
Drainage, good; effective depth, 10 to 20"; irrigation
method, border.

55
Loc.

5.

SURFACE SOIL: Depth, less than 5"; color, light brown or
light gray; texture, moderately coarse, not stony; tilth,
friable or soft; pH, 6.2 to 7.5.
SUBSOIL: Depth, 10 to 18", color, light brown or light
gray, texture, moderately coarse; structure, granular,
pH, 6.2 to 7.5, limiting layer, bedrock.
'JHOT
SOIL: Slope, 8-15%; parent material, bess.
Drainage, good; effective depth, 10 to 20"; appropriate
land use, range; irrigation method, border.

SURFACE SOIL: Depth, less than 5"; color, light brown or
light gray; texture, moderately coarse, not stony, tilth,
friable or soft; pH, 6.2 to 7.5.
SUBSOIL: Depth, 10 to 18", color, red or yellow; texture,
moderately coarse; structure, granular; pH, 6.2 to 7.5;
limiting layer, bedrock.
WiOI SOIL: Slope, 0-3%; parent material, bess.
Drainage, good; effective depth, 10 to 20"; appropriate
land use; cultivated crops; irrigation method, border.
Loc

7,

SURFACE SOIL: Depth, less than "; color, light brown or
light gray; texture, moderately coarse; not stony; tiltb,
friable or soft; pH, 2.6 to 7.5.
SUBSOIL: Depth, 10 to 18"; color, red or yellow; texture,
moderately coarse; structure, granular, pH, 6.2 to 7.5;
limiting layer, bedrock.

WHOLE SOIL: Slope, 3-8%, parent material, bess.
Drainage, good; effective depth, 10 to 20"; appropriate
land use, range; irrigation method, border.

Loc. 8,

Depth, less than 5"; color, light brown or
light gray; texture, moderately coarse, not stony; tilth,
friable or soft; pH, 6.2 to 7.5.
SURFACE SOIL:

SUBSOIL: Depth, 10 to 18"; color, red or yellow; structure,
granular; pH, 6.2 to 7.5; limiting layer, bedrock.
WHOlE SOIL: Slope, 3-8%; parent material, bess.
Drainage, good; effective depth, 10 to 20"; appropriate
land use; cultivated crops; irrigation method, furrow.

Loc. 9.

SURFACE SOIL: Depth, less than 5"; color, light brown or
light gray; texture, moderately coarse; not stony, tilth
friable or soft; pH, 6.2 to 7.5.
SUBSOIL: Depth, 10 to 18", color, red or yellow; texture,
moderately coarse, structure, granular; pH, 6.2 to 7.5;
limiting layer, bedrock.
WHOlE SOIL: Slope, 3.8%; parent material, bess.
Drainage, good; effective depth, 10 to 20"; appropriate
band use, range; irrigation method, border.

Loc. 10.

SURFACE SOIL: Depth, less than S"; color, light brown or
light gray; texture, moderately coarse, not stony; tilth
friable or soft; pH, 6.2 to 7..
SUBSOIL: Depth, 10 to 18"; color, red or yellow; texture
moderately coarse; structure, granular bloc1y; pH, 6.2 to
7.S; limiting layer, bedrock.
WHOLE SOIL: Slope, 0-.3%; parent material, bess.
Drainage, good; effective depth, 10 to 20"; appropriate
land uses range; irrigation method, border.
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REDMOND SOIL IN CROOK COUNTY

Loc. 1.

SURFACE SOIL: Depth, less than 5"; color, dark brown or
reddish brown; texture, medium sandy clay loam, not stony;
soft; pH, 6.2 to 7.5.
tilth,
SUBSOIL: Depth, 10 to 18"; color, red or yellow; textures
medium, structure, granular to blocky, pH, 6.2 to 7.5;
limiting layer, bedrock.
WHOLE SOIL: Slope, 0-3%; parent material, bess.
Drainage, moderate; effective depth, 10 to 20";
appropriate land use, range; irrigation, border.

friable or

Loc. 2.

Loc. 3.

SURFACE SOIL: Depth, less than 5"; color, light brawn
or light gray; texture, moderately coarse; not stony;
tilth, friableor soft; pH, 6.2 to 7.!;.
SUBSOIL: Depth, 10 to 18"; color, red or yellow; texture,
medium; structure, granular; pH, 6.2 to 7.5; limiting
layer, bedrock.
WHOLE SOIL: Slope, 3-8%; parent material, bess.
Drainage, good; effective depth, 10 to 20"; appropriate
land use, permanent sod, irrigation method, none.
SURFACE SOIL: Depth, less than 5"; color, dark brown or
reddish brown; texture, medium, not stony; tiltb,

friable or soft; pH, 6.2 to 7.5.

SUBSOIL: Depth, 10 to 18"; color, red or yellow;
texture, medium; structure, granular to blocky; pH, 6.2
to 7.5; limiting layer, bedrock.
WHOlE SOIL: Slope, 0-3%; parent material, bess.
drainage, good; effective depth, 10 to 20"; irrigation
method, border.

Loc

4.

SURFACE SOIL: Depth, less than 5"; color, dark brown or
reddish brown; texture, medium, not stony; tilth, friable
or soft; pH, 6.2 to 7.5.
SUBSOIL: Depth, 10 to 18"; color, red or yellow; texture,
medium; structure, granular to blocky; pH, 6.2 to 7.5;
limiting layer, bedrock.
WHOIESOIL: Slope, 0-3%; parent material, bess. Drainage,
good; effective depth, 10 to 20"; appropriate land uses
cultivated crops; irrigation method, border.
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5;

SURFACE SOIL: Depth, less than 5"; color, dark brown or
reddish brawn; texture, medium; not stony; tilth, friable
or soft; pH, 6.2 to 7.5.
SUBSOIL: Depth, 10 to 18", color, red or yellow, texture,
medium; structure, granular; pH, 6.2 to 7.5; limiting
layer, bedrock.
WHOLE SOIL: Slope, 0-3%; parent material, bess.
Dral eee, good; effective depth, 10 to 20"; appropriate
land use, range; irrigation method, sprinkler.

Loc. 6.

SURFACE SOIL: Depth, less than 5"; color, dark brown or
reddish brown, texture, medium, not stony, tflth, friable
or soft; pH, 6.2 to 7.5.
SUBSOIL: Depth, 10 to 18"; color, red or yellow; texture,
medium; structure, granular to blocky; pH, 6.2 to 7.5;
limiting layer, bedrock.
WHOLE SOIL: Slope, 3-8%; parent material, boss.
Drainage, good, effective depth, 10 to 20"; appropriate
land use, range; irrigation method, border.

Loc. 7.

SURFACE SOIL: Depth, less than 5"; color, dark brown or
reddish brown; texture, medium, not stony; tilth, friable
or soft; pH, 6.2 to 1.5.
SUBSOIL: Depth, 10 to 18"; color, red or yellow, texture,
medium; structure, granular to blocky; pH, 6.2 to 7.5;
Liiniting layer, bedrock.
WHOLE SOIL: Parent material, bess. Drainage, good;
effective depth, 10 to 20"; appropriate land use,
cultivated crops; irrigation method, furrow.

Loc. 8.

SURFACE SOIL: Depth, less than 5"; color, dark brawn or
reddish brown, texture, medium, not stony; tilth, friable
or soft; pH, 6.2 to 7.5.
SUBSOIL: Depth, 10 to 18"; color, red or yellow; texture
moderately coarse; pH, 6.2 to 7.5; limiting layer, bedrock.
WHaLE SOIL: Slope, 0-3%; parent material, bess.
Drainage, good; effective depth, 10 to 20"; appropriate
land use, raige, irrigation method, border.

Loc. 9

SURFACE SOIL: Depth, less than 5"; color, light brown or
light gray; texture, medium, not stony; tilth, friable or
soft; pH, 6.2 to 7.5.
SUBSOIL: Depth, 10 to 18"; color, red or yellow, texture,
medium; structure, granular to blocky; pH, 6.2 to 7.5,
limiting layer, bedrock.
WHOLE SOIL: Slope, 3-8%; parent materials bess.
Drainage, good; effective depth, 10 to 20"; appropriate
land uses range; irrigation method, border.

Loc.
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Loc. 10.

S0U Depth, less than 50; texture, medium, not
stony; tilth, friable or soft; pH, 6.2 to 7.5.
SUBSOIL: Depth, 10 to 18"; color, red or yellow; texture,
medium; structure, granular to blocky; pH, 6.2 to 7.5;
SURFACE

lirniti

rig layer, bedrock.

WHOLE SOIL: Slope, 0-3; parent material, bess.
Drainage, good, effective depth, 10 to 20", appropriate
land use, cultivated crops; irrigation method, border.
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tESCHUS SOIL IN DESCHUTES COUNTY

Loc. 1.

SURFACE SOIL: Depth, less than 5"; color, light brown or
light gray, texture, moderately coarse, stony; tilth,
friable or soft; pH, 6.2 to 7.5.
SUBSOIL: Depth, 10 to 181*; color, light brown or light
gray; texture, moderately coarse; structure, granular;
pH, 6.2 to 7.5; limiting layer, bedrock.
WHOLE SOIL: Slope, 8-15%; parent material, bess.
Drainage, good; effective depth, 10-20"; appropriate land
use, permanent sod, irrigation method, none.

Loc. 2.

SURFACE SOIL: Depth, less than 5"; color, light brown or
light gray; texture, moderately coarse (sandy loam);
tilth, friable or soft; pH, 6.2 to 7.5.
SUBSOIL: Depth, 10 to 18", color, red or yellow; texture,
moderately coarse (sandy loam), structure, granular to
blocky, pH, 6.2 to 7.5; limiting layer, bedrock.
WHOLE SOIL: Slope, 3-8%, parent material, bess,
drainage, good; effective depth, 10 to 20"; irrigation
method, furrow.

Loc. 3.

SURFACE SOIL: Depth, less than 5"; color, light brown or
light gray, texture, moderately coarse, not stony; tflth,
friable or soft; pH,
SUBSOIL: Depth, 10 to 18"; color, light brown or light
gray; texture, moderately coarse; structure, granular to
blocky-, pH, 6.2 to 7.5, limiting layer, bedrock.
WHOlE 5031: Slope, 8-15%, parent material, bess, effective
depth, 10 to 2011; irrigation method, furrow.

6.2 to 7.5.

Loc

Loc.

14.

5.

Depth, less than 511; color, dark brown or
SURFACE SOIL
reddish brown, texture, moderately coarse (sandy loam),
stony; tilth, friable or soft, pH, 6.2 to 7.5.
SUBSOIL: Depth, 10 to 18", limiting layer, bedrock.
WHOlE SOIL: Slope, 3-8%, parent material, bess.
Drainage, good; effective depth, 10 to 20"; tillage
problems, moderate; irrigation method, border.
SURFACE SOIL: Depth, less than 5"; color, light brown or
light gray; texture, moderately coarse (sandy loam), not
stony; tilth, friable or soft; pH, 8.
SUBSOIL: Depth, 10 to 18"; color, red or yellow; texture,
moderately coarse (sandy loam); structure, granular to
blocky; pH, 8.2; limiting layer, bedrock.
WHOLE SOIL: Slope, 3-8%; parent material, bess.
Drainage, moderate; effective depth, 10 to 20"; fertility,
low; irrigation method, sprinkler.

Loc. 6.

Loc. 7.

SURFACE SOIL: Depth, less than 5"; color, dark brown or
reddish brown; texture, moderately coarse (sandy loam),
not stony; tilth, friable or soft; pH, 6.6.
SUBSOIL: Depth, 10 to 18"; color, red or yellow; texture,
moderately coarse (sandy loam); structure, granular to
blocky; pH, 6.6; limiting layer, bedrock.
WH0LE SOIL: Slope, 3-8%; parent material, bess.
Drainage, good; effective depth, 10 to 20"; irrigation
method, border.
SURFACE SOIL: Depth, less than 5"; color, light brown or
light gray; texture, moderately coarse (sandy loam), not
stony; tilth, friable or soft, pH, 6.2 to 7.5.
SUBSOIL: Depth, 10 to 18", color, red or yellow, texture,
moderately coarse (sandy loam); structure, granular to
blocky; pH, 6.2 to 7.5; limiting layer, bedrock.
WHOLE SOIL: Slope, 3-8%; parent material, bess,
Drainage, good; effective depth, 10 to 20",

irrigation

method, border.

Loc. 8.

Loc. 9.

less than 5"; color, light brown or
light gray; texture, moderately coarse (sandy loam),
slightly stony; tilth, loose; pH, 6.2 to 7.5.
SUBSOIL: Depth, 10 to 18"; color, light brawn or light
gray; texture, moderately coarse (sandy loam); structure,
granular to blocky; pH, 6.2 to 7.5; limiting layer,
bedrock.
W}OLE SOIL: Slope, 0-3%, parent material, bess; drainage,
good; effective depth, 10 to 20"; tillage problems, none;
irrigation method, border.

SuRFACE SOIL:

Depth,

SURFACE SOIL: Depth, less than 5"; color, light brawn or
light gray; texture, moderately coarse (sandy loam),
stony; tilth, friable or soft; pH, 6.2 to 7.5.
SUBSOIL: Depth, 10 to 18"; color, light brown or light
gray; texture, moderately coarse; pH, 6.2 to 7.5;

limiting layer, bedrock.
WHOTh SOIL: Slope, 8-15%; parent material, bess;
Drainage, good; effective depth, 10 to 20"; irrigation
method, none.

Loc. 10.

SURFACE 5031: Depth, loss than 5"; color, light brawn or
light gray; texture, moderately coarse (sandy loam), not
stony; tilth, friable or soft; pH, 6.2 to 7.5.
SUBSOIL: Depth, 10 to 18", color light brown or light
granular to
gray; texture, moderately coarse, structure,
bedrock.
blocky; PH, 6.2 to 7.5; limiting layer,
WHOlE SOIL: Slope, 3-8%, parent material, bess;
drainage, good; effective depth, 10 to 20"; irrigation
method, none.
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REDMOND SOIL IN DESCHUTES COUNTY

Loc. 1.

SURFACE SOIL: Depth, less than 5"; color, dark brown or
reddish brown; texture, medium sandy clay; not stony;
tilth, friable or soft; pH,
SUBSOIL: Depth, 10 to 18"; color light brown or light
gray; texture, medium; structure, granular; pH, 8.2;
limiting layer, bedrock.
WHOLE SOIL: Slope, 0-3%; drainage, moderate; effective
depth, 10 to 20"; irrigation method, furrow.

7.5 to 8.5.

Loc. 2.

SURFACE SOIL: Depth, less than 5", color, dark brown or
reddish brawn; texture, medium sandy clay loam; not stony;
tilth, friable or soft; pH,
SUBSOIL: Depth, 10 to 18"; color, red or yellow; pH, 7.5 to

7.5 to 8.5.

8.5;

].amiti ng layer, bedrock.
WHCXLE SOIL: Slope, 0-3%; parent material, bess; drainage,

good; effective depth, 10 to 20"; irrigation method,
furrow.

Loc. 3.

SURFACE SOIL: Depth, less than 5"; color, dark brown or
reddish brawn; texture, moderately coarse sandy clay loam;
not stony; tilth, friable or soft; pH, 8.0.
SUBSOIL: Depth, 10 to 18"; color, red or yellow; texture,
moderately coarse; structure, granular to blocky; pH, 8.2;
limiting layer, bedrock.
WHOLE SOIL: Slope, 3-8%; parent material, bess; drainage,
good; effective depth, 10 to 20"; irrigation method, furrow.

Loc.

SURFACE SOIL: Depth, less than 5"; color, dark brown or
reddish brown; texture, medium sandy clay loam, not stony;
tilth, friable or soft; pH, 7.5 to 8.5.
SUBSOIL: Depth, 10 to 18"; color, red or yellow; texture,
medium; structure, granular to blocky; pH,
limiting layer, bedrock.
WHOLE SOIL: Slope, 0-3%; parent material, bess; drair'ge,
good; effective depth, 10 to 20"; irrigation method, border.

.

7.5 to 8.5,

Loc.

5.

SURFACE SOIL: Depth, less than 5"; color light brawn or
light gray; texture, moderately coarse (sandy loam), not
stony; tilth, friable or soft; pH, 6.2 to 7.5.
SUBSOIL; Depth, 1.0 to 18"; color, light brown or light
gray, structure, granular; pH, 6.2 to 7.5; texture, moderately coarse, sandy loam to sandy clay loam; limiting
layer, bedrock.
WHOLE SOIL: Slope, 3-8%; parent material, old water deposit; drainage, excess; effective depth, 10 to 20";
age, none; artificial drainage, none;
none.

till-

additions to soil,
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Loc. 6.

SURFACE SOIL: Depth, less than 5"; color, light brown or
light gray; texture, moderately coarse (sandy loan),
slightly stony; tilth, friable or soft; pH, 6.2 to 7.5.
SUBSOIL: Depth, 10 to 18"; color, light brawn or light
gray; texture, moderately coarse (sandy loam); structure,
granular to sub-aug. blocky; pH, 6.2 to 7.5; limiting
layer, bedrock.
WHOLE SOIL:: Slope, 3-8%; drainage, good; effective depth,
10 to 20"; tillage problems, none; fertility, medium;
irrigation method, border.

Loc. 7.

SURFACE SOIL: Depth, less than 5"; color, light brown or
gray; texture, medium (sandy loan); tilth, friable

light
or soft; pH, 6.2 to 7.5.

SUBSOIL: Depth, 10 to 18"; color, red or yellow; structure,
granular to sub-aug. blocky; pH, 6.2 to 7.5; limiting layer,
bedrock.
WHOLE SOIL: Slope, 0-3%; parent material, bess; drainage,
good; effective depth, 10 to 20".

Loc

8

SURFACE SOIL: Depth, loss than 5"; color, light brown or
light gray; texture, moderately coarse (sandy clay loan),
not stony; tilth, loose; pH, 6.2 to 7.5.
SUBSOIL: Depth, 10 to 18"; color, red or yellow; texture,
moderately coarse; structure, granular to sub-ang blocky;
pH 6.2 to 7.5, limiting layer, bedrock.
WHOLE SOIL: Slope, 0-3%; parent material, bess, drainage,
good; effective depth, 10 to 20", tiflage problems, none;
fertility, medium, irrigation method, border.

9';

Loc. 9.

SURFACE SOIL: Depth, less than
color, dark brown or
reddish brown; texture, medium (sandy clay loam), not
stony, tilth, friable or soft; pH, 6.2 to 7.5; limiting
layer, bedrock.
WHOLE SOIL: Slope, 0-3%, parent material, old water
deposit; drainage, good; effective depth, 10 to 200;
til].age problems, none, fertility, medium; irrigation
methods, border.

Loc. 10.

SURFACE SOIL: Depth, less than 5"; color, dark brown or
reddish brown; texture, moderately coarse (sandy loan),
not stony; tilth, friable or soft; pH, 6.2 to 7.5.
SUBSOIL: Depth, 10 to 18"; color, red or yellow; structure
granular; pH, 6.2 to 7.5; limiting layer, bedrock.
WHOLE SOIL: Slope, 3-8%; parent material, bess;
drainage, good; effective depth, 10 to 20"; irrigation
method, border.

