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INTRODUCTION

This investigation is concerned with the characterization of

the Condon, Morrow, and Walla Walla aoil series These soils have

presented problems in classification because their profiles de-

veloped with apparent uniforeity of climate and other soil forming

factors are similar. Wide ranges in easily recognized morphological

features are not present as an aid to identification and classif-

cation. Differences in management and land capability for crop

production are recognized nevertheless This investigation was

undertaken to determine factors that would help explain the

characteristics and assist in the proper differentiation of these

soils.

The soil series concerned in this study comprise the majority

of the cultivated soils in the three counties included in the Mid-

Columbia Basin area of Oregon. Approximate soil areas and location

of experimental sites are indicated in figure 1. Previous studies

have been conducted on the Wafla Walla soils mainly in Washington

but no previous work of this nature has been reported on the Morrow

and Condon series. Detailed soil surveys have not been published

of the area. Morphology descriptions are included for profiles

representing typical and intergrade examples of the series, appendix

A. Physical and chemical properties of the soils are noted by

horizons. Conclusions are presented characterizing the soil series

based on the interpretation of results from the profiles studied.
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The purpose of This investigation was to:

1. Describe the field morphology of the Condon, Morrow, and

Wafla Walls soil series In the Mid-Columbia Basin area of north

central Oregon.

2. Determine the physical and chemical characteristics of the

soils.

3. Evaluate the source of parent materials.

l. Determine the relative influence of the soil forming

factors.

5. Establish the genetic relationship among the series.

6. Obtain information concerning moisture relationships.

7. Correlate water permeability with observed soil

characteristics.
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Area

CHARACTERISTIC FEATURES OF THE AREA AND SOILS

The Mid-Columbia Basin area is entirely within the Columbia

4

plateau physiographic province (3, p. 12). It is part of the

Columbia Basin and has been described by Allison (1, pp. 3-6) as an

irregular structural and topographic basin underlain by middle

Tertiary basalt flows that have been depressed below sea level in

the Pasco area and upwarped on the flanks of the surrounding moun-

tains. The portion in north central Oregon inclIes a plateau

incised by canyons, rolling upland, and a low plain of sand and

gravel. Native vegetation over most of the area consists of bunch-

grass and shrubs. The area is considered as semi-arid, with about

75 per cent of the land in crops. A typical farm on the rolling

upland consists of tracts of crop land farmed to alternate wheat

and fallow and separated from each other by canyons, steep slopes,

or rocky outcrops, hich are used mAinly for pasture.

Soils

The Condom series was described by the Division of Soil Survey

near Condon, Cegon in 1939 as comprising friable, shallow Chest-

nut soils developed from bess overlying basalt bedrock. The

soils are in a semiarid microthermal climate with a mean annual

precipitation of about 10 to 114 inches, a mean annual temperature

of 47 to 52 degrees Fahrenheit, moderate snow, and fairly dry
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summers. The surface soils range in color from grayish brown to

dark grayish brown and the subsoils from brown to light yellowish

brown. They are shallower to lime and basalt bedrock than the

Walla Walla soils and are distinguished from the Morrow soils by

their more friable and coarser-textured subsoils.

Harper et a].. (15, pp. 28-29) described the Morrow silt loam

soils in Uinatifla County, Oregon as shallow to the underlying basalt

bedrock with good surface drainage. The surface layer is friable,

grayish brown in color, and the subsoil to an average depth of

18 inches is grayish brown or brown. Below 18 inches the color is

brown, the texture is heavier, and prismatic structure is distinct.

The soil c overs extensive areas of undulating to gently rolling

uplands.

Harper et a].. (15, pp. 112-llh) also described the Walla WaJ.la

soils in Uzuatilla County, Oregon as occupying a great belt of semi-.

arid upland plains and being developed from bess under a cover

largely of bunchgrass. The outstanding characteristics of this

øoil are remarkable uniformity of texture throughout, soft floury

consistence, and lack of definite structure. The accumulation of

organic matter in the two upper layers and the concentration of lime

below 60 inches constitute the main evidence of soil development.

Surface soils are grayish brown to dark brown and the subsoils are

lighter in color. The surface has fine granular structure and the

lower horizons indistinct coarse prinatic structure. The soil is

slightly acid to about 16 inches and below that depth it is



alkaline. Thia series is couonly more than 6 feet deep to bed-

rock, with the greatest depths on north and east slopes.
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A reconnaissance study of the soils in situ was conducted

during the summer of 195b over a five county area in order to de-

tereine the characteristics of the soils as mped, to locate soil

boundaries, and to evaluate broad differences due to relief.

Experimental sites were selected in Uonow, Gilhism, and Sherman

counties to represent typical and intergrade examples of the

rrow, Condon, and Wahla Walls soil series, figure 1. AU loca-

tions were in cultivated fields, on rolling upland except Walls

Walls profile number 6 that was on a plateau with a uniform 6 per

cent slope facing to the north. Pits were excavated at each site

to expose the soil in cross section. Field morphology relation-

ships are presented in the results section. A detailed description

of each soil profile is given in appendix A. Samples for

laboratory work were collected from each horizon.

Disturbed Samples

Soil samples were collected in the field from the middle

portion of each horizon of the profile. The aample irere air-

dried in the laboratory, crushed, passed through a 2 mm. sieve,

and stored. In most cases particles larger than 2 mm. were

negligible, however when present, they were screened and weighed.



Undisturbed samples

Six replicate three inch cores of each horizon sampled for

permeability were taken with the Uhiand sampler. Six replicate

two inch cores were also taken from each horizon in all profiles

with a modified Pomona sampler for bulk density and moisture

tension measurements,



Physical Deteinations

MeCIiaIiiCal analysis: The method described by Ltlmer and

Alexander (21, pp. 15-.21i) was used to obtain the particle size dis-

tribution of each horizon sample. Insulated jackets or a constant

tiperature room were employed to intaiu constant temperature

throughout the sedimentation cylinders used for the clay and silt

analyse a.

Bulk densi, Natural core samples were dried to constant

weight in a forced-air oven and weighed. Bulk density in grams per

cubic centimeter was calculated on the basis of oven dry weights of

known cylinder volumes.

Water pea,seability: The method described by Uhiand (52, p. 362)

Moisture-tension: The moisture-tension relationships for the

undisturbed samples were obtained by determining the equilibrium

moisture content at tensions of 3/10, 3/3, 1/2, and 1 atmosphere.

The moisture-tension values for the disturbed samples were obtained

at tensions of 2, 5, 10, and 15 atmospheres. The pressure plate

apparatus was used for tensions of one atmosphere or less, and the

pressure-membrane unit for tensions above one atmosphere The

procedure and equinent has been described by Richards (35, pp. bSl-

l&51i, 36, pp. 3.05-110, 37, pp. 487-190, and 38, pp. 95-112), and

later by Richards and Wadleigh (39, pp. 93-99).
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Chemical Soil Analyses

Cation exchange capacity: The method of Schollenbsrger and

Siiion (b2, pp. 114-li) was used but with the following modifications.

Instead of sodium chloride, tenth normal hydrochloric acid was

used to displace the ammonia and the distillate was caught in a

saturated boric acid solution and titrated with standard sulfuric

acid.

ExchangeaIle cations: Calcium, magnesium, potassium, and sodium

were determird separately with a Beckman Model B flame photometer.

In samples containing carbonates of calcium and magnesium, the

exchangeable calcium and magnesium were obtained by the difference

between the sum of the exchangeable sodium and potassium and the

total cation exchange capacity, and are reported as exchangeable

calcium pLus magnesium, (53, p. 20).

Stuiation extracts: These were prepared according to the

method used in the U. S. Salinity Laboratory (53, pp. 814-88).

Solle sodium: This was determined on an aliquot of the

saturation extract using a Beckman Model B flame photometer.

otrical conductiviti: Measurements were made on an aliquot

of the saturation extract using a Solu-Bridge-Soil tester, Model

RD-26.

Organic matter: A modification of the Walkley-Black method

(61, pp. 29-38 and 60, pp. 251.263) used in the Oregon State

College soil testing laboratory was used. Sodium fluoride nd

ferrous anmioniuzn sulfate were used in place of phosphoric acid



and ferrous sulfate respectively.

Total nitrogen: The Kjeldahl method was used.

Alkaline-earth carbonates: The acid neutralization method

described by the U S 3i 4 nI ty Laboratory was used (53, p. 105).

Exchangeable hydrogen: This was calculated as the difference

between the sum of the exchangeable caticns and the exchange

capacity (32, p. 12).

Soil reaction: The soil reaction, expressed in pH units, was

determined with a glass electrode on a saturated paste that has been

allowed to set for an hour with occasional stirring (3h, pp. 97-lOb).

The analytical experimental error of physical and chamical

determinntions were as follows. Iechanical analysis: results are

the average of duplicate determinations that varied less than 2

per cent by weight of the total soil samples less than 2 mm. in

diameter. Bulk density: results are the average of 6 replicate

determinations that deviated less than 0.07 gm./cc. from the mean.

Water permeability: results are the average of 6 replicate deter-

minations. The highest and lowest rates deviated 0.51, 0.36, and

0.25 inches per hour from the mean in samples 12 to ]b, 0.30, 0.22,

0.28, and 0.10 in samples 311 to 3114, 0.12 in sample 318, 0.16,

o.bS, and 0.26 in samples b21 to h23, and 0.18, 0.1i2, 0.06, and

0.11 in samples 637 to 6b0 respectively. Moisture content at vari-

ous tensions: results are the average of duplicate determinations

that varied less than 1.75 per cent meisture by volume. All

results of chamical soil analyses are the average of duplicates



that varied less than O.li me./lOO gm of soil for cation exchange

capacity, o.ol, 0.03, and 0.50 for exchangeable potassium, sodium,

calcium and magnesium respectively; O.Ob% by wt. for organic

matter; 0.001% by weight for total nitrogen; 0.1 pH unit for soil

reaction.



RESULTS ANI) IiTEPRETLTION OF DLTA

Field Morphology Relationships

The A horizons of the Morrow and Condon profiles in this study

are friable, soft and slightly hard silt bass of granular structure.

Thin, medium platy, plospan layers are conaon at about 6 inches

depth. The Walla Walla soil profiles studied are friable, soft to

slightly hard loam or vary fine sandy loam of crumb or granular

structure. Colors in Morrow and Condom center around grayish brown

(ioTa 5/2) when dry; dark brown (lola 3/3) in Walls Walls P6 and

dark grayish brown (lola W2) in Walla Walla P. Moist colors are

predcinately very dark brown (101a 2/2) in all soils. The lower

boundaries rango from abrupt and iooth in Morrow to gradual in

the Walla Walls. A thin massive crust about ]/l6 inch thick

comncily covers the surface of the cultivated Morrow and Condon

soils but is absent in the labia Walls soils under s(milar land use.

Transitional A3 horizons were described in profiles 3, b, 6,

and 1. The texture, consistence, and moist color of these horizons

are like those of the corresponding A horizons The structure is

gwieraUy weak prismatic. The clay content is greater than in

the A horizon in all eases and represents the midum accumulation

in profile 7.

More than one subdivision of the B horizon was observed in all

profiles. kxiurnm clay accumulation and develoaent of prismatic

structure occurs in these horizons except in profile 7. Colors
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center around brown (IOYR 5/3) when dry, or dark brown (1O!R li/3)

when moist, but there is variation from these colors to those of

chips adjacent on the Munsell chart. The texture is silt loam with

the exception of the silty clay loan 2J. horizon of Morrow profile 1,

loam in Wafla Wafla profile 6, and very fine sandy loan in WaUa

Walla profile 7. Consistence is mostly friable when moist but

ranges from soft to hard when dry. Thin clay flows end gray ooat-

ings appear on Morrow aggregates, but no distinct clay flows or

gray coatings were noted in the Walla Walla profiles. Boundaries

are abrupt or clear In profiles 1, 2, 3, and 14; gradual in profiles

5, 6, and 7. Continuous bands, approximately )J2 inch thick, darker

colored than the soil mass, are faintly visible running in a

roughly horizontal direction in the upper part of the Morrow B

horizon.

C horizons were noted in all aoil except the Morrow. Free

carbonates are present often in the form of lime threads. These

horizons are ail friable and mostly soft with massive structure.

The texture is silt loam in profiles 3, 14, and 5, loam in profile 6,

and very fine sandy loan In profile 7. The colors center around

pale brarm (IOIR 6/3) when dry, or brown (1OTR 5/3) when moist.

Basalt bedrock noted in profiles 1, 2, 3, and 14 is character-

istically coated with lime. The coating is thicker on the under-

aides of the loose fragments.

Numerous fine basalt fragnts, 1 to 2 millimeters in diater,

are mixed throughout all horizons of the Morrow and Condon soils,
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profiles 1 to 5. dium size fragments 2 to S xnilhiuieters in dia-

meter are also present but less numerous. The Walla Walla soils,

profiles 6 and 7, do not contain preceptible amounts of basalt

fragments.

Plowpans were observed in the lower 1/2 inch of the

horizon in profile 2, upper 1/2 inch of the A3 horizon in profiles

3, 1, and 6, and in the upper 312 inch of the B2 horizon in pro-

file 5.

The depth of soil to bedrock is deeper on the northeast slopes

at these profiles sites than soil im24iediate1y adjacent on the

southwest slopes. This exposure effect is apparent at all profile

sites even though the actual depth to bedrock was never ascertained

in profiles 6 and 7. Depths to bedrock at 1 to 6 feet is common

under soils on southwest slopes adjacent to profiles 6 and 7.

Extreme end locations of the eperimontal profile sites, figure

1, extend over an east-west direction of approximately 60 miles.

Distance south frcti the Columbia River is 1ki, t5, Ia, 33, 21, 11

and 6 miles for profile sites number 1 to 7 respectively.

The preceding section relating to field morphology relation-

ships was smnarized from data included in the profile descriptions,

appendix A.
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Morrow Silt Loam - Profile Number 1

Physical properties: Particle size distribution as obtained by

mechanical analysis is summarized in table 1. A definite increase

in the total clay fraction occurs in the horizon as shown

graphically in figure 2. The pronounced accumulation of clay to a

mimum followed by an abrupt decrease is more evident in this pro-.

file than others of the sequence. This accumulation of clay together

with the observation of clay flows, as noted in the field

aorphology description, appendix A, indicates clay migration and

the formation of a textural B horizon. Silt is the predominant

size fraction, comprising about 60 per cent of the total separates.

A uniform relation between the coarse and fine silt, table 2, com.

bined with a relatively slight variation in the percentage of very

fine sand of the total sample within the profile indicates textural

unitonnity of the parent material. The bulk density of this pro-

file increases slightly with depth with a corresponding decrease

in total pore space.

Chemical properties: Results of chemical determinations on

this profile are si.umnarized in table 3. The total cation exchange

capacity varies markedly in the profile but appears to vary as a

function of the total clay content. The ratio of total cation ex-

change capacity to percent clay is uniformall,y 0.9 to 1.0 se./gm.

of clay. The highest exchange capacity and total clay per cent of

any solum horizon in this sequence are expressed in the B21 horizon



Table 1. Parttcle size distribution of the horizons of Morrow silt loavi, P
(in per cent) (particle size in nun.)

Very
coarse Coarse Medium Very Coarse

Sample Depth sand sand sand Pine sand fine sand silt Pine silt Clay
number Horizon inches 2.1 1-0.5 0.5-0.25 0.25-0.10 0.10-0.05 0.05-0.02 0.02-0.002 0.OG

26 A.? 0.8 0.3 0.5 0.9 8.6 11.5 27.0 33.3 17.8

27 8-13 0.2 0.5 0.5 5.1 9.5 23.5 28.2 32.l

28 B2 13-21 0.6 0.9 0.5 3.3 10.8 25.1 36.7 22.0

-.3



C)

a)

C.)

I I I I I

20 f

10 20 30 L0 50 70 00 90 100

Percent of total sample

clay f.silt c.silt v.f.s. f.s. m.s. v.c..
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Table 2. Physical properties of the horizons of Morraw silt loam, P1

Total Ratio of Ratio of Ratio of Available Moisture
pore Bulk coarse silt tine silt coarse moisture at

Sample Depth space density to very to very silt to inchea/inoh saturation
number Horizon inches %g,/cc. fine sand fine sand fine silt soil % by weight

26 A 3.6 1.23 2.3 2.9 0.8 0.17 33.0

27 B21 8-13 1.3 1.29 2.S 3.0 0.8 0.12 39.9

28 B22 13-21 19.8 1.33 2.3 3.1 0.7 0.]J4 141.1



Table 3. Chemical properties of the horizons of torrciw silt loam, i

Exchangea Exchamige Water
Exchange Exchangeable Cations Base able able Soluble

Sale Hon.. Depth Reactim Capac.Lty Na K Ca Mg h Satimration Sodi..um ?otaiunm Sodium
riumbr zo' iics ie.jloo g. me/100 g. mue./lo0

26 0-8 6,1 15.14 0,014 0.76 114.6 0 100 0.2 14.9 0.05

27 B 8-13 7,3 28,6 0.li,5 0.93 27.2 0 100 1,6 3.2 0.13

28 B 13-21 7.5 22.9 0.52 0.614 21.7 0 100 2.3 2.8 0.114
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27

28

Table 3 Con't. Chemical properties or the horizons ol' Morrow silt loani, Pj

Total
Organic Total Carbon Electrical Soluble
Mtter Nitrogen Nitrogen Conductivity Salts

z'izon Depth inches Ratio imnhos/cm @25° C ppm

0-8 l.8b 0.08]. 13.2 0.21 b8

B21 8l3 1.16 0.073 11.6 o.5t 15].

B22 13-21 1.20 lO9 0.50 11411.
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of this profile. Exchange positions are saturated with bases In

all horizons with exchangeable calcium and inagie slum comprising

the bulk of the cation a. The exchangeable potassium percentage de-

creases from 1.9 per cent in the surface to 2.8 per cent in the B22

horizon, with the largest decrease occurring in the upper part of

the profile. Exchangeable sodium percentage increases with depth

to a maximum of 2.3 per cent in the lowest horizon. The graph in

figure 3 shows that the content of organic matter decreases grad-

ually with depth and exhibits only a 0.6 per cent decrease from top

to bottom of the profile. Total nitrogen, figure 3, shows a

similar pattern of decrease with depth in the profile. The pH in-

creases from pH 6.1 in the to pH 7.5 in the B22 horizon that

contains the equivalent of 1.8 per cent calcium carbonate.

Morrow Silt Loam - Profile Number 2

Physical properties: Particle size distribution, table b and

figure b, shows a fairly marked increase in the clay content of

the B horizon. The rate of increase to the m1um accumulation in

the B22 horizon as well as the decrease following the maximum is

pronounced. Silt is the predoi-nant size fraction in the profile

and includes approl-mtely 6o per cent of the separates. The ratio

of coarse silt to fine silt is uniform, table 5, and is consistently

less than 1. This constant ratio together with the small variation

among the horizons in the content of the per cent very fine sand

fraction of the total sampie indicates textural uniformity of the
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Table L. Particle size distribution of the horizons of Morrow silt loam, P

(in per cent) (particle size in mm.)

Very
coarse Coarse Medium Very Coarse

$ample Depth sand sand sand Fine sand tine sand silt Fine silt Clay
number Horizon inches 2-]. l-o.S O.!-0.2 O.2-0.l0 o.lo-o.OS 0.OS-0.02 0.02-0.002 0.002

U 0-6 0.6 0.14 o.5 5.1 8.5 30.0 37.0 17.8

12 Bj 6-114 0.3 0.6 0.6 18.3 8.8 27.9 311.8 22.7

13 B22 3.14-16 0.7 0.8 0.6 3.3 9.2 28.0 314.1 23.3

114 B23 16-25 1.14 2.0 1.0 3.5 11.2 214.6 314.1 22.2
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Table . Physical properties of the horizons of Morrow silt loam,
2

Total Ratio of Ratio of Ratio of Available Water
pore Bulk coarse silt tine silt coarse moisture perme..

Depth space density to very to very silt to inches/inch abilit
Horizon inches % g./oc. tine 8and fine sand fine silt soil inches]

o.6 53.6 1.23 3.5 14.3 0,8 0,20

6-114 149.8 1.33 3.2 3.9 0.8 0.17 1.66

B22 114.i.16 149.14 1.314 3,1 3.7 0.8 0.18

16-25 5o.6 1.31 2.2 3.0 0.? 0.17 0.32

Moisture
at
saturation
% by weigh

35.0

145.0

39.0

36.5
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parent material. With the exception of the A horizon, that is dis-

turbed annually by tillage implements, the bulk density is unifons

throughout the profile.

Chemical properties, table 6: The total cation exchange cape-

city varies somewhat in the profile. It is a minimum in the surface

and reaches a maximum in the 22 that is also the horizon of great

eat clay accumulation. The ratio of exchange capacity to per cent

clay is uniformally 0.9 to 1.0 me./gm. of clay throughout the pro-

file. Exchangeable calcium and magnesium occupy the majority of

the exchange positions that are completely saturated with bases in

all horizons except the &. The exchangeable potassium percentage

of the total cation exchange capacity shows only a alight decrease

with depth. Exchangeable sodium percentage increases from none in

the to 3J. per cent in the B23 horizon. ganic matter content,

figure 3, is fairly high in the A horizon, and decreases with

depth in the profile. Total nitrogen, figure 3, also decreases with

depth and in about the same proportion as organic matter so that

the carbon-nitrogen ratio is fairly uniform Within the profile. The

pH increases from pH 6.1 in the to pH 7.8 in the B horizon

that contains the equivalent of 1.8 per cent calcium carbonate.

Morrow Silt Loam Grading to Condon Silt Loam - Profile Number 3

physical properties: Table 7 and figure S show the particle

size distribution by horizons in this profile. With increasing



Table 6. Chemical properties of the hOrizons of Morrow silt loam,
2

Exchanges- Exchange- Water
Exchange Exchangeable Cations Base able able Soluble

Sample Hori. Depth Reaction capacity a K Ca Mg H Saturation Sodium Potassium Sodium
number zon inc _L me .1100 g. me ./100 g. me ./100 g.

11 o..6 6.1 17.2 0.01 0.80 8.08 7.97 0.3 98 0.0 14.6 o.ob

12 B21 6-314 6.9 20.14 0.16 0.92 19.3 0 100 0.8 14.5 041

13 B22 ]14.m.3.6 7.5 23.3 0.58 1.01 21.7 0 3.00 2.5 14.3 u.1S

114 B23 16-25 7.8 22.5 0.77 0.92 20.8 0 3.00 3.14 14.3. 0.15



Table 6 Con' t. Chemical properties of the horizons of &,rrw silt loa, 2

Total
ganic Total Carbon Calciiuu Electrical Soluble

Sample tter Nitrogen Nitrogen iagnesium Conduotiviti Salts
nuziber Rorizon Depth inches $ Ratio Ratio mmhos/cm 2S°C

U A o..6 2.20 0.109 U.? 1.0 0.32 76

1.37 0.076 lo.5 - o.bo 126

13 B22 1.13 0.061 10.6 - 0.55

16-25 0.99 0.051 n.h - o.óo 153



Table 7. Particle size distribution of the horizons of Morrovr-Condon silt loam, P3
(in per cent) (particle size in mm.)

Very
coarse Coarse Medium Very Coarse

Sample Depth sand sand sand Fine sand tine sand silt Fine silt Clay
number Horizon inches 2..). 1-0.5 0.%-0.25 0.25-0.10 0.l0-0.0 0.05-0.02 0.02-0.002 0.002

1419 AT, 0-6 0.2 0.5 0.9 14.9 )i4J 23.]. 36.0 19.9

1427 Pan 6...6 1/2 0.1 0.3 0.6 14.1 12.2 214.5 314.3 23.8

120 A3 6 1/2.. 0.1 0.14 0.8 14.3 12.14 22.9 35.0 214.1
83./2

1i21 & 1/2- 0.1 o.14 0.6 14.1 12.0 21.8 35.14 25.5
114

1422 31 114-23 0.2 0.14 0.6 3.9 11.2 23.0 31.l 26.6

1423 C1 23-30 o.14 0.5 0.6 3.14 10.1 28.0 36.9 20.1

14214 C1 30-36 0.6 1.1 1.li 7.1 12.3 28.0 36.14 13.1

1425 32b 36..141 2.7 3.0 3.6 10.9 7.6 9.1 13.5 149.5
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depth, the clay content increases gradually above and decreases

sharply below the rnaximun in the B33. This accunnilation of clay to

a mimum together with the observation of clay flows, as noted in

the field morphology description, appendix A, indicates the tormation

of a textural B horizon. The Ci5 horizon contains 13.1 per cent

clay and is followed by the B horizon that contains b9. per cent

clay. As noted in the field morphology description, appendix A, the

B2b horizon has originated from different materials then the horizons

above. It is believed to be material weathered from basalt that

was exposed before deposition of the aeolian material above In

all horizons above the B2b, the silt fraction is dominant. It in-.

cludes aproñniately 60 per cent of the total separates. The ratio

of coarse silt to fine silt, table 8, varies between 0.6 to 0.8.

The relatively constant ratio indicates vertical uniformity of the

parent material. With the exception of the very fine sand in the

residual B2b horizon and the surface horizon which may have been

influenced by erosion, the very fine sand percentage of the total

smaple also eibits uniformity within the profile. Bulk density

is somewhat variable in the profile. Due partly to compaction caused

by tiflage implements, the thin layer below the A1, horizon designed

as a plowpan, shows a considerable increase in belk density over the

layer abave and below it. The A3 horizon may also be slightly in-

fluenced by mechanical compaction. Below the A3 horizon, bulk

density generally increases with depth. It attains a value of 1.3k

gm./cc. in the C1 horizon. A large increase in bulk density
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separates the different soil material of the B2b from the horizon

above.

Chemical properties, table 2: With the exception of the C3

horizon, the total cation exchange capacity is fairly uniform and

changes consistently with the clay content. The ratio of the ex-

change capacity to per cent clay ranges between 0.8 to 1.0 me./gm.

of clay. An increase in exchange capacity associated with a de-

crease in clay content in the C1 horizon may indicate the presence

of a different type of clay mineral. Calcium and magnesium corn-

prize the majority of the exchangeable bases. The exchange colex

is saturated with bases in all horizons. The exchangeable potas-

sium percentage decreases from li.3 per cent in the A to 1.0 per

cent in the lowest horizon. Exchangeable sodium percentage of the

exehaige capacity is negligible through the B horizon but increases

abruptly in the C horizon and reaches a m*imum of 7.S per cent in

the lower part of the profile. Figure 3 shows that the organic

matter content decreases gradually with depth. Total nitrogen,

figure 3, shows a similar decrease with depth in the profile except

that a slight increase occurs in the A3 horizon. The pH is

approximately uniform throughout the A horizon then increases gra-

dually with depth. Appreciable amounts of sodium and the equivalent

of 2.7 per cent calcium carbonate could easily account for the pH

of 8.1 attained in the lower part of the profile. Total soluble

salts increase with depth to a maximum of 337 parts per million in

the lowest horizon.



Table 8. Physical properties oi' the horizons of Morrow-Condon silt iowa, P3

Total Ratio of Ratio of Ratio of Available Water Moisture
pore Bulk coarse silt Line silt coarse moistnre perie- at

Sample Depth space density to very to very silt to inches/inch ability saturation
number Rorizon inch _./cc. Line sand fine sand fine silt sail inc/hour by weight

1419 o.6 514.3 1.21 i.6 2.5 0.6 0.1? - 32.3

1427 Pan 6-. 16.3 1.145 2.0 2.8 0.7 38.9
61/2

1420 A, 6 1/2 50.2 1.32 1.8 2,8 0.6 0e16 37.1
81/2

1421 8 1/2- 52.8 1.25 1.8 2.9 o.6 0.12 1.00 37.14
114

1422 B,1 11i-23 53.6 1.23 2.0 3.0 0.7 0.13 2.35 38.5

1423 c1 23-.30 149.8 1.33 2.8 3.6 0.? 0.16 0.81 36.9

1214 Cica 30..'36 149.14 1,31j. 2.3 2.9 0,8 0.20 33,14

1425 B 36-141 37.0 1.67 1.2 1.8 0.7 0.29 149.1



Table 9. Chemical properties of the horizons of Morrow-Condon silt loam,
P3

Exchange- Exchange- Water
Exchange Exchangeable Catione Base able able Soluble

Sample Hor1.. Depth Reaction Capacity ia K Ca Mg H Saturation Sodium Potassium Sodium
number zon inches pH me.J100 g. rnejlOO g. me.ulOQ

o..6 6.b 18.:L o.oS 0.78 17.3 0 100 0.3 0.03

1427 an 6-6 3/2 6.14 19.9 0.05 0,78 19.3. 0 100 0.2 3.9 0.03

1420 £3 6 1/2.. 6.5 21.0 0.03 0.76 20.2 0 100 0.1 3.6 0.03
6 1/2

1421 82 8 1/2-. 6,8 22.5 0.014 0.614 21.8 0 100 0.2 2.6 o.o14
114

1422
3l 114-23 7.0 22.5 0.10 0.61 21.8 0 100 0.14 2.7 0.07

1423
03. 23-30 7.7 20.0 0.91 0.37 18.7 0 100 1 1.8 0.13

1i214 0ioa 3036 8.1 23.9 1.61 0,35 21.9 0 100 6.7 1.5 0.15

82t 36-141 7.9 146.14 3.147 o.148 142.5 0 100 7.5 1.0 0.38



Table 9 Con't.. Chemical properties of the horizons of Morraw-Condon silt loani,
P3

nuner Horizon Deith inche

1419 A 0-6

1427 Pan 6-61/2

1420 £3 6],/2-.8]J2

1421 B2 8]J2414

1422 B31 114-23

1423 C, 23-30

14214 Ci0 30-36

1425 B2b 36141

Organic
Matter

Total

Nitrogen

Carbon

Nitrogen
Ratio

Electrical

Conductivity
nhoa/cm @ 25°C

Total
Soluble

Salts p

1.91 0.082 13.5 0.35 79

1.91 0.08? 12..? 0.23 63

1.72 o.o88 11.9 0.32 83

1.37 0.076 10.5 0.39 102

1.214 0.0614 11.2 0.38 102

0.90 0.01414 11.8 0.39 101

0,29 0.033 5.1 0.52 122

0.214 0.016 8.7 0.98 337
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Condon Silt Loam - Profile Number 14

Physical properties: The per cent clay measured in the thin

p1ow)afl, A3, and B2 horizons was apprortinte1y the same, table 10.

The difference in clay content of the surface layer and the is

3.9 per cent. This indicates only moderate clay accumulation. The

silt fraction comprises approxhnately 60 per cent of' the total

separates in all, horizons above the Cm. Figure 6 shows a slight

break in the vertical distribution of the very fine sand fraction

between the B2 and B3 horizons. The values for bulk density, table

11, are relatively uniform below the disturbed A horizon.

Chemical properti, table 12: The total cation exchange

capacity reaches a mrLmum in the horizon that is also the hort-

mon of greatest clay accumulation. Correspontiing to the divided

textural uniformity of the profile, the unifomity of the ratio of

exchange capacity to per cent clay is also divided at the B2

horizon. This ratio ranges frca 0.9 to 1.1 xae./gin. of clay from the

A through the B2 horizon but widens considerably below. Exchange-

able calcium and magnesium occupy the bulk of the exchange positions.

All horizons are completely saturated with bases. Exchangeable

potassium percentage of the total exchange capacity decreases

evenly from 5.9 per cent in the 4 to 1.5 per cent in the Cm horizon.

Exchangeable sodium percentage is negligible in the A horizon but

increases markedly in the B and C horizons. The portion of this

profile below the B2 horizon would be classified as nonaaline



Table 10. Pariicle size distribution of the horizons of Condon silt loaL1 P
(in per cent) (particle size in mm.)

Very
coarse Coarse Medium Very Coarse

Samule Depth sand sand sand tine sand Zinc aand silt Erie silt Clay
number Horizon inches 2-1 l-o.5 0.5.0.25 0.25-0.10 O.ioo.Q5 0.05-0.02 0.02-0.002 0.002

310 0-6 0.1 0.5 1.0 6.3 114.0 27.14 314.2 16.14

318 pan 6-6 V2 0.2 0.5 1.]. 6.2 13.8 214.8 32.9 20.5

311 A3 6 ],/2- 0.2 0.5 1.3 6.14 114.7 22.1 314.9 19.9
11

312 B2 11-17 0.3 0.5 1.1 5.8 13.6 25.8 32.6 20.3

313 B3 17-214 0.2 0.6 1.0 5.14 18.5 26.14 33.3 114.5

3114 C105 214.33 0.2 0.9 1.5 6.14 17.3 8.8 33.8 11.1

315 Cj 33-36 o.5 1.14 2.14 9.3 19.1 25.1 31.3 10.7

316 Cm 3614 3.0 8.0 8.0 20.3 18.7 16.1 20.3 5.3



10

0,

0)

C)

20

30

U9
I

It

100
Percent. of total sample

= c.s.&
clay f.silt c.silt :.:.:.:.i:.f.s. f.s. m.s. =_ v.c.s.

Fig.6. Particle size distribution of Condon silt loam - P14



Table U. Pbjslcal properties of the horizons of Cotdon silt ben, P4

Total Ratio of Ratio of Ratio of Available Water Moisture
pore Bulk coarse silt fine silt coarse moisture perme- at

3ample Depth apace density to very to very silt to inches/inch ability saturation
number Borison inches g./cc. fine sand fine sand fine silt soil inches/hour % by weight

310 A 0-6 52.8 1.25 1.9 2.4 0.8 0.22 34.9

318 Pan 6- 4i.l 1.48 1.8 2.14 0.7 0.64 37.7
61/2

313. A3 6 1/2 53.2 1.24 1.5 2.14 0.6 0.16 1.2. 40.7
- U

312 B2 1L.17 50.6 1.31 1.9 2.14 0.8 0.16 1.3.0 38.9

313 B3 17-214 149.0 1.35 1.14 1.8 0.8 0.16 0.67 36.4

3114 Cica 24-33 149.8 1.33 1.7 1.9 08 0.19 0.41 33.14

315 33-36 49.0 1.35 1.3 ]..6 0.8 0.26 - 33.9

316 cm 364i1 0.9 1.1 0.8 33.7



Table 12 Chemical properties of the horizons of Condon silt loam, P

Exchange- Exchange- Water
Exchange Ezchaneable Cationa Base able able Soluble

Sample Hon.. Depth Reaction Capac4.ty Na K Cia Mg H Saturation Sodium Potassium Sodium

!lumber son inches pH me ./100 g. me,jioo g. me ,/ioo

310 A o6 6.2 18.1 0.10 1.08 16.9 0 100 0.5 5.9 00L

318 Pan 6-6 1/2 6.t 19.5 0.18 1.08 18.2 0 100 0.9 5.5 0.06

311 A3 6 1/2- 6.5 3.9.3 0.18 i.oI 18.1 0 100 0.9 5. 0,09
11

312 B 11-17 7.3 20.0 2.25 0.62 17.1 0 100 11.2 3.1 0.19

313 B 17-2b 7.9 18.8 3.142 0.143 15.0 0 100 18.2 2..3 0.26

3114 C1 214-33 8.6 18.7 5.87 0.38 12.5 0 100 3LL 2.0 O.Lh

315 C12 33-36 8.8 16.5 14.142 0.30 11.8 0 100 26.0 1.8 0.28

316 Cm 36-141 8.6 18.6 14.18 0.29 114.1 0 100 22.5 )..5 0.33



Table 12 Con't. Chenical properties of the horizons of Condon silt loam, P

Total
Organic Total Carbon Electrical Soluble

Sample Matter Nitrogen Nitrogen Conductivity Salts
number Horizon Depth inches Ratio mmhosJcin ppm

310 A. 0-6 2.3Z 0.110 12.14 0.35 85

318 Pan 6-6 1/2 2.20 0.103 12.14 0.30 79

311 A3 6 1/2fl 1.93 0.100 11.2 0.30 85

312 B2 11.1? 1.22 0.070 10.3 0.50 136

313 B3 17-214 0.82 0.0149 9.8 0.71 181

3114 CC 21433 0.714 0.039 11.0 1.30 3014

33$ C12 3336 0.614 0.031 11.9 0.90 2114

316 cm 36-4l 0.57 0.020 16.5 1.00 236



L3

alkali (53, p. 5). ligin'e 3 shows that organic matter and total

nitrogen are comparatively high in the A horizon and decrease evenly

with depth. This results in a fairly uniform carbon-nitrogen ratio

in the profile The pH is approximately the same throughout the

A horizon but increases rapidly with depth in the B and C. A maximum

pH of 8.8 in the horizon is associated with an exchazeable

sodium percentage of 26.8 and the equivalent of 9.0 per cent

calcium carbonate. Total soluble salts generally increase with

depth but nowhere attain a high value.

Condon Silt Loam Grading to Walia Walla Silt Loam - Profile 5

Physical properties: The distribution of clay is relatively

uniform in the upper half of the profile, table 13 and figure 7.

With Increasing depth, the clay content increases gradually

above and decreases abruptly below the maximum in the B. Silt

is the predominant size fraction. It comprises approximately 5? per

cent of the total separates in each horizon. The vertical uni-

formity of the per cent very fine sand fraction of the total sample,

table ]1, together with uniform ratios of coarse silt to fine silt

and fine silt to very fine sand indicates textural uniformity of

the profile. Below the disturbed A horizon, bulk density values

increase slightly with depth.

Chemical propertie, table : The total cation exchange

capacity varies relatively uniform as a function of the clay content.

The ratio ranges from 1.0 to 1.3 me./gm. of clay in the solum and



Table 13. Particle size distribution of the horizons of Condon-Wafla WaUa silt loam, P5
(in per cent) (particle size in nun.)

Very
coarse Coarse Medium Very Coarse

Depth eand sand sand line sand fine sand silt Fine silt Clay
number Horizon inches 2-1 1-0.5 0.5-0.25 0.25-0.1.0 0.10-0.05 0.05.0.02 0.02-0.002 0.002

528 0-6 0.3 0.6 1.5 5.9 18.2 28.0 29.1.i 15.9

529 B2 6-12 0.3 0.9 1.13 5.6 18.2 27.6 3o.13

530 B31 12-19 0.3 0.6 1.13 S. 18.9 27. 29.3

531 B32 19-25 0.13 1.0 1.2 5.1 16.7 29.1 29.9 16.5

532 B 25-30 0.13 1.0 Li 13.5 113.2 313.1 31.9 12.9

533 C0 30'13h 1.6 3.13 3.3 8.5 16.8 27.7 28.5 10,2
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Table ih. Physical properties of the horizons of Condon-Walla Walla silt loam, P

Total Ratio of Ratio of Ratio of Available Moisture
pore Bulk coarse silt fine silt coarse moisture at

Sample Depth space density to very to very silt to inches/inch saturation
number Eorizon inches % g./cc. fine sand tine sand fine silt soil % by weight

28 A 0-6 1.20 1J 1.6 0.9 0.17 33.b

S29 B2 6-12 L? 1.28 1.5 1.7 0.9 0.16 39.1

530 B 1219 51.7 1.28 1.14 1.5 0.9 0.114 142.3

531 B32 19-25 53.2 1.214 1.7 1.8 1.0 0.16 39.5

532 B33 25-30 149.14 1.314 2.14 2.2 1.]. 0.17 36.14

533 30"4414 147.5 1.39 1.6 1.7 1.0 0.23 33.8



Table 15. Chemical properties of the horizons of Condon-Walla Walla siltloam,
P5

Exchange- Exchange- Water
Exchange Exchangeable Cations Base able able Soluble

Sample Hor Depth Reaction Capacity Na K Ca ) H Saturation Sodium Pote.saium Sodium
number son inches pH me.JlOog. j/100. me.J3.O0 g

528 o.6 613 16.14 0.01 1.02 6.61 5.73 3.0 81.5 0.]. 6.2 0.02

529 B2 6-12 6.8 17.5 0.03 0.79 7.85 7.17 1.7 90.5 0.2 14.5 0.02

530 B 12-19 7.3 17.? 0.01 0.6]. 8.10 7.58 1.14 92.1 0 3.14 0.02

53]. B32 19-25 7. 17.14 0.01 0.1&9 8.73 7.73 0.5 97.5 0 2.8 0.02

532 B 25-30 7.7 16.3 0.02 0.141 7.85 7.58 0.14 97.0 0.]. 2.5 0.03

533 C0 304414 8.1 13.5 0.21 0.33 13.0 0 100.0 1.5 2.14 0.1].



Table 15 Con' t. Chemical prooerties of the horizons of Condcn-Walla Wafla 8ilt loam,
P5

Total
Organic Total Carbon Calcium Electrical Soluble

Sample Matter Nitrogen Witrogen Magnesium Conductivity Salts
number Horizon ])epth inches Ratio Ratio ho/n ppm

528 0.4 1.814 0.085 12.6 1.1 0,50 117

529 B2 6-12 1.50 0.078 11.1 Li 0.141 112

530 B31 12-19 1.314 0.0714 10.5 1.1 0.26 77

531
B32

19..25 1.20 0.063 31.1 1.1 0.27 iS

532 25-30 0.98 0.056 10.2 1.0 0.35 89

533 301414 0.82 0.036 13.3 0.514 128
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indicates a slight tendency to widen with depth. Exchangeable

hydrogen decreases from 3.0 me./1O gin, of soil in the to 0.14

me. in the 833 horizon. The horizon below the solum is satrated

with bases. Calcium and magnesium constitute the majority of the

exchangeable cationa and increase with depth in the solum at about

the same rate. Exchangeable potassium is concentrated mostly in

the surface and decreases to small amonnts with depth. The exchange-

able sodium percentage is negligible in the solum but increases in

the C horizon to 1.5 per cent. Total soluble salts increase

slightly in the C horizon but noehere attain large amounts. Figure 3

shows that organic matter decreases more uniformally with depth

than total nitrogen. The carbon-nitrogen ratio remains fairly con-

stant throughout the solum. The pH increases with depth through-

out the solum and attains a value of 8.1 in the parent material,

that contains the equivalent of 8.5 per cent ca1cimi carbonate.

Walla Walla Loam - Profile Number 6

ysioa1 ppperties, tables , , and figure 8: With in-

creasing depth, the clay content increases gradually to the maximum

in the 82. It decreases slightly in the 831, then more rapidly with

depth in the profile. Although the percent clay increase is amsll

in the B horizon it extends over a fairly deep area. Total sand and

silt each comprise about 142 per cent of the separates of the total

sample. Very fine sand constitutes about 80 per cent of the sand

fractions and coarse and fine silt occur in approximately equal



Table lb. Particle size distribution of the horizons of Walla Walla loav, P6
(in per cent) (particle size in vmx.)

Very
coarse Coarse Medium Vety Coarse

Sample Deth sand sand sand Fine sand fine sand silt Pine silt Clay
number Horizon iz'cbes 2-1 1-0.5 0.5-0.25 0.25-0.10 0.10.0.05 0,O-0.02 0.02-0.002 0.002

636 o..8 0 o.L 2.5 8.2 33.6 19.5 20.3 15.5

637 A3 8-15 0 o.L,, 2.2 6.ts 3b.7 18.2 20.8 16,.9

638 15-23 0 0.2 1.5 5.9 33.6 20.2 21.0 17.5

639 23..1]. 0 0.2 1.3 5.0 31.1 23.5 21.5 17.3

6o B32 bi-60 0 0.2 1.14 6.o 29.]. 27.8 21.9 13.5

641 Cica 6070 0 0.5 2.14 8.5 29.14 18.7 21.1 9.3

612 C2 70-.75 0.1 0.8 1.8 6.8 31..3 .29.2 20.0 7.0



Table 17. Physical properties of the horizons of Walla Walla loam, 6

Total Ratio of Ratio of. Ratio of Available Water Moisture
pore Bulk coarse silt tine Silt coarse moisture perwe at

Sample Depth apace density to very to vezr silt to inches/inch ability saturation
number Horizon inches % g./cc. fine sand fine sand fine stit soil inches/hour %by weight

636 A 0-C 19.8 1.33 0.6 0.6 1.0 0.13 - 35.7

637 £3 8..15 147.5 1.39 0.5 0.6 0.9 0.13 0.97 37.5

638 B2 3.23 147.2 1.140 0.6 0.6 1.0 0.32 1.l 37.

639 Bp 23-141 146.14 1.142 0.7 0.7 1.1 0.3$ 0.71 39.2

6140 B32 14l6o 147.2 1.140 0.9 0.7 1.3 0.3$ 0.76 35.3

6141 0lca 6070 36.6 1.66 0.6 0.5 0.9 0.18 33.1

6142 C2 7o-.75 314.7 1.L3 0.8 0.6 1.5 - -- 28.9

Vt
'-a
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amounts in the silt fraction. The textural composition of the pro..

file is considered uniform throughout even though a slight

stratification effect may be indicated in the Clea horizon as

evidenced by the increase in the per cent very fine sand fraction

of the total sample. Bulk density increases from 1.33 in the sur

face to 1.73 gm./cc. in the lowest horizon sampled.

Chemical propertiea table 18: The exchange capacity is very

uniform throughout the profile. The ratio of total cat ion exchange

capacity to per cent clay is uniformally 0.8 to 0.9 me./gm. of clay

throughout the solum, however, the ratio widens in the parent material

below. Exchangeable hydrogen decreases from 1.1 me./l00 gin, of

soil in the A to 0.6 me. in the B31 horizon. All horizons sampled

below the B3 are saturated with bases. Exchangeable magnesium

increases and exchangeable calcium tends to decrease with depth.

Exchangeable potassium is fairly high in the A horizon and de.-

creases with depth. It constitutes 8j per cent of the tote].

cation exchange in the 4 and decreases to 2.1 per cent in the

lowest part of the parent materiel sampled. Exchareab1e sodium

percentage is negligible throughout the solum but increases in the

C horizon to 3.7 per cent. Total soluble salts nowhere attain

large proportions in the profile but increase slightly in the

parent material. The distribution of organic matter and total

nitrogen is shown in figure 3. C'ganio matter decreases with depth,

with the largest decrease between the A3 arid B2 horizons, followed

by a more gradual decrease through the remainder of the profile.



Table 18. Chemical properties of the horizons of WUa Walla loam, 6

Exchange.. Exchange-. Water
Exchange Exchangeable Cations Base able able Soluble

Sample Hori-. Depth Reaction Capacity Na Y Ca H Saturation Sodium Potassium Sodium
number son inches pH me./100 g. me./l00 g. me '/100 g.

636 A 0-8 6.2 13.7 0.02 1.17 6.59 14.79 1.1 92 0.1 8.5 0.01

637 *3 8-15 6.3 13.9 0.02 0.90 7.08 5.00 0..9 93 0.1 6.5 0.01

638 B2 15-23 6.6 13.8 0.02 0.66 6.19 6.13 0.8 914 0.]. 14.8 0.01

639 B3i 23-hi 6.8 13.8 0,02 0.53 5.88 6,714 o,6 95 0.1 3.8 0.01

6140 B32 14i-6o 7.2 12.3 002 0.143 11.9 0 100 0.2 3.5 0.02

6143. 0lea 60-70 7,9 114.14 0.21 0.30 13.9 0 100 1,14 2.1 0.08

6142 C2 7o-'.75 8.0 13.8 0.51 0.29 13.0 0 100 3.7 2.1 0.12



Table 18 Con' t. Ckemica1 properties of the horizons of Walla Walla lown,
6

Sample
number Rorizon Depth inches

Organic
Matter

Total
Nitrogen

Carbon
Nitrogen
Ratio

Calcium
Magnesium
Ratio

Electrical
Conductivity

nnnhosJoin

Total
Soluble
Salts
ppm

636 0-8 1.18 0.069 12.5 0,31 77

637 8-15 1.6 0.072 11.0 1.14 0.25 66

638 B2 15-23 0.96 0.055 10.2 1.0 0.26 68

639 B31 23-141 0.86 0.0148 10.14 0.9 0.23 63

6140 B32 hi..6o 0.72 0.039 10.8 - 0.26 614

6141 C10 60-70 0.53 0.019 16.3 - 0.140 93

6142 C2 70-75 0.36 0.013 16.1 0.57 115



With the exception of a slight increase in the A3 horizon, the total

nitrogen decreases similarly with depth, resulting in a fairly uni-.

form ratio between carbon and nitrogen within the solon. The pH

increases with depth throughout the entire profile. A maximum pH

value of 8.0 in the C2 horizon is associated with the equivalent

of 3.6 per cent calcium carbonate.

Walla Walla Very Pine Sandy Loam - Profile Number 7

Physical propertie, table 3, , and figure : &iall amounts

of clay have accumulated in this profile at relatively shallow

depths. The highest percentage of clay was measured in the A3 bor-

son and the smallest in the parent material. The sand fractions,

with very fine sand predominating, comprise the largest part of

the separates in the total sample. This profile exhibits evidence

of stratification of the parent material on the basis of the

vertical differences in the clay, silt, and sand fractions. Dif-

ferences cL parent material uniformity is indicated in the B2,

C, and C1< horizons. The bulk density shows a general increase

with depth but varies partly as a function of the stratified par-

ent materials.

Chemical proTerti, table 21$ The cation exchange capacity

varies throughout the profile but is associated closely in the

solum with clay content. The ratio of total cation ezchaige capac-

ity to per cent clay is 0.7 to 1.0 me./gui. of clay through the B33



Table 19. ?article size distribution of the horizons of Walla Walla very Line sandy loam, P7
(in per cent) (particle size in mu.)

Very
coarse Coarse dituu Very Coarse

Sanpie Depth sand sand sand Fine sand Line sand silt Fine silt Clay

rnunber Horizon inches 21 1-0.5 0.5-0.25 0.25-0.10 o.i-.o.o5 0.05-0.02 0,02-0.002 0,002

7143 O.-8 0 0.5 3.0 8.6 145.5 15.8 13.3 13.2

71414 A3 8-13 0 0.3 2.1 7.2 142.1 20.3 11.7

7145 13-214 0 0.2 1.9 5.8 140.9 19.5 17.0 lii.?

7146 B31 214.-31 0.]. 0.3 0.9 14.14 148.5 15.2 18.6 12.0

7147 B32 3],.146 0 0.1 0.8 14.3 1j8.9 20.6 15.7 9.5

7148 B33 146-65 0 0.14 1.8 9.7 53.2 15.6 9.7 9.7

7149 C, 65-78 0 0.14 2.2 9.7 514.5 13.2 10.2 9.7

750 032 78-814 0 0.6 1.8 7.2 57.5 16.2 10.7 6.0

751 Cica 81488 2.7 1414 2.6 79 397 16.2 114.7 u.6

752 C13 8893 0.8 1.3 1.5 6.14 51.8 18.2 13.5 6.14

Vt



Table 20. Physical properties of the horizons of Waila Walla very fine sandy loam, P7

Total Ratio of Ratio of Ratio of Available Moisture
pore Bulk coarse silt Line silt coarse moisture at

Sample Depth apace density to very to very silt to inches/inch saturation
number Ror'izon inches S g./oc. Line sand Line sand flue silt aoil S by weight

7143 A, 0-8 149.14 l.31 0.3 0.3 1.2 0.13 35.5

71414 A3 8.43 146.8 1.141 0.5 0.3 1.7 0.15 37.14

7145 B2 13-214 1414.1 1.148 0.5 o.14 1.1 0.17 33.2

7146 B31 214-31 1414.1 1.148 0.3 0.14 0.8 0.12 32.6

7147 B32 31.J46 148.3 1.37 0.14 0.3 1.3 0.09 314.0

7146
B33 146.45 38.9 1.62 0.3 0.2 1.6 0.13 314.3

7149 C 65-78 142.3 1.53 0.2 0.2 1.3 0.114 314.7

750 C12 78-814 37.0 1.67 0.3 0.2 1.5 0.15 314.0

751 81488 51.7 1.26 0.14 0.14 1.] 146,3

752 C 86-93 38.5 1.63 0.3 0.3 1.3 35.0
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Table 21. Chemical properties of the horizons of Walla Walla very fine sandy loam, P7

Bxchange Rhange.. Water
Excharge Exchangeable Cations Base able able Soluble

1{oz'i- Depth Reaction Capacity Na K Ca g B Saturation Sodium Potassium Sodium_!O4!Che$ pH me.JlOO g, ine.Jl0O

71.3 L 0-8 6.3 12.0 0.02 0.90 6.07 3.55 1.5 88 0.2 7.5 0.01

Thh £3 8-13 6.6 12.2 0.02 0.88 6.01 14.09 1.2 90 0.2 7.2 0.01

7145 B2 13-24 6.8 11.6 0.02 0.79 14.94 4.68 1.2 90 0.2 6.8 0.01

716 24-31 7.0 10.5 0.02 0.62 4.01 4.78 1.1 90 0.2 5.9 0.01

747 B3 3146 7.2 9.1 0.02 0.44 3.314 4.79 0.5 94 0.2 14.8 0.01

748 B33 46-65 7.14 9.6 0.02 0.23 3.10 6.04 0.2 98 0.2 2.4 0.02

749 011 65-78 7.6 11.1 0.03 0.25 10.8 0 100 0.3 2.2 0.03

750 012 78-84 8.0 11.5 0.05 0.2? 11.2 0 100 0.4 2.3 0.05

751 C 84-86 8.4 8.0 0.08 0.20 7.? 0 100 1.0 2.5 0.06

752 C 88-93 8.4 11.3 0.09 0.27 10.9 0 100 0.8 2.4 0.07



Table 21 Contt. Chemical properties of the horizons of Walla Walla very fine sandy loam, P7

Total
Organic Total Carbon Calcium Electrical Soluble

Sample Matter itrogen Nitrogen Magne alum Conductivity Salts
number Horizon Depth inches Ratio Ratio mmhoa/cm ppm

7143 0..8 1.714 0.077 13.1 1.7 0.25 62

744 8-13 1.07 0.075 8.3 1.5 0.25 65

7145 B2 13-24 0.714 0.0514 8.0 10 0.26 60

7146 24-31 0.53 0.037 8.14 0.8 0.26 59

7147 B32 3L.46 0.53 0.026 11.9 0.7 0.20 48

7148 B33 46-.65 0.29 0.019 8.9 0.5 0.20 48

7149 C11 65-78 0.26 0.014 10.7 0.22 53

750 12 78-814 0.26 0.0114 10.7 - 0.35 83

751 C 84i88 0.67 0.021 18.6 - 0.42 136

752 C 88-93 0.29 0.011 15.4 - 0.143 loS



horizon. Exchangeable hrogen decreases from 1.5 ine./100 gm. of

soil in the to 0.2 me. in the B. All horizons sampled below

the B33 are saturated with bases. The ratio of exchangeable

calcium to exchangeable magnesium decreases with depth from 1.7 in

the to 0.51 in the B33. Exchangeable potassium constitutes 7.5

per cent of the total cation exchange capacity in the A and

approximately 2.3 per cent in the parent material. Exchangeable

sodium and soluble salts are present in small amounts. The dis

tribution of organic matter and total nitrogen is shown to a depth

of 75 inches in figure 3. Most of the organic matter and total

nitrogen is concentrated in the upper 2 feet of soil. It levels

off very gradually to *11 amounts In the horizons below. The

pH increases with depth to a maximum of 8.14 in the lower horizons,

that contain the equivalent of 7.0 per cent calcium carbonate.



bisture Characteristics

Measurements of soil moisture relatiztahips were included in

this study in order to assess certain physical properties that

would contribute to a better understanding of the ekiaracteris tics

of these soils. An evaluation of these relationships is important

since they not only provide c1is relating to soil developaent but

have certain implications relating to the managament and use of

soils for crop production.

Water permeability: The three soil profiles considered typi-

cal examples of the series studied plus the rrauv-Condon intergrade

were selected for water permeability measurements. The permeability

rates measured for the samples fran the typical profiles were con-.

sidered to represent the characteristic water permeability rates

for the respective series. The Morrow-Gondon profile was selected

in order to obtain comparative data between the typical and inter-

grade example a of the series.

Water permeability rates in inches per hour for the four pro.-

files are included in table 22. Sample nusher 318 represents a

thin plowpan layer collected in the middle of a three inch core. It
is assumed that the permeability value obtained is determined by

the pan layer. The permeability rates measured in the separate

horisons of the profiles were higher for Morrow P2, that typifies

the fine textured and of the soils sequence studied, than for the

coarser textured Walls Walls 6.



Thble 22 Relation of texture and structure to water permeability.

iofils Sample Hors. Depth Structure Texture Water pores drained at
number zon inches Permeability tension of

inches/hour 0.1 atmospher

Morrow 12 B23 6-.114 Mod. }d. and coarse prismatic au loam 1.66 12.2
silt
loam 13 B22 114-16 Mod. d. and coarse prismatic all loam 1.145 9.5

114 B'23 16-25 Weak med. and coarse prismatic all loam 0.32 8.2

Morrow- 1421 B2 8 1/2- Weak med. and coarse prismatic all loam 1.0 15.5
Condon 114

silt 1422 B31 114-23 Weak coarse prismatic sil loam 2.35 17.0loam
P3 423 C11 23.30 Very weak coarse prismatio au loam 0.81 7.7

Condon 318 Pan 6-6 Massive or thin platy sil loam O.6Li --
silt 1/2
loam 31]. £3 6 1/2- Weak very fine granular sil loam 1.21 13.1
P4 U

312 B2 iL.].? Weak med. and coarse prismatic au loam 1.10 9.3.

313 B3 17-214 Very weak med. and coarse pris- au loam 0.67 10.0
matic

3114 Ca 21i-33 Massive eli loam o.l1 14.9



Table 22 Con't. Relation of texture and structure to water permeability.

Profile Sample Hor1- Depth Structure texture Water pores drained at
number son inches permeability tension of

inches/hour 0.1 ataioephers

Wafla 637 A3 8-15 Weak coarse priatic loam 0.97 8.9
WaUa
loani 638 B2 35-23 Weak very coarse priaatic loam 1.51 8.9
P6

639
B31 23-141 Very weak coarse prienatio loam 0.71 6.1

32 141-60 Very weak coarse prismatic loam 0.76 8.3



Moisture-tens ion relationships * Soil moisture-tension values

for a series of 8 different tensions are presented separately by

profiles in table 23 Available moisture by volume was calculated

as the difference between the moisture retained in the sample at

1/3 and 15 ataospheres of tension. The 15-atmosphere percentage

is commonly accepted as the lower limit at which most plants show

signs of permanent wilting, and the 1/3-atmosphere percentage

correlates closely with the field capacity (ho, pp. 215-235).

Coiman (9, pp. 278-282) studied soils covering a wide textural

range and found the 1/3 ataosphere percentage to be consistent

with field capacity determined under natural field conditions.

The total moisture available to plants as totaled for the soil

profiles was 3.1, h,b, 7.1, 6.7, 6.1, 10.3, and 11.1 inches for

profiles 1 to 7 respectively. In general, the finer textured

soils held more available water per inch of soil than the coarser

textured soils.

Moisture characteristic curves for the A and B2 horizons of

the Morrow P2 and Walla Jolla P6 profiles are shown in figures 10

and U. These curves show that 75 per cent of the available water

is removed from these horizons when a tension of approximately b

atmospheres is attained. Curves for profiles 1 and 3 are similar to

those of profile 2, and profiles S and 7 to profile 6. Curves for

profile b are intermediate between profiles 3 and 5.

Data in table ak, derived from the curves in figures 12 and ]3,

shows the amounts of available moisture present at various tension



Table 23. Moisture percentages by volume at SUCCeSSiVe soil moisture tensions.

Equilibrium Tension-tmospheree
Profile Sample Depth
number number Horizon inches 3110 1/3 312 1.0 2.0 5.0 10 3$

Morrow 26 0-8 36.0t 29.31 27.17 214.21 18.914 114.81 11.914 12.05
silt loam 27 8-13 36.92 34.87 30.62 28.63 31.10 25.09 23.09 22.141

28 B22 13-21 314.76 30.17 28.53 25.87 214.67 19.10 17.12 16.29

Morrow 11 0-6 140.06 32.67 29.79 26.19 19.145 15.50 12.79 12.58
silt loam 12 6-14 37.70 34.53 33.35 31.90 25.08 20.63 17.61 17.214

P2 13 B 14-16 39.93 34.65 32.32 28.22 214.63 20.00 17.014 16.59
114 B23 16-25 142.140 32.12 28.30 214.21 21. 614. 18.08 15.78 15.39

Morrow- 1419 A 0-6 37.69 28.76 26.35 24.16 18.65 14.53 12.55 11.39
Condon 420 A3 6-8 312 38.61 30,58 28.99 26.65 23.31 18.66 16.45 14.37
silt loam 1421 8 312i4 37.30 28.09 26.00 22.37 214.90 19.76 17.95 15.62

P3 422
123

B31 14-23 36.59 27.32 214.80 21.79 22.11 17.71 15.98 314.25

C1 23-30 142.08 30.20 27.03 23.01 22.41 17.10 15.39 13.55
1i214 0ica 30-36 1414j7 314.44 30.91 25.46 22.58 17.77 15.81 114.06
425 B2b 36-41 - 72.0? - - 63.56 52.24 147.13 42.98

Condon 310 A 0-6 41.73 34.01 30.55 27.53. 19.10 14.67 12.65 11.72
silt loam 311 A 6-13. 40.13 28.65 25.29 21.32 18.69 15.25 13.63 12.87
P4 312 B2 11-17 41.49 29.55 25.75 21.147 19,87 15.92 14.37 13.51

313 B3 17-24 39.04 29.21 26.44 21.58 18.52 14.98 13.59 12.74
3)14 C0 2433 4490 30.27 27.67 24.45 18.29 114.23 12.146 11.17
315 C, 33-36 45.32 38.20 33.94 29.00 20.34 16.21 13.53 11.96

C-'



Table 23 Can't. Moisture percentages by volume at successive soil moisture tensions.

Equilibrium Tens ion-.Atmospheres
Profile Sample Depth
number number Korizan inches 3110 3J3 312 1.0 2.0 5.0 10 15

Condon- 528 A 0-6 37.25 26.66 23.33 20.26 15.38 12.26 10.69 9,72
IaUa 529 6-12 42.20 26.82 22.96 19.53 15.46 12.84 11.42 10.38
Walla 530 B] 12-19 36.75 213.23 21.15 18,24 1523 12.76 11.28 10.37
silt loam 531 B32 19-25 39.84 25.85 21.72 18.25 13.99 11.49 10.142 9.42

532 25-30 40.98 26.43 22.51 18.01 14.08 11.47 10.28 9.26
533 C0 304$14 142.60 33,96 30.46 25.31 16.90 33,143 11.73 10.52

Walla 636 A 0-8 33.03 22.08 20.45 17.76 13.67 11.24 9.89 9.32
Wa]la 637 4 83$ 38,65 23.20 19.72 17.50 13,86 11.74 10.62 10.15
loam 638 B2 15-23 38.35 22.63 19.19 16.89 14.27 11.91 10.85 10.140

639 B31 23.441 40.29 25.08 20.88 16.86 14.13 11.71 10.63 10.10
6140 14a-6o 38.86 24.24 19.60 16.86 16.66 13.47 12.38 9.26
6143. 60-70 30.66 21.28 17.29 14.09 12.97 12.67

W11a 7J3 0-8 36.26 20.00 17.45 16.69 10.71 9.04 8.12 7.32
Walla 744 A 813 37.02 23.16 19.06 14.24 11.77 10.35 9.33 8.60
very fine B 13-24 39.31 25.99 19.69 15.97 32.99 10.74 9.56 9.00
sandy 746 B 24-31 39.34 20.53 16.73 13.6.2 11.99 9,68 8.52 8.36
loam 7137 31-46 35.82 16.37 13.33 10.87 9.70 7.99 7.00 6.85
P7 748 B3 46-45 39.04 21.61 19.30 15.131 11.61 9.77 8.70 8.68

749 C11 65-78 40.88 23.72 19.29 15.80 11.76 10.11 9.27 9.32
750 C12 78.-.84 41.28 25.11 21.16 17.67 13.58 11.59 10.25 10.15
75]. C, 84-88 - - - 25.71 22.48 18.66 17.19
752 C3 8893 - - 16.38 14.07 12.39 12.04
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values.

Table 21i. Relation of available moisture to tension

71

Available Tension in atmospheres at
range % various increints of avaiL-
moisture by able moisture present

Profile volume Rorizon 2/3 1/2 1/3 lIb

32.67 to
12.58 1.0 1.6 2.7 3.5

Morrow '2

32.12 to
15.39 B23 0.7 Li 2.2 3.3

22.08 to
9.32 A 0.8 i.b 2.7 b.1

Walla Walla P6

22.63 to
i0.lj0 B2 0.8 i.b 2.8 b.1

Average 0.6 i.b 2.6 3.7



DISCU8SI

Moisture Relationships

Weather observations at Heppner, Condon, and Wasco, Oregon, re-

ported in appendix A, are assumed to represent climatic conditions

of the Morrow, Condon, and Walls Walla soils respectively. If pre-

cipitation during the sumner period of high evaporation in July,

August, and Septuber, is ignored, the total moisture that may be

considered the moat effective for crop use is about 11 inches for the

Morrow and 10 inches each for Condan and Walls Walls, Jacquct (18,

pp. 12-iS) found in eastern Waiington that the efficiency of mois-

ture utilitization varies from 2.5 to b.5 bushels of 'wheat per acre

for each inch of available soil water. Prom the data in the results

section it is obvious that the shallower soils of the Morrow and

Condon series can not store enough moisture to produce high yields of

grain. Moisture received during the growing periods of early sumner

must be considered essential for yields of 20 to 30 bushels of

wheat on these soils. Evidence pointed out in the discussion of cer-

tan morphological features indicate an excess of moisture may be

eaent during the winter months in the Morrow and Condon soils.

The possibility results that acme of this moisture is retained in

these soils above field capacity and is later used by crops during

the summer months.

The capacity to retain available moisture per unit of soil depth

in the solum increases from Wails Walls, P7, to Morrow, P2. Roiu,ver,



because of the great depth of the Walla Walla soils, available mois-

ture in the profile is limited only by the anzonit of natural

precipitation in years of normal rainfall.

Water permaabilityt The permeability rates, table 22, which

were determined from laboratory measurements of the movement of

water through natural cor. samples may not represent actual perme-.

ability rates under field conditions. Laboratory measurements can

not exactly simulate field conditions due mainly to the difficulty

of inintaining the original sot]. structure and in duplicating the

natural air relationships. Chriatiansen (8, pp. 363-.361) found

that entrapped air caused a large reduction in permeability corn..

pared with completely saturated soil. Smith and Brnixig (15, p. 21)

believed that the effect of trapped air must be elimin*ted and

they attempted to accomplish this by evaculation of the sample

prior to wetting in the laboratory. Smith et al. (b6, pp. 203.-

2U) made permeability studies in the laboratory with no attempt

to remove air because they thought the results would be more

applicable to field conditions. Trapped air due to a sealed con-

dition on the surface of the soil may influence infiltration rates

(ia, pp. 61..63) and may further influence permeability rates in

the lower horizons. Yree and Palmer (lh, pp. 395-397) studied

trapped air in sand columns and pointed out that many of the eLeld

conditions commonly considered responsible for excessive runoff are

associated with those conditions making the release and escape of

air difficult. In this study, extreme care was exercised in



7b

8ampling and transportation of cores to eli tnte structure di!-

ferences, and the saix1es were wetted in the laboratory with up..

ward flow by capiflarity In an attenpt to obtain uniform air

relationships. The reported rates are believed to show relation-

ships among actual field permeability conditions whether or not

they are nimerally equal to field rates.

Soil structure as displayed in the natural profile indicates a

relationship to permeability in this group of soils, however, tex-

tural class when considered alone is not a reliable ind.ice. Bulk

density apparently influences permeability as a result of its

effect on the noncapillary porosity.

In general, the horizons of the Morr profiles have more pro-

nounced structure and higher permeability rates than those of the

Wafla Walla profile. The horizons with massive or platy structure

are acccanied by little or no vertical orientation of separate

structure units that may permit the more rapid downward movement

of water as cupared to horizons with priematic structure.

In contrast to the usual assusption that coarse textured soils

have high permeability rates, the finer textured soils in this study

generally display higher rates than the coarser textured soils.

Since rate variation occurred within the same textural class neither

a positive nor negative correlation could be established between

textural class and water permeability. Table 22 shows the relation..

ship of texture and structure to water permeability.

High soil density restricts water movement as well as root



75

penetration. Veihmeyer and Hendrickson (58, pp. L87-493 and 57,

. h51-S6) found that the bulk density of 80il is sometimes high

enough under field conditions to preclude root penetration. They

observed that densittes greater than 1.75 grams per cubic centimeter

for sands and 1.Jj,6 to 1.65 grams per cubic centimeter for clays

prevented the intrusion of sun flc*ver roots, and that when the bulk

density of medium to fine-textured subsoils exceeds aWroximately

1.7 grams per cubic centimeter, drainage difficulties can be

anticipated. The plowpan layer and the coser textured soils with

relatively higher bulk densits in the present stndy were generally

associated with lower permeability rates.

The relationship betwen the volume of pores drained at a ten-

sion of 0.1 atmosphere and the water perieability rates as measured

in four profiles is presented graphically in figure 12. A cor-

relation coefficient of 0.709 shows a highly significant positive

relationship between pores drained and permeability. For 12 degrees

of freedom the r value was 0.532 at the 5% level and o.66i at the 1%

level. The volume of pores drained was based upon the amount of

water withdrawn from natural core samples with an increase in ten-

sion from zero to 0.1 atmosphere.

These data support the contention that soil permeability, among

other factors, is dependent in these soils upon the noncapillsry

porosity, when using a reference tension of 0.1 atmosphere. Head-

field and Janison (5, p 72) stated that noncapillary pores are

responsible for drainage, percolation and aeration. They described
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noncapillary pores as those between the aggregates, and capillary

pores as those existing between the unit particles within the aggre-.

gate. wilson et al. (6k, pp. 11O-11L) also showed that the per-

centage of noncapillary pores is closely related to periability. in

studying the movement of water in soils ver (, pp. 237-2b3) con-.

,c1uded that permeability of the soil for water is unqim stionably a

function of the amount of larger pores, however, the tens icti at which

the porosity is chosen is important. lson and Bayer, (29, pp. 70-

75) found the use ef trio volume of pores at a tensim equivalent to

lr() centimeters of water is appropriate for many purposes as a single

iriex of soil periieability. Other investigators (22, pp. 353-359,

23, pp. l0O-l007, 28, pp. L.11-h22, arri 26, pp. 29-30) have used 100

centimeters of water (approximately 0.1 athio sphere) as a tension

sufficient to drain all pores making important contributions of

water permeability.

C*i the basis of this water permeability data, and neglecting

the influence of surface crusts and plowpan layers, the rate of

water mcvement in these soils may be listed in the decreasing order

of Morrow, Condon, and Walla Walls. In the event that crusts and

pan layers are not eliminated by soil management practices then water

permeability for the entire profile under field conditions may be

different. Since these restricting layers are not coon in Walls

Walla soils, as noted in the field morphology descriptions,

appendix A, field permeability rates of these profiles may be

higier than field rates of Condon and Mornw profiles.



Genesis of Certain Morphological Features

The presence of gray patches on the peds of the horizons and

increasing anounts of exchangeable sodium and soluble salts in the

lower horizons in the Morrow and Condom soils, lead to the ho-

thesis that these profiles have not had free internal drainage and

leaching, but rather have been subjected to conditions of saturation

or near saturation with water during the wet winter and spring

months each year. These soils occur in topographic positions

conmonly associated with good drainage, nevertheless the shallow

basalt bedrock, oeniuonly capped with a thin, presunably impervious

layer of caloareous material high in clay, may prevent drainage of

water from the profiles to an extent sufficient to make the hypo.

thesis plausible. The high base saturation of the exchange complex

of these profiles relative to the Wafla Wafla profiles is additional

supporting evidence. It is possible that the darker colored bands

in the B horizon of the Morrow soils may also have some connection

with a temporary parched water table accompanied by alternate

oxidizing arid reducing conditions, however, this study did not

attempt to confirm this reasoning. The crop yield to available

moisture relationships presented in the preceeding section also

support this hjpothesis. No observations of a water table in these

soils is known to the writer, but field operations are very commonly

3 to 5 weeks later in the spring on these soils than on Walla Walla

because farmers have learned that Condom and Morrow are too wet

for good traTicability early in the spring. According to the
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above hypothesis, during the wet seaBon of aroxirnately November

to May, an excess of moisture saturates the lower part of the pro-

tile, causing a temporary anaerobic condition. Through the years,

localized gleying made posaLbie by the anaerobic conditions, has

bleached the ped surfaces to form the gray patches which were ob-

served. At the sane time, the restriction of drainage out of the

soil has prevented intense leaching and made possible the accumu-

lation of exchangeable bases and soluble salts relative to Walla

Walla.

Nikiforoff (30, pp. 781-796) noted a similar formation of gray

patches in his study of the solonetz-like soils in California.

Sigmond (13, pp. L6-19) stated that percolation is influenced by the

parent rock as well as the upper soil horiwons. In some early in-.

vestigations he showed that the salt content of alkali land did

not correspond as much with the topography of the surface as with

the undulation of an impervious clay layer found in the subsoil.

The formation of gray patches along root channels in the middle

horizons of the Walla Wa]la soils was assigned to deposition of

lime, soluble salts, or azie other material rather than to gleying.

Laboratory treatment of soil samples with hydrochloric acid

incidental to several of the analyses reported in the results

section revealod a material with limey appearee that is not aol-.

uble in acid. This white, apparently amorphous or finely crystal-

line material in masses of irregular shape up to 1 mm, in diameter

was found in the horizon of profile 3, the horizon of pro..



file 3, the Cca horizon of profile and, in lesser amounts in other

horizons of profiles 3 and 5 either on rock fragments or dis-

seminated through the soil material. This material was found te

be more nearly white, harder, and of course, much less soluble in

acid than the calcium and magnesium carbonates in the aan horizons.

The material is insoluble in water, dilute and concentrated

hydrochloric, sulfuric, nitric acid, and aqua regia. It is soluble

in bydrofluoric acid. The gas from the hydrofluoric acid solution,

when absorbed in a drop of water and treated with aninonium

molybdate in acid solution, gives a yellow color. This latter test

is diagnostic for silica, Microscopic examination by H. A. Boyd,

egon State College, Department of Geology, shomed optical pros.

perties characteristic of either opal (hydrated silica) or

metacrietobalite. The presence of thia material as an apparently

secondary deposit tends to support identification of this material

withopal.

Among the many properties of parent material affecting solum

thickness, the porosity of the material has been considered the moat

laportant (19, pp. 52-87). Porosity of the coarse parent material

assoalated with the deep profiles in this sequence was undoubtedly

high through the long periods of bess deposition. The reiationahip

of solum thickness to particle size of the parent material is shown

graphically in figure 13. The first two Irrcw profiles, P1

are not included in the graph because the profiles rest directly on

bedrock, so that solwn thickness has been Ili$ ted by the depth of
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bedrock rather than by the properties ot' the parent material.

Background for the presentation o1 figure 16 is based on the

work of Smith et al. (IS, pp. 178-182).

The presence of fine basalt fragments in the Condon and Ikrrow

soils may have originated by a combination of the drifting action

of southwesterly winds across areas containing weathered basalt, and

by the mechanical mi.ng of fragunts by animal life. The WaUa

WaCL1a soils In this study that are more distant from a source of

surface basalt do not have fragments mixed in the profile. They

are also deep over bedrock so the activity of anImal life such as

gophers would be reduced in the transportation of material from

deeper to shallower horizrna.



Relationship Among the Series

LU profiles studied in this sequence are representative of soils

belonging to the Chestnut great soil group. Subdivisions of Prairie

soils proposed by Thorp and Smith (SO, pp. 117-126), based on the

relative degree of horizon differentiation as revealed mainly by

texture of the B horizon may also be applied to the Chestnut group.

Jnbera of this sequence may be placed in each of the three groups

proposed. The Morrow profile number 1 represents a weak imal;

Morrow-Condon P31 and Condon Pj are more tyioal of

medial; Condon-WaUa Walla P5, Wafla Wafla 6, and Walla Walla P7

represent minimal members of the Chestnut soil group.

The 11i'rted number of soil profiles examined in this investi-

gation do not permit a critical review of the range of characteri-

stics of the Walla Walla, Morrow, and Condon soil series. On the

basis of the data obtained, however, the Walls Walls soils may be

elairly differentiated from the Condon or Morrow soils in structure,

color, and texture as well as in physical and chemical relation-

ships determined in the laboratory. Walla WaUa soils have weaker

structure, coarser texture, and differ in color, appendix A, from

Condon and Morrow. These relationships confirm the present status

of the Walls Walls soils as a separate eerie s.

On the other hand, the Morrow and Condon soils do not exhibit

great differences from each other in morphological, chemical, or

ysioa1 properties. Color can not be used for differentiating be-
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tween the series, hciwever, significant dffferce8 in the texture

and structure of the B horizon may be used as field criteria. A

higher clay content in the Urow is related to a correspondingly

higher exchange capacity. This study indicates a higher content of

exchangeable sodium in the typical Condcn profile but this may not

be a true condition for the whole series. The Morrciw soils extend

to higier elevations and are usually shallower to bedrock than

Condon. These variations may partly account for the need of dif-

ferent soil managient practices now in use on the two soils. Even

with less average depth of soil, crop yields on 4orrow tend to be

equal or greater than yields on Coridon soils according to field

trials conducted by Oregon State College. These trials have also

shown greater crop response to nitrogen fertilizer on Condon than

Morrow soils.

Ca the basis of these considerations, it is felt that Morrow

and Condon should be retained as the separate series now recognized,

and differentiated in the field mainly on the basis of texture and

structure.



Source of Parent Material

The soils described in this study have been developed in large

part from materials accumulated by aeolian processes. Harper et a).

(33, pp. llZ..l]l) described the lalla Walla soils in Umatilla County,

Oregon as having developed from loes and the Lrrow soils partly

from loses. The Condom soils ware described in (lillian County, (x'egon

in 1939 by the Division of Soil Survey as developed from loses with

the lower subsoil influenced by basalt residuum. Thorp (b9,

pp. 263-270) pointed out that soils developed from bess is general-

ly very silty, and the mechanical composition of loose is homo-

geneous. Ratios of size fractions in the soils oi' this study were

essentially umiform in textural composition. Cumulative curves

repre.anting the two end members of the sequence, Morrow and Yl1

Walla, are town in figures th. and. 1.5. These curves illustrate the

textural uniformity that is typical of all the profiles.

The clear differentiation in physical and chemical properties

of material believed to be basalt residuum, which was Lound in a

thin layer immediately overlying the bedrock in prfi1e 3, from

the loessial material in other horizons, is evidence that basalt

has contributed little or nothing to the parent material of these

profiles.

Deposition materials associated with the glacial period of

Pleistocene time (2, pp. 172..176) are a likely source of the bess.

Glacial material deposited on the flood plAins of the Columbia River
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so as to be available for subsequent wind erosion and redeposition

would constitute a source similar to the sources of bess accurimula..

tions that have been described in other areas (S9, pp. !72-i?9, I8,

pp. 19-29, ax4 12, pp. 203-231) and especially in areas *here the

bess formations have valley relationships (2k, pp. 599-622).

The bess deposit becones thinner and finer text'ed with in..

creasing distance south fran the river. These relationships were

observed in the field and are illustrated by the 7 profiles sti*iied

in detail. It is logical that the thickest and coarsest part of the

bess must be nearest the source ii' the original strong winds from

off the glaciers carried the bess t<rard the s outh arid sorted it

according to the surface-mass ratio of the particles. .int (U,

p. 179) suggests that wind blowing from the region of high pressure

over the ice sheet to the north could aid in distributing bess.

Smith (14, pp. 139-181i.) found that the character of the bess de-

posits in Illinois changed regularly as related to the distance from

the source. Ee showed that the tex.ure and rate of thinning of the

boss was a linear function of the logarithm of the distance from

the source. &own (7, pp. 5-J41) noted that bess derived soils also

occur in belts in Iowa and divided soils partly on the thickness of

the boss deposit. Similar observations have been made in other

parts of central iJiiited states (56, pp. 7-29).

The esent day aoil of the area are deepest on the northeast

slopes.

A similar condition which has been described in the Pabouse



area of Wazthington (25, pp. 1.67-8o and ILl, pp. 301.317) was

attributed to deposition by øouth winds on lee north slopes of a

blanket of loe plus volcanic dust younger than the underlying

Pa].ouae bess. Free (13, pp. 141.IL5) thought the accumulation of

aeolian materials was mainly dependent upon the force of retention

and that whatever decreases wind velocity will favor thiSe

Vegetation can cause a decrease in velocity and thereby favor wind

deposition and prevent wind erosion. iore recent studies (16,

pp. 381.385, and 51, pp. 67-.653) have shown that bess accumulates

in vegetation and sheltered areas. At the *esent te

vegetative cover is greatest on north and east slopes in the study

area. Xt is believed that the greater thickness of bess on

northeast slopes in the study area may be attributed to a com-

bination of (1) preferential accumulation on north slopes because

of differences in vegetative cover, (2) erosion on windward

slopes id deposition on lee slopes by southwest winds after the

original accumulation, and (3) preferential wind and water erosion

on south slopes because of differences in vegetative cover.



Relative Influence of the Soil Iorming Factz's

Horizon characteristics obserred in the sequence of soil pro-

files in this study have developed as a result of the soil-forning

fact,ore. However, certain factors have exerted greater influce

than others.

Influence of climate, The rate of soil development as in-

fluencod by the leaching action of water would be considered highir

effective over the entire sequence because the rainfall period

correponds to months of low tnperatures and reduced activity of

vegetation (20, pp. 335-319 and 33, pp. 9-19). Although a difference

of approximately one inch of total rainfall per year occurs across

the area, figure 1, this aiaU anount could not be considered

critical in causing great changes in the soils (2?, pp. 1-12).

Morrow soils are known to extend to higher elevations than Condon

and Walla Walla, however, in this investigation profile examples

of Morrow and Condon were both at approximately 3000 feet eleva.

tion and Walla WaUa at 1220 feet. This difference in elevation

may cause a more effective use of moisture by Irrow and Ccndon

soils, however, no direct influence on the progression of soil

development has been ascertained.

Influence of veetationa The analyses of carbon and nitrogen

gives no indication that measurable differezicea have occurred that

would reflect differences in soil development due to kind and density
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of vegetation. The total organic matte:' and nitrogen contents of

the profiles per unit surface area are presented in table 25.

These values are all for cultivated ils but the same relationships

may be expected for virgin conditions. These data show no trend

that wuld permit a deve1opnent sequence to be established on the

basis of vegetation.

TabiG 25. Quantitative evaluation of organic matter

Profile depth Total organic Total nitrogen in
is in inches natter in. the the ,profile in

rofile to bedrock P1 proftie in gm./sq. cm.*
to P5; into C gm./sq. crr.*

horizon P6
and P7

WaLla WaiLa, P6 75 2.38 0.120

Condon, p 41 1.55 0,081

rrow-Condon, p3 lii 1.40 0.073

Morrow, P2 25 1.16 0.052

Wafla Walia, P7 93 1.12 0.109

Morrow, P 21 1.02 0.042

CondorWalia W11n,P 414 0.97 0.039

* Calculated as foflow$: organic matter or nitrogen content in per
cent by weight, tines bulk density, tines depth in centineters for
each horizon. Values represent stmination of all horizons in the
profile.

Influence of topograpby: All experiinta1 profile site a were

selected in areas that would represent constant topographic relation..

Bhip8 in order that this influence would not constitute a variable



factor in soil formation. These sites were located arox1mately

one-.fourth to one-third of the distance down hill from the top of

gentle slopes in areas of rolling upland. Slopes were all about

per cent and faced to the north or northeast. Conditions of surface

drainage and erosion were similar.

Influence of parent material and timet The source of the

parent material for all the soils is the same except for the pos

aibi.e inclusion of small amints of basalt bedrock material in

1rrow and Condon. If sample number I2 is regarded as typical of

residual material fran basalt, the chemical and physical homogeneity

of other profile horizon samples indicates that they have originated

mainly from bess parent material. Thickness and texture relation..

ships of the bess deposits indicate effective age differences in

the parent material of the soil. Parent material for the thinner

?&iwr and Condon soils that are more dl.stant from the loses source

was accumulated over the same geologic age as the parent material

of the deeper Walla VIal 1* soils It is older material because it

took longer to accumulate per unit of depth. Effective age is

greater in the thin soils due to a combination of older geologic

material and the greater intensity of the soil forming processes

acting on finer textured parent material. The effect of thin

parent material together with fine texture has resulted in a

faster rate of soil development. Studies on Prairie soils de.

veboped from bess, have invariably related increased soil de-

velopment to effective athering that in turn is related to
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thickness of the bess parent material (17, pp. 12L-&3l, 6, pp. l

lh, and 62, pp. 389-399).

As a result of time acting on different depths and particle

size of parent material, the thinner Morxw and Condon soils are

more matin's than Walla Walla. Soil development is mare advanced

as evidenced by clay migration, stricture, and horizon cLtferentia-

bion. Data summarized in table 26 indicate the textural and

horizon changes that have taken place in the soils developed from

thin bass, profile 1, as compared to thicker boss, profile 7. The

ivaLtiide of the clay maximum in the B horizon has increased in

order from the Walla Walla to the Morrow soils and has been

aoccupanied by a corresponding change in structine and horizon

distinctness.

Time, acting on 31iii1ar parent material has been the moat

i,ortant of the soil forming factors in differentiation of these

soils.
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Table 26. Variation of texture and horizon changes with
soil dvelopxent

Profile Ratio of coarse Percent differ- Re3a tive degree
silt te fine snee in clay co. of horizon dif-
silt in tent between A £erentiation as
horizon aria B horizon doterjiiined by

field morpholo

Morrow, P1 0.7 1)4.6 Stronger

&rrw, '2 0.7 5.5

4orrow-Condon, P3 0.6 6.7

Condon, Pj 0.3 3.9

Condoxi-Walla Walla 0.9 0.6

Walla WaUa
6 1.0 2.0

Walla Walla, P7 1,1 1.5 Weaker
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CONCLUSIONS

Investigations showed that characteristic changes occur across

a sequence of Morrow, Condon, and Walls Walls soils in the Mid-

Columbia Basin of Oregon. The depth of soil profiles to bedrock is

consistently deeper on north and east slopes than on south and west

slopes. Texture, structure, horizon distinctness, and depth of

solum change preceptibly as a ftnction of the degree of soil develop-

ment and character of the parent material. Colors were similar

in Morrow and Condon and generally darker than in WaUa Walls.

Morrow and Condon retain approximately 2 inches, and Wella

Walls 1.5 inches, of available moisture per foot of soil depth.

This difference may be accounted for in part by texture and

structure. However, total moisture available to crops is higher in

the Walls Walls soil due to greater depth of the solum.

The water permeability rates of all the profiles in the se-

quence is moderate. Differences in the permeability rates are

more closely related to soil structure and per cent of non-capillary

porosity than texture. Stronger developed structure and greater

noncapillary porosity resulted in greater permeability rates. A

correlation coefficient of 0.709 shows a highly significant

positive relationship between the volume of pores drained at 0.1

atnosphere of tension and the water permeability rate.

Slight variation frau the zonal type of soil development is

indicated in the Morrow and Condon soils, probably as a result of
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interrup ted leaching caused by temporary restricted drainage con-

ditions The maintenanoe or accumulation of sodium, soluble salts,

and bases are at a higher level than in the Walls Walla saLle. Fine

basalt fragments occur throughout the aolwas of Morrow and Condon

but not the Wails Walls profiles. Perceptible quantities of white

material mixed in those horizons close to basalt bedrock in the

Morrow and Condon profiles was tentatively identified as opal. This

material may be readily distinguished from lime by acid treatment.

The Morrow soils edtibit texture profiles, moderately to

strongly developed struoture units, and distinct horizons. (i

the other end of the sequence, the Wails Waila soils have little

or no texture profile, weak to very weak structure units, and the

horizon boundaries are difficult to distinguish. Condon soils are

intermediate but more like Morrow than Walla Walls. They have less

clay accumulation and weaker structure development than Morrow.

This study indicates that the Morrow, Condon, and Wails Walls

soils should be retained as the three series now recognized.

Several morphological characteristics distinguish the Walls Walls

from the other two series, however, texture, accompanied by its

influence on structure must remain the chief field criterion in

the differentiation of the Morrow and Condon series. The range

of characteristics exemplified in this study indicates that soils

reesentative of profiles number 1, 2, and 3 may be classified in

the Morrow series, profile b the Condon, and profiles 6 and 7 in the

Walls Walla series. Profile number S is more nearly a true inter..
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grade, however, the majority of evidence indicates that soils

representative of this profile should be classified as moderately

deep Walla Walla.

A relationship exists between the particle size of the parent

material and the depth of solum. The relatively thicker solum

of the Walia Walla soils is associated iith the coarser materials

from which they have developed. Condon and Morrow have less

depth of aolum and finer textured parent material than Walla Walls.

This study indicates that the soils have developed from bees

derived In large part from glacial deposits on the flood plains

of the Columbia River. It is postulated that north winds

fractionated the loses, depositing coarser material near the source

close to the river, and finer material at greater distances south

of the river. Preferential erosion and southwesterly winds have

since caused accumulations on northeast slopes.

Variations in effective time and texture of the pent

material, both of which are related to soil development, are con..

sidered the most important factors in differentiation of the

soils. BaLl deveiipment is more wivanced in the thinner soils of

the Morrow series than the deeper Walla Walls soils. The degree

of soil development increases in the order: Walls Walls-C oridon-

Morrow. All three of the soil series studied in this sequence

would be classified in the Chestnut great soil group with the

Morrow and Condon more tipical of medial and the Walla Walla of

minimal subgroups.
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1. Nonemclature used in the description of soil profiles is adapt

ed fran the Soil Survey Manual. (S1, pp. 173-23)4).

2. The color range fran dry to moist soil was determined by means

of Munseil color charts. Dry colors are designated first.

3. The pH values were obtained in the laboratory using a glass

electrode on a satiu'ated soil paste. The laboratory pH

values were lcrer by an average of 0.8 pH units than values

Obtained in the field by the use of indicators.

b. Textural classes noted in parentheses were obtained in the

laboratory. They are listed only when different fran texture

values obtained in the field.

. Permeability and infiltration data are from laboratory deter-

minations.

6. Approximate stability of the aggregates was determined by

testing aggregates with water dropped from a height of 2

inches (31, p. 313). Three classes are recognized:

Unstable - Less than 10 drops required for slaking.

Moderately stable - 10 to 2S drops required for slalcing.

Stable More than 2S drops required for slaking.

7. Very fine holes are less than 1 millImeter in diameter.

8. Pine basalt fragments are 1 to 2 millimeters in diameter.

Medium basalt fragments are 2 to millimeters in dianetez'.
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Morrow silt loam Profile No. I

This profile was sampled by Ray Roberts, Ellis Knox, ibidy

Mayko, and John Douglass, Sep tether 27, 195L, in Morrow County,

Oregon, iTh i/Is of SE 3/Is Section 12, ? J. &, R 2Li E., approximately

15 )JI miles southwest of Reppner, Oregon, via state highway 206,

and? 3/14 miles south on the old Eardxuan road, approximately 2

miles east and 3. 1/2 miles south of Eight mile, appraximately 300

feet north and l) feet east of the west corner of an east-west

fence adjacent to an unimproved road on the Rill farm,

The location was on a 5% slope facing northeast, on rolling

upland, at 3000 feet. The imnediate area was in a wheat-fallow

rotation and was in fallow at time of sampling. The profile is

well drained, with medium runoff, moderate infiltration and inoder-

ate to moderately slow permeability. The parent material is

prthably loses and residuum from basalt. This profile wan con..

sidered to be finer textures than the other Morrow profile.

The following climatological data (63, pp. 1076-1078 and

55, pp. 201-208) is for the weather station at ffepmor, Oregon,

which is 15 1/14 miles northeast of the sample site and at an

elevation of 1950 feet; for 53 years of record the January average

temperature is 32.5° F; July average temperature is 68.8 F; with

a growing season of 168 days. The average annual precipitation

based on 57 years of record 13.2? inches, and is distributed as

follows: January 1.140, February 1.26, March 1.25, April 1.33,

May 1.30, June 1.17, July 0.1414, August 0.37, September 0.89,



October 1.12, November 1.37, December 1.37.

Description of Profile No. 1

Samtle 26

0-8"

Sample 27

B21 8l3"

Light brownish gray (1OYR 6/2) to very dark

grayish brown (1OIR 3/2) silt loam with very

weak very fine granular structure. Soft,

friable, slightly sticky and slightly pla8tiC.

Roots plentiful; numerous very fine holes; pH

6.1. Aggregates moderately stable; fine basalt

fragments numerous; little worm activity. The

upper surface is a thin massive crust about

1/16 inch thick over weak vesicular material

5 inches thick. Lower boundary abrupt and.

smooth.

Brown (101R 5/3) to very dark grayish brown

(IOYR 3/2) silty clay loam or silty clay

(silty clay loam) with strong medium and

coarse prismetic structure which breaks apart

to strong fine blocks. Hard, firm, very

sticky and very plastic. Roots plentiful but

fewer than in horizon above; numerous very fine

holes; pH 7.3. Aggregates stable; Line basalt

307
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fragments numerous; little worm activity; thin glay

flows on some surfaces. Lower boundary clear

and smooth.

Sample 28

B22 13-21" Pale brown (]R 6/3) to dark brown (1OIR W3)

silty clay loam (silt loam) with moderate

medium and coarse prismatic structure which

breaks apart to strong fine blocks. Slightly

hard, firm, sticky and plastic. Roots few;

numerous very fine holes; pH 7.5. Aggregates

stable; basalt fragments more numerous and

larger; no worm activity. Loiier boundary

clear and wavy.

Sample 29

Dr 25" + Basalt; undersides of fragments are lime coated

in the upper part. The basalt is only a part

of the parent material but it is considered an

a Dr rather than a D.
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Morrow silt loam - Profile No. 2

This profile was sampled by Ray Roberts, Ellis Knox, Rudy

Mayko, and John Douglass, Septaber 27, l95l, in Morrow County,

Oregon, NW 3J1 of SE i/h, Section 21, T 3 5, R 26 L, approximately

6 i/h miles southwest of Heppner, Oregon, via state highway 206,

approximately 285 feet east of a blazed fence post i/h mile south

of the 0. C. Raguewood fann home.

The location was on a 5% slope Lacing northeast, on rolling

upland, at 2800 feet elevation. The inmiediate area was in a

wheat-fallow rotation and was in fallow at time of sampling. The

profile is well drained, with medium runoff, moderate infiltration,

and moderate to moderately slow permeability. The parent

material is probably bess and residuum from basalt. This profile

was considered as being typical of the Morrow series.

The following climatological data (63, pp. 1076-1078 and 55,

pp. 201-208) is for the weather station at Hepxaer, Oregon, which

is 6 i/h miles northeast of the sample site and at an elevation

of 1950 feet; for 53 years of record the January average tempera-

ture is 32.5° F; July average temperature is 68.8° 1; with a

growing season of 168 days. The average annual precipitation

based on 57 years of record is 13.27 inches, and is distributed as

follows: January l.bO, February 1.26, March 1.25, April 1.33,

May 1.30, June 1.17, July o.hh, August 0.37, Septiber 0.89,

October 1.12, November 1.37, December 1.37.
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Description of profile No. 2

Sample U

Ap0&'

Sample 12

B21 6-ih"

Grayish brown (lOrE 5/2) to very dark grayish

brown (].OIR 3/2) silt loam with weak very fine

granular structure. Soft friable, sliat1y
sticky and slightly plastic Roots abundant;

numerous very fine holes; pE 6.1. Aggregates

moderately stable; fine basalt fragments mimer-

ous; worm activity moderate. The upper surface

is a thin mas$ive crust about 3/16 inch thick

over weak vesicular material 2 inches thick.

A medium platy layer forms a plowpan at 5-6

inches. Loer boundary abrupt and smooth.

Grayish brown (lorE 5/2) to very dark grayish

brown (1OIR 3/2) silt loam with moderate medium

and coarse prismatic structure which breaks apart

to strong fine blocks. Slightly hard, firm,

sticky and plastic. Roots abundant; numerous very

fine holes; pH 6.9. Aggregates stable, gray-

coated; fine basalt fragments numerous; wcm

activity moderate; no clay flows apparent.

Continuous bands, approximately 312 inch thick,

darker colored than the soil mass, are faintly
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visible runthg in a way roughly horizontal

diction. Lower boundary abrupt aid snooth.

Sample 13

B ih-16" Brown (lola 5/3) to dark brawn (loIn lj/3) silt

loam with moderate medium and coarse priwiatic

structure which breakd apart to strong fine

blocks. Slightly hard, firm, sticky and plastic.

Roots plentiful; nimerous very fine holes;

pH 7.5. Aggregates stable; fine basalt fragments

numerous; worm activitr moderate; no clay flaws

apparent. Lower boundary clear and smooth.

Sanpie lh

B23 16..25" Brown (lola 5/3) to dark brown (lola W3) silt

loam with weak medium and coarse prismatic

structure which breaks apart to moderate Line

and medium blocks. Slightly hard, friable,

sticky, and plastic. Roots plentiful; numerous

very fine holes; pH 7.8. Aggregates moderately

stable; basalt fragments more numerous and

larger; worm activity alight. Lime threads

following old root channels present on one aide

of sample site but absent to very few on the

other side.

Sample 15

Dr 25" + Basalt, undersides of fragments are lime-coated



in the upper part. The baaalt is only a part of

the parent material but it is considered as a Dr

rather than a D.
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Morrow Silt Loam Grading to Condon Silt Loam -

Profile No. 3

This profile was sampled by Ray Roberts, Ellis irnox, Rudy

Mayko, and Jobn Doug3aas, September 29, 1951k, in Gilliam County,

Oregon NE ]J1i of NE 1/h, Section 28, T b 5, R 22 L, approxi.-

mately 7 miles southeast of Condon, Oregon via the Condon-

Lonerock road, approximately 800 yards southeast of a wlnbnifl

on the Bob Worley farm then 100 feet south of a bare spot In the

fence row adjacent to the Condon-Lonerock road.

The location was on a 5% slope facing northwest, on rolling

upland, at 3000 feet elevation. The immediate area was in a

wheat-fallow rotation and was in fallow at time of sampling.

The profile is well drained, with medium runoff, moderate

infiltration and permeability. The parent material is probably

bess and residuum from basalt. This profile was considered to

represent the Morrow series integrading toward the Condon series.

A profile typical of the Condon series was exunined 800 yards

west of this site and at a s].iglitly lower elevation, and a profile

typical of the Monow series was observed 800 yards east and at a

slightly higher elevation.

The following cUinatobogical data (63, pp. 1076-1078 and 55,

pp. 201-208) is for the weather station at Condon, Oregon which

is approximately 7 miles northwest of the sample site and at an

elevation of 2814h feet; for bS years of record the January average

tenperature is 28.7; July average tuTiperature is 67.1; with a



growing season of 120 days. The average annual precipitation based

on 146 years of record is 12.16 inches, and is distributed as follows:

January 1.liO, Pebruary 1.01, March 0.914, April 1.05, May 1.18,

June 1.07, July 0.39, August 0.35, September 0.87, October 0.99,

November 1.58, December 1.32.

Description of Profile No. 3

Sample 1419

(lODt 2/2) silt loam with weak very fine granulal,

structure. Slightly hard, friable, slightly

sticky and slightly plastic. Roots abundant;

nianerous very fine holes; pH 6.14. Aggregates

moderately stable; fine basalt fragments

numerous; wm activity moderate. The upper

surface is a thin massive crust about iJi6 inch

thick over weak vesicular material 3 inches

thick.

Sample lao

A 6-8 i/2' Dark grayish brown (10R li/2) to very dark

grayish brown (loU 3/2) silt loam with weak very

fine primsatic structure. Slightly hard,

friable, slightly sticky and slightly plastic.

Roots abundant; numerous very fine holes;

pH 6.5. Aggregates moderately stable with in-
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distinct gray coatings; fine and medium baaal t

£raents numerous; worm activity moderate, A

thin and medium platy layer forms a plowpan in the

upper 1/2 inch.

Sample 1421

B2 8 3/2-114" Dark grayish brown (10Th 14/2) to very dark grayish

brawn (lola 3/2) silty clay loam (silt loam)

with 'weak medium and coarse prismatic structure.

Slightly hard, friable, slightly sticky and

slightly plastic. Roots abundant; numerous very

fine holes; pH 6.8. Aggregates moderately

stable, graycoated in upper 3 inches mostly over

tops of prisms, possibly due to clean sand

grains; fine and medium basalt Lragients nunroua;

worm activity moderate; clay flows below upper

3 inches. Continuous bands, ar{ntely 1/2

inch thick, darker colored than the soil mass,

are faintly visible running in a wavy horizontal

direction.

Sample 1422

B31 114-23" &own (10Th 5/3) to dark brown (101a 3/3) silt

loam with weak coarse prismatic structure.

Slightly hard, friable, slightly sticky and

slightly plastic. Roots abundant; numerous very

tine holes; pH 7.0. Aggregates stable; Line
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and medium basalt fragments abundant; worm

activity moderate.

Sample h23

C1 23_3OU Pale brown (l0!R 6/3) to dark brown (10YR 1iJ3)

silt loam with very weak coarse prismatic

structure. Soft, friable, slightly sticky and

slightly plastic. Roots abundant; numerous

very fine boles; pH 7.7. Aggregates moderately

stable; fine and medium basalt fragments abundant;

worm activity slight.

Sample 1421k

Clca 30-36" Pale brawn (bIB 6/3) to brown (101a 5/3) silt

loam with massive structure. Soft, friable,

slightly sticky and slightly plastic. Roots

few, numerous very fine holes; pH 8.1. Aggre-

gates moderately stable; fine and medium basalt

fragments abundant; no worm activity. Lime

specks faintly visible around old root channels.

Sample h25

B2b 36-41" Dark brown (1OYR ls/3) to dark brown (lola 3/3)

clay with massive structure. Brittle, hard,

friable, sticky and very plastic Roots few;

numerous very fine holes; pH 7.9. line and

medium basalt fragments numerous; no worm

activity; clay flows in the form of bridges
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between sand grains. Lime coating on rock trag

znents and weathered material.

Sample 1426

Dr hi" + Basalt; fragments coated with lime on all surfaces

in the upper part. This horizon is the parent

material of the horizon above but the material

above 36 inches is a mixture of bees and basalt

with the bees dominating.

Remarks, Most of the horizon boxdsries are wavy and clear

eventhough there has been some mixing of the

layers by rodents.
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Condon Silt Loam - Profile No. 14

This profile was sampled by Ray Roberts, Ellis Knox, Rudy

Mako, and John Douglass, September 28, 19514, in Gilhiazn County,

Oregon, SE a/IL of NW 3/IL, Section 8, T 14 8, li 21 L, approximately

2 miles west of Condon, Oregon, via state highway 206, approxi-

mately 100 feet north of a blazed post in a fence line adjacent to

highway 206 1/2 mile south of the Carl Meyer farm home.

The location was on a 5% s1oe facing northeast, on rolling

upland, at 3000 feet elevation. The izmiediate area was in a

wheat-fallow rotation and was in fallow at time of sampling.

The profile is well drained, with medium runoff, moderate in-

filtration, and moderate to moderately slow permeability. The

parent material Is probably bess and residuum fran basalt. This

profile was considered as being typical of the Condon series.

The following c1imto1ogical data (63, pp. 1076-1078 and 55,

pp. 201-208) is for the weather station at Condon, Oregon, which

in 2 miles east of the sample site and at an elevation of 261th feet;

for 16 years of record the January average temperature is 28.7;

July average temperature is 67.1; with a growing season of 120 days.

The average annual precipitation based on 146 years of record is

12.16 inches, and is distributed as foflowss January 1.140, February

1.01, March 0.914, April 1.05, May 1.16, June 1.07, July 0.39,

Auist 0.35, September 0.87, October 0.99, November 1.58, December

1.32.



Description of Profile No. .i

Sample 310
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Grayish brown (10Th /2) to very dark brown

(10Th 2/2) silt loan with weak very Line grarnilar

structure. Slightly hard, friable, slightly

sticky and s1igitly plastic. Roots abundant;

nunrous very Line holes; pH 6.2. Aggregates

iioderate1y stable; fine basalt Lragnta

nwuerous; won activity moderate. The upper sur

!ae is a thin assive crust about 3.116 inch

tiajck over weak vesicular naterial 2 inches thick,

Sample 311

A3 6-11" Dark brown (101a 3/3) to very dark brown (1OIR

2/2) silt loan ith weak very Line granular

structure. Slightly hard, friable, slightly

sticky and slightly plastic. Roots abundant;

nunerous very fine holes; pH 6.. Aggregates

stable; fine basalt fragments nunerous; worm

activity monerate. A thin platy to massive layer

forms a brittle plowpan in the upper ],/2 inch.

Sample 312

2 11_17Th Dark bro'm (10Th 1/3) to vary dark grayish brown

(loxa 3/2) silt loam with weak medium and coarse

prismatic structure. Slightly hard, friable,

slightly sticky ad slightly plastic. Roots
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abundant; very fine holes numerous; pH 7.3.

Aggregates stable; indistinct gray coatings; fine

basalt fragments numerous; worm activity plentiful;

no clay flows apparent.

Sai,1e 313

B3 17-2h" Yellowish brown (1OIR 5/1k) to dark brown (bYE

h/3) silt loam with very weak medium and coarse

prismatic structure. Soft, friable, slightly

sticky and slightly plastic. Roots plentiful;

numerous very fine holes; p0 7.9. Aggregates

stable; fine basalt fragments numerous; worm

activity moderate.

Sample 3114

Cica 214-3y' Yellowish brown (1OIR 5/L) to dark brown (1OYR

W3) silt loam with massive structure. Soft,

friable, slightly sticky and slightly plastic.

Roots plentiful; numerous very fine holes; pH

8.6. Aggregates stable; fine basalt fragments

numerous; worm activity slight. Li threads

follow old root channels.

Sample 315

C 33-36" Brown (1OYR 5/3) to dark brcm (lO!R 3/3) silt

loam with massive structure. Softer than layer

above, friable, slightly sticky and slightly

plastic. Roots few; numerous very Line holes;



121

pi .8. kg.regates stable; basalt fragments more

numerous and larger; no worm activity.

Sa1e 316

Cm 36.44" Very pale brown (1oR 7/3) to brown (7.5 R 5/14)

very fine sandy loam (not textured in field) with

weak very thin platy structure. itt1e, slightly

hard, very friable, non-sticky and non-plastic.

No roots; very fine holes more numerous and

slightly larger; pH 8.6. Upper surface of plates

are gray-coated; basalt fragments more numerous

and larger; no worm activity. Boundary clear and

wavy.

Sample 317

Dr 141" - Basalt; fragments are lime coated in the upper

part, coating is thicker on the underside. The

basalt is only a part of the parent material but

it is considered as a Dr rather than a 1).
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Condon Silt Loam Grading to Walls Walla Silt Loam -

Profile No. 5

This profile was sampled by Ray Roberts, 3.lis Knox, Rudy

Maylco, and John Douglass, Septanber 29, l951, in Gilliam County,

Oregon, NW I/b of NW 3,/b, Section 15, T 2 5, R 19 E., apprcimate1y

19 miles northwest of Condon, Oregon via state highway 206,

appronate1y 3 miles northwest of Ajax corrr, 200 feet east and

85 feet north of a fence corner adjacent to highway 206 on the

Schaffer fans.

The location was on a 1% slope Lacing north, on rolling up-

land, at 2000 feet elevation. The innediate area was in a wheat-

fallow rotation and was in fallow at time of sampling. The

profile is well drained, with medium runoff. The parent material

is bess and possibly some residuum from basalt. This profile was

considered to represent the Condon series lntergrading toward the

Walls Walls series.

The following climatological data (63, pp. 1076-1078 and 55,

pp. 201-208) is for the weather station at Condon, Oregon, which

is 19 miles southeast of the sample site and at an elevation of

2&ib feet; for bS years of record the January average temperature

is 28.7; July average temperature is 67.1; with a growing season of

120 days. The average annual precipitation based on b6 years of

record is 12.16 inches, and is distributed as follows: January

l.bo, February 1.01, March 0.9b, April 1.05, May 1.18, June 1.07,

July 0.39, August 0.35, September 0.8?, October 0.99, November



1.58, Decamber 1.32.

Description of Profile No. 5

Sample 528

Grayish brown (lola 5/2) to very dark brown

(lola 2/2) silt loam with weak fine granular

structure. Slightly hard, friable, slightly

sticky and slightly plastic. Roota abundant;

nrous very fine holes; pH 6.b. Aggregates

moderately stable; fine basalt fragments numer-

ous, wox activity moderate. The upper surface

is a thin massive crust about ]/16 inch thick

]23

over weak vesicular material 1 inch thick.

Sample 529

B2 6-13" Dark brown (lola b/3) to very dark grayish brown

(lola 3/2) silt loam with moderate coarse

primnatic structure, which breaks apart to weak

medium subangular blocks. Slightly bard, fri-

able, slightly sticky and slightly plastic.

Roots abundant; numerous very fine holes; pH 6.8.

Aggregates stable; fine basalt fragments numerous.

No clay flows. A weak medium platy layer Lorus

an indistinct plowpan at 6-7 inches.

Sample 530

u 13-19" &omi (lola 5/3) to dark brcsmi (lOIR 3/3) silt

loam with weak coarse prismatic structure which
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breaks apart to weak medium subangular blocks.

S11git1y hard, but less hard than layer above,

friable, slightly sticky and slightly plastic.

Roots abundant; nrous very fine holes; pH 7..

Aggregates stable; fine basalt fragments numerous.

Sample 531

B32 19-25" 'own (lola 5/3) to dark brown (lola li/3) silt

loam with very weak coarse prisuatic structure

which break apart to weak medium aubangu].ar

blocks. Slightly hard, friable, slightly

sticky and slightly plastic. Roots abundant;

numerous very fine holes; pH 7.5. Aggregates

stable; fine basalt fragments numerous.

Sample 532

B33 25-30" Pale brawn (lola 6/3) to brown (lola 5/3) silt

loam with very weak coarse prismatic structure

which break apart to weak medium subangular

blocks. Slightly hard, friable, slightly

sticky and slightly plastic. Bootø abundant;

numerous very fine holes; pH 7.7. Aggregates

stable; fine basalt fragments numerous.

Sample 533

C0 3O-.lil" Pale brown (1OIR 6/3) to dark brown (lola 14/3)

silt loam with massive structure. Slightly
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hard, friable, sligbtly sticky and slightly

plastic. Roots Les, numerous very Line boles;

pH 8.1. Aggregates stable: fine and medium

basalt fragments numerous; no worm activity. Lti

in streaks in iper part, coated on rock fragments

in lower part.

Bip1e 5314

D 14&" + Basalt fragments coated with lime on all sn

faces in the upper part. The basalt is only a

part of the parent material but it is considered

as a 1k' rather than a I).

All horizon boundaries are gradual.



Walla WaUa Loam - Profile No. 6

This profile was sampled by Ray Roberts, Ellis Knox, Rixy

Mayko, and John Douglass, September 29, 19514, in Sherman County,

Oregon, ! 3114 of SW 1/14, Section 12, T I N, fL 17 E., appro-

znately 3 3/14 miles southeast of Wasco, Oregon, on the Fred

Hennigan farm approri mte1y 1 mile west and 1 1/8 miles south of

the flondilos elevator.

The location was on a 6% slope facing north, on a plateau,

at 32140 feet elevation. The immediate area was in a wheat-

fallow rotation and was in tallow at tine of sampling. The pro-

file is well drained with medium runoff. The parent material is

boss. This profile was considered as being typical of the Wz'lIa

Walla series.

The following climatobogical data (63, pp. 1076-1078 and 55,

pp. 20L.208) is for the weather station at Wasco, Oregon, which is

3 i/b miles northwest of the sample site and at an elevation of

1222 feet: For 37 years of record the January average temperature

is 30.140 F; July average temperature is 70.14° F; with a growing

season of 173 days. The average annual precipitation based on 147

years of record is fl.80, and is distributed as follows:

January 1.86, February 1.33, March 0.95, April 0.71, May 0.714,

June 0.59, July 0.17, August 0.21, September 0.60, October 0.95,

November 1.83, December 1.86.
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Description of Profile No. 6

O80 Dark brown (lo!i 3/3) to very dark brown (1OIR

2/2) .ilt loam (loam) with weak very fine crumb

structure. Upper three fourths soft, lower

fourth slightly hard, friable, slightly sticky and

slightly plastic. Roots abundant; pH 6.2.

Aggregates moderately stable; very few to no

fine basalt fragments throughout profile; worm

activity moderate.

Sample 637

£3 8-15" Dark brown (lOut 3/3) to very dark brawn (1OIR

2/2) silt loam (loam) with weak coarse priamatie

structure. Slightly hard, friable, slightly

sticky and slightly plastic. Roots abundant,

pH 6.3. Aggregates moderately stable; worm

activity moderate. Upper 1/2 inch slightly

denser forming an indistinct plowpan.

Sample 638

B2 15s.23" Dark brown (1OIR h/3) to very dark grayish brawn

(1OIR 3/2) silt loam (loam) with weak very coarse

prismatic structure units which are about I&

inches b 5 inches and readily break into weak

medium subangular blocks. Slightly hard, friable,



slightly sticky and slightly plastic. Roots

abundant. pH 6.3. Aggregates moderately stable;

worm activity moderate. No clay flows apparent.

Sample 639

B31 2h_lR Brcmn (].OIR 5/3) to dark brown (los ui/3) silt

loam (loam) with very weak coarse prismatic

structure. Soft, friable, slightly sticky and

slightly plastic. Roots abundant. pH 6.8.

Aggregates moderately stable; worm activity

moderate. Gray streaks along root channels.

Sample 640

B32 grown (3.0TH 5/3) to dark brown (lOU 4/3) silt

loam (loam) with very weak coarse priRm2tic

structure. Soft, friable, slightly sticky

and slightly plastic Roots abundant. pH 7.2.

Aggregates moderately stable; worm activity

moderate. Gray streaks a1ig root channels

absent.

Sample 61u

lca 60_70N own (lOU 5/3) to dark brown (lOU 4/3) silt

loam (loam) with massive structure. Slightly

hard, friable, slightly sticky and slightly

plastic. Roots abundant; pH 7.9, no worm

activity. Limo streaks following root channels.

Sampled by anger.



:1.29

C2 70-75" Dark brown (1OXR 1il3 dry or moist) silt loam

(loam) with massive structure. Bard, friable,

slightly sticky and slightly plastic. Roots

few; pH 8.0; no worm activity. Li streaks

common. Sampled by auger.

Al]. horizon boundaries are gradual.
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Walls Walla Very Fine Sandy Loam - Profile No. 7

This profile was sampled by Ray Roberts, Ellis Knox, and

John Douglass, September 30, 19514, In Sherman County, Oregon

NE i/b of NW 3/14, Section 19, T 2 N, fi 18 E., approxljitately 5 1/2

miles northeast of Wasco, Oregon, on the Watkins fann,

approl tely 14 miles north of the flondike elevator.

The location was on a 5% slope facing northeast, on rolling

upland, at 1250 feet elevation. The imidiate area was in a

wheat-fallow rotation and was in fallow at time of sampling. The

profile is well drained with medium runoff. The parent material

is bees. This profile was considered to be coarser textured

than the other Walla Walls.

The following ci imtological data (63, pp 1076-1078 and 55,

pp. 201-208) is for the weather station at Wasco, Oregon, which is

5 1/2 miles nouthwest of the sample site and at an elevation of

1222 feet: For 37 years of record the January average temperature

is 30.14° 7; July average temperature is 70.14° 7; with a growing

season of 173 days. The average annual precipitation based on

147 years of record is 11.80, and is distributed as follows:

January 1.86, February 1.33, March 0.95, April 0.11, May 0.714,

June 0.59, July 0.1?, Augist 0.21, September 0.60, October o.5,

November 1.83, December 1.86.
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Description of Profile No. 7

Sample Th3

0-8" Dark grayish brown (10!R li/2) to very dark bro*i

(laiR 2/2) very fine sandy loam with weak medium

granular structure. Upper half eoft, lower )I1-

slightly hard, friable, slightly sticky and

slightly plastic. Roots abundant; pH 6.3; worm

activity moderate. Aggregates moderately stable;

very few to no fine basalt fragments throughout

profile.

Sample 7II1

£3 8-33" Dark brown (loiR li/3) to very dark grayish brown

(lO!R 3/2) loam with very weak coarse prismatic

structure. Slightly hard, friable, slightly

sticky and slightly plastic. Roote abundant;

pH 6.6. Aggregates moderately stable; worm

activity moderate.

Sample 71

B2 13-2b" Brown (laiR /3) to dark brown (1OTR 3/3) silt

lawn (loam) with moderate coarse prismatic

structure breaking into weak medium and fine

sugu1ar blocky. Slightly hard, friable,

slightly sticky and slightly plastic. Roots

abundant; pH 6.8. Aggregates stable; worm
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activity zioderate; no clay flaws apparent but s

of the peda appear to have colloidal coats and

individual sand grains are thinly coated.

Sanple 7146

2h-3l Brown (101R S/3) to dark brn (10Th 14/3) very

Line sandy loan with weak very coarse prismatic

structure Slightly hard friable, slightly

sticky and slightly plastic. Roots abundant;

pH 7.0. Aggregates stable; wolan activity

moderate; scattered gray patches along root

channels; sand grains not coated as much as in

layer above.

Sample 7147

B 31-146" pale brown (10tH 6/3) to dark brown (10tH 14/3)

very fine sandy loam with very weak very coarse

prismatic structure. Slightly hard, friable,

slightly sticky and slightly plastic. Roots

abundant; pH 7.2. Aggregates moderately stable;

woin activity moderate; scattered gray patches

along root channels; sand particles free from

any coatings.

Sawqle 7148

B33 146-.6" Pale brown (latH 6/3) to dark brown (latH lv'3)

very fine siaudy loam with very weak very coarse

prismatic structure. Slightly hard, friable,
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slightay sticky ar4 slightly plastic. Boots

plentiful; p11 7.14. Aggregates moderately

stable. Little worm activity. No gray patches

along root channels or on sides of pads.

Sample 7149

C 65-78" Pale brown (io!1 6/3) to yellowish brown (lo1R

5/14) very fine sandy loam with massive etructure.

Soft, triable, slightly sticky and slightly

plastic. Roots few; pH 7.6. No wore activity.

Sampled by auger.

Sample 750

C 78-814" Pale brown (lola 6/3) to yellowish brown (lola

5/14) very fine sandy loam with massive structure.

Soft, friable, slightly sticky, and slightly

plastic. No roots; pH 8.0. Scattered streaks

of lime. Sampled by auger.

Sample 751

Ci5 814..88" Light gray (101a 7/2) to light brownish gray

(lola 6/2) very fine sandy loam with massive

structere Calcareous material; light color

dominant; p11 8.14. Sampled by auger.

Sample 752

C13 88-93" Pale brown (IDIR 6/3) to yellowish brown

(101a 5/3) massive very tine sandy loam.

pH 8.14. Caloareous material, part loose, and



part brittle and lighter colored. Sa1ed by

auger.

AU horizon boundariea are gradual.




