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SALT-AFFECTED SOIL CHARACTERIblICS IN
BAKER VALLEY AREA

L. A. Alban, A. H. Sayegh., H. E. Cushman!/

Introduction

Development of a successful irrigated agriculture in a salt-affectedt/area
requires exact and detailed information regarding the chemical and physical soil
characteristics. Most of the soils on valley bottom lands in Baker county are
affected to some degree by sodium and soluble salts.

Baker Valley at an elevation of 3,446 feet, has a continental climate with
a high percentage of sunshine. Summers are dry and warm, winters are cold with
moderate snowfall. Climate is semi-arid with a mean annual precipitation of less
than 14 inches. The mean annual temperature is 45.30 F.

Most of the soils of the Baker 'Valley are high in soluble salts, exchange-
able sodium, or both. The factors contributing to the accumulation of salts and
sodium in this area are low rainfall, high evaporation rate, the capillary rise
Of water from the high water table, and poor drainage.

At present, grain is grown on the better-drained land in the Valley while
most of the poorly-drained land is in native grasses. The climate is particu-
larly favorable for growth of hay crops under irrigation. As soon as the water
drains off in early summer, wild hay is mowed and the area is used as pasture.

Objectives

As soluble salts and sodium accumulate in the soil, plant growth becomes
restricted. This may be due to changes in the balance of plant nutrients, the
toxic effect of excess salts, or to the restriction of water uptake by the plants.
In many cases it may be all of these.

The physical properties of the soil are often changed as sodium increases.
The soil structure breaks down until the soils become "puddled" and hard to
manage. Permeability to water and air is greatly lessened.

With proper drainage and reclamation practices, productivity of this land
can be increased. This study was carried out in a small portion of the Baker
Valley with the following objectives:

(1) To chemically analyze soils of the Baker Area and to classify
them according to the amount of soluble salt and exchangeable
sodium they contain.

14/ Assistant soil scientist, research assistant, and soil conservation special-
ist, respectively.

±/ "Salt-affected" is a term suggested by the U. S. Salinity Laboratory to in-
clude soils having an excess of soluble salts, or an excess of exchangeable
sodium, or both.
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(2) To determine the variability in the amount of soluble salts
and exchangeable sodium between the various soil mapping units
in the area and to determine how much variation exists within
each soil mapping unit.

(3) To provide data which may be used as a basis for improving
salt-affected soil.

Method of Sampling 

Since it was impossible to sample the whole area, a strip of land 2 miles
wide and 7-1/2 miles long was taken in an east-west direction across the Valley,
3 miles north of the town of Baker. This strip included most of the major soil
series in the Valley which are affected by salt and sodium.

Soil samples were taken from 75 sites. The number of sampling sites for
each soil mapping unit was determined on the basis of the amount of soil of
each mappin unit as compared to the total area; for example, Gooch silt loam
comprises 8% of the total area; therefore, 6 sites (a% of 75) were selected.
Sites chosen were selected at random.

The 0-1- and 1-2-foot depths were sampled at each site. Each sample con-
sisted of from 20 to 25 cores taken at random over the sampling site and com-
posited.

All of the soil samples were air-dried, ground to pass through a 2 mm.
sieve and put into waxed cylindrical cartons for storage.

These samples were taken in the fall of the year just before the first
snow.

Methods of Analysis 

Soil pif was determined on a 1:1 soil-water mixture with a glass electrode
pH meter. Cation exchange capacity was determined by the flame photometer on
a sodium acetate extract. Exchangeable sodium was obtained by subtracting
water-soluble sodium from total ammonium-extractable sodium. Gypsum require-
ment was determined by the methods of the U. S. Salinity Laboratory and
Schoonover. All of the above procedures are found in the U. S. Department of
Agriculture Handbook No. 60 (3).

Description of Soils

The salt-affected soils of bottom lands in the Baker area were grouped
according to drainage, soil surface, and natural vegetation as follows:

(1) The Baldock and Gooch series are light-colored, imperfectly or poorly
drained soils only slightly affected by sodiume and having a natural
vegetation of grass and shrubs. The Baldock is medium-textured,
while the Gooch is fine-textured.

I/ The soil survey report used the term "alkali" in the same sense.
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(2) The Haines, Stanfield, Umapine, and Lun soil series are light-colored,
imperfectly or poorly drained, strongly affected by sodium, and
formed under salt-grasses and shrubs. The Haines soil contains vol-
canic ash in the profile; the Stanfield has a lime hardpan; the Lun
is associated with the Stanfield and differs in that it lacks the
lime hardpan and is less calcareous; the Umapine is associated with
the Haines but does not contain volcanic ash.

(3) . The Catherine and Wingville series are dark-colored, imperfectly or
poorly drained soils formed under grass and shrubs. They have much
higher precipitation than the above'two groups of soils and are not
affected by sodium. The Catherine contains free lime while the
Wingville does not.

Classification of  Soils

Electrical conductivity (a measure of total soluble salts) and exchangeable
sodium were determined on all of the soil samples. According to the U. S.
Salinity Laboratory, salt-affected soils are classified by the quantity of total
soluble salts and the percentage of exchangeable sodium they contain. If the
conductivity is less than 4 mhos per centimeter, the quantity of soluble salts
is said to be low and the soil is classified as nonsaline; if they are above
this figure, they are high and the soil is classified as saline. When the amount
of exchangeable sodium is above 15%, the soils are classified as sodic5; if be-
low 15%, they are classified as nonsodic. Soils are grouped into the following
four categories:

Nonsaline— Nonsodic: Soils which are low in both soluble salts and
sodium (normal).

Saline - Nonsodic: Soils which are high in soluble salts.
Nonsaline - Sodic: Soils which are low in soluble salts but high in

sodium.
Saline - Sodic: Soils which are high in both salts and sodium.

Results of Investigation 

Soil pH, electrical conductivity, cation exchange capacity, exchangeable
sodium percentage, and the U. S. Salinity Laboratory classification for each
individual soil sample are listed in Table 1.

Soil Reaction (pH) 

The range in pH of all the soils in the area was from 7.1 in the Baldock
series to 10.6 in the Umapine series. This indicates a wide variability in the
salt and sodium status of the soils. Generally, saline soils have pH values
below 8.5 and sodic soils above pH 8.5. The more sodium and less soluble salt
the soil contains, the higher the pH.

!/ Sodic soil is a term suggested by the U. S. Salinity Laboratory to describe
soils high in exchangeable sodium. It replaces the ambiguous term "alkali."



There was also a wide variation in pH within any one soil series. This
was particularly true when a soil sample was taken very near the boundary of
another soil series which was higher or lower in salt or sodium. An example
of this sample No. 16 in the Baldock series was taken just adjacent to an area
of Gooch silt loam (No. 13) which had the same pH value.

Soil Characteristics

The following observations of the soils of the Baker Valley area are based
on the soluble salt and exchangeable sodium status of the surface soils (See
Table 1, page 8).

Baldock series. The Baldock soils were located almost entirely in the
western section of the study area. Almost all of the soil samples making up
this series were low in soluble salt and sodium and were classed as normal.
However, two of them (No. 15 and No. 16) were obtained adjacent to an area of
Gooch silt loam (No. 13) and consequently were high in sodium. The pH of all
the samples (except the two previously mentioned) were below 8.3 as would be
expected of normal soils.

Gooch series. There were three mapping units in the Gooch series. The
first, Gooch silt loam, occurred in small sections throughout the area under in-
vestigation. Because of this the six individual soil samples varied considera-
bly. There were three normal soils, two saline-sodic and one nonsaline-sodic.
Each of these soils seemed to be influenced by the soils which they were associ-
ated with. For example, soil samples . 37 and 38 were associated with an area of
normal Wingville silty clay loam (No. 36). The pH of the above soil samples
varied directly with the sodium content.

Gooch silty clay loam was the next soil mapping unit of this series and
occurred in only one body within the study area. Because of this, and also be-
cause none of the samples were close to another soil mapping unit, all five of
the individual soil samples were similar. They were classed as saline-sodic
soils.

The last soil mapping unit of this series was the Gooch silty clay loam,
alkali phase. Although the name implies that this soil contains more sodium
than the previous one., it actually does not. Again the five sam ples making up
this unit were scattered throughout the area, and varied from high salt-low
sodium to low salt-high sodium soils. There were no large bodies of this soil
mapping unit.

Haines series. This was the largest body of soil found in the area. Of
the fifteen individual samples making up this series, eleven were low in soluble
salts and high in sodium. One was a saline-sodic and three were normal. The
three normal soils were all obtained just adjacent to a large body of a normal
Wingville silty clay loam (No. 36). With the exception of two of the normal soil
samples, all of the samples had pH value of 8.5 or over. The highest was 10.0.
Thirteen of the soil samples were obtained from one large body of Haines which
lay in the center of the Baker Valley.

Stanfield. The Stanfield soil was found only on the eastern side of the
Valley floor adjacent to the foothills. For this reason all of the individual
samples were quite uniform in amount of soluble salt and sodium. They were all
classed as saline-sodic soils which meant both high soluble salt and sodium con-
tent.
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Umapine. This saline-sodic soil had the highest pH and sodium content of
all the soil mapping units in the area. The soil pH averaged 10.1 and the ex-
changeable sodium percentage was over 50. This soil was associated with Haines
but was just slightly higher in elevation. Greasewood grows on Umapine where
grass grows on Haines.

Lun. There were only two very small bodies of Lun in the area under study
although there was a much larger body just to the south and east. These two
saline-sodic areas were completely surrounded by Stanfield and were almost identi-
cal in amount of soluble salt and sodium. They contained the largest quantity of
total salts of all the soils in the Valley.

Catherine series. This- soil series represented a small part of the total
soils in the study area. It was divided into two soil mapping units, Catherine
silty clay loam and Catherine silty clay loam, overwash phase. The two saline-
sodic soil samples making up the former soil were taken adjacent to each other
and were therefore practically identical. The overwash phase occurred adjacent
to the Powder River and 'also was represented by only two samples. One of .these
was normal and the other a saline-sodic soil.

Wingville series. The Wingville silt loam occurred in one large area on
the western side of the Valley adjacent to the slopes. Because all of the in-
dividual samples came from this one area, they were fairly consistent in their
chemical properties. All of the soils were low in both soluble salt and sodium,
making them normal.

Wingville silty clay loam occurred throughout the area; the largest body
being found just east of the Powder River. The individual soil samples making
up this series were composed of all of the four classes of soil. Seven were
normal, one was saline-nonsodic, five were saline-sodic and one was nonsaline-
sodic. It appears that the individual samples were influenced to a great ex-
tent by the adjacent soils. This can be seen where the soils on the west side
associated with the Wingville silt loam were all normal while those on the east
side of the Valley surrounded by Gooch silty clay loam were all high in both
soluble salts and sodium.

Gypsum Requirement

The reclamation of sodic soils usually involves, in addition to good drain-
age, the application of an amendment such as gypsum. Gypsum requirements were
determined on the Baker Valley soils by two different methods in order to ar-
rive at some idea as to the amount of gypsum needed.

The gypsum requirement is generally directly related to the quantity of
exchangeable sodium and inversely related to the amount of total salts (particu-
larly calcium salts) in the soil. For this reason the sodic soils have higher
gypsum requirements than do the normal and saline soils. According to the
method of the U. S. Salinity Laboratory (3), the normal and saline soils of the
Baker Valley, both of which contain some exchangeable sodium, have gypsum require-
ments of 2 to 3 tons per acre while the sodic soils have gypsum requirements of
9 to 12 tons per acre. The method of Schoonover (2) gives slightly higher values
for both groups of soils. These are average figures for all soils in each class
and will vary considerably for individual samples. There can also be large vari-
ations within a field. For this reason, it is essential that any field requiring
reclamation be sampled separately and be sampled well.



-6-

The soil mapping units which were fairly uniform in the amount of salt and
exchangeable sodium which they contain were also quite consistent in gypsum re-
quirements. This was true for such soils as Baldock, Catherine, Lun, Stanfield,
Umapine, and Wingville silt loam. The soil mapping units which were made up of
a wide variety of individual soil samples were varied considerably in gypsum re-
quirement.

Gypsum requirement is not normally determined on subsurface or subsoil
samples; however, a knowledge of the pH and presence or absence of free calcium
carbonate below the surface soil can be a help in determining reclamation pro-
cedures.

Discussion

The main drainage through the Baker Valley is by the Powder River and
Baldock Slough which flow north around the eastern part of the Valley and Settler
Slough and the various creeks which come off of the Elkhorn Mountains on the west
and flow northward on the western side of the Valley.

This drainage system has left most of the soil mapping units lying in fingers
or strips running in a south to northerly direction across the Valley floor. The
Valley floor is so level that water moves across it slowly. Water stands on the
surface of the soil in the spring when the river and sloughs overflow with snow
melt from the mountains. A great deal of it stays there until it evaporates dur-
ing late spring or early summer. This condition leaves soils with varying degrees
of soluble salt and sodium.

A few of the soil mapping units such as Wingville silt loam, Haines, and
Stanfield were the large bodies so that they did not vary a great deal in soluble
salt and sodium except when, they were adjacent to a soil which was quite differ-
ent. Most of the soil mapping units, however, were in small bodies throughout
the area and were influenced considerably by the soils which surrounded them.
For this reason, the individual soil samples which made up these soil sampling
units varied considerably in soluble salt and sodium content.

In almost all of the individual soil sampling areas, the subsoil contained
less soluble salt than the surface. In fact, there were only five subsoil samples
that could be classed as saline. The quantity of exchangeable sodium in the sub-
soil decreased in practically all of the soils. However, the decrease in salt
was greater than the decrease in sodium so that some of the saline-sodic surface
soils became nonsaline-sodic in the subsoil. This was particularly true of the
Lun, Stanfield, and Umapine soils.

There was little, if any, free lime in the surface or subsoil of the Baldock,
Catherine, or Wingville series. The Gooch series had a moderate amount of free
lime in both the surface and subsoil while the Haines, Lun, Stanfield, and Umapine
series had a moderate amount of free lime in the surface and an extensive amount in
the subsoil.

According to the original soil survey report (1) the Baldock and Gooch series
were only slightly affected by sodium. The Haines, Stanfield, Umapine, and Lun
soils were strongly affected by sodium. The Catherine and Wingville soils were not
affected by sodium. Little has been said about the soluble salt content. From
the data obtained in this study, Baldock was not affected appreciably by either
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soluble salt or sodium but the Gooch soils were strongly affected by both. The
Haines, Stanfield, Umapine, and Lun soils were not only strongly affected by
sodium but by total salts as well. The Wingville silt loam was low in soluble
salt and sodium but half of the Wingville silty clay loam soils showed both solu-
ble salt and sodium. The Catherine series also were high in both.

The effect of one soil mapping unit upon another, particularly where the
areas are small, is such that reclamation practices could not be determined by,
knowing only the name of the soil mapping unit of the area involved.  The data.
from this study indicate that each field or soil mapping area must be tested
separately to know the soluble salt and sodium content.



-8-

Table 1.	 Chemical Analysis and Classification of the Surface Soil From 75
Sampling Sites in the Baker Valley Area.

Soil Mapping Unit	 Sample
Number pH

Conduc-
tivity
Kx103

Exchangeable
Sodium
Percentage

Classifi-
cation*

Baldock silt loam	 Bm)	 4 8.2 8.50 10.4 SN
7 8.3 1.90 8.7 N
9 7.9 1.6o 5.8 N

10 7.2 1.10 4.0 IV
11 7.5 1.20 4.7 N
14 8.1 1.00 6.2 N
15 8.7 3.10 21.6 NS
16 9.2 1.95 28.5 NS
44 8.o 1.55 4.9 N
45 7.1 0.95 2.9 N

Catherine silty clay loam (Cc) 52 8.4 5.50 18.4 SS
53 8.4 8.5o 24.6 SS

Catherine silty clay loam	 43 8.1 3.00 13.1 N
46 8.5 6.00 22.0 SS

Gooch silt loam (Gt)	 13 9.2 2.60 25.0 NS
17 8.5 1.40 11.9 N
24 8.8 4.5o 25.7 SS
37 8.2 1.00 8.2 N
38 8.2 0.95 6.4 N
62 8.7 9.00 37.4 SS

Gooch silty clay loam	 55 8.9 9.00 35.4 SS
57 8.7 10.50 31.9 SS
58 8.2 8.5o 17.3 SS
6o 8.3 6.70 15.4 SS
61 8.5 4.5o 16.4 SS

Gooch silty clay loam-19 8.8 2.7o 26.4 NS
20 9.2 1.90 30.6 NS
59 9.3 9.5o 42.8 SS
65 8.o 6.60 7.8 SN
68 8.2 8.00 16.5 SS

Haines silt loam (Ha)	 3 9.6 3.80 35.5 NS
18 9.1 2.00 28.8 NS
22 9.6 5.00 48.6 SS
23 9.6 3.30 44.2 NS
25 8.5 0.85 16.9 NS
26 8.8 1.50 20.0 NS
27 8.7 1.40 22.6 NS
28 10.0 3.80 42.1 NS
29 9.0 1.90 29.6 NS
30 9.1 1.00 25.7 NS

*
N - Nonsaline-Nonsodic (Normal) soil	 SN - Saline-Nonsodic soil

SS - Saline-sodic soil	 NS - Nonsaline-sodic soil
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Haines silt loam (Ha) 31 9.8 2.60 47.0 NS
(continued) 3 8.5 1.10 12.3 N

33 8.2 0.98 8.2 N
35 7.9 o.65 3.6 N
39 9.6 3.00 50.6 NS

Lun silt loam (Lr), 71 8.6 13.00 36.6 SS
7 9.4 13.00 5o.3 SS

Stanfield silt loam (Sk) 69 8.6 7.20 28.4 ss
7o 8.8 6.00 34.2 ss
72 9.9 4.6o 48.1 Ss
73 9.8 7.50 68.5 SS
74 9.1 15.0 46.5 ss

Umapine silt loam (Ua) 2
40

10.1
9 . 5

13.30
2.70

56.8
45.9

ss
NS

41 10.1 4.70 53.6 ss
4 10.6 11.0 63.3 ss

Wingville silt loam (Wa) 1 8.1 0.90 4.9 N
2 7.9 1.25 4.3 N
5 8.2 1.10 3.1 N
6 8.1 0.80 3.9 N
8 8.2 2.0 9.9

Wingville silty clay loam (Wc) 12 7-9 0.90 6.9 N
34 7.6 0.75 2.6 N
36 8.1 0.80 6.7 N
47 7.8 0.8o 3.7 N
48 8.9 1.30 19.o NS
49 8.5 9.5o 38.o ss
50 8.4 1.00 9.6 N
51 8.6 1.50 11.3 N
54 8.1 11.0o 26.7 SS
56 8.2 2.6o 7.9 N
63 8.2 4.10 9.5 iSN
64 8.4 11.00 24.6 SS
66 8.1 7.2o 16.7
67 8.2 5.10 16.8 ss
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