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I. Introduction
Most of the soils occurring in the valleys and intemountane 

plains, stream terraces and alluvial fans of the warmer or southern 

desert regions of Arizona, California, Hevada, Hew Mexico and Texas be

long to the Great Soil Group known as the Red Desert Soils.
These soils have developed primarily on alluvial outw&sh from a 

great variety of rocks or other parent material brought in from the ad

jacent mountains. The climate is hot to warm and has a deficiency of 

rainfall. Most of these soils occur on alluvial fans, intermountane 

plains, and stream terraces and have developed a certain degree of 

maturity.

Associated with these mature or older alluvial fan soils are 

those on recent alluvial fans, as well as recent alluvial soils along 

rivers and streams which are considered to be azonal in nature.

Very little residual soil has been mapped in Arizona, since such 

soils occur largely in and near mountains. These soils are rather 

shallow and have been formed in situ from parent rocks. They are gen

erally considered to be non-arable, and therefore are not considered 
further in this report.

The younger alluvial fan soils, on the other hand, have not had 

time to mature or show profile development. These soils are not the 

main interest in this study and therefore are not included in this in

vestigation.

1.
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The major concern is with the true zonal soils of the southern 

desert, which occur on the older alluvial fans and stream terraces* 

They are the result of soil forming factors acting on parent material. 

They are subjected to the high summer temperatures and penetrating 

winter rains. They are characterised hy:
(1) The presence of a textural B, i.e.* a higher percent of 

clay in the Bg horison*
(2) The presence of a Bca and sometimes a C0a horizon* This 

is an accumulation of CaCOg somewhere in the profile which may give 

rise to Bca and Cca horizons. These horizons though containing a 

considerable amount of GaGOg are net firmly cemented as are the high 

lime horizons found in some of the other soils of this area which are 

net included in this investigation*

The soils studied in this investigation are representatives of 

five series of the zonal Bed Desert Soils formed on older alluvial 

fans. They are members of the Mohave* Adelaato, Tucson, Subac and 

Higley series* They are closely related, differing from each other 

mainly in the degree of profile development*

The soil profile samples for physical and chemical analysis were 

taken mainly in the vicinities of Tucson, Phoenix and Chandler*

The purpose of this study is twofold: First, to determine the 

characteristics of these soils by means of physical and chemical an

alyses* Second, to find the possible genetic relationships of these 

soil series to each other and to the soils of other Great Soil Groups.



II. Literature Be view

Literature concerning the Bed Beeert sells is very frageental and 

■eager and sometimes eentrerersial* It is extremely difficult to eval

uate whatever data and literature is available. However, a review of 

the literature pertaining to the characteristics and genesis of desert 

soils as a whole was made under the following groupings:
1. The Characteristics and the Soil forming Factors of the Bed 

Desert Soils. . '

In the Bed Desert soil area, the dominant climatic factors of soil 

formation are (a) the hl^i summer temperature accompanied by a dry 

atmosphere and (b) the gentle prolonged winter rain, which facilitates 

the penetration of moisture. This has been pointed out by Joffe (1?) 
end Hikiforoff (28).

A short growing psriod due to drought permits only the growth of 

short-lived annual grasses and desert vegetation such as Creosote bash 

(larrsa tridsntata). cacti,, and desert legumes, which contribute little 

to the organic content of desert soils (Plate 11a). In this case, the 

soil, to a certain degree, determines the characteristics of the veg

etation. But the biological activities contributing toward soil form

ation are reduced to a minimum. The high summer temperature, on the 

other hand, causes rapid oxidation of whatever organic matter happens 

to be added to the soil. The sell, as a rule, is extremely low in 
organic matter. . • .

3.
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Earlier workers such as Laphaa (19), Marbut (21), and Joffe (17), 
were of the opinion that the desert soils are formed In a similar man

ner to soloncbaks, as described by Glinka (9), Joffe, (17) noticing 
the similarity of the morphology of Desert soil to that of a solonetc 

soil, went so far as to interpret the existence of "solonetzic fea

tures" in these soils as the "development" from the degradation of a 

"calcium and perhaps a magnesium solonehak,"

At any rate, a zone of lime accumulation is present in various de

grees in all the true led Desert soils. In some soils it is cemented 

into & lime hard pan or "caliche,"

The red color which typifies the Bed Desert soils is caused by 

red hydrated iron oxide of the turgite type. This is a product of 

strong oxidation resulting from high temperature. The red color could 

be masked by gray calcium carbonate in certain localities, (llkiforoff, 

28)

A "zone of compactness", described by laphaa (19) and llkiforoff 
(28), or a textural 1 is observed in all zonal Bed Desert soils. It 

is usually redder, more compact, and contains more colloidal clay than 

the horizons above or below it. It is usually separated abruptly from 

the "loose mantle" layer above it. This horizon, or part of it, may be 

consolidated by cementing agents such as clay, silica, lime and gypsum 

that fill the space between coarser particles.

The parent materials in desert soils are perhaps more important 

than they are in other Great Soil Groups in the determination of the



characteristics of desert soils "because the effect of the ""biosphere 

is reduced to a minimum". (Joffe 1?)
2. Theories Suggested by Earlier Workers to Explain the Development 

of Desert Soils.

ffikiforoff (28) mentioned three theories which were taken from 

Glinka's "Pedology". These may he summarized as follows:

(I) Belies or residue theory: "Hard pan" or "crust" is formed

during a preceding epoch, which was characterized by a climate more 

humid than that of the present time, as it was presumed that the form

ation of hard pan is ascribed to great humidity. Therefore, the hard 

pan has no genetic relationship with other horizons which may be devel

oped as a result of existing conditions. This theory, though inade

quate to explain the formation of the vast and extensive occurrence and 

distribution of the zonal Bed Desert soils, may explain the formation 

of certain intrazonal soils.

(II) Solonchak or evaporation theory: This is based on the as

sumption that the "desert crust" formation is essentially the same as 

the formation of solonchak, which is known as a structureless soil 

having a high concentration of soluble salts such as sodium chloride#

Here in the high summer temperature and low moisture, certain more or 

less soluble salts such an gypsum and sodium chloride are supposedly 

leached to the lower portion of the profile by the limited rainfall.

Later the desiccating winds reverse the movement of the salt containing 

moisture by capillary rise and leave a crust on the surfact of the soil. 

Joffe (l?) states that solonohaks are formed where ground water comes near

5.
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to the surface, at least teaperarlly. Stock environment, however. Is 

net universal In the desert regions,

(III) The theory of Illuviation: It has keen suggested hy

Glinka (9) and others that the crust and the overlying mellow mantle 
are two genetically bound horizons of a normally developed profile.

If this he true, the following assumption wist be made:
a. Rainfall was, at least at one time, sufficient to leach the 

surface horizon of desert soils of part of their salts and clay.

b. The relationship must he truly genetic, l.e., the "crust"

(the B horizon) must be the result of decomposition at the "man

tle" (the A horizon) at lower horizons. Therefore, there must 

be a balance between the cementing materials accumulated in the 

"crust* and the original material of the eluviation zone.

c. This process must have been operating in the past under dif

ferent climatic conditions or is proceeding under present envir

onments.

Harper (10) and Lapham (19) seem to be of the opinion that at one 
stage, the colloidal materials were dispersed by sodium which makes 

the translocation possible.

The theories offered hy various workers thus far try to explain 

the development of desert soil profiles in terms of illuviation with 

or without the dispersion of colloids by monovalent cations under ex

isting or past environmental conditions, which they thought conducive 

to the formation ef a normal profile. Also no distinction between the 

formation of a textural B and zone of salt accumulation was made.
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(IT) Kikiferoff*• theory: The preeeee reepeneible for the de

velopment of the profiles of the desert soils is composed of two dis
tinct preoesses:

a. The formation of "cruet* or the accumulation of lime or other 

salts which is the result of upward capillary movement of under

ground moisture and subsequent concentration and deposition of 

the same.

b. The formation of "clay pan* or a textural 2 horizon. This 

is a result of hydrolytic decomposition jfl situ of certain min

erals mainly feldspar and hornblende and of subsequent dehydra

tion product of hydrolysis at some distance below the surface.

"The development of these two processes can coexist in any 

particular Desert Soil, developing their relative intensity by 

alternative waves according to the changes of climatic seasons" 

(28).

While these two processes proceed, the "mantle layer* presum

ably remains somewhat inert. In other words, in this case, the re

lation between the *mantle layer" and the *crust" and "clay pan* is 
not genetic.

Evidences supporting this theory according to Hiklforoff (28) 
are listed below: : , ;

a. The "mantles* vary from a fsw inches to 10 feet or more in 

depth. Sometimes they are absent, leaving the "crust" exposed.

b. An abrupt boundary between the "mantle" and the "clay pan." 

There is no gradation from one horizon to another.
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c, "Meatlee" are usually stratified and unasserted; this shows 

that they are deposited by wind and water, possibly of rather re

cent origin. Signs of erosion are sometimes observed at the sur

face. It could be assumed that the "mantle* is net really static. 

de There is little or no sign of vertical leaching or of soil 

development*
However, MiMferoff did not exclude the possibility of the con

tribution of small amounts of clay from the "loose mantle" to the 

"clay pan" formed under it*

Breazeale and Smith (2) in their study of "caliche* in 1930 have 

drawn the following conclusions, which pertain to the Interpretation 

of the formation of the "crust" of line accumulation in the profile: 

a* They suggested that caliche strata may be formed beneath the 

surface of the soil either by "evaporation of the descending sur

face water" as in the event of relatively prolonged winter rain

fall or by "evaporation of seconding ground water" which usually 

contains calcium bicarbonate*

b. They pointed out the fact that caliche formation involves 
three processes:

i* Solution, which Includes the transformation of calcium 

carbonate into calcium bicarbonate in the carbon dioxide 
charged water*

ii. Translocation upward or downward in the profile, with 

the movement of EgO*

ill* The precipitation of calcium carbonate* which is
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brought about in two ways: first, evaporation of water;

second, loss of carbon dioxide through the relief of pres
sure or by the action of transpiring plants,

c. Maximum lime accumulation occurs at the moist front of the 

soil.
d. As the moisture condition changes or the surface of the 
soil is eroded away, lime could be redissolved and redeposit

ed accordingly by the action of percolating water. Therefore, 
as long as the horizon remains permeable, the lime concentra

tion usually occurs at about the same depth from the surface. 

But if debris is deposited at the surface, a second strata of 

lime concentration may be formed above the existing one, as the 

lime is being rediesolved and redeposited at a new level where 

evaporation takes place.

e. Here, the importance of transpiring plants to the forma

tion of caliche or a lime horizon is emphasized as lime depos

ition could be greatly accelerated in the presence of plant 

roots.

3# History of Soil Survey in Arizona

Because of the extreme interest in the agricultural soils of 

the United States, the Division of Soils was organized by Congress 

in 1894. later in that year Milton Whitney was appointed as its 

head by the order of the Secretary of Agriculture. The expenses for 

the first year ($2,000) were paid from the appropriation of general 
expenses of the Weather Bureau under a clause providing for Binves-
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tigation of the relation of climate to ergeale life*. It was re

cognized in the appropriation act July 1, 1895 as an independent 

division of the Department of Agrieulture# Its name became the 

Division of Soils in 189? and the Bureau of Soils on July 1, 1901.

The first soil survey in Arizona was made by the D.S. Depart

ment of Agrieulture in 1900 (26) in the Salt Elver Talley. Others 

were made in the years succeeding as follows:
Yuma Area, Arizona, 1902 
Solomonville Area, I903
Yuma Area, Arisona-California, 1904 :

Since the soil surveys covered the most important agricultural
*""■ - ..

area in the state, further surveying was discontinued until 1917# 

when the Middle Gila area was surveyed. In 1921, the San Simon (5). 

Winslow (41), and Benson (4) areas were surveyed and mapped. By 

this time, new concepts of soil survey had been developed, so the 

Salt liver Talley was resurveyed in 1926, the Yuma-Well ton area in 
I929, and the Upper Gila (Solomonville) in 1933#

Mere than a dozen other surveys in different areas within the 
state have been mapped and published.

fhe mapping and naming of soils has been an evolutionary pro

cess with progress and refinement still being noted.

In 1917* the Mohave series was established and defined in the 

Middle Gila area. At that time it was considered to be a typical 

Bed Desert Soil and to have very widespread occurrence in the 

southern parts of California, Bevada, Arizona, lew Mexico and fexas.
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It was mapped Is Tama (1929), la the %per 611a Area (1933)* 

and in the Salt Hirer Talley (1926), hut net la the early surreys 

of these areas. In comparing the well types mapped as Mohare in 

recent surreys with sells mapped in the same section In their earl

ier surreys were largely designated as belonging to the Maricopa 

Series.
The Maricopa Series is described in the 1900 Soil Surrey Be- 

port of the Salt Hirer Talley (26). An abbreriated description of 

each type of Maricopa Series is listed as below:

She Maricopa series was considered as comprising collurial 

soils. It is further aubdirided on the basis of the nature of the 

surface texture or its "comaanition* of rocks into four "soils";

a# Maricopa grarelly loam: It is predominately grarelly, with

an arerage 20 percent of grarel coarser than 2 mm. It extends 

out upon the more lerel floor of the ralley at rarylng dis

tances, depending upon the proximity of large washes.....As a 

rule, the gravelly material extends about two miles away from 

the base of the mountain....

b. Maricopa sandy loam: Though composed of the same original

material as the grarelly loam, it carries only 10 percent gra
vel. It occupies the higher lerel of the plain portion of the 
ralley,

c. Maricopa loam: This soil carries less grarel than the 

coarser members of the series. By more complete weathering 

and by the washing of the finer products of weathering from
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Maricopa gravelly loam and sandy loam, there has accumulated 

in the lower parts of the valley, a soil similar in origin to 

the gravelly and sandy loams, hut much heavier .... She areas 

occupied hy it lie in the lever portions of the valley.

4. Maricopa clay loam: Shis is the heaviest soil from the

colluvial material. It is confined to a small area near the 

center of the valley. Shis soil, which is heavier than Mari
copa loam, ha# otherwise the same properties.

In this report* typical of its time, there is no concept of 

profile development, finer soil materials are thought to he wash* 

ed from higher level and deposited in the lower areas. The coarser 

materials are thought to he deposited near the mountains and the 

finer materials further away in the valley. Shis heterogenous sell 

"series* is believed hy Harper (10) to contain such modern soil ser
ies a# Larsen* Mohave, etc.

With greater knowledge of the sells, it became apparent that 

greater refinement in soil classification would become necessary.

In the 1917 survey of the Middle Gila area (6), several new series 
were split away from the bread and heterogenous Maricopa series.

One of the most extensive of these series was the Mohave series*

la this soil survey, the Mohave soils are grouped together with 

Pinal, Mohave and McClellan into the "Old Talley-filling Soils" 
group.

The characteristics of this group are:

(1) They are derived from weathered and otherwise modified*
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relatively old and water laid and consolidated deposits which 

originally had their source in a variety of formations in 

which granites and related rocks predominated#

(2) The color of the soil surface ranges from hrewn to red

dish-brown or red#
(3) They are low in organic matter#

(4) They contain an abundant supply of lime.

(5) Heavier, more compact subsoils occur in places and fre

quently a greatly compacted, or in some cases cemented layer 

lies within a few inches below the surface.

(6) The surface is smooth or comparatively flat or gently 

sloping.
(?) They occur at moderate elevations and in places are erod

ed.

(8) Drainage is good over most of the area.

The Description of the Mohave series is as follows (6):
(1) They have a range of color from reddish-brown to dull red

dish brown.

(2) They are underlain by grayish or pinkish gray, very compact 

subsoil, frequently containing Irregular, particularly cemented 

seams or layers with an approach to densely cemented "caliche" 
or hard pan.

(3) They generally have a smooth and gently sloping surface 

which is little affected by erosion.

(4) Surface drainage is well established but internal drainage



is restricted In some areas affected alkali salts* 

two types of this series are mapped In this area, namely the 

Mohave sandy loam and Mohave fine sandy loam. In the series descrip

tion of Mohave sandy lean, the following paints are considered:

(1) It consists of a pale red to reddish-brown friable, calcar

eous, light textured sandy loam, about 12-14 inches deep, under

lain by a calcareous light reddish-brown or pinkish-gray com

pact sandy loam or lean*

(2) A considerable quantity of coarse send and fine gravel 

grit is present.

(3) Small areas of a sandy variation are included in this type 

and may include some areas having a sandy texture* In sandier 

areas the soil is. usually deeper and more open in structure and 

the subsoil carries some fine gravel*
(4) The soils usually lie higher than the surrounding or assoc

iated soil and therefore are well drained and seldom affected by 
alkali.

From these descriptions it earn be seen that in the earlier days 

of soil surveying it was generally believed that soils ranging in 
texturs from sand to clay could be placed in a single series. How 

it is known that texture affects soil forming processes* Texture is 

often used in making series differentiations, so that a single soil 

series today may have only a limited range in surface texture.

Further refinement in the series may make it necessary to re

write the series description. This was done for the Mohave series

15.



16,

la 1945 sad again In 1953« Since the 1945 description is intermed
iate, the profile description will not he repeated here hut the 1953 
description is given in detail in the Appendix,

In 1926, 111,037 acres of Mohave sell were mapped in the Salt 

Elver Talley, Shis comprised 32.3 percent of the total surveyed 
area, '

Envision of the mapping of the soils in the Salt Elver Talley 

is in progress at the present time. Indications are that further re

finement of the series may he neeeisary.

Ter example, the Higley series has been established in the (foieen 

Greek Area. Prior to its establishment the Higley soils had been 

mapped in the Mohave series. Its description Is included in the 

Appendix. It should be noted that the soils of the Higley series, 

found in the lower portion of alluvial fane, are of finer texture and 

more thoroughly leached ef lime than the associated Mohave soils.

Also, related te the Mohave series, and at one time mapped with 

it in the Salt Elver Talley, are the soils of the Adelanto series. A 

complete description of this series is also included in the Appendix. 

4. Pertinent Characteristics of the Soils of the Mohave and Be
lated Series

Ho formal series descriptions or interpretation of the develop

ment pertaining to the Mohave and its related soil series other than 

those included in soil survey reports were prepared prior to a per

iod in the late thirties. Preparation of standard descriptions for 

every series was started sometime after 1935. The earlieet stand
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ard deacrlptloas are now of little value because of the terminology 
need in them which refers to no published standard. However, a re

view of the soil survey reports was made and the pertinent charac

teristics in the recognition of these sell series was noted, fur

ther information was given in the series description of the five soil 

series which appear in the Appendix.
A. Mohave series: Mohave soils when normally developed are often 

considered as the most typical of the Bed Desert soils. It was for

merly included in the Maricopa series which describes a somewhat 
heterogenous group of soils found on the higher level of the plain 

portion of the valley.

The Mohave soil series was first recognised and established in 

the Middle 611a Valley, Arizona in 1917* They were categorised as 

the "Old Valley-filling Soil" group of soils together with the Pinal 

and McClellan series. Since then, Mohave soils have been mapped in 

most desert areas in the central or southwestern sections of the 

state. Since it was first mapped, the understanding of this sell 

series has been greatly increased and the description somewhat mod
ified and made more specific.

Today, the Mohave series is known as a mature Bed Desert soil 

developed on alluvial fans and stream terraces. It is characterized 

by:

(1) A non-calcar ecus and often stratified A horisen which is 
typically reddish-brovn.

(2) (Plate I) Bg horizons, the structure of which is typically 

angular, blocky, and sometimes weakly columnar (Plate Ha) and



18.

with a definite clay concentration. These her!sens are aloe 

darker and redder in eeler than adjacent herdsons.

(3) Boa horizons, occurring at ahent 1% to 24 inches below the 

surface. They are usually calcareous end often contain lisra 

mottling^
Marbut (21) suggested that in the normal development "calcium 

carbonate is removed from soil surface by the time of maturity". Al

so in its development* the deeper layer of the profile has long been 

in place but the surface seems to have been "shifted."

B. Adelanto series: This,series is a moderately developed Bed Desert 

soil. The series was first established in the Victorville area, Cal

ifornia in 1921. It is a sandier soil than the Mohave soils* Per

haps it is wore brownish in color throughout* It has less clay in 

the 1' horizon than does the Mohave soil.

C. Hlfflsv seriest These soils usually occur at the lower end of allu

vial fans and in lower positions than the Mohave soils. It was first 

established in the Queen Creek area, Arizona in 1946 (31). The sur

face soil is light brown but becomes redder with depth. It has more 

clay throughout the profile then soils in the Mohave series and the B 

horizon is thicker* It is generally calcareous throughout the profile 

except that in the virgin state^ the surface may be slightly acid*

D. Tucson series: This series has been thought of as being an intra

zonal soil occurring on alluvial fans formed on more calcareous par

ent material* but ethere favor its elaasifieation as a weakly zonal 

■oil. It is very similar to Mohave soils in many respects except



PLATE I

a Prefile showing a stratified 
A horizon and a typical angular 
bloeky B horizon.

A Modal Mohave Profile

b A close-up of the angular bloeky 
structure of the B horizon.
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that it contains lime throughout the profile. (Plate lib) Per

haps the coloring is lighter and more brownish due te the masking 

effect of a high lime concentration.

This series was first established in the Tucson area, Arizona in

1931 (50).
B. Tubac series: This series was first established and mapped in

the Hogalee area, Santa Cruz County in 1930 (8). It usually occurs
- - '

on alluvial fans* It is thought to be a "mature^ or "strongly devel

oped* senal sell of the Bed Desert area* It is closely related to 

the Mohave series and it is characterized hy a strongly developed 

textural Bi horizon, which is typically prismatic or columnar and non- 

calcareous (Plate Illb)* The il horizon is usually slightly acid to 

neutral.

Glassey (8) suggested that "the profile is of pronounced melon* 
etsio character* and "this soil lies above source of water supply".

Tbungs (50) inferred that the profile "resembles seledlzed scl
one tz" described by Glinka, excepting "in that they are red in the 

surface and subsoil*,, and that the surface sell is acidic* As the 

characteristics of the soil indicate *lt is formed under & more humid 

condition** He also suggested that this sell could be a relic sell* 

Peulson (34) in his more detailed study of this sell* seems te 

he of the opinion that ftthae soils "represent a mere matured sell 

development* in sell materials which have been impregnated with so
dium salts.■



a. Vegetation typical of the Tucson 
series:
Foreground: Mesquite (Prosopis
Juliflora)
Background: Cholla (Opuntia sp).
Creosote bush (Larrea tridentata).

b. Modal Tucson profile showing 
lime distribution.



PLATE III Soils With Stronger Developments

•>

. Maximal Mohave profile with weak 
columnar structure in B horizon.

b. Modal Tubac profile witn a bleached 
Ag horizon and a strongly developed 
columnar B horizon.
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1, Field Studlsa
Mamy field trips were made in the Tielnltles of Ricsen* Phoenix^ 

end Chandler for sell profile observations and sample collections*

In the field* soil hell sene were delineated and described according 

to the standard procedure set forth in the Sell Survey Manual (45)* 

Descriptive terns were used as defined in the manual* The Kinsell 

color chart was used for the determination of soil color*

Fern 80S «• ZJ2Q *- Soil Description was used for the recording of 

the characteristics of each profile* Such pertinent information as is

listed below is used to describe each soil and the environment under

which each has developed*

Sell type
Area
location
Dative veg* (or crop)
Parent material
Physiography
Belief
Elevation
Slope

Aspect
Erosion
Permeability
Drainage
Depth of Or* water 
Moisture
Boot distribution 
Climate
Salt or alkali

Stenineee
Horizon
Depth
Color (dry, moist)
Texture
Structure
Consistence (dry, wet)
Beaction
Boundary

Mr* Milo James, State Soil Scientist of the Soil Conservation

Service was responsible for the selection of sampling sites and the 

horizon designations*

Eleven sample sites were selected for laboratory study* *he sites 

were selected at locations where large bodies of the designated soil 

series had been mapped previously* Samples representative of each 

profile were collected from near the middle of each horizon*
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Attempt# were made to sample maximal, minimal and modal profiles 

of the Mohave series, and medal soils of Tucson, Bigler* Adelaate* end 

Tubac series.

Samples of eight profiles were collected to represent the Mohave 

series, two ef tdiieh were virgin and six were cultivated, the other 

series which were sampled include one Tucson (virgin), one Bigler 

(cultivated), three Adelaato (cultivated) and one Tubac (virgin).

The official description of each ef the soil profiles is included 

in the Appendix.

The samples collected from these profiles were taken to the lab- 

oratory for physical and chemical analyses.

2. Laboratory Studies

Samples which were collected in the field were allowed to air 

dry, then were crushed, passed through a 2 mm. screen, and thoroughly 

mixed. The following analyses were made. The methods used are de

scribed below:

a. Particle else distribution

The mechanical analyses were made on the sell fractions 

smaller than 2 mm. in diameter, using the method of Kilmer and 

Alexander (1949) as described in "Diagnosis and Improvement of 

Saline and Alkali Soils* (46) method 41* After organic matter 

and soluble salts had been removed, and these soils dispersed, 

the sand fractions (2.0 * .05 mm.) were separated from silt and 

clsy by washing through an appropriate sieve. Then, the sand 

fractions, after being dried, were subdivided by sieving for ten
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minutes in a nest of sieves. Separations were made of the var

ious grades of sand: very coarse sand ( 2 - 1  mm,), coarse send 

(1 - ,5 mm.)* medium sand (;5 - .05 mm.).

Die clay (.002 mm.) and silt (.05 * .002 mm.) fractions* 

separated from the sand fraction* were transferred to a 1000 ml. 

cylinder and made to volume. Die pipette method was used to de

termine the clay fraction (less than .002 mm.). The percent of 

silt (.05 » .002 mm.) was calculated by difference, 

b. Calcium Oarboaatn Percentage

Calcium carbamate percentage was determined by the well 

known gasometrie method* This includes the measurement ef the 

volume ef a mixture of air already in the system and GOg which 

was liberated upon the reaction ef the CaCQ) in the soil and the 

SCI added*, as compared te the volume ef the remaining gashes af

ter the COg was absorbed by a concentrated solution of BOH. All 

reactions took place in an air-tight apparatus. Corrections were 

made for atmospheric pressure* vapor pressure and temperature in 

reference te standard temperature and pressure. The results were 

expressed as percent of GaCOg. 
e. Organic Carbon

The method employed in the determination of organic carbon 

is a modification ef WaUdLey*# rapid method as described in 

Piper (33). In this determination* organic carbon is oxidised 

by a chromic acid solution at room temperature and the excess 

chromic acid back titrated with ferrous ammonium sulfate solu—
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tion. The end point ie determined by means of an electrometric 

equivalence meter. The samples were not heated because of the 

danger of decomposition of chromic acid. The heat of dilution 

of the concentrated EgSO^ solution furnished heat for this re

action.
The percentage of organic carbon was calculated from the 

empirical factor:

1 equivalent XgCrgOy « 0.003 gm. C.
The data was expressed in terms of percent of organic car

bon.

The decomposition of the organic matter is only about 75 

percent complete, so the results are multiplied by 1.3*
d. Soil pH Values and Conductivity of the Saturation Extract (46)

a. Water extractions of the saturated pastes were used for 

the measurement of electrical conductivity on a solu- 

bridge.

b. The pH of the soil was determined on the saturated soil 

paste with a Beckman pH meter equipped with a glass elec

trode,

e. Soluble Salts. Exchangeable Cations and Base Exchange Cartac-

ilz
The methods used for the determination of exchangeable 

bases is essentially the same as described by fieldes et al (?) 

while the exchange capacity is determined by the method described 

by Piper (33).
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Ten gram samples of dry soils were used* First the soils 

were leached with 60 percent ethyl alcohol* The leachates come 

taining soluble salts were saved for soluble cation determine* 

ationse The samples were then leached with neutral, hot ammon# 

iufi acetate, thus saturating the soil with ammonium ion and at 

the same time replacing the exchangeable cations* The leach** 

ate was saved for exchangeable cation determination*

The leached soil samples, having been saturated with am

monium ion, were transferred quantitatively to a Kjeldahl 

flask to which MgO aa well as 400 mis. of tap water were added. 

Ammonia was distilled off and received in boric acid* It was 

later back titrated with 0.1 I- HC1, The aeq. ef WBj released, 

when calculated on the basis of 100 gas. of soil is the cation 

exchange capacity*
The leachates, for exchangeable cations, and soluble salts 

saved previously were evaporated to dryness, ignited, redissolv*. 

ed in BS1, filtered and made to volume. A Perkin-Slmer flame 

photometer was used for the determination of K and Ha, both in 

the exchangeable and soluble forms.

The amounts of soluble cations found are expressed in 

meq./lOO gins, of soil but that of the exchangeable cations were 

expressed in meq./lOO gas. as well as in percent ef exchange
able cations* 

f* Moisture Equivalent

Moisture equivalent determinations were made by the methbd
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outlined ty Briggs and McLean(3), The soils were saturated 

with water, allowed to drain and then centrifuged 1000 times 

gravity for 30 minutes* Moisture content was determined by 

drying overnight in an oven at 105° C,

This determination was made according to the method out

lined in the manual. Diagnosis and Improvement of Saline and 

Alkali soils (46). pH values were determined on the soil 
paste and conductivity measurements on the saturation extract*

3. Results and Discussion of Results

a. Particle Size Distribution (or Mechanical Analysis)

Particle else distribution data are presented in Table I. The 

data presented are the means of closely agreeing duplicates* In 

addition to the data in Table I, the data for each of the Mohave pro

files studied is given in Fig. I. The same type of information for 

the Adelante profiles is given in Fig. II.

In the study of the results ef mechanical analysis, it has been 

found that the distribution of elay in the profiles of a soil series 

tends to follow a definite pattern, oharaeteristic of each series* 

Values for each horizon in a single series tend to fall within a 

somewhat narrow range, in spite of the differences in sell type* This 

is demonstrated in Fig, I end II*

The results elearly shew there it some degree of clay concentra

tion in all the profiles under investigation. The clay distribution 

in the several series varies considerably in the following respects:
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T&bl# I. Textural Gogpoaition ef

Lab.
Hon,

10

Horizon
Sand

Depth
inohea 2-1 1-0.5 0.5-0.25 0.25-0.10

am.

i 2 t %
Melante I

0-14 1.5 6,0 10.6 18.714-18 2.1 7.3 11.2 20.1
18-28 .5 5.0 2.6 16,4
28-35 .6 4.4 3.3 12.7
38-54 .9 7.8 9.1 17.8

Adelanto II0- 8 1.5 10.1 20.5 23.5
8-15 3.1 10.5 22,3 23.2

15-36 1.7 10.2 14.4 19.4
36-44 1.2 6.2 12.5 25.6
44- .6 3.9 8.8 13.1

idelaate III11 ip 0-14 10.4 9.3 7.7 11*412 14-38 8.3 8.2 6.6 10.5
13 Cca 36-44 8.8 9.4 8.0 11.2
14 C 44-59 7.6 8.2 7.5 10,4 

Mohave I
15 ip 0-12 7.5 6.5 5.1 7.516 r 12-17 9.6 8.4 6,0 7.7
17 BCa 17-24 6.7 7.0 5.8 6.4
18 Cca 24-42 6.1 6.3 5.0 7.4
19 C 42-54 9.9 8.7 7.2 9.4

and Related. Soliz

0.10-0.05
Total 
2-. Q5

* t

10.3 47.1
12.8 53.512.1 36.6
10.7 31.7
15.3 50.9

13.3 68.9
13.6 72.7
12.6 58.315.6 61.1
10.9 37.3

12,5 51.3
15,0 48,6
14,3 51.7
15.7 49.4

10.6 37.2
11.0 42.7
10.3 36.2
11.6 36.4
11.6 46.8

Silt Clay
0.05—  002 <.002

BITS#

2 *
30.3 22.6
23.3 23.2
38.0 25.4
41.1 27.2
31.6 17.5

22.5 8.6
19.3 8,0
25.0 16,7
24.7 W 2
51.8 10,9

33.3 15,4
35.1 16.332.6 15.7
33.1 17.5

36.6 26.2
27.1 30.2
33.8 30,0
43.5 20.1
37.0 16.2



Tati* I.

lab* Horteon Depth
rfos* Inches 2-1

mm.

i

20 4p 0-15 .7
21 15-26 1,2
22 lea 26-40 ,5
23 e 40-54 .5

24 *i o- 7 22.3
25 7-13 24.9
26 B2-l 13-22 10.9
27 12-2 22-29 17.5
28 Bca 29*40 21,6
29 C 40-50 20.6

30 Al-1 0- 3 9.6
31 Al-2 3- 4 14,5
32 12 4-18 16,9
33 Bea 18-38 24,2
34 o r 38-56 21.7
35 02 56-65 21,4

36 0-10 .6
37 if 101*20 .9
38 ®3ca 20-36 1,6
39 Gca 36-59 2.1

Sand
1-0.5 0.5-0.25 0.25-0.10

am.

t. * *Hlgley I
1.6 5.8 21.4
1.6 4.2 11.7
1.7 4.0 10.7
1.2 3.4 9.8

Mehare TI
15.3 11.0 14.4
12.1 9.5 13.0
7.6 4.9 7.3
8*9 6.1 9.1
10.6 6.8 11.3
11.8 10,8 14.6

Mohave T
9.3 9.0 24.1
11,4 10,9 12*7
9.5 8.7 13.1

11.0 7.2 8.5
11.8 8.5 13.0
11*3 8.4 19.6

Mohave II
2.4 4.4 8,5
2,5 4.5 7.7
3.3 5.3 9.8
3.0 5.0 9.6

Slit Clay

1.10-0,05
Total 
2—.05 0.05-.002 <.002

mm.

* t *
17.4 46.9 28.1 25.0
13.1 31.8 29.0 39.2
10,1 27.0 25.8 47.2
13.8 28.7 26.5 44*8

11.1 74.1 15.4 10.5
10,3 69.8 16.9 13.3
6.5 37.2 11.8 51.0
8.3 49.9 17.8 32.3
9.3 59.6 17.5 22.9
9.7 67.5 19.5 13.0

16.5 68.5 20*0 11*5
10.0 59*5 27.7 12*8
10.6 58.8 15*9 25*3
7.0 57*9 16*6 , 25*5
7.8 62.8 16*9 20.3
7.6 68.3 15.1 16,6

14.2 30.1 44.9 25.0
12.4 28.0 44.5 27*5
14,5 34,5 35.3 30.2
15.0 34.7 41*7 23.6



Table I. conH.

Sand
Lab. Horison Depth
Moe. 2*1 1*0,5 •.5-0.25 O.25-O.IO 0.10*0,1

inches
56 " $ *

Mohave III
40 A_ 0- 9 9.0 12.5 10.1 10.4 16,2
41 % 9*20 10*8 12,6 8*1 7.3 9.8
42 20@,30 8.0 11.5 7.7 7.3 10a 0
43 4 r 30-54 6.9 946 8.1 9.2 11.2

Mohave IV
44 Ap 0- 8 3*7 6.6 8.7 12*7 14,6
45 8*16 4.8 8.5 12.0 16.0 13.3
46 Baca 16=22 2,3 5.7 9*5 13.5 13.7
47 Gea 22*54 3.0 2.4 3.7 9.3 16.5

Tucson I
48 Aw 0* 1 13.S 13.1 9.6 14.2 16.0
49 Ai 1* 9 14.5 13*2 9.1 12,6 14.5
50 Bca 9»15 8.5 7.8 4.8 6.7 10.0
51 B-C 15-32 6,2 5.3 3.2 5.7 11.9
52 Ci 32*56 12.9 10*0 5.5 7.8 13.5

Miae I*
SS1032 A- 0*1,5

33 A1 1.5-*
34 12 4-4,25
35 12 4,25 -14
36 Baca 1W 237 B3

Silt Clay

2-, 05 0.05-.<X« <.002

<

58.2 JO,® 11*8
48.6 14.7 36.7
44.5 27.4 2 % 1
45.0 42.5 12,5

46.3 31.0 22,7
54.6 18.0 27.4
44.7 27.1 28.2
34.9 41.1 24.®

66*0 32.2 1.8
63.9 32,6 3.5
37.8 42,0 20,5
32.3 49.1 18.6
4917 39.3 11.0

76.2 6,8 17.0
67,2 10,8 22,0
60,2 19.8 20.0
39.2 48,8 12*0
45.2 39.8 15.0
62,2 32.8 5.0

■•BetiyucoB method
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1. The depth ef occurrence of msxismi clay content*

2. The percentage of clay in the Ig horizon.

3. The thieknee* of the B horisee.

Hie depth of occurrence of the maxiimun clay content (Bg hor

izon) rarles greatly among the sell eerie#* Hie relationship as 

shown by the data at head* (table I and Pigs. III-YIl) places the 

soils in the following order:
Tubae { Mohare K  Tucson <C Adelaato <( Higley 

By definition, the Bjg horizon is the s«ie of maximum clay ac- 

euBulation. Therefore thepereontags of clay in the Bg horizon shows 

to a certain extent the degree of profile development and/or clay 

concentration in the profile ef each series. The order in this re

spect, as indicated by the analytical results presented in Table I is 

as follows:

Tubae y Higley ^  Mohave ^  Tucson y Melon to 

Further, the thickness of the B horizon reflects the ravlronaent 

under which the profiles were formed as well as the tacture ef the 

parent material* The finer the texture ef the parent material, the 

profiles subsequently developed tend to be thinner and shallower. Hie 

relationship of the soil series studied to each other is shown in the 

following sequence as indicated by the data presented in Table I.

Mohave )> Adelaato Higley )> Tucson }  Tubae 

On the whole, the tendency for the concentration of clay in a ma

ture soil changes with depth varying characteristically with each soil
series.



The coarser particles, however, do not follow a pattern of dis

tribution in a profile as does clay#
The analyses do not always show the theoretical arrangement of 

textural sequence throughout the profile, namely a finer textured B 

horizon underlying a coarser surface horizon. This reversal of the 

usual horizon sequence was found in the Adelaate II profile. The dif

ference, however, is so slight as to be negligible* Plowing tends to 

mix the surface soil and destroy the original sequence of horizons*

The original stratification of the parent material further complicates 

this situation* Flooding or irrigation with silty water leaves de- 

posits of fine particles on the surface* These deposits may be of a 

variety of texture#*

The degree of profile development, as indicated by the aeeuseu- 

lation of clay in the profile la conditioned by several factors. One 

of the more important factors governing the accumulation of clay is 

the amount of water that enters the soil which may carry some of the 

clay into a lower horizon or may become available for the hydrolysis 

of certain soil minerals into clay.

The Melante soils which lie near the source of parent material 

on higher fans, being of coarse texture, permit water to enter read

ily and form a B horizon. However, the B horizons formed in these 

soils are not prominent, owing to the rapid internal drainage. Also 

not all of the available water will penetrate into the profile, due 

to the good to excessive surface drainage* brought about by its pos
ition on the alluvial fan.



Therefore, this sell series Is characteristically of a coarser 

texture throughout the profile as cespared te the Mohave series. The 

B2 horlsen if present contains only 15 - 25 percent of clay and has a 
very weakly developed structure* This concentration of clay is not 

very much higher than its adjacent horizons. This is demonstrated in 

fig. I.
An A./G sell profile, Melanie III of this series is also observ

ed among the profiles studied (3, fig. I). Therefore it is suggested 

by the author that the Melanie series is not advanced in its devel

opment* It has been further noted that the sand and silt in these 

profiles are rather evenly distributed throughout the profile as com

pared to the other series*

The Mohave soils, on the other hand occupy about the earn# slope 

as the Melaato soils but, being farther from the source of parent ma

terial is composed for the most part of finer textured parent materials. 

The internal drainage is somewhat impeded compared to the Melaato ser

ies. Thus the olay formation by hydrolysis is facilitated. This sell 

is generally thought to be a mature soil which is typical of the led 

Desert area.

further, in this investigation, 1 1 was often found necessary to 

designate certain sell profiles as maximal, minimal and modal to indi

cate their relative degrees of development especially among the Mohave 

series where more profiles were studied (Table I, Fig. I).

It has been found that the Mohave III (fig. I, 6 and Plate Ilia) 

has characteristics approaching those of a Tubas soil which is thought 

to be one of the more highly developed sell aeries in the Bed Desert



area* This Mohave profile has a particularly veil developed B2 hori- 
aon which Is weakly columnar 1m structure and rather high in its clay 

concentration (51.0^)# However, it is iaeluded in the Mohave series 

heeause it is a deep profile (over 5® inches) and found in an area 

where Mohave series predominates. It is maximal in the sense that it 

is overly developed for a normal Mohave profile, nevertheless its 

characteristics fall within the higher limits of a Mohave series ac

cording to the series descriptions listed in the Appendix*

On the ether hand, with Mohave IV profile (Table la, fig. I, 4) 

which is considered to he a weekly developed or a minimal Mohave pro

file, the clay content is only 28^2 percent in the Bg horisen and the 

angular hlooky structure is hut weakly developed. It is similar to 

the soils of the Melon to series in many ways. But it is included in 

the Mohave series because it is redder in oeler and has a finer tex

tured B2 horisen (containing loss sand and more silt) than a maximal 

Adelante.

Mohave V, (Table I, fig. I, 5* Plate la) which is a virgin soil 

was considered to be modal. According to its graphs of clay percent

age ve. depth in Fig. 1, 5 and Fig. Ill as well as its descriptions 

included in the Appendix, it is almost a typical Mohave profile* as 

it is known to us today.

The Tubae series occurs on the lower part of the fans in a rel

atively flat position. Surface drainage is at a minimum and the 

parent material is relatively fine textured. Because of limited sur
face runoff and poor internal drainage, the Tubae soil has developed
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under conditions which are moist longer than is the case with the 

Adelanto and Mohave soils, permitting the greater hydrolysis of par

ent materials into clay. There is also more water available for 

eluviation to take place. Consequently, the Bg horizons found in 

these soils usually contain more clay and lie closer to the surface 

than the other soils under investigation#

The particular Tubas profile under study, Tubac I (Plate Illb) 

is a rather typical example of the Tubac series. Its typically red 

coloring in the A and B horizons and the columnar Bg horizon is 

characteristic of this series. The prominent Bg horizon has a high 

concentration of clay 48.8 percent (Table I, Pig. VII). Clay skins 

were also observed along the pads as a coating of colloidal mater

ial. This is perhaps the only direct evidence of clay movement ob

served among Bed Desert soils. This phenomenon was Aso observed in 

Mohave VI profile which also has a feeble columnar structure.

According to seme authorities (10, 19, 49* 50) this was caused 
by the dispersion of the colloidal material by sodium ions which 

were abundant at some stage of its profile development.

The Higley soils are usually found in depressions, at the ex

treme lower end of a fan. The concave nature of the area is unfav

orable for surface runoff and favorable for the accumulation of addi

tional water from adjacent drainages. Pine materials may be washed 

into the basin; some of which may work their way into the soil pro
file.

However the conception of the characteristics of this soil ser-
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lee is not yet well estalilished or elearly defined. The Higley I 

profile (Fig. V and Table I) studied in this investigation give the 

author the Impression that it is rather similar t o the Melsate in 

many respects, except that the texture of each ef the corresponding 

horizons is finer or contains far more clay than the Adelante ser
ies. It is characteristically a heavy and deep profile (45*). The 

The Bg horizon is mt prominent because the clay content for B and C 

horizons are also hl^i, being 47.4, 39.2, and 44.8 percent respect

ively. The textures of Bg and C are clay, while the Ap and B hori

zons are sandy clay loam and clay 1 oao respectively.

The Tucson series is very similar to the Mohave series except
ing in its distribution of lime, which will be explained later in 
the discussion. She distribution of clay in the profiles of this 
series has a similar pattern to that of a weakly developed Mohave 
series (Table I, Tig. VI). However the content of sand in each cor
responding horizon is higher in the Tucson series, especially at the 
surface horizons, which is as high as 66.0 percent in the Tucson I. 
(Plate lib)

In most of the soils in this study there was found to be a close 
correlation between the amount of clay in Bg horizons and soil struc
ture. This is especially true in Tubac I and Mohave VI (maximal) 
profiles (Table I). In these two profiles the structure in the Bg 
horizon was columnar and their respective clay percentages were 48.8 
end 51 percent. With the other Mohave soils the Bg horizons are 
typically angular blocky and their clay percentages vary from 27 to
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b. Calcium Carbonate Percentage
The previous discussion concerning the distribution of clay 

throughout the profiles of different soils under investigation 
would not be complete without the discussion of the distribution of 
CaCOg throughout the profile. The data in Table II shows that all 
of the soil series have a calcium carbonate horison, but for each 
series, the pattern of CiGO-j distribution is different. However, 
there is a closer correlation of CaCÔ  distribution in the profiles 
within a soil series than there is between soil series. Graphs have 
also been prepared to show the relationship between calcium carbon
ate percentage and the distribution of clay in Figs. III-TII,

In the virgin state, the surface soils of the Mohave series are 
generally slightly acid. They overlie horisons of soil which are 
moderately or highly calcareous. When irrigation water penetrates 
these calcareous zones, part of the calcium carbonate goes into sol
ution and is brought to the surface by capillarity where it is pre
cipitated in relatively small amounts in the surface layer. This may 
be added to, too, by irrigation water, which often carries a certain 
amount of calcium.

On examining the cultivated Mohave soils, it is probable that the 
soil will be found to be slightly basic. The same is true of soils in 
the Adelanto, Tubac and Ugley series. The Tucson series has never 
had slightly acid surface horizons, either because these soils devel
oped from a calcareous parent material or by decomposition of calcium

36 percent,
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carbonate at the surface by the evaporation of capillary water, or 

perhaps of flood water that covered the surface of the profiles at 

some early time.

It is perhaps better to describe the lime distribution in con

junction with that of clay in the series concerned, so that a rela

tionship between the clay distribution and that of lime may be shown. 

It has been suggested by ¥.G> Harper in a personal communication 

that the lime la calcareous soils has a tendency to flocculate the 

clays and immobilise them against migration within the profile. This 

is thought to be particularly true in the Tucson series*

The Mohave series is generally relatively free of lime through 

the depth range of and B2 horizons (15* - 25"). Underlying this 
sone is the BQ& horizon which is characteristically high in lime and 

clay* This zone may or may not represent a layer of milmum lime 

and/or clay concentration. Beneath the Be& horizon is usually a 0 

or a Cca horizon of coarser materials. Sometimes, the Ccahorizon 

represents a zone of majdmum concentration of 1 ime.

The Tucson series is rather similar to the Mohave series in 

many respects, except in lime distribution as has been mentioned 

earlier. It is calcareous throughout the profile. Generally, the 

distribution of lime follows closely that of clay (Fig. 71). The 

sone of maximum lime concentration in the profile Tucson I (Plate 

II* 6) representing the Tucson series lies closer to the surface 

than the Mohave series, at about 10" - 14". This is the B2ea hor

izon. This zone represents the maximum concentration of both clay 

and calcium carbonate which are 20.2 and 15.45 percent respect-



irely. Further down the profile, the contents of "both CeCO^ and clay 
decrease with depth.

In the Higley series, the surface horizon usually contains no 

calcium carbonate, but in the Salt Hirer Valley where the Higley soils 

are under cultivation, they are calcareous throughout the p rofile as 

found in Higley I.

However, in Higley I, as shown in Fig. V, there is no significant 

difference in the calcium carbonate content from horizon to horizon* 

as compared to other related series, with the maximum being 5«31 per
cent and the minimum being 3.4? percent, whereas the clay content in

creases very abruptly from horisen to horizon until it reaches a max

imum at 25 to 40 Inches. This is the BCa horizon.

In the Adelanto series, the distribution of lime is quite sim

ilar to that of the Mohave series excepting that the particular pro

file under investigation (Melanto II) is calcareous throughout the 
profile and in general, the content of lime is higher in each corres

ponding horizon in this Melanto profile. Virgin Melanto soils are 

often non-calcarsous in the surface. The profile of Melanto II is al

so similar to the Tucson series in the respect that tie distribution of 

lime parallels that of clay as in Tucson I, excepting that the lime 

content in the Melanto soil is much lower* in each corresponding hor

izon.

Tubec soils are very similar to Mohave soils in the distribution 

of clay and lime in each corresponding horizon, but the profile ef 

the Tubac series is much shallower than the Mohave, therefore the

47.
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thickness of each horizon tends to he less than in the Mohave profile. 

In general, the content of lime is also lower in the Bca and G horizon 

in the Tubac series.
c. Organic Carbon

The organic matter is not of great significance in the character

ization and differentiation of the soil series under investigation. In 

the fled Desert soil group the organic content of all the soils is very 

low. According to the data obtained in this investigation (Table II), 

it is shown that the zones containing the relatively higher concentra

tion of organic matter are limited to the upper 10 to 20 inches. The 

surface soil usually contains two to three times as much organic car

bon as is found in the substrata. With irrigation and cultivation, 

the organic content seems to increase to a higher level especially in 

the upper zones and perhaps extends somewhat deeper in the profile.

In the irrigated and cultivated soils the organic carbon percentage is 

usually less than 0.7 percent in the upper horizons and in the virgin 

profiles it is usually less than 0.4 percent.

Organic carbon percentage has not been used as a criterion for 

characterization of these soil series because too few cases were exam

ined and because of the lack of cropping history of the cultivated 
soils.

d. Soil pH Values and Conductivity of the Saturation Extract

The results obtained are tabulated in Table III.

The Bed Desert soils under investigation usually have pH values 

ranging from 7.5 to 8.5 when measured on the saturation paste.



Table II. Some Phreical and Chemical Properties of Mahava and Related. Soil#

lab. Horizon Depth Clay Silt Organic Saturation Moisture Base Exchange CaCOg
noe. inches (2 m ) Carbon Percentage Equivalent Capacity

* i * i t aeq./lOO gas. %

Adelanto II
6 ip 0- 8 8.6 22.5 0.20 26.1 11.6 7.4 0.90
7 *2 8-15 8.0 19.3 0.18 27.4 11.4 8.3 0.85
8 B2ca 15-36 16.7 25.0 0.13 41.0 18.6 9.8 4.38
9 Cca 36-i>4 14.2 24.7 0.07 40.4 17.5 9.2 4.48

10 D 44- 10.9 51.8 0.0? 47.2 23.2 9.1 20.20
Higley I

20 0-15 25.0 28.1 0.41 41.2 20.7 15.0 4.7721 % 15-26 39.2 29.0 0.15 50.0 25.0 22.3 3.87
22 B2ca 26-40 47.2 25.8 0.08 53.4 26.6 26.6 3.4723 C 40-54 44.8 26.5 0.06 53.0 27.8 25.6 5.31

Mohave VI
24 il 0- 7 10.5 15.4 0.14 19.5 7.7 5.8 0.04
25 Bi 7-15 13.3 16.9 0.10 21.8 8.4 6.2 0.02
26 B2-l 13-22 51.0 11.8 0.20 48.2 26.0 22.3 0.04
27 B2-2 22-29 32.3 17.8 0.12 43.8 21.5 17.8 0.66
28 B ca 29-40 22.9 17.5 0.06 38.8 17.0 12.5 2.43
29 C 40-50 13.0 19.5 0.05 35.8 13.7 8.6 0.24

Mohave V
30 il-1 0- 3 H.5 20.0 0.14 19.6 8.8 7.0 0.01
31 il-2 3- 4 12.8 27.7 0.19 18.7 11.3 9.0 0.01
32 B2 4-18 25.3 15.9 0.17 30.6 14.5 13.5 0.01
33 Bca 18-38 25.5 16.6 0.0? 43.4 17.4 17.7 2.28
34 C 38-56 20.3 16.9 0.06 41,2 14.7 12.0 31.9
35 C 56-65 16,6 15.1 0.05 29.6 15.5 10.0 30.0



Tati# II. con*t

lab. Horizon Depth Clay Silt Organic j Saturation Moisture Base Exchange CaCOj
noe. Inches (2 mi) Carbon Percentage Xqulvalent Capacity

i * * $ neq./lOO gas. *
Mohave III

40 4 0- 9 11.8 30.0 0.23 27.8 13.0 12.7 0.21
41 % 9-20 36*7 14.7 0.13 31.2 20.5 20.0 0.07
42 b 2c& 20-30 28.8 27.4 0.12 46.6 20.1 19.6 1.78
43 Cca 30-54 12.5 42.5 0.12 46.8 17.3 8.5 20.30

Tucson I
48 Av 0- 1 1.8 32.2 0.08 20.6 11.3 10.0 1.80
49 Al 1- 9 3.5 32.6 0.13 31.1 12,0 9.6 5.20
50 Bca 9-15 20.2 42.0 0.13 45.0 18.7 10.8 15.45
51 B-C 15-32 18.6 49.1 0.07 65.6 18.8 13.5 11.80
52 C 32-56 11.0 39.3 0.04 45.2 16.0 10,5 9.70

Tubac I
SS1032 0-1.5 6.8 17.0 0.34 18.2 4.3 4.3 0.02

33 Ai 1.5-4 10.8 22.0 0.24 3.9 4.2
34 Az 4-4.5 19.8 20.0 0.27 9.1 7.3 0.08
35 B2 4.5*14 48.8 12.0 0.42 27*7 24.5 0.34
36 32ca 14-22 39.8 15.0 0.29 24.0 21.4 2.52
37 b 3 22-36 32.8 5.0 0.18 16.6 16.6 2.76
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Table I I S & l i n i t y  and Alkalinity Statu# of Ma^mva Sollm

Horizon Depth pH Values Conductivity Exch. Ha Soluble Ha Exch. Cti

Inches C fA-stC) mmhos/ea. * aeq,./l00 gas. $

K 0 - 8 8.0
Adelanto II 
1.85 14.9 0.8 68.9

®2 8-15 8.1 1.2 14.5 0.6 72.5
52ca 15-36 8.1 0.83 11.2 0.6 73.4
Cca 36-44 8.05 0.85 10.9 0.5 73.9
DC 44- 7.9 0.9 11.0 0.6 75.8

5 0-15 7.9
Higley I

1.5 12.0 1.1 79.3
®1 15-26 7.85 1.3 10.3 0.9 84.3
B2ca 26-40 7.9 1.05 7.3 0.9 87.5c t,a 40-54 7.9 1.05 9.4 0,8 85.9

A1 0- 7 7.8
Mohave VI 
0.78 19.0 0.3 58.6

B1 7-15 7.5 0.95 30.6 0.4 41.9
B2.1 13-22 7.6 3.2 9.0 1.5 87.4
B2-2 22-29 7.8 4.0 14.6 1.5 80.3
S ca 29-40 7.9 4,6 24.0 1.7 68.8
C 40-50 7.8 5.8 31.4 1.5 59.4

*1-1 0-3 7.5
Mohave V 
0.4 0.0 0.0 87.2

*1-2 3 - 4 7.25 0.9 2.2 0.0 83.4
B2 4-18 7.3 5.7 7.4 1.5 83.7
B ca 18-38 8.5 2.3 21.5 0.4 73.4
C 38-56 7.95 5.7 30.0 1.5 63.3
G 56-65 8.0 6.1 27.0 2.1 67.0

VtM
#



Table III, con’t.

lab. Horizon Depth pH Values Conductivity Exch. Sa Soluble Ha Exch. Ca
nos.

inches C po,vtO mchos/cm. 

Mohave III
* meq./lOO gas* *

40 Ap 0- 9 7.7 2.2 10.2 0.0 81,1
41 % 9*20 7.7 1.05 twO 0.0 90.5
42 B2ca 20-30 7.75 1.2 6.7 0,0 89.2
43 Cca 30-54 7.95 1.4

Tucson I

8.2 0.2 88.3

48 K 0- 1 8.05 0.5 4.0 0.2 89.0
49 Al 1- 9 7.95 0.35 11.5 0.2 83.3
50 Bc. 9-15 8.15 1.45 25.0 0.5 71.3
51 15-32 8.25 2.6 29.0 1.3 68.0
52 c 32-56 8,0 7.0

fubac I

41.1 1.9 53.3

SS1032 At 0-1.5 6.4 0.3 8.6 0.2 82.1 (H+)
33 Al 1.5-4 6.3 0.35 11.9 0.2 78.6
34 Ag 4-4.5 7.4 1.3 16.4 0,3 76.8
35 B2 4.5-14 7.5 2.6 16.3 1.2 76.8
36 BL a 14-22 7.9 4.7 18.7 2.1 75.2
37 22-36 8.0 4.0 21.1 2,4 72.3



53-

Howerer, the surface soils of the virgin Tubac series (Tubac I) may 

be as low as pH 6*4. This can be interpreted to indicate the pre

sence of a certain amount of exchangeable H+. The conductivity value 

in mmhos/cm at 25 degrees C. of most of the soil samples remains be
low 4, excepting in the Bc& and C horizons of the two virgin Mohave 
soils (Mohave T and VI), and the 0 horizon of the Tucson series (Tuc

son I) and the Baca tod C horizons of the Tubac series (Tubac I). But 

the pH values of these are all less than 8*5* These horizons happen 

also to be the zones of high CaCOg accumulation*
e. Soluble Cations. Exchange Capacities and Exchangeable Cations

Due to the low content of organic matter in these desert soils* 

there is a good correlation between exchange capacity and percentage 

clay in all profiles* It has been originally pointed out by McGeorge 

(25) that the exchange capacity of desert soils is due primarily to the 
clay fraction of the soil.

In the studies of the results of the cation exchange in Table III, 

it was noted of the two virgin Mohave soil profiles (Mohave V and IV), 

Tucson (Tucson I), Tubac (Tubac I), soils that have somewhere in their 

profiles zones having exchangeable sodium percentages greater than 

15 percent and with a conductivity of the saturation extract of 4 

mmhos/cm. or greater. Their pH values however, remains below 8.5.
According to the Diagnosis and Improvement of Saline and Alkali 

Soils, (46) these conditions place the four profiles, at least the 

horizons concerned, in the saline-alkali soil group, which presumably 

has resulted from a combined effect of salinization and alkalinisatioa*
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Since the pH remain# less than 8.5# the soil particles are presumably 

in the flocculated state* Upon hydration# as indicated by the analy

sis of the 1:5 soil suspension# the pH values increased to above 8.5 

and the particles presumably became dispersed. All manifestations of 

a saline-alkali condition exist below 18 inches except in Tubac I, a 

shallow profile, in which it occurred at a depth of 14 inches. The 

horizons above it generally have a conductivity of less than 4 mhos/cm 

and with less than 15 percent Ha.

The exchangeable potassium (Table IT) in most of the soils under 
investigation showed a decreasing percentage with depth in the soil 
profile. It was also noted in all cases that the percentage of ex
changeable potassium in the surface horizon was higher than that in 
lower horizons whether this increase is due to the addition of crop 
residue or fertilizers was not determined. This might also be caused 
by capillary rise of salts from the underlying strata.

With the exchangeable sodium, (Table IT) on the other hand, there 
is a very strong correlation between the depth and the percentage of 
exchangeable sodium. The irrigated soils show the highest percentage 
of exchangeable sodium. This.may be caused by irrigation waters 
bringing salts to the surface. In the virgin state, however, the per
centage of exchangeable sodium is greater in the subsoil than it is 
in the surface.

The exchangeable sodium in terms of mei./lOO gins, shows some de
gree of accumulation in certain lower profiles of virgin soils. But 
the accumulation is not significant as the values vary from 0 to 4



Tati# IV. Soluble Cations and 'Sxehan^ Statua of MohaYe and Related Soil*
Exchangeable

Horizon Depth Sol. K Sol. 2fa Sxch. r Sxch. la Cation Sxch, 
Capacity

. K Ha Ca

inches ■eq/l00g«. meq/lOOgm. ■eq/lOOga. aeq/lOOga. 

Adelanto II

■eq/lOOga. * * *

0*» 8 .02 0.8 1.2 1.1 7.4 16,2 14.9 68,9
®2 8-15 .02 0.6 1.1 1.2 8.3 13.3 14.5 72.2
B2ca 1>36 .02 0.6 1.5 1.1 9.8 15.4 11.2 73.4
eCa 36-# .02 0.5 1.4 1.0 9.2 15.2 10.9 73.9D 44- .02 0.6 1.2 1.0 

Higley I
9.1 13.2 11.0 75.8

K 0- 5 .02 1.1 1.3 1.8 15.0 8.7 12.0 79.3
H 15-26 .01 0.9 1.2 2.3 22.3 5.4 10.3 84.3
®2ca 26-40 .01 0.9 1.2 2.1 28.6 4.2 7.3 88.5
c 40-50 .01 0.8 1.2

Mohave

2.4
VI

25.6 4.7 9.4 85.9

A1 0- ? .08 0.3 1.3 1.1 5.8 22,4 19*0 58.6
B 1 7-15 .03 0.4 1.7 1.9 6.2 27.5 30.6 41.9
B2-l 13-22 1.5 0.8 2.0 22.3 3.6 9.0 87.4
-b2-2 22-29 .03 1.5 0.9 2i6 17.8 5.1 14.6 80.3
Bca 29-40 .04 1.7 0.9 3.0 12.5 7.2 24.0 68.8
C 40-50 .03 1.5 0.8 2.7 8.6 9.3 31.4 59.3



Table IV. con1*

Exchangeable

Horizon Depth Sol. K Sol. Ha Ixch. I Ixch. Ha Cation Ixch. K Ha Ca

inches aeq./l00gB. O9<l'/l00g». KeqyiOOgm. meq/lOOgm. 
Mohave T

meg/lOOgm. t *

■̂ l-l 0-3 .06 0.0 0.9 0.0 7.0 12.8 0.0 87,2Aii >  A .03 0.0 1.3 0.2 9.0 14*4 2.2 83.4
B2 4-18 .03 1.5 1.2 1*0 13.5 8.9 7.4 83.7
Bca 18-38 .02 o.h 0.9 3.8 17,7 5.1 21,5 73.4
C 38-56 .02 1.5 0.8 3.6 12,0 6.7 30.0 63.3
C 56-65 .03 2.1 0.6 2.7

Mohave III

10.0 6,0 27.0 67.0

K 0- f .03 0.0 1.1 1.3 12.7 8.7 10,2 81,1
b| 9-20 .03 0.0 1,1 0.8 20.0 5.5 4*0 90.5
B2ca 20-3@ .02 0.0 0.8 1.3 19.6 4.1 6.7 89.2

30-54 .01 0.2 0.3 0,7
Tuceen I

8.5 3.5 8.2 88,3

K 0- 1 .02 0.2 0.7 0,4 10.0 7.0 4.0 89.0
Ai 1- 9 .02 0,2 0.5 1.1 9.6 5.2 11.5 83.3
Bca 9-15 .02 0.5 0.4 2*7 10.8 3.7 25.0 71.3
B-C 15-32 .02 1.3 0.4 3.9 13.5 3.0 29.0 68.0
C 32-56 .01 1.9 0.6 4.3

Tttfcac I
10.5 5.7 41.0 53.3

At 0-1.5 .03 0.2 0.4 0,4 4.3 9.3 8.6 82.1
*1 1.5-4 .02 0.2 0.4 0.5 4.2 9,5 11.9 78.64 4-4.5 .02 0.3 0.5 1.2 7.3 6.8 16.4 76.8
B2 4.5-14 .02 1.2 1.7 4.0 24.5 6.9 16,3 76.8
B2ca 14-22 .01 2.1 1.3 4.0 21,4 6.1 18.7 75.2
B3C& 22-36 .01 2.4 1.1 3,5 16.6 6.6 21.1 72.3

c
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meq./lOO gn, (Fig, IT) However, when the amount of sodium is ex

pressed in terms of exchangeable sodium percentage, the significance 

is greatly increased.

In this connection, one irregular case was found in Mohave VI 

(Table IV and Fig, I, 6), which is a maximal virgin Mohave profile.
In this profile, high exchangeable sodium percentages were found in 

the and horizons (0 - 15 inches), which were 19.0 and 30,6 per
cent, respectively. This might be explained by the fact that this 

soil occurs in a depression where the drainage water of the area con

centrates, The drainage water in the Bed Desert areas are known to 

carry certain amounts of sodium* As the sodium carrying water en

ters the soil, the soluble sodium ions are presumably adeerbed by the 

exchange complex. To a certain extent this high concentration of ex

changeable sodium as well as the relatively high soluble sodium ions, 
especially in the lower horizons (Table IT) may explain the maximal 

profile development of a columnar Bg horizon in this profile.

Another phenomenon that might be of some importance is found in 

Mohave III (Table IT), This soil has been under Irrigation and there 

is no horizon that shows any indication of a saline-alkali layer in 

the profile. At the same time, in Adelante I and Higley I (Table IT), 

which have also been under irrigation, this layer is also absent.

This might be explained by the fact that whatever sodium accumulated 

in the profile is being washed out by the irrigation water, which is 

rather high in calcium.

In irrigated soils, the value for both exchangeable aodium and
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potMtiua pereeatages are higher at the surface of the soil.

Tho exchangeable calcium, (Table IV) as calculated front the dif

ference of exchangeable sodium and potassium from total exchange 

capacity shows that the calcine is still the most dominant cation in 

the exchange complex, varying from 40 to 90 percent in all horisone of 

soil profiles studied. But this value has little correlation with the 

calcium carbonate percentage as determined by the gas ©metric method 

(Table II).

The soluble r  extracted by 60 percent alcohol is thought to be 
low, the values varying from 0.01 - .06 meq.,/100 gins,(Table IT),
Since the salts have been mobilised by soil moisture, they follow no 

fixed pattern in their distribution in the sell profile.

The soluble Ha extracted by the same method have values ranging 

from 0.2 - 1.9 met./l00 gms. (Table IV). There was no regular pat

tern of distribution throughout the profile and there is no signifi

cant correlation between the soluble sodium and the exchangeable 

sodium.

It is well known that the moisture equivalent of soil is rather 

closely related to the texture of the soil. To illustrate, the 

moisture equivalent in the horison of Tubee loamy sand is 4.3 per

cent, the Ap horison of the Adolanto sandy loam is 11.6 percent, 
whereas it is 20.7 percent in the Ap horison of Higley sandy clay 

loam. Other similar relationships can be found in Table II.
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g. Saturation Percentage

The saturatlw percentage ie the amount of water contained in 

the soil, when all the pores are filled with water and there is a 

alight excess present which causes the soil to glisten and slide 

freely and cleanly off a spatula.

Water can be removed from the mell at the saturation percentage 

by suction. It is on this extracted water that the eomdmctlvlty ie 

determined.

When soils are at the saturation percentage they are at the same 

relative wetness end therefore measurements made on them are on com

parable basis.

In these experiments, soils at the.saturation percentage had 

been found to contain approximately twice as much water a# those 
which are at the moisture equivalent. Actual figures for the sat

uration percentage are found in Table II.



IT, General Diecassion

The climate of the Bed Desert area is typified by low rainfall, 

ranging from 3 to 12 inches and Intense, prolonged hot summers with 
maximum temperatures of 100 - 110° F, and higher and with relative
ly cool, mild, short winters with minimum temperatures commonly 

reaching 20° F, er lower. Accordingly the relative humidity is usual
ly low all the year round. Evaporation consequently is very great.

The values for Precipitation and Evaporation Satie (P/s ratio) is 

given in Table V,

The rainfall is distributed largely late two so called rainy 

seasons. The summer rainy season occurs in July and August and is 

usually in the form of thunder showers and torrential rains. She a- 

»ount of rainfall received is not very effective in the formation of 

soil profiles since much of it is lost by runoff and evaporation.

The other rainy aeaeen, occurring in December and January ia 
usually mild and relatively prolonged. During this season, the effect

ive rainfall is greater than in summer and considerable water pene

trates the soil and loss is lost by evaporation.

Between these "rainy* periods, the weather is usually clear and 

dry. During these periods, the evaporation is exceedingly high, es

pecially during the early summer months when hi^i temperatures and 
low humidity prevail,

The *114 and prolonged winter rainfall, hot summer temperature 

and strong evaporation has a profound effect upon the formation of the
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£«d Desert sells* Shis is explained In a later part of the dlseusslea* 

fhomthwalte (42) in 1931, developed a method which gives a quan
titative expression ef precipitation effectiveness and temperature ef

fectiveness by means of P-8 and 1-8 Indices respectively* The indices 

are calculate, according to the formulas given in hie work titled "The 

Climate ef Worth America According to a Hew Classification (revised)"*
' ' '  ',1- ' ' . r'

(42)
c S 12

Index, I a C 
n - 1

>G - K 10/9
m

a = 12 /TjxJS.)
1-S Index, I» » £  \ 4 /B

n » 1

Where P - monthly prccipitatltm in inches

1 * monthly temperature in degrees ‘

n B number of months

the results together with the P/S ratio for Tucson, Phoenix, and 

luma are tabulated as follows$

Table T

gZ&J&Uft .. SdLZnd§$.
Tucson 1 * 8.2 10$ 15.7
Phoenix 1 = 9*8 114 lO.O
luma 1 = 29.4 110 4.17
A chart for Thornthwaite's P-3 and 1-3 Index boundaries for the 

Great Sell Groups ef the V. S. was prepared and the values for Tucson*
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Phoenix and Toma were plotted on it to show their relationship with 

the climates of other Great Soil Groups (Fig. VIII),

Is an example of the nee of 2hemthwaite9s Indices in soil class— 

if lost ion, a chart may ho prepared hy means of which the boundaries 

for each major Great Soil Group may be established, and the relation

ship ef one te the ethers shown. The P-3 and T-B Index boundaries fer 

Bed Desert soil, according to Martin and Fletcher (23) are set at 
0 — 16 and 64 - 128 respectively, ,

Therefore, according to the P-3 and T-S Indices calculated for 

Tucson, Phoenix and Yuma, these areas are well within the boundary of 

Bed Desert soils,

Jenny (15, 16) has developed a scheme of soil classification for 
comparing properties of different nolle. It is based on the princi

ple of comparing a given soil property among nolle having almost iden- 

tieal factors of soil formation, except fer m e  variable*

The general equation of soil forming factors which holds for ideal

ised conditions may be expressed as:

c — f (cl, o, r, p, t..... )

Stated simply, tills means soil is a function of (or depending up
on) the following factors:

1. cl = air climate

2* o 2S species of organisms and their frequeaclee
3, r : topography

4, p = parent material or state of the soil at
the eoil formation time 0,

5, t 3 period of soil formation (or age of toll)
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In the zonal Bed Desert soil groups occurring on the old alluvial 

fans, the most important soil forming factors are: topography, climate 

(especially available moisture), age of soil, and parent material. 

Therefore, the relation would be written as:

That is to say, soil series differentiation is a function of top

ography, climate (especially available moisture), age of soil and par

ent material, as the "biosphere* is not of major significance under 

these desert conditions.

Furthermore, theoretically the soil series under study, which are 

all true Bed Desert soils, could be arranged in sequences of time, 

moisture, parent material, and relief with only one of these factors 
as a variable.

In accordance with the relationship:

Soil series may be placed according to time or maturity sequence. 

The sequence of soils under study could be written as follows:

Increasing maturity

Similarly, the variability of relief can be expressed in the 

following equation:

The relationship of the soils under study to each other is ex

pressed in Fig. IX. (Personal communication from M. S. James)

s = f (cl, r, p, t)0

• - f (t)=l, O, r. p

Adelanto, Mohave, Higley, Tubac
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Adelanto

Fig. TLm Rolativa lo-oographlcal Position of Certain,

Desert Soils on an Allurlal Fan.

For sequeaeee of cllmto, the relationship is as follows:

• = t  (°D., r, p, t
fhe two most important components are moisture (*) and tempera

ture ($). Therefore the relationship could he shown as:

» = f («.Do, r, p, t
In the Bed Desert soils, as it is with the others, it is avail

able moisture (Ma) or the moisture that penetrates the profile which 

is of primary importance while temperature is not so important in the 

development of a soil profile, so the relationship could he written as:
s = f (Ma)Os r. %#*. *

In this respect, the sequence for the aeila under study has the 

following relationship:

idelaato, Mohave, Tuhac, Higley
■ ' -------:------------------------

Increasing moisture

From the above relationships for topography, age of soil and 

available moisture to soil development it is clearly shown that in 

soil development these factors are closely related. Further these
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sequences are similar to those of the clay concentration of the B2 
horIsons listed in the discussion of results for particle size and 

distribution.
The topography factor will affect the amount of moisture avail

able in soil formation as was illustrated by Jenny (16), This will 

be explained in more detail later In this discussion. The time fac

tor can be assumed to be inversely proportional to the moisture avail

ability for the same degree of soil profile development. In other 

words, the more water available, the lest time it takes for a sell to 

approach maturity.

At this point, the signifieanee of the time factor should be 

pointed out. The time factor not only means the time interval since 

the deposition of the parent material but also indicates the time in

terval 1# which the soil profile is permitted to develop undistarved 
by further deposition or drastic erosion at the surface,

finally, the effect of parent material may be determined by 

grouping soil types and series in relation to their various parent 

materials according to the following equation:

8 68 f (p)el, •» r# t.
But the parent materials for Tucson, Mohave, Higley, Melanto, and 

Tubae Series, are rather similar as they are either of an acid igneous 

nature or mixed. However, their respective textures are quite dif

ferent. This is a very important factor in soil profile development, 

as it influences the movement of water into and through the soil pro

files.
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As the parent materials ere either of alluvial or oollutriel or

igin, they have presumably been rather mixed in their travels while 

being washed down the mountain streams and washes, the parent mater

ial apparently has been brought down in several successive waves, as 

is manifested in the eases ef stratified C or D and sometimes A horn** 

Isons and buried profiles.

the texture of the parent material is to some degree determined 

by the volume of water in which the alluvial material is carried as 

well as the velocity at which it traveled, these in turn depend up

on tho gradient of the slope as well as the relative distance from 

the source of the parent materials, the particles of larger dimension 

or coarser material as a rule are deposited nearer to their origin 

than the finer material, since the size of particles capable of being 

transported by water is related to its rate ef flow. In other words, 

the parent materials are laid down as stony and gravelly or gritty de

posits on fans, and as finer sediments on stream terraces or alluvial 

flats. However, this does not prevent further transportation and de

position. Because of scarcity o f vegetation and ground cover there 

is little or no hindrance to the erosion of these alluvial materials.
The texture of the parent material has important effects on the 

internal drainage of the profile. This in turn will effect the pro

file development since the length of time which the moisture remains 

in the profile is an all important factor. Therefore, in the cases 

of extremely coarse parent naterihA which has littlepower for moisture 

retention, the soil development is almost negligible, as in the case 

of an Adelaato profile. On the other hand, with fine parent material.
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which Is less preeable to water, & well developed textural B Is often 

formed. Such laetaacea are found In the profiles of the Sohac and 

Higley series#

la certain cases, the salelam carheaate content ef the parent 

material is eesparatively high, the soil subsequently developed will 

tend to be more calcareous. For this reason, the Tucsea series has 

been suggested by some workers to be an intraseaal soil (50). How

ever, others emasider it to be weakly zonal.

During the period of soil development, clay is being formed, and 

the profile becomes less permeable as it approaches maturity, there

fore, the water tends to accumulate in the profile, especially at the 

lower portion of the fan. this could cause further clay formation in 

the profile by hydrolysis of the clay forming minerals.

In locations having flat surfaces or depressions some degree of 

eluviation of clay might have occurred perhape with the aid of some 

hydrated monovalent cations which are usually present in considerable 

concentration in the water collected in such depressions.

In Bed Desert sell regions, evaporation is extremely high, the 

loose surface soil becomes dry, seen after a rain. However the sub

soil may remain moist for a considerable time, this facilitates clay 

formation in a moist zone below the surface, as has already been sug

gested. However, the subsoil does become somewhat desiccated during 

the dry periods between the two rainy seasons, this drying and wet

ting besides effecting all the reactions involving water and water 
movement, dispersion and flocculation of clay, also affects expansion
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and contraction reactions, which is an important factor in the devel

opment of soil structure* The combined action of alternate drying and 

wetting, and eapanoion and contraction of the soil affects the orienta

tion of the clay particles with respect to each ether and with the sand 

and silt particles (larshad^I), Further drying also induces a certain 

degree of IrreverelMlity of the structure, particularly with respect 

to the moqporillonite group in the calcium saturated state (Petersen, 

32).
"Clay-skins" have been observed in the Bg horisens of the Tubac, 

and in some maximal Mohave soils, as a coating of colloidal material 

along the sides of columnar peds. This indicates a certain degree of 

clay migration into the Bg horizon, especially along the line of frac

ture formed upon drying in the textural B horizon# The clays are pre

sumably formed in the upper horisens, and transported te the B horizon 

in a dispersed condition* According te the theories of clay Mgratien 

noted in "Soil Development" by larihad (1) the clay thus transported 

from the A horizon by "displacement" is deposited in the B horizon 

upon flocculation caused by:

1. dehydration of the clays,

2. encountering iron and aluminum oxides or hydroxides,

3. encountering a high electrolyte content.

Per Bed Desert soils, dehydration or encountering high electrolyte con

tents aro more probable reasons for the deposition of clay,

Bikiforoff (28) has suggested that the major portion of clay in 

the textural 3 horizon of desert soils is probably formed la situ.
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This has been explained in more detail in the literature review* The 

likiforoff theory and the eeaventienal elnviatlon theory differ from 

each ether in that the first poetulates the formation<f clay jg situ, 

while the other postulates the enrichment of the B horizon with clay 

by the process of elmriatlen.
Clay formation as is well known, begins with weathering of par

ent material both physically and chemically. Then in the formation 

of clay, it is known that water is essential in the alternation of 

parent material because*

1. Water functions as a solvent,

2. It is an important source of H and OH for several of the 
reactions,

3. It is the moot important polar liquid involved in adsorp
tion, swelling and gellation. Without water very few 
chemical reactions would occur.

Furthermore, as the soil becomes more mature, the profile becomes lose 

permeable. The clay formation becomee more intense, as has been pre

viously discussed.

In the formation of clay, the surface of the existing clay mater

ial or of primary minerals may be considered as a nucleus which in

itiates the cryetalisation process (Barehad, 1). Here crystal lattice 

growth may be said to begin with only a few silica tetrahedrons or a 

/ few molecules of alumina adsorbed on the surface of seme primary min

erals. The adsorbed molecules would tend te become condensed through 

dehydration, into two-dimensional sheets. This condensation through 

dehydration is an iaportant factor here.

In the case of Bed Desert soils, during the dry season, the sub



70.

soil bscorns# Tsrjr dry as has been explained before, fhe above mention

ed dehydration process is thus fevered.

Therefore, Vikiforofffs theory for clay formation jL& yjtu. per

haps offers a reasonable explanation for the clay accumulation in the 

Bed Desert soils.

To further substantiate Hikiforoff*a theory ef clay formation, 

the data of total analysis for Mohave Sandy loam. Buckeye, Arizona, 

page 93 of the Atlas of American Agriculture (2l) is cited. But only 

the values pertaining to the development of soil profiles are tabulat
ed in Table VI,

Table VI

ShemicGl Composition

---------------Hgrijfia-------------
A B2 . Bca C
0-6 6-14 20-50 68-78

Constituents inches inches inches inches

S102
55

69.8

f®2°3 5.5

A12°3 14.9
CaO 2.1
MgO 1.6
EgO 2.8
la20 1.8
Clay 12.7

t

70.7

5.5
14.4

2.6 
1.6 
2.7 

1.9

15.1

*

59.5 
4.4

10.9
18.7

1.9
2.1
1.1
14.5

*
72.4

5.2

12.7

3.1

1.1 
2.2 
2.0
2.8
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?j*oa the date tehelated above, it can he seen that there is 

little if any variation in the percentage of SlOg, PegCy, -*3^0^, 

tbrou^iout the p roflle, excepting in the Bca horizon, where the a- 

beve mentioned valxxes decrease* slightly due to the increase of GaO 

percentage, nor is there any great difference in the silica—sesqul— 

oxide ratio throughout the profile, When compared with the same 

values in the profiles of other Great Soil Groups, these differences 

are very slight Indeed#

This shews there has been only little leaching of SiOg or ox

ides of iron mid aluminum in the profiles of th* Red Desert soils. 

However, the variation of p ercentsge of clay in the profile is 

shown to be greater than those of SIGg* or AlgOg. This in

dicates that there must be some formation of clay in # e  profile with 

little or no movement of either the materials that form the clay min

erals or the by-products of these reactions. This further indicates 

that clays may be formed situ, upon the weathering of simple recks 

end minerals which constitute the parent material of the soil*

One of the most important features of Red Desert soils is the 

accumulation of salts in tho profile, predominately CaCO^# In addi

tion, there may be sulfates, bicarbonates and chlorides of sodium, 

potassium and magnesium.

These can he accounted for by the movement of water, oighor by:

1. gravitational movement downward, or

2, upward capillary movement.

When water collects and penetrates into the profile, it is often
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charged with eolmhle salts (2). These may penetrate to some depth, at 

least during the earlier stage of soil development while the profile 

is still quite permeable. Upon evaporation, the soluble salts are 

precipitated. The upward movement of capillary water from lower her* 

Isons would tend te cause an upward movement of salts which may be 

deposited near the location where evaporation takes place. The accumu

lation of salts in the profile is the result of many such upward and 

and downward movements. Therefore, it can be postulated that the sell 

is not static but Is la dynamic equilibrium with the environmental 

factors# If any of the factors should change, the accumulation would 

tend te seek a new levels

An examination of Table II shows in most cases the maximum ac

cumulation of calcium carbonate occurs at some point below the hori

zon of maximum clay accumulation. An explanation of this may prob

ably be found in the fact that calcium bicarbonate in solution is mo

bile and may move throughout the profile with the movement of soil 

moisture, even through the horizon of maximum cloy concentration. It 

is usually precipitated out of solution below this horizon.

This may apply to ascending or descending water movement.

The variation of individual exchangeable cations in the various 

horizons of the profile are the result of water movement,emcompahled 

by cation exchange. The general pattern of distribution is such that 

the most strongly adsorbed eatlens such as H and Ca tend to accumu

late in the surface horizon and in greater amounts; the ions that are



less strongly ads or'bed and are reduced to low values at the surface 

(excepting when under irrigation conditions) and increases with 
depth (Barshad, l).

73.



V. Summary with Conclusions

1. The relationships between some of the physical and chemical 

properties of three Adelanto soils, six Mohave soils, a Higley soil, a 

Tubac soil, and a Tucson soil were studied. The properties involved 

include mechanical analysis, organic carbon, calcium carbonate, 

moisture equivalent, base exchange capacity, exchangeable bases, pH, 

and conductivity of the saturation extract. In addition, determina

tions were made of the soluble sodium and p otasslu* of each soil.

2. Comprehensive field notes were made on each profile which 

was sampled.

3. Without exception, a higher percentage of clay was found in 

the B horizon than in the horizons above. It does not seem reasonable 

to assume that the high clay content in the B horizon was washed there 

from the A horizon by the process of eluvietion, hence the theory ad

vanced by Nikiforoff to explain its presence must be considered. Stated 

briefly, Nikiforoff believes that much of the clay found in the B 

horizon was formed in place by the hydrolysis of clay forming mater
ials.

4. The percentage of clay in the B horizon of the soil series 

studied varies. After due allowance is made for individual profile 

differences the soils may be rated according to the percentage of clay 

in the B horizon in the following sequence: Adelanto Tucson Mohave

Higley Tubac. The maximal Mohave VI actually contains more clay in 

the B horizon than the medial Tubac I but because of the absence of a



strongly developed columnar structure and because of the presence of 

only slight colloidal stain on the faces of the prisms it was class

ified as a member of the Mohave series*

5. The clay in the Tucson I soil, according to Harper is not 

readily mobile because the calcium carbonate which is present keeps 

the colloids flocculated so that they cannot move rapidly into the S 

horizon. .

6. The thickness of the sene of maximum clay accumulation varies 

within and between series* The Tubac soil, for example, has a B hor

izon which is about ten inches thick. Soils in the Idelaate series 

are somewhat coarser in texture than the others which are under inves

tigation, hence the thickness of the 3 horizon will be greater but lees 

rich in clay.

7. Minimal, maximal and modal samples of Mohave profiles show 

striking differences in the clay content of the B horizons. The maxi

mal sample, Mohave TI is extremely high in clay but the B horizon is 

relatively thin, the B horizon of Mohave 7, a modal sample, is by com

parison relatively low in clay content and has a thick Bg horizon*

8* The Tucson profile has a minimum amount of clay in the B hor

izon and this layer is among the thinnest of any sampled in this inves
tigation*

9* %he Mohave sells are characteristically leached free of lime 

in the surface her!son. However if they are plowed deeply lime from 

the lower horizons may be brought to the surface, causing the soil |e 

become slightly basis in reaction* Irrigating the soils with water 

which contains calcium bicarbonate will also cause the surface soil to

75.
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become ellghtly alkaline and calcareous.

10. The eel#* of moat of the soils which were studied are only 

moderately hi^h to low in calcium carbonate percentage.. The Tucson 

soil is an exception. The C horizon of many of the soils is extremely 

rich in lime.

11. Bie organic carbon is low in all of the soils studied. It 

is richer in organic matter in the surface than in the lower horizons. 

Because of the flat nature of the topography at the sampling sites of 

the Higley and Tubac soils, the moisture conditions have been more 

favorable for the accumulation of organic matter than those formed on 
steeper slopes.

12. When the conductivity of the saturation extract was used as 

a measure of the salinity of the soil it was found that none of the 

soils studied could be classed as saline. However it was noted that 

conductivity measurements of the saturation extract of the lower hor

izons of Mohave TI, Mohave Y, Tucson I, and Tubac I gave values slight

ly exceeding 4 mahoa/cm.

13. The percentage of exchangeable sodium was found to exceed 15 

percent somewhere in the profile in Mohave VI, Mohave V, Tubac I, and 

Tucson I soils. This however 1# not a constant characteristic in all 

Mohave profiles.

14. Moisture equivalent is a measure of the water retention by 

soils when they are saturated with water and then centrifuged at a 

force of 1000 times gravity. The correlation between moisture equiv

alent and the clay content of the soil becomes apparent when the data
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are examined,

15, The Tubac and Higley eoile are found on the relatively lev

el lever part ef alluvial fane and therefore receive more water than 

soils found on other parts ef the fan. This probably accounts for the 

presence of the higher percentage of clay found in these soils.

16^ ill of the soils studied, when classified according to 

Thornthwaite *s method, fall into the led Desert sene when evaluated 

according to the P-3 and T-S indices* It is not surprising then that 

the soils are closely related to each other, yet because of texture, 

relative wetness, and slight differences in minerelogical composition 

each profile studied was sufficiently different from the other so that 

they could be looked upon as individual soils.



VI. Abstract *
The Mohave and its related soil series are among the most im

portant members of the nature zonal led Desert Group of soils, occur

ring on alluvial fans, stream terraces and intermountane plains. As 

a group among the Bed Desert soils, these soils are characterized by 

the presence of free calcium carbonate and a zone of clay accumula

tion in the profile.

Being zonal, these soils are truly the products of soil forming 

factors, namely, gentle winter rains and hot summer temperatures# 

However, these soil series are different from each other, due to dif

ferences in such modifying factors as topography, available moisture, 

the nature and permeability of the parent materials, and their respect

ive age of development.

In this investigation, it has been found that the distribution of 

clay and calcium carbonate in the soil profile tends to follow patterns 

that are characteristic of the soil series concerned. This has been 

clearly shown in the five soil series under investigation, namely Mo

have, Adelanto, Higley, Tucson, and Tubac. For practical purposes, 

these characteristic patterns of distribution of line and clay with 

depth could be used for the finer differentiation of soil series.

Organic matter is typically low in the profiles of these soil ser

ies studied, especially in the lower strata. Soil characteristics such 

as base exchange capacity, saturation percentage and moisture equiva

lent are found to have a good correlation with the clay and silt per

centages in the profile.



la the studies of the salinity and alkalinity status of these 

soils, it is evident that the lower strata of most of the virgin 

soils have zones that could he classified as being saline-alkali in 

nature. In cultivated and irrigated soils, however, such zones have 
not been found.
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SOU. DESCRIPTION

SOIL TYPE Mohave loam
Mohave I

ARRA Phoenix, Arizona

CLASSIFICATION Red Desert
DATS 12-21-1955

LOCATION Sect. 12, T2N, S2S
N. T&Gr. (OR CROP) CLIMATE Arid

PARENT MATERIAl Chiefly acid igneous with eotie intermediate and basic igneous rocks, 
PHYSIOGRAPHY Alluvial plain

RELIEF Smooth DRAINAGE Good-surface SAIT OR ALKALI None
ELEVATION OR. WATER Deep STONINESS None
SLOPE Oml£ MOISTURE Moist
ASPECT ROOT DISTRIB.

EROSION Slight PERMEABILITY

ADDITIONAL NOTES: Shallow profile, A  and B plowed



PHYSICAL CHARACTERISTICS
Mohave I

HOEIZOIT
COLOR

DEPTH DRY MOIST TEXTURE STRUCTURE
CONSISTENCE 

DRY MOIST WET

4 0-12 1.
B 12-17 el.

Bea 17-24 el.

Cea 24-42 1.
0 42-54 1.

HMCTIOH BOUHDABY HOOTS

GOr



SOIL DESCRIPTION

SOIL ITPiB Mohave si. DA33B 5-31-56
ABBA Litchfield Park

CLASSITICATIOir SI corner of SV ^ of SV i. Sect. 34, T2H, R1V 
LOCATION Phoenix

B. YBO. (OR CHOP) Cantelope patch CLIMATE Arid

PARENT MATERIAL Chiefly acid igneous with some intermediate and hstsle igneous rocks
PHYSIOGRAPHY Alluvial plain

BELIEF Smooth DRAINAGE surface-good SALT OR ALKALI none
ELEVATION GR. WATER Deep STONINESS none
SLOPE 0-3$ MOISTURE
ASPECT BOOT DISTRIB.
EROSION PERMEABILITY
ADDITIONAL NOTES:



PHYSICAL CHABACS&ISflCS
Mohave II

HOHIZOI DEPTH
COLOR

DRY MOIST
C O B S I S m O

TEXTURE STRUCTURE DRY MOIST WET REACTION . BOUHDARY

4 0-10 1.

B2 10-20 • c U

®2ca 20-36 cl.

Cca 36-54 ' 1, ' • . ■

se *



SOU, DBSCBimOE 
Mohav# III

SOIL $TFB Mohave •

i B M  Buckeye-Bearaley 
GLASSIFICATION led Desert

LOOAflOS Sw corner, W  i, Sect. 10, *3®, HIV 
M. VK?.(OB CEOP)

PARENT MATERIAL Acid igneous with some Intermediate and "basic igneous rocks 

m S I O f f i i m  Alluvial plain

RELIEF Smooth 
EMTAIIOS 

SLOPS v 

ASPECT

EROSIOE Slight 
ADDITIONAL NOTES:

DRAINAGE Surface 

OR. WATER Deep 

MOISTURE 
ROOT DISTRIB. 

PERMEABILITY

Plowed

DATS 5-31-56

CLIMATE Arid

SALT CR ALKALI None 

STONINESS None



PHYSICAL CHARACTERISTICS
Mohave III

COLOR COBS ISHMCl
HORIZON DEPTH DRY MOIST TEXTURE STRUCTURE DRY MOIST WET REACTION

4 0- 9 el

=2 9-20 ee

eel

BOUNDARY

*2ea 20-30
Cea 3<M* 1



SOIL BESCBimOB 
Mohave IV

SOIL T O E  Mohave DATE 5«yi*56

ABEA Buckeye-Sier&sley

CLASS UICASIOE Bed Desert
: * ;

BOdATIOH 81 eorner. Sect. 33* 141, H ¥
CLIMATE Arid

M. VIC. (OB CHOP) Cotton

BABEET MAT1RIAL Chiefly acid igneous with soee intermediate and basis igneous rocks
PHYSIOGRAPHY Alluvial plain

BELIEF Smooth DRAINAGS Surface-good SALT OB ALKALI

1JZVATI01 OB. WATER Deep STONIBESS lone
SLOPE 0-^6 MOISTURE
ASPECT ROOT DISTBDB.
EROSION Slight PERMEABILITY

lone

ADDITIONAL NOTES: Modal



$
PHYSICS CHAEAGT1EISTICS

Mohave IT
COLOR

HOBIZOH DEPTH D M  MOIST TEXTURE STRUCTURE
C08SISTEHCE

DRY MOIST WET REACT IOR BOUSDARY
0- 6 1

B2ca
C•a

eel
eel

8-16
16*22
22-54 1



SOIL DESCRIPTION 
Mohave T

SOIL TTEB Mohave el 

ARM  Pisa County SCD 
GLASS IP IGATION Bed Desert

LOCATION s$| H |  Sect. 7, T15S, B12B - 300» B of wash 50* S of Hl^tvay 84 
I. W&, (OR CROP) Mesquite, white thorn, cholla, annual grass, f?pfgpg|?g<-S&

DATS 4-5-56

GLIMATS 10-12"

PARENT MATERIAL Alluvium, principally granitic

PHISIOGIAPHT Alluvial plain

RELIEF Smooth
ELEVATION 2800

SLOPS 0-256
ASPECT

DRAINAGE Good- int. slow S A M  OR ALKALI 

OR. WATER Deep STOHIHSSS lone

MOISTURE Moiet

BOOT DISTRIB. Pellewe faces of pede

Bone

f

BROSION Slight wind - water 
ADDITIONAL ROTES:

PERMEABILITY



COfcOB
PHYSICAL CHARACflEISflCS 

Mohave Y
COHSISTiSClHORIZON DEPTH DRY MOIST TEXTURE STRUCTURE DRY MOIST MET ESACTIO* BOUEDiET BOOTS

^1-1 0-3 7*5ia 7.5xa 
5/4 4/4

si Ifpl s vfr #0 # ow #

:Bl-2 3- 4 10YR 7.5YR 
6/2 4/4

el MV h fr # 0 aw a

b2 4-18 511 5%%
4/4 3/4

sel 2f mpr h fi # 0 aw a

Bca 18-38
Ca

5TH 5IB 
3/6 3/6 
5YS Ca 
6/8 5/6

eel 2a epr 
cahl v to 
depth

vh fi # #
to #v 
#pot# 
on

aw m

6l 38-56 5YR 511 
5/6 4/6

strat
scl and 
eel

» te
leahk

h fi ## 0# gv f

C2 56-65 7.5X1 7.5X1 
7/2 8/4

si a h fi ## ov

I8pg8 Ca mottling strong
Clay skins patchy 4—18 and 18—

56-65 Ca disseminated



SOIL DESC1XPTIOH 
Kebare VI

SOIL m ®  Mohave si 

ABBA Pima County SCD 

CLASS IF ICATIOH led Desert

LOCASIOH About 300» H corner. Sect. 5, T153, 1121, 1 of State 84
1. 7BO. (01 CMP) Cetclsw, white thorn, me a quite, baccharue, Palo Verde,

annedl grass
PABMT MATERIAL Mixed alluvium dominantly granitic

DATE 4-5-56

PHTSIOGBAFHY Alluvial plain 

BELIEF Smooth 

IHVATIOI 2820'
SLOP®

ASPECT

EROSIOB Slight water-wind

DEAISASi Slow surface, 
slow internal 

01. WATER Deep

CLIMATE 10-12" pree.

SALT 01 ALKALI Rome 
STONIHESS Zone

MO ISTUBE Dry

BOOT DISTBIB. Few tree roots troughout 

PERMEABILITY Moderate

ADDITIOHAL BOTES: This is the heavy well developed side ef Mohave slightly darker then Modal.



PHYSICAL CHARACTERISTICS 
Mohave VI

COLOR CONSISTENCE
HORIZON DEPTH DRY MOIST TUTUEE STRUCTURE 

a break
DRY MOIST AUCTION BOUNDARY ROOTS

*1 0- 7 7.5TB 
4/4

5IR
3/4

si ing to 
imgr-sg

ah vfr #e # SEW f

Big 7-13 5TR 
5/4

lighter 
surface 
511 6/4

511
4/4

si m. vh fr # # aw f

*2-1 13-22 5YR 
4/4

e 3fpr h fi P #
few eoft

cw f

*2-2 22-29 5VI
5/6 4/6

se 2fahk fi fr V# come#
ee

gw f

*2ca 29-42 5VI
5/6 

Ca 7/3
4/6 
Ca 5/4

si 2eabk vh fi # ev gw f

C 42-70 5tt 5 »  11 leabk ih fr me ea jw f
4.5/4 3.5/4

13-22 Clay skins on pads are distinct 
22-29 Few lime spots
29-42 Numerous lime spots and coatings along faces. Patchy clay skins 
42-70 Slight decrease la clay with depth and more massive*

?



SOIL B1SCBIPTIOI 
Taoeen I

SOIL S U S  Tucson si 
A B M  Pisa Go. SOD 
CLASSIFICATION

LOGAflOI 3 ml. 1 Si corner Sect. 9, T15S, 1131 
1. TIO. (OB GBQP) Creosote, annual grasses

DATS 10-31-56

C LIMITS Arid

PABMT NAXKBIAL Alluvial — collovial materials from rhyolite, limestone, etc.

PHYSIOQBAJPHI Intermediate fans or valley plains
BBLUP Smooth convex DKAIHA6B Good SALT OB ALKALI Bone

ELSVATIOH OB. MATZB Beep

SLOPS 0-256 MOISTUBS Dry
ASPECT SS BOOT DISTBIB. Beep-limited by moisture only

SB06IGE Slight wind PERMEABILITY

ADDITIONAL NOTES:

STONINESS Thin gravel 
pavement



PHYSICAL CHAEACTBBISTICS 
Tacson I

COLOB COHSISTEHCI
HORIZOH DEPTH DBT MOIST TEXTUHE STRUCTURE DBT MOIST VET

»o
miCTIOF BOUMDAET BOO'

K 0— 1 7.5TB 5.5/4 
7/4

si m or * 
ifpl

1 vfr se
P*

# ow f

H 1- 9 7.5TB 5.5/4 
7/4

si *
vlfshk

s vfr wo
pe

## cw f

Bea 9-15 7.5TB 5/4 
6/4 c2p
c2p ca 
8 ^  7/2

1 2f mabk sh-h fr B
P

e#
cm c2p

ew f

B-C 15-32 7.5TB 5/4 
5.5/4 f2p 
f2p ca ca 

8/2 7/2

1 vinpr 
2f nshk

h fr e
P

##
ca f2p

gw f

C1 32-56 7.5TB 5/4 1 * epl a# fr se ## f
5.5/4 stratified sp

9-15 Clay skins thin and patchy 
15-32 Clay skins thin and continuous

* surface is pavement of gravel and fine gravel



s o n  BBseaimoH
fabae

SOIL TIHI Tttbac DATS 7-30-51
' ' • •

AHIA Saburlta

CLASSIPIGATIOIi Transitional from Eeddish Brown to Bed. Desert
LOCATION 1 3/4 mile SB of Sahurita

CLIMATE Seal-arid
M, TS6. (01 CHOP) Mesquite, burroweed, graagKa grass, needle grass and weeds.
PARENT MATERIAL

PHYSIOGSAPHY Allnvlal fans

RELIEF Smooth DRAINAGE Surface-good SALT 01 ALKALI None
Int. -very slow

ELEVATION GR. V A T U  Deep STONINESS None

SLOPS 0-2g MOISTURE

ASPECT BOOT D IS TUB.

EROSION Slight 
ADDITIONAL NOTES:

PERMEABILITY



PHYSICAL CHAMCHBISTICS
TuT>ac

COLOR COBS ISESBCI
HQRIZOH DEPTH DRY MOIST T2XTUHS STRUCTURE DRY MOIST VET BOUBDABY REACTIOH

0-1*5 !■
\ 1.5-* si

^2 W . j  el
Bg 4.5—14 e

B2ca 14-22 so
Bo 22-36 eo

BOOTS



SOIL BSSCBIFflOH 
Melanto I

DATE 1956

CLIMATE Arid

SOIL TIPS Adelante cl 

ABBA Chandler ■
CLASSmCATIOU Bed Desert 

10CATIOB SB i  of BV i- Sect. 7, T1S, BgE 
H. TEG. (OB CBOP) Fallow irrigated

PASHTO MATS1IAL Demlnantely granite with an admixture of other acid or hasie igneous rooks 

PHI5I0GBAPHT Alluvial plain

H2LIX7 Gently sloping DMIHAGS Good

EIEYATIOH Gt, VASES Deep

SIOP* 156 MO IS TUBE Dry

ASPECT BOOT DISTRIBUTION

1BOSIOH PESMEABILITT

SALT OB ALKALI Verne 
STOVINESS Bone

ADDITIONAL VOTES: Silted hy irrigation water



PHYSICAL CHARACTERISTICS
Adelanto I

HORIZON DEPTH COLOR 
DRY JOIST TEXTURE

CONSISTENCE
STRUCTURE DRY MOIST WET REACTION BOUNDARY BOOTS

0-14 1

B2 14-18 ael

B2ca 18-28 1

B2-2ca 28-38 1

cea 38-54 ■1



SOIL DESCEIPTIOI 
Adelante II

SOIL TIES Adelante si DATE 1956
A S M  Chandler

CLASSIFICATIOS Bed Desert
LOCATIOB Sect. 20, B6I, T2S (SW corner). CLIMATE Arid
S. IK* (OB C10P)
PABEST matter TAT, Dominantly granite with en admixture of other acid Igneous and basic rocks 

PBISIOGHAPHT Alluvial fan

BELIE? Cently sloping DRAINAGE Good SALT OR ALKALI None

ELEVATION Gfi. WATER Deep STONINESS None

SLOPS 156 MOISTURE Dry
ASPECT BOOT DISTBIB.

BBOSION Slight PERMEABILITY

ADDITIONAL NOTES:



tifitv. di Arizona IfeiSi?

PHYSICAL CHABACTEEISHCS
AAelante II

HORIZOH DEPTH
COLOB 

DRY MOIST
COES ISTEHCE

TEXTURE STRUCTURE DRY MOIST VET B1ACTIOE BOUHDARY

S 0- 8 ml

B2 8wl5 ml

B2c s 15-36 ml

Cca 36*44 ml
D 44* mil



SOIL DtoGMPflOB 
Melaate III

DATS 12*21-55

CLIMAEB Arid

SOIL TIES Adelaate 
AREA Phoenix 

CLASSITICATIOB S. B. J.

LOCATION SV corner, Brail and H23rd Are., Phoenix 

He HO* (OB CHOP) Cantaloupe
PABSBf MATERIAL Chiefly granite with some intermediate and basic igneous recks present 

PHYSIOGRAPHY Alluvial fan
DRAIHAG! Good SALT OB ALKALI

GB« watkb Deep STOMIHESS Bone

MOISTOH Moist 
BOOT DISTRIB.

PERMEABILITY

BELIEF Gently sloping
ELBYATIOH

SLOPE 0-1^

ASPECT

EROSION Slight 
ADDITIONAL NOTES: A/C soil

lone

GOT



PHYSICAL CHABACBHISTICS
Meleato III

HOEIZOF DEPTH
COLOB 

DRY MOIST T2XTUH5
CONSISTENCE

STEUCTUEE DRY MOIST WET REACTION BOUNDARY

s 0-14 Bl

Oca 14-36 1

Cca 36-44 1
C 44-54 1 .



SOIL BESCBIPTIOI 
Higley I

SOIL TIPS Higley DATS 22-21-55
AEBA

CLASS UICATIOH Bed Deeert

LOCATION 600 ft. X., 5 ft. V of SI corner. Sect. 3, T1S, B51.
¥. TOO. (OB OBOP)

PABEHT MATERIAL Chiefly M i d  Igneous rooks with a small amount of basic and sedimentary rocks 
FHYSIOOBAPHT Low alluvial fan

CLIMATE Arid

BELIEF Smooth 
BIZYATIOH 
SLOPS 

ASPECT

SBOSIOS Slight

DBAI1AGS Surface-low to In- SALT OR ALKALI Bone 
adequate, Int., slow but good 

GB. WATER Deep STOBIHESS Bone
MOISTURE

BOOT DISTRIB.
EEBMBABILITT

ADDITIONAL BOTES: Low in lime, dark and deep.



PHYSICAL CHARACTERISTICS
Bigler I

HORIZON DEPTH
COLOR 

DRY MOIST TUTUEZ

0-15 #ol
15*26 el

B2ca 26-48 e
C 40-54 e

CONSISTENCE
STHUGTUBE DRY MOIST WET EXACTION BOUNDARY



ISHABELSlTfl !?%*ncs■AiaLMTO SERIES

The Adeleato series is eenprised of weaMj to moderately developed 
red desert soils on alluvial fans and valley plains. Parent rocks 
are dominantly granitic but may include minor quantities of ether 
acid and basic igneous rocks. She average annual precipitation ranges 
from 3 to 9 inches; average temperature for January is about 47° and 
for July 84° F.; average growing season is about 260 days. Adelanto . 
soils have many characteristioe in oommon with Hesperia and Mohave 
soils and are between those series in development <f lorIsons. The A 
and B horizons have been leached of lime and a textural B overlies a 
weak to prominent Cea horizon*
Soil Profile; Adel an to sand
A

B21

B22

^ c a

Cca

0* 6" Beddish-brown (5IK 5A) sand; massive; soft when dry, 
loose when moist; rapidly permeable; devoid of plant 
roots; abrupt* smooth lower boundary.

6-12* Beddish-brown (5TB. 4/4) sandy loam; moderate coarse 
prismatic structure; hard when dry* firm to friable 
when moist; few plant roots; slowly permeable; clear, 
smooth lower boundary.

12-15" Brown (7/5TR 4/4) moist, sandy loam or light sandy 
clay loam, brown (7.5TB 5/4) when dry; weak to mod
erate coarse prismatic structure; very hard when dry, 
friable when moist; a few fine threads of lime; prac
tically devoid of plant roots; moderately permeable; 
abrupt, smooth lower boundary.

15-22" Brown (7.5TH 5/4) sandy loam; weak medium subangular 
blocky structure; hard when dry, friable when moist; 
moderate to moderately slew permeability; moderately 
calcareous with common, medium to fine distinct, white 
lime veins; no plant roots; abrupt, smooth lower 
boundary.

22- " Brown (10TR 5/3) fine sandy loam; pale brown (101B 
6/3) when dry; massive; slightly hard when dry, fri
able when moist; moderately calcareous with few med
ium, distinct white lime veins; moderately permeable; 
no plant roots.

Baage in Characteristics; Adelaato soils differ from Mohave soils in 
containing less clay in the B horizon. She B horizons of Adelaato soil 
usually have weak subangular blocky rather than prismatic structure and 
range from sandy loam to light sandy clay loam in texture, whereas the
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B horizons of Mohave soil# range from sandy clay lea* to heavy clay 
loam. The B horizons of Hesperia soils are fecipient with very little 
or no structure and usually of light sandy loam texture. Hues of the 
surface soil and subsoil range from (7»5TS) to (5%R) and the surface 
layers of some irrigated soils may be (10TR) where organic residues of 
additions of silt occur. Values of the moist surface soil in virgin 
areas range from 5 to 4, The pH of the surface and lower horizons 
ranges from 7.8 to 8.4, occasionally higher where affected by sodium. 
Many irrigated areas have become calcareous. Colors given in the pro
file description are for moist soil conditions unless otherwise noted.

Tonography: Yearly level to gently sloping alluvial fans or valley 
■plains. Usually smooth except for minor hummocks caused by wind 
action.

Drainage: Bun-off is slight; water enters the B horizon slowly to 
moderately slow, but moves moderately to rapidly through the sub
stratum.

Vegetation: Desert sage, creosotebush, yucca, Joshua trees, annual
weeds and short-lived grasses following Spring rains. Hot more than 
2$ of surface occupied by perennials.

Use: Mainly without water supply for irrigation and used for very 
limited grazing. Where irrigated, alfalfa, cotton, and winter 
barley are the principal crops but many other acclimated crops are 
grown and good yields obtained.

Distribution: In southern or warm desert regions of California, Ariz
ona, and Hevada.

Type Location: Vicinity of Victorville and Adelante, San Bernardino
County, California.

Series Igtablishedt Victorville Area, California, 1921.

national Cooperative Soil Survey 
USA

Bev. WOE 
3-1-56
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HIGLSY S m i K

The Higley series comprises Red Desert soils on alluvial fans. These 
soils occupy comparatively low positions at the lower ends of alluvial 
fans where slopes are generally less than 1/2 percent in gradient.
These positions receive comparatively large quantities of run-off from 
higher lands. The parent materials have come dominantly from acid 
igneous rocks with smaller components from basic igneous rocks and 
sedimentary formations. The soils are associated with the Mohave 
series, but have slightly finer textured and thicker B horizons and 
are leached of carbonates to greater depths than the latter. They 
are more deeply leached of carbonates and contain fewer lime nodules 
in the deeper profile than the Tekol series.

Soil Profile: Higley clay loam

A 0-15" Light brown (7.5YR 5/4) clay loam, reddish-brown
(5TR 4/3-4/4) moist; weak fine granular structure; 
slightly compact, hard when dry, firm when moist, 
plastic when wet; much angular sand; clear smooth 
boundary. 8 to 20 inches thick.

B1 15-30" ■ Light brown (7.5YB 5/4) gritty heavy clay loam or
gritty clay with weak medium subangular blocky 
structure; slightly more compact than A horizon but 
otherwise similar in consistence; clear smooth boun
dary. 7 to 20 inches thick.

b2 30-60" Reddish-brown (5TR 5/4) heavy clay loam, silty clay
loam, or silty clay, flecked with moderate numbers 
of yellowish white accumulations of carbonates rang
ing up to 1 centimeter in diameter; massive in place 
but breaking to weak medium and fine: elibapgal&r 
blocky structure when removed; very hard when dry, 
firm to very firm when moist, plastic when wet; 
clear smooth boundary. 24 to 36 inches thick.

C 60-72" Reddish-brown (5YR 5/4) to yellowish brown (10YR
5/4) clay loam; massive in place but breaking to 
week fine angular blocky structure when removed; hard 
when dry, friable when moist, plastic when wet;strong
ly calcareous with lime finely disseminated.

Range in Characteristics: In some places the surface of the soil has a 
sparse covering of rounded to subangular pebbles (desert pavement). 
Depth to carbonates commonly ranges from 15 to 40 inches, whereas the 
lime flecked Bz horizon may extend to depths of 72 inches. Where the 
soil is under irrigation near Gilbert and Higley, Arizona, a surface 
layer 3 to 10 inches thick is calcareous, presumably because of the 
use of calcium bearing water. Beneath the surface layers, such pro
files are free of carbonates to depths of 18-30 inches. Colors given
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are for dry conditions unless otherwise stated*

Topography: Very smooth-surfaced in sli^vtly depressed areas or near 
the lower parts of alluvial fans with slopes not quite flat but be
low 0.4 percent in gradient*

Drainage: Surface drainage is slow to inadequate under natural desert 
conditions. Internal drainage is slow but adequate even under 
irrigation.

Vegetation: Mesquite? catclaw, crucifixion bush, creoeotebueh, squaw- 
bush, cacti, end after spring rains* some short-lived annuals —  
six-weeks gram, alfilsria, and Indian wheat being the most important 
for grazing.

Use: Virgin areas are used for range land and have a very low 
carrying capacity, 95ie perennial plants are sufficient for 1 to 
1*2 animal units to a section for year-long grazing. During normal 
years, annual weeds and grasses provide feed for about 10 cattle to 
a section for a period of 90 days. Irrigated areas are used largely 
for growing alfalfa, cotton, grain and sorghum. Fair to good yields 
are obtained#

Distribution: Vicinities of Higley and Gilbert and in Queen Creek 
SCD, Arizona,

ibrpo Location: Queen Creek SCD* Maricopa County, Arizona.

Series Established: Queen Creek SCD, Arizona, 1946.

Source of Marne: Marne of town in Salt River Valley, Arizona^

National Cooperative Soil Survey 
USA

Bev. VGH
3**1t56
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The surface sell of the Mohave series la open in structure and has 
little power to retain moisture. The soils ere derived from old 
valley filling materials. They are derived from weathered and 
otherwise modified, relatively old, water-laid, unconsolidated de
posits, which originally had. their source in a variety of form
ations in which granites lad related rocks seem to have predominant 
ted.

They have a range in color from light reddish.&r#e# to dull red or dull
reddish-brown. They are usually underlain by grayish or pinkish-gray 
veryccompact subsoils, frequehtly containing irregular, partially 
cemented seams or layers, with an approach to a dense, cemented 
"caliche" or hardpaa. The soils are low in organic matter and are 
high in lime. They generally have a smooth and gently sloping 
surface, which is little affected by erosion. The surface is fri
able and calcareous. Surface drainage Is usually well established 
but the sub drainage is restricted and some areas are affected by 
alkali salts.

The natural vegetation consists of creosote bush and other desert 
shrubs and cacti.

Small areas are irrigated and farmed, alfalfa being the principal 
crop. Where sufficient water is available, the yields are good, 
but all crops require Irrigation. Some grain is produced, but 
the yields are often poor. Kafir, mile, and truck crops are grown 
locally and their acreage is being extended. A small acreage is 
devoted to peaches, apricots, and figs. Egyptian cotton is met grown 
on the type sandy loam in this area but is produced on similar or 
identical soil outside the survey.

Series established; mddle Gila Valley, Arizona.

* This series description was compiled from the soil survey report 
of The Middle Gila Valley Area, Arizona. USDA* Bureau of Soils, 
1917.



MOHAVE SERIES

Mohave series includes large areas of Bed Desert soils in the arid 
Southwest. They are characterised by reddish-*rown noncalcareous sur
face soils underlain by compact* comparatively heavy, red subsoils and 
compact lime layers of mottled gray and red, more or less cemented by 
lime. Mohave soils have developed in desert valleys on old alluvial- 
fan end terrace deposits which apparently have been subject to long per
iods of weathering and soil development. The materials are derived 
mainly from granite end other quarts-bearing crystalline rocks. These 
soils occur where the mean annual precipitation ranges from about 3 l/2 
to 12 inches, with mild sunny winters and very hot summers. Mohave 
soils aro similar to Adelanto soils, which are browner or less redi 
They are also somewhat similar to Tubas soils, which have a Sclonets- 
llke horizon and a more cemented lime layer*

I* Soil Profile: (Mohave sandy loam)

1. Brownish—red noncalcareous fine-granular sandy loam; has a 
distinct gritty feel due to angular and rounded coarse 
sand particles; about 7 inches thick.

2* Bed or light-red slightly compact noncalcareous or feebly 
calcareous gritty loam; about 7 inches thick.

3* Beddish-bhown compact highly calcareous clay loam highly 
mottled with gray lime flecks; about 15 inches thick.

4. Gray or brownish-gray highly calcareous compact gritty 
loam; weakly cemented with lime; when wet crushes easily 
into a structureless mass; about 50 inches thick.

5. Grayish-brown friable or loose fine gravelly loam and coarse 
sand; highly calcareous but free of line mottles.

II. Variations: In some areas the surface soil is calcareous.
Where these sells grade into Adelanto soils they have a leoo 
red surface soil* The degree of cementation of the lower B 
horizon varies from place to place; in some places it is 
quite firmly cemented* whereas in other places it is only 
very slightly cemented. As mapped, Mohave soils include 
areas that would now be differentiated as other soil series.
Many areas have a distinct desert p avement underlain by thin 
crust and vesicular layer.

Ill, Topography: Sloping old alluvial fans and high terraces which
in places are rather undulating, and where cut by drainage 
channels have steep slopes.
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IT. Drainage: Surface drainage is generally good. Areas that

hare desert pavement may hare excessive surface drainage and 
very poor penetration of water. The lower compact subsoil 
restricts rapid percolation*

V. Natural Vegetation: Widely spaced creesetehueh, other desert
shrubs, and cacti. Short-lived annuals grow in early spring, 
but soon dry up.

VI, Use: Virgin areas are used only for range land of very low 
carrying capacity. Irrigated areas are planted to alfalfa, 
cotton, citrus fruits, vegetables, and ether crops.

VII, Distribution: Southeastern California and the southern parts
of Nevada, Arizona, and New Mexico*

Type location: luckeye-Seardsley Area, Arizona*

Series established: Middle Gila Valley, Arizona, 191?*

Division of Soil Survey
Bureau of Plant Industry
U. S. Department of Agriculture

BCWOYwMB
4-17-41
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MOHATE S m U t

She Mohave soils are Bed Desert soils on alluvial fane in southern 
Arizona and in parts of southern Nevada and California, fhey occur 
on very slightly stratified or on homogenous angular to well round
ed sandy or finer-textured material, derived in some places entire
ly from granitic rock hut generally from a wide mixture of acid* neu
tral, and basic igneous rocks. The series is similar to the Tucson 
series, but differs in that the surface and subsurface layers are 
noncalcareoue whereas those of the Tucson are calcareous. Mohave 
soils differ from Laveen and Adclanto sells in that the surface and 
subsurface soils are noncalcaribue'm&d the and Bg horizons have a 
more definite accumulation of colloidal clay. They differ from the 
Vekol and Higley soils in being derived from sandier parent material.

Soil Profile: Mohave fine sandy loam

A 0- 7" Light reddish-brown (5TB 6/4, dry) fine sandy loam
which is reddish-brown (5YB 4/4) when moist* This 
layer, is none ale areous end has a weak fine granular 
structure* It is slightly hard when dry, friable 
when moist, and nonplastic and nonsticky when wet* 
There is less than *7 percent organic matter in vir
gin areas and usually not more than 1.2 percent in 
irrigated areas; pH ranges from 7 to 8. Desert 
pavement consisting pf few to many angular-or round
ed pebbles occurs on the surface of virgin areas*
These pebbles are usually dark brown in color be
cause of desert varnish, an accumulation of iron and 
manganese on the surface that.is common in hot, dry 
regions. 5 to 12 inches thick.

7*13" Beddieh-brown (5YR 5/4, dry; 4/4 moist) soncalcareoue 
loam weak medium to fine granular structure; slightly 
hard when dry, friable when moist and nonplastic when 
wet; moderately permeable. Usually less than 0.6 
percent organic matter; pH from 7 to 8. 4 to 8 inches
thick*

Bg 13-18" A moderate medium granular clay loam that is similar 
in color and reaction to the horizon, hard when 
dry, friable when moist and slightly plastic to 
plastic when wet; very low in organic matter; moder
ate to slowly permeable. 4 to 8 inches thick.

B2cft 18-24" This horizon is similar to the Bg horizon, but is mod
erately to strongly calcareous because of few to many 
white distinct mottles of lime that range up te about 
£ inch in diameter. This layer is very low in organic 
matter; has as pH 7*8 to 8.1, and is moderately to 
slowly permeable. 5 to 15 inches thick*
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b 3@s

B3ca

C

24-58" light reddish-brown (51® 6/4, dry) sandy elay loan 
which is reddish-brown (51® 5A )  when moist; massive 
in place but breaks into moderate medium granules; 
hard when dry. friable when moist, and non-plastic 
to slightly plastic when wet. This layer is strong
ly calcareous with many distinct white lime mettles 
that range up to about 4' inch in diameter. This 
layer is very low in organic matter; has a pH of 
7.8 to 8.3 and is moderately to slowly permeable.

24-58" Light reddish-brown (51B 6/4, dry) sandy clay loam 
which is reddish-brown (51® 5/4) when moist; massive 
in place but breaks into moderate medium granules; 
hard when dry, friable when moist and non-plastic to 
slightly plastic when wet. This layer is strongly 
calcareous with many distinct white lime mottles that 
range up to about ^ inch in diameter; in places there 
are a few small angular white lime nodules. This 
horizon is moderately permeable, almost devoid of 
organic matter, and the pH ranges from 8 to 8.5. 10
to 40 Inches thick.

58- * Pink (7#51® 7/4, dry) sandy loam that is light-brown 
(7.51® 5.5/4) when moist. It is calcareous but 
without lime mottles; slightly hard when dry, fri
able when moist, and non-plastic when wet. This 
layer is practically devoid of organic matter and 
it is moderately to rapidly permeable; pH about 8,3.

Bange in characteristics: As indicated above, there ie considerable 
range in the thickness of the different horizons. The lime mottles 
range from 2 to about 75 percent of an exposed surface. In places 
the ®2 horizon is blocky or weakly prismatic. Color of the A horizon 
ranges from pink (7.51® 7/4) to light-brown to light reddish-brown# 
and B horizons range from brown (7.5TR 5/4) to reddish-brown (51®
5/4). Because this series is on alluvial fans where a grading and de
grading are common, the surface horizon in jlacos may be thicker or 
thinner than described above. Buried profiles also are common.

Topography: Gently sloping to slightly undulating smooth surface with 
slopes ranging up te about 3 percent.
Drainage: Bunoff ranges from medium to rapid, depending upon slope, 
cover, and condition of the surface soil. Internal drainage is rapid 
in the A and C horizons# and moderate to slow in the B2 horizons.
Vegetation: A moderate to sparse stand of creosote bush, bursage, with 
occasional peloverde and ironwood trees and cacti. Short-lived 
annuals, of which six weeks grama, alflleria and Indian wheat are com
mon, grow after spring rains, and soon disappear.
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flaa: Virgin areas are used principally for range lend, which has a low 
carrying capacity. The perennial plants in most areas are sufficient 
for 1 to 1,2 animal units to a section for year-long grazing, and the 
annuals provide feed for about 10 cows to a section for a period of 
90 days. Irrigated areas are used for growing alfalfa, cotton, veg
etables and other crops, and good to very good yields are obtained*

Distribution: Southeastern parts of California and southern parts of 
Hevada and Arizona,

Type location: Buckeye-Beards ley area, Arizona,

Series established: Middle Gila Valley area, Arizona, 1917*

Soil Survey - Soil Conservation Service 
U.S.D.A,

V»H: 5-25-45 
UGH: 10-2-53
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TUBAC SERIES

The Ttthac soils are strongly developed sonal soils that occur on allu
vial fane and terraces in the Beddish Brown sells zone and to some ex
tent in a zone transitional from the Beddish Brown to the Bed Desert 
soils zone. They are somewhat similar to the Continental soils hut 
havo a mor# pronounced prismatic or columnar 3 horizon.

I. Soil Profile (Tubac gravelly sandy loam):

1, A 0-6" Tellowieh-red (5TB 5/6)# to reddish brown (5TB 
4/3)# (reddish-brown, 5TB 4/4 to dark reddish 
brown, 5TB 3/4 when moist) gravelly sandy 
loam; nonoalcareous; soft to slightly hard 
when dry, friable when moist. The surface 
is covered with pebbles in many places. 5-12",

2. Bg 6-18" Beddieh-brown (5TB 4/4), (dark reddish-brown,
5TB 3/4, moist) clay or heavy clay loam; non- 
calcareous; strongly prismatic or columnar, 
colloidal staining; very hard wheft d?y, firm 
when moist. Breaks to mediu# and firm blocks 
and coarse. granules. In some places a very 
thin gray coating overlies the columns and 
in places is a faint gray mottling, 8-16" thick.

3, Bg 18-28" Similar to the horizon above but less blocky
and is mottled with flecks of lime carbonate.
The lime content increases with depth and in 
the lower part, the color ispink because of 
the influence of the pinkish-white to white 
lime. 8 - 15.inches thick.

4. C 28-40" Light reddish brown (5TB 6/4), to reddish-yel
low (5TB 6/8) massive but hard clay loam or 
gravelly clay loam, that breaks to angular 
fragments; strongly calcareous but the lime is 
much more disseminated than in the Bc horizon.

5, D 40-60" Pink (5TB 7/4) friable massive gravelly loam
or gravelly sandy loam; very calcareous.

II. Bange in characteristics: Color of the surface well may be
slightly darker or slightly lighter than described. In places 
the lime zone approaches hardpan and in other places it is 
but strongly mottled.

III. Topography:. Smooth surface except in places where erosion has 
been active. Slopes range from nearly level to about 2 per
cent.
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IV, Drainage: Surface run-off slow to rapid depending on elope. 

Internal drainage adequate under natural conditions but if 
irrigated the dense sub-soil would restrict downward per
colation,

T. Vegetation: Moderate to sparse stand of mesquite bushes 2 to 
6 feet high, burroweed, cacti, some grama grass, needle 
grass and weeds,

VI, Use: Bangs carrying capacity is low,

VII, Distribution: Southern and southeastern Arizona.

Type location: Hogalee Area, Santa Cruz County, Arizona.

Series established: Hognles Area, Santa Crus County, Arizona,
1930.

l/ Soil color names recommended by the 19^8 soil color committee; 
color of dry soil unless otherwise stated. Symbols express 
Munsell notations.

Division of Soil Surrey 
Bureau of Plant Industry, Soils and 

Agricultural Engineering 
Agricultural Beeearch Administration
U. S. Department of Agriculture

BCB-FOY-MB
1-16-41
WGH-RCR
5-11-48



116*

TUGS PIT SERIES
ESTABLISHED SERIES

the Tucson soils are intrazonal soils of the Bed Desert soils zone on 
alluvial fans in Arizona. Like the Mohave soils, they have develop
ed from very slightly stratified or rather homogeneous angular to 
veil rounded sandy, fine gravelly, or fine-textured material derived 
from a vide mixture of acid* neutral, and basic igneous rocks. The 
Tucson soils are associated geographically with Mohave, laveen, 
and Pinal series. They are similar to the Mohave hut differ in con
taining fine lime throughout the solum.

Soil Profile: (Tucson loam)
A

b 2

b3

0- 8* Light-brown gritty loam, moderate brown when moist; 
moderate to strongly calcareous; weekly developed 
fine granular; soft to slightly hard when dry; very 
friable when moist; usually contains less than 1 per
cent organic matter. Owing to the occurrenee of an
gular fine gravel and coarse sand, this has a dis
tinct gritty feel. 5 -20" deep.

8-1#  Similar to the surface sell hat very slightly heav
ier in texture and very faint mycella-like lime 
veins are apparent in places. 4 - 1 0  inches thick*

14-19" Moderate hrovn gritty clay loam; strong brown when 
moist; strongly calcareous and usually with few to 
many yellowish-gray fleck* of lime carbonate that 
range up to 1 cm in diameter; hard when dry; firm 
when moist. 3 - 10 inches thick.

19-36" Moderate brown gritty clay loam matrix with from 15 
to 35 percent of a vertical exposure consisting of 
yellowish-gray soft lime flecks; strongly calcareous; 
strongly to weakly cemented; hard when dry; firm 
when moist. 10 - 30 inches thick.

36 - " Light brown to very pale brown gritty loam; strongly 
calcareous with mainly disseminated lime although a 
few nodules are common; friable when dry; very fri
able when moist.

Bangs in Characteristics: In places the horizon, which ranges from 
softly to weakly cemented, continues to a depth of more than 6 feet. 
This soil approaches the Laveen series in characteristics in places. 
It differs from that series in having a definite brown well developed 
Bg horizon. In locations where Mohave soils have been irrigated for 
a period of years and the soils have become calcareous owing to use 
of lime impregnated water, there is practically no difference be
tween the Mohave and the Tucson series*
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Tonography: Smooth surfaced gently eloping (slopes up to 3 percent) 
alluvial fans. A few moderately to deeply entrenched gullies occur 
in some places.

Drainage: External drainage is good to rapid depending upon slope and 
drainage channels. Internal drainage is slow to moderately slew 
through the subsoil hut is adsquats even under irrigation.
Vegetation: Creosotebush, scattered meequite trees, cacti, aquawbush, 
and after spring rains a number of short-lived annual# that provide 
•one forage.
Use: Virgin areas used only for range. The carrying capacity is kw. 
The chief crops grown under irrigation are alfalfa, cotton, hegari, 
barley, and corn, with some peaches, apricots, and figs. Good yields 
are obtained where sufficient quantities of water are used and geod 
farming methods are practiced.

Distribution: Southern Arizona.

Typo location: Tucson Area, Pima County, Arizona

Serioo established: Tucson Area, Arizona, 1931.

Division of Soil Survey 
Bureau of Plant Industry, Sells and 

Agricultural Engineering 
Agricultural Research Administration 
U. S. Department of Agriculture

RCR-FOY-MB
1-16-41

Rev. VGH 
5-30-45
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