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ABSTRACT

A detailed soils map and characterization study 
of the University of Arizona Branch Experiment Stations 
at Safford and Mesa were made. An intense field study 
was conducted and profiles selected as representatives of 
the soil types found on the farms were sampled. The only 
soil type on the Mesa Farm was Laveen loam. Four soil 
types were found on the Safford Farm: Grabe clay loam,
Pima clay loam variant, Pima silty clay variant and Guest 
clay. The dominant type was Pima clay loam variant com
prising 46% of the farm, Grabe clay loam comprised 35%,
Pima silty clay variant 15% and Guest clay 4%.

The Grabe series is a member of the coarse-loamy, 
mixed thermic family of Cumulic Haplustolls, the Pima series 
is a member of the fine-silty, mixed, thermic family of 
the Cumulic Haplustolls, and the Guest series is a member 
of the fine, mixed thermic family of the Cumulic Haplus
tolls. The Laveen series is classified as being a member 
of the coarse-loamy, mixed, hyperthermic family of Typic 
Calciorthids.

A clayey overburden ranging from 12-36 inches deep 
was present on the Safford Farm. Below this overburden was 
a coarse stratified material dominantly fine sandy loam

viii



IX
but with inclusions of loam, silt loam, sand and loamy sand. 
The Mesa Farm was a loam textured soil to a depth of 60 
inches with a prominant calcic horizon present at an 
average depth of 26 inches.

Detailed pedon descriptions, colored profile 
photographs, tables of characterization data, and volume 
composition figures of these soils are presented.



INTRODUCTION

Through history man possessed a curiosity toward 
nature, He has tried to thoroughly grasp the understanding 
of natural occurrences for beneficial use. The beneficial 
use for all experiments should be to successfully predict 
future happenings with current knowledge.

So for this reason, the ability to predict, soil 
scientists survey and classify soil. There are many dis
tinct differences among soils, since soil is the product 
of variations in climate, parent material, time, topography, 
organisms and sometimes man.

To delineate the differences in soils, they are 
first described and characterized by field inspection and 
laboratory analyses. After the characterization has been 
completed, soils can be classified in a generic manner and 
their suitability for different uses.

There are four objectives of the soil survey pro
gram: (a) to determine the important characteristics of
the soil, (b) to classify soils into categories from very 
general to very specific, (c) to plot and map soil boundaries 
usually on aerial photographs, and (d) from these researches , 
to predict and correlate the soil1s adaptability and
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productivity under differing cropping, management and en
gineering systems. 1

The purpose of this study was to determine the dis
tribution and characteristics of soil types found on the 
Safford and Mesa Branch Experiment Stations. This informa
tion should be useful in evaluating observed crop responses 
measured in field trials.



LITERATURE REVIEW

The nineteenth century brought America land acquisi
tion and a massive exodus westward. The immigrants of this 
new land had illusions of wealth and power with ownership 
of land. To the settler's dismay and wonderment, crop 
failures were abundant. The push westward accompanied by 
failure brought the decision of the government to study 
soils in a search for the reason of the failures (18).

Just before the turn of the last century, in 1899, 
soil survey began in the United States,' Miller. (27) de
scribes its beginning as a basic description with few 
phrases and soil distinctions. An early map would have only 
six soil groupings and pedon descriptions would be general 
such as "meadow soils", which were mostly alluvial in nature 
Profile descriptions were as brief with vague qualities 
such as: light, dark, topsoil and tight.

The first soil maps were made on flat representa
tions or maps of the area. Kristof (21) gives a progression 
from the flat maps to black and white aerials, color 
aerials, stero maps, and finally to today's infrared 
scanners and computers.
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Even with these early mapping techniques, a purpose 
of the soil survey was the same as it is today, to be able 
to predict response of land under different management 
systems. By having an inventory or soil map, predictions 
may be made hopefully averting the early failures.

Reporting survey information has evolved from brief 
sketches and description to a bound document published by 
the United States Government Printing Office. The soil 
survey report will not only include a soil map and a de
scription of the soils in the area but many additional 
features. The newer survey reports have soil use recommenda
tion for engineering purposes, suitability for urban uses, 
yield capacity, management practices, climatic information, 
history, geology, many explanations about soil and use of 
the survey, classification and laboratory data. To make 
sound predictions from soil survey information not only 
are numerous field observations necessary, but also a 
large number of laboratory determinations are included to 
support or deny field observations (1, 11, 15, 18, 19, 29,
42) ,

Wohletz (41) describes man's basic natural resources 
as soil, water, plants and energy. He states that soils 
are the foundation of other renewable resources, but the 
base of Agricultural production and a universal building 
material.

4



5
Natural thought is to gain knowledge about such an 

important resource so we might predict behavior and use it 
under different management systems. A way to transfer 
knowledge from one area to another is through soil survey 
reports. Kellogg (19) states that a soil map serves as a 
bridge to transfer knowledge gained from like soils else
where ,

Another purpose or reason to survey soil is given 
by Miller (27). Soil survey has been viewed as an inventory 
for many years. In 1914 a survey in Wisconsin stated the 
object of the project was to make an inventory of soils in 
the area (36).

Buckman and Brady (8) view soil survey maps and 
reports as a basis for a system of land capability classifi
cation, They further state that the function of a soil 
survey is to classify, locate on a base map, and describe 
the nature of soils as they occur in the field.

Smith and Aandahl (33) see soil maps as a basic 
tool for selections of a system of soil management,

The Soil Survey Manual (34) lists the purposes of 
soil maps and reports as follows:

1. Determine the important characteristics of soils.
2. Classify into defined types.
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3, Plot and establish boundaries among kinds of soil.
4. To correlate and predict adaptability of soils to 

various management systems.
The manual further states the fundamental purpose of a soil 
survey, like that of any other research, is to make pre
dictions .

The predictions are made for varying uses of the 
different soils. Originally, as stated earlier, soil 
surveys were used exclusively for agricultural purposes. 
Surveys today are used for agriculture in selecting manage
ment practices Hedge and Klingebiel (16) yield capacity, 
Robertson (31) productivity, and land evaluation Soil 
Survey Manual (34).

Agriculture does not have a monopoly of use of 
soil surveys. Today, more and more urban or non agricultural 
uses are being made of soil surveys. The state of Michigan 
aided in development of soil survey for road building in
formation (18), Soil surveys value is not just road con
struction, but construction of any type. Surveys are 
employed for planning uses of soil from individual farms 
to regional plans for multicommunity areas and multistate 
areas.

Buckman and Brady (8) list uses for soil surveys 
as a key to hydrologic properties, pipeline corrosivity.
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stable foundations r suitability for septic tank filter 
fields and others.

Harper and Bidwell (14) summarize the position well 
in saying that soil surveys are the most valuable inventory 
of soil resources on a county by county level for the farm 
and urban community as a whole.

Probably the most important agricultural related 
use of the surveys made or experiment farms is their part 
of the agricultural research program (34). The Soil Survey 
Manual (34) states that the soil survey is an integral part 
of an effective agricultural research and advisory program. 
The soil survey provides a connecting link between agri
cultural research and specific traits of land.

This study, as well as many others, involves 
classification of the soils in the area surveyed. Classifi
cation is really a part of the survey program as expressed 
in Buckman and Brady (8). To study satisfactorily any 
heterogeneous group in nature, some sort of classification 
is necessary. This is especially true of soils. The value 
of experimental work of any kind is seriously restricted 
and may even be misleading unless the relation of one soil 
to another is known.

Soil mapping in the United States is progressing 
currently at the rate of 50 million acres a year (21),
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Even at this rate maps are incomplete at the most detailed 
scales, but our system is one of the most advanced in the 
world (23). To keep the supply of survey information in 
pace with the demand of more detailed information on larger 
areas, new techniques are being employed in mapping and 
classification.

Computers are being used to convert field informa
tion to soil maps and taxa of the Seventh Approximation,
The mapping is accomplished by aerial collection or re
flected and radiated energies on a magnetic tape in analog 
form. The information is converted to digital form and a 
print out of a soil map may be obtained. Kristof (21) 
sites the greatest advantage of this system is the accuracy 
of the map for such a short time taken in production. A 
soil map may be made for an area in a matter of hours (21).

Arkley and Mausel are using computers for classi
fying soils (3, 23) in the Seventh Approximation (35) at 
the subgroup level. Key properties are used in classifica
tion limiting the number of determinations needed in ex
amination of each soil. From this information Mausel (23) 
will make soil maps based on the Seventh Approximation.
His reason of importance is that simple data can be used 
in those areas of the world needing modern soil informa
tion .
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Almost a quarter of a century ago Kellogg (18) 

saw the importance of soil surveys increasing with the in
creased demand of land for more intense use. He wrote that 
soil surveys will become more important as urban land 
becomes more in demand. And so they have, as witnessed 
by the American Society of Agronomy special publication 
Soil Survey and Land Use Planning, a book dedicated to the 
needs and uses of soil survey information.

Soil surveys are an investment in the future 
according to Kellogg (19). He writes that if good detailed 
soil survey information is on hand, it can be used for 
changing use of soil in the future.

Expansion of the Soil Fabric 
The moisture release curves for this project, es

pecially for the Safford Farm, provided considerable con
sternation as the volume per cent of water held at lower 
tensions was greater than the available total pore space, 
as calculated from the bulk density value. A review of 
literature and subsequent field check were performed to 
find the reason for this phenomena.

The Soil Survey Investigations Report (42) combines 
the findings of many authors with the statement about water 
retention. The report states that as a clay fragment 
swells it will push the structure apart creating more pore
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spaces that hold water at low tensions. In a field situa
tion the swelling would probably not be as great as in the 
laboratory because of the natural containment of a soil 
body in the field. In the laboratory samples will hold 
more water at one-tenth or one-third bar than in the 
field. The result of this is an error showing the soil will 
hold more water than it has total pore space.

Shrinking and swelling of soils has been studied for 
quite sometime. In 1923 Haines (13) noted that the volume 
of a rewetted soil is greater than the original volume.
He attributed this to entrapped air.

Davidson and Page (9) measured swelling with dif
fering clay contents and different treatments. They found 
sodium saturated clay to give the most swelling. Organic 
matter diminished swelling as compared to a soil of the 
same volume and composition except for the organic matter. 
They concluded that the tendency of a soil to swell is not 
governed completely by the clay minerals present, since 
sodium, iron and organic matter modify the swelling or 
expansive characteristics.

Grossman et al. (12) state that most soil fabrics 
change volume with a change in water content. The pore 
spaces most effected by this process .are the innerclod 
pore spaces. In a natural condition the inner clod pore



spaces will be larger on shrinking and smaller with the 
addition of water or with swelling.

Jamison et al.(17) noted a change in volume of 
soils with a change in moisture content in their study of 
soil core samplers. These instruments were of the type 
used for sampling at both the Safford and Mesa Farms.

Baver (4) states that when a dry soil is wetted, 
its total porosity is increased because of swelling. In 
some cases this may be serious in experimental calcula
tions. Baver calls the swollen condition the more desirable 
figure to use.

Vomocil (39) states a position similar to Baver1s 
on the choice of a moist volume for calculations. He 
further states the moist volume will be more closely as
sociated to the conditions a growing plant will encounter.

Lauritzen and Stewart (22) found it necessary to 
measure soil shrinkage upon drying in soil moisture 
studies. They found dry clods expansion up to 20% mois
ture to be proportional to the moisture adsorbed. Beyond 
this point an increase in volume greater than the volume 
of water adsorbed was noted. Houston Black clay clods 
were used in this determination. To them, this indicated 
the pore space of the soil changed with the moisture con

11
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Surveys of the Safford Area
Several soil surveys of the Safford area have been 

made. The first was completed in 1903 and the second in 
1933 by Poulson and Youngs (29). The second survey mapped 
the Safford Farm as having Cajon loam, north east corner 
and the remainder of the farm as Cajon sandy loam-deep 
silted phase. Cajon loam is described as having a six to 
eight inch medium brown or dark grayish brown gritty loam 
showing some effects of silting in places, but retaining 
the granitic character and the slight yellow tint of the 
virgin soil. The underlying material is very gritty and 
stratified, Cajon sandy loam-deep silted phase has an 
excellent granulated structure for such a heavy soil. A 
heavy silted overburden ranges in thickness from two to 
three feet, depending upon slope and position. There is a 
transitional layer between this and the original Cajon 
material (29).

The original Cajon soils are light colored due to 
the lack of organic matter being a dull yellowish brown 
or a dull light brown color. Under irrigation silting 
obscures the soil features and eventually all these soils 
become like the Pima Series (29). Pima soils were de
scribed as having a dark color and heavy texture due to 
silt deposit.

12
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The silt material is said to be a result of long-, 

line farming, turbid silt laden irrigation water begun in 
1873. The dark color, an indication of high organic matter 
content, originated from sediment from higher elevation 
grasslands (29).

In addition to the artificial silting as Poulson 
and Youngs (29) describe the introduction of fine material 
through irrigation water and natural deposition. Much 
dark material has been deposited naturally and artificially 
that Poulson and Youngs(29) described many of the Safford 
Valley soils as resembling highly fertile prairie soils,, 
Chernozems, (Mollisol) soils of the great plains, a product 
of time development under grass.

Poulson and Youngs (29) continue explaining their 
position about how the series differed from the 1903 
survey.

The conflicts in classification of these more 
recently accumulated alluvial soils of the Gila valley, 
and more especially of the Pima Series, are however 
not entirely the result of the later more detailed 
mapping and more extensive and intensive study, but 
are in part the direct result of actual changes in 
soil character, due to deposition of sediments from 
turbid irrigation water and streamborne alluvial ma
terials of a later date. (p. 39)

Man has continued his modification of the soil in 
this area through continued farming. At the time of the 
Poulson and Youngs survey mostly horse drawn equipment was
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employed on the farms. Only a few of the largest and most 
advanced had tractors, This being one reason for the ob
served good granular structure for such a heavy soil 
according to Havens (15). Modern farming techniques in
volve continual use of large heavy equipment which tends to 
compact the surface layers, destroying the structure (15),

Another change contributing to the degradation in 
structure is water quality. The normal sequence of alter
nating well and river water for irrigation was interrupted 
in the late 19401s when river water became unavailable.
Much water was pumped from the wells in the area. The 
water table dropped and the quality of water declined.
This poor quality water was high in sodium having a sodium 
adsorption ratio of 25 (26). The large quantity of sodium 
caused serious dispersion of the soil, creating management 
problems on the heavy soils of the Safford Farm.

In December 1948 Field C was described as Cajon 
sandy loam-deep silted phase with a silt blanket being 
shallowest at the south end of the field (25). There was con
siderable variation in surface texture from sandy loam to 
clay. In some cases this variation occurred within a 
single border.

In 1954 Field D of the Safford Farm was surveyed 
by the field method and sampled for lab analysis (5).
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These analyses show a textural change in the soil surface 
from north to south from silty clay loam to clay loam. The 
entire field was classified as being in the Cajon series.
The field then was deep plowed to a depth of 30 inches.

In 1961 another survey of Field D was undertaken. 
Again the textures generally progress heavier to lighter 
traversing from north to south with the exception of some 
silty clay loam in the southwest corner of the field.
The north half was classified as Anthony silty clay loam. 
Adjacent to this and composing approximately one-fourth of 
the field was Cajon clay loam. The remainder was equally 
divided between Anthony loam and Anthony silty clay loam. 
There was no data, either field or laboratory, to support 
these classifications in Billy's thesis (5).

In June 1970 the Soil Conservation Service published 
a soil survey report of the Safford Area (11). In this 
survey the southwest corner of the farm to the entrance, 
mostly in. Field A, was Anthony loam, Pima clay was mapped 
on the north end of Fields H, I, and J, Most of Field J is 
Guest clay according to the survey. An irregular strip 
of Anthony clay loam is shown to run diagonally east-west 
from Field B to Field G. The southern half of Field I is 
also Anthony clay loam. The majority of the farm par
ticularly in Fields A through H was mapped Grabe clay loam,



comprising a large area in Fields A through H. A small 
area of Gila loam is mapped on the north end of Field C.



FIELD AND LABORATORY STUDIES

Field Studies
The soil mapping procedure consisted of the fol

lowing: a previously prepared sampling plan in which
sampling sites were determined based on a square grid 
system. The distance between sampling sites on the 
Safford Farm was 100 feet and 200 feet on the Mesa Farm.
The majority of the Safford Farm was sampled with a tractor 
mounted Giddings power probe owned by the experiment 
station. Sites under cultivation and select check sites 
were sampled by hand auger. All samples on the Mesa Farm 
were taken by a hand auger. Texture on both farms was 
estimated in the field for each horizon by the field method 
and horizon depths recorded. Samples were collected at 
Safford on January 25 and 26, 1971 and June 3, 1970, at 
Mesa.

Six representative soil profile sites were selected 
on the Safford Farm and two on the Mesa Farm for detailed 
characterization based on the field studies. Soil pits 
were dug at these sites and detailed soil profile descrip
tions were made. The profiles were divided into different 
horizons and two undisturbed core samples collected from 
each horizon. These samples were taken into the laboratory

17
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and prepared for further analyses by either grinding and 
passing through a 2 nun sieve, or using the undisturbed 
cores as taken.

The sites on the Safford Farm were sampled twice 
due to problems with equipment and the procedure in the 
moisture determinations. The soil type boundaries were 
then delineated according to the field and subsequent 
laboratory analyses.

Laboratory Studies

Soil Particle Size Analysis
The soil particle size analysis was determined by 

the pipette method as described by Day (10) with the fol
lowing modifications; 800 milliliter straight sided jars 
were used, organic material and soluble salts were not 
removed, and the total sand fraction was washed from the 
other separates after the pipette sample was obtained.

Organic Matter
The Walkely-Black wet combustion method as described 

by Allison (2) was used to determine organic carbon. The 
organic carbon value was converted to organic matter values 
by the formula given in the procedure.



19
Pore Space Distribution and 
Available Water in Soil Samples

Water contents of soil samples were determined at
50, 100, 333 cm and 15 bars of tension by the pressure
plate and membrane method as described by Richards (30).

Bulk Density
Bulk density was determined by the core method as 

described by Blake (6) and the can method as described by 
Kohnke (20), The majority of samples were taken by the 
core method. Selected samples were determined by the clod 
method as described by Blake (6), but these values are not 
reported as they were used for checks only.

Particle Density
Particle density for selected representative tex

tures was determined as described by Blake (7) with one 
exception: 100 ml volumetric flasks were used in place
of pycnometers.

PH
pH values were determined by measuring the electrical 

potential of the soil solution when the soil was in a satu
rated paste condition.

Saturated Extract
Electrical conductivity and milliliters of EDTA were 

determined as described in Agricultural Handbook 60 (38).



Phosphate
Phosphorus extraction was accomplished by the 

carbon dioxide method as described in McGeorge, Buehrer 
and Breazeale (24). Colormetric measurement of the ex
tract was performed by the Murphy-Riley procedure (40).

Sodium Hazard
The sodium hazard was determined from graphs 

designed especially for this purpose in Agricultural 
Handbook 60 (38).



DESCRIPTION OF THE AREAS

The University of Arizona Branch Experiment Sta
tion at Safford is located one-fourth mile south of U. S. 
Highway 70, one and a quarter mile southeast of Safford.
The 63-acre farm was purchased in 1946 (37).

The facility is used for crop research in relation 
to saline and alkali conditions as the well water is of 
poor quality and water obtained from the river contains 
large amounts of suspended materials.

The University of Arizona Agricultural Experiment 
Station at Mesa is located on U, S, Highway 60, 70, 80 and 
89 on the western edge of the city of Mesa. The farm con
tains 160 acres which extend along the highway one mile (28) . 
The farm was purchased in 1914. The facility is used for 
crop research.
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RESULTS AND DISCUSSION

The Soil Map— Safford
The soil map of the Safford experimental farm is 

shown in Figure 1, Four mapping units were delineated, 
described and sampled and the results will be presented 
in this section.

The Pima clay loam variant soil type is the major 
unit comprising 46% of the farm, the Grabe clay loam unit 
occupies 35%, the Pima silty clay variant 15%, and the Guest 
clay 4% of the farm area. Detailed pedon descriptions are 
included on pages 61-72 in the appendix and the laboratory 
data of these pedons are presented later in this section.

The Grabe, Pima and Guest series are classified as 
Cumulic Haplustolls by the Comprehensive Classification 
Scheme (35) at the subgroup category level. However, at 
the family category level, the three series vary. The 
complete classification of these three series is as 
follows; the Grabe series is a member of the coarse- 
loamy, mixed thermic family of Cumulic Haplustolls, the 
Pima series is a member of the fine-silty, mixed, thermic 
family of Cumulic Haplustolls, and the Guest series is a 
member of the fine, mixed thermic family of the Cumulic

22



f ^  •zac-. z . 1...   — jr~~ —
—  ■ —  " ■ ■■■* ■ * *

PIM/riHiTy"clay"

GRABS clay loam

loamJk- i

il

GRABEcLy ^am Z”6®
~ ~ P \ ~ !3Tlfy"ciay ^ r ja n f-—

ilh.
Figure 1. Soil map of the University of Arizona Branch Experiment 

Station at Safford.



Haplustolls, An explanation of the meaning of these soil 
classification terms and why the Pima is correlated a Pima 
variant follows.

The first comprehensive soil classification system 
was developed in the United States (32) and was adopted by 
the National Cooperative Soil Survey on January 1, 1965.
The categories of the system include order (the highest 
category), suborder, great group, subgroup, family and 
series (35). Names have been systematically derived from 
Latin and Greek roots. In addition to using meaningful 
terms, the system defines the limits between classes at 
all categorical levels as precisely as available information 
will permit.

Diagnostic horizons are the main building blocks 
of the new system. They are soil horizons which have a 
specific combination of soil characteristics. Epipedons 
are those diagnostic horizons which have formed at the soil 
surface and occur nowhere else in the pedon. A pedon 
(derived from the Greek word meaning ground) is the smallest 
volume that can be called "a soil” (35), Mollic epipedons, 
in brief, are surface horizons that are dark colored, 
contain more than 1% organic matter, and generally are more 
than 7 to 10 inches thick (the thickness is dependent upon 
other soil factors), Mollic epipedons also have more than 
50% base saturation, and cannot be both hard and massive.

24
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The soils found on the Safford Farm all have mollic epi- 
pedons, thus they are classified as Mollisols at the order 
level. The word Mollisol is derived from the Latin word 
mollis, meaning soft, and the connotative meaning is that 
a Mollisol soil has a mollic epipedon. All soils are 
classified into one of ten soil orders.

At the suborder classification category level these 
soils are classified as Ustolls. Two syllable words 
characterize the suborder level and the oil syllable is 
extracted from the order term, Mollisol, The prefix ust 
is derived from the Latin word ustus, which means burnt. 
These prefixes are called formative elements and the con
notation associated with the word ustus is that this soil 
is of a dry climate, usually hot in the summer.

The great group category level is comprised of a 
third syllable prefix added the suborder classification 
name, Haplustolls. The syllable Hapl is derived from the 
Greek word haplous, which means simple. In this the con
notative meaning is that the soil has a minimum of addi
tional diagnostic horizons.

The adjective cumulic which describes the soil at 
the subgroup category level means these soils have mollic 
epipedons more than 18-20 inches thick. At each categorical 
level the next most important soil property as established 
by the system is used to denote that soil’s property.
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Alluvial soils like those found on the Safford Farm 

are classified into the family category level using a 
series of adjectives which describe the characteristics 
of the control section. Often the upper 10 inches is quite 
variable and is not the determining factor in defining the 
soil series. The control section for deep alluvial soils 
includes the 10 to 40 inch depth range. The textural 
composition of the control section differentiates these 
three soils.

The standard texture triangle (34) with 12 textural 
class names has been modified (35) to be used for classifying 
soils at the family level. The Grabe series is classified 
as being in the coarse loamy family, mixed, thermic cate
gory. . The coarse loamy category basically says that the 
10 to 40 inch control section averages less than 18% clay 
(being dominantly sandy loam or loam textural classes) 
with more than 15% coarser than the very fine sand par
ticles, including coarse fragments up to 7,5 centimeters 
in diameter. The Grabe control section reported in Table 
1 averages 17% clay, 29% silt, and 54% sand, and has 33% 
of the particles coarser than very fine sand particles.

The Pima series as established, January 1970, by 
the National Cooperative Survey is a member of the fine 
silty, mixed( thermic family of the Cumulic Haplustolls.
The fine silty category is defined as having more than
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18% clay but less than 35% clay and less than 15% coarser 
than very fine sand. Analyses of the two Pima profiles 
sampled on the Safford Farm (Table 2) showed the control 
section to have 24% clay, 22% silt, 54% sand and with 35% 
of the particles coarser than very fine sand particles.
The fact that these analyses show the control section to 
have greater than 15% of the particles coarser than very 
fine sand excludes these profiles from the Pima series. 
However, it is close to the series criteria varying as 
indicated above. And since no other tentative or estab
lished soil series is presently correlated with these 
properties, this soil has been differentiated as a Pima 
variant,

The Guest soil is classified a's being a member of 
the fine, mixed, thermic family. To be classified as fine, 
the control section must average more than 35% clay, but 
less than 60% clay. The analyses of the Guest soil (Table 
3) shows the control section averages 43% clay, 45% silt 
and 12% sand.

The term mixed describes the type of clay minerals 
present in the soil and thermic describes the mean annual 
temperature regimes under which the soil has developed.
A soil classified as being in the thermic range has a mean 
annual soil temperature at 20 inch depth of from 59 to 
72 F.
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Figures 2,3 and 4 are colored, labeled photographs 

of these three soils on the Safford Farm. The labeled 
profile pictures were taken prior to the laboratory analyses 
and several textural classes estimated by the field method, 
are different from the laboratory figures. The detailed 
pedon descriptions of all sample sites are included in 
the Appendix.

The Pima, Grabe and Guest Series are deep well- 
drained nearly level soils formed in mixed materials that 
were deposited on flood plains and alluvial fans throughout 
the inner Gila river valley in the Safford area. Eleva
tions for the series range from 2,600 to 3,100 feet.

The dominant source of alluvial material are the 
mountains on either side of the valley. The Pinaleno 
Mountains to the south, mainly granitic, and the Gila 
Mountains to the north, volcanic, ranging in composition 
from basalt to rhyolite, have contributed as much as 3,000 
feet of sediment to the valley. A secondary source of 
alluvium is material transported from great distances by 
the Gila River. The inner-valley region is the main area 
of deposition for this material (11).

Discussion of the Soil Mapping Units
Soils which are alluvial in origin commonly tend 

to be stratified in nature. The variable stream velocity 
and sediment load carried by a flooding stream makes this
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Figure 2. Soil profile of Grabe clay loam, Site 1,Safford Experimental Farm.
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Figure 3. Soil profile of Pima clay loam variant, Safford Experimental Farm.
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Figure 4. Soil profile of Guest clay. Site 5Safford Experimental Farm. '
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a common characteristic of alluvium. The soils on the 
Safford Farm clearly show this property.

Unquestionably the plow layer, found to be 12 to 14 
inches deep on the farm, is the most important soil layer. 
It is estimated that about 75% of the plant nutrients are 
removed from this zone, and depending upon the rooting 
system of the crop, from 30 to 50% of the water is taken 
from this same zone. The Safford Farm has a dark brown, 
clayey surface (clay loam, silty clay or clay textural 
classes), A prominent clayey overburden occurs on the farm 
ranging from 12 to 30 or 40 inches deep. This clayey is 
underlain by a light brown or brownish gray light loam, 
fine or very fine sandy loam, or loamy fine sand texture.
A common darker colored silt loam or loam strata 2 to 6 
inches thick is also prevalent on the farm from 24 to 48 
inches deep. Refer to Figure 2 of the Grabe clay loam 
which clearly shows this strata.

Past management operations have greatly altered and 
affected the soil profile characteristics. This would in
clude land leveling, deep plowing, and use of high sediment 
river water for irrigation. The middle one third of Field 
C illustrates past management affects. The Safford Farm 
slopes gently to the north, toward the Gila River. There
fore, to level the fields, soil material was moved from the 
south part of the field to the north. The depth of the
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original clayey overburden is shallower on the south side 
of Field C, In essence the clayey surface material through 
land leveling was moved to the north end of the field. This 
makes a much shallower clayey overburden on the south end 
of the field than on the northern section. For this reason 
the Grabe series (averaging 18% clay in the control sec
tion) is found on one end of the field, and the Pima variant 
series (averaging from 18-35% clay in the control section) 
is found on the north side. There may also be present 
small pockets of sandy loam surface textures, particularly 
in Field C, which are too small to note on the map.

In 1954 Field D was plowed to a depth of 30 inches. 
Strictly following the definition of a plow layer this should 
be an Ap horizon. The deep plowing thoroughly mixed any 
thin stratus originally present. Therefore, Field D should 
have an Ap horizon to approximately the 30 inch depth, 
but because there was no visual evidence of deep plowing 
the Ap horizon was limited to the upper 13 inches.

There is present on the north side of the farm the 
Pima silty clay variant mapping unit. This unit is heavier 
in clay and higher in silt than clay loam and it is felt 
the past use of river water high in silty and clayey sedi
ments may have been a factor in formation of this condi
tion, A prior field arrangement had the slope and irriga
tion runs descending northward. With the irrigation water
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having its slowest velocity at the north end of the field, 
sediments accumulated in this area.

In Fields I and J, an exceptionally fine textured 
soil occurs, the Guest series. This very fine textured 
alluvium is high in Montmorillontie type clay minerals and 
is difficult to manage. One to two inch cracks develop 
upon drying, destroying the existing plant root systems. 
Even with surface drying, the underlying horizons may still 
be near or slightly below field capacity. Similar, but 
less severe problems occur on the Pima silty clay variant 
mapping unit.

The depth of the clayey overburden averages 15 
inches deep in the Grabe series and 23 inches deep in the 
Pima variant series. The transition from the Grabe to the 
Pima variant mapping unit is gradual. There are minor 
inclusions of other soil types within a unit, particularly 
near the mapping unit boundaries.

Field C in particular was difficult to map. A 
small area of quite heavy textured soil is found along the 
south border. Also the small area of Grabe clay loam 
mapped on the south side of the middle one third of the 
field is coarser textured. The Grabe clay loam area on 
the south side of Fields A and B are light clay loams with 
perhaps minor inclusions of heavy loam textures. This is 
the most productive and easily managed area of the farm
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according to Dr, Fred Turner, Jr.r Farm Superintendent.
The strata underlying the clayey overburden on the west 
one third of the farm is likely to be a loam texture, 
whereas the underlying strata on the east side of the farm 
is excluding the Guest clay area, is a fine sandy loam, 
loamy fine sand or sand texture.

The Soil Map— Mesa
The soil found on the Mesa Farm are very uniform 

in composition all being mapped as the Laveen loam soil 
type. This soil type is very common in the area as most 
of Mesa is built on the Laveen series. Laveen soils are 
deep, well-drained medium textured soils having calcareous 
loam surface horizons and an accumulation of more than 15% 
calcium carbonate equivalent beginning at 18 inches and 
continuing downward in the profile (1). Laveen soils occur 
on old alluvial fans and terraces at elevations of 1,100 
to 1,700 feet. These soils are formed in mixed alluvium 
from a variety of acid and basic rocks. The Salt River 
Valley in Maricopa County is typically mixed alluvium from 
a few to several hundred feet in depth overlying consoli
dated granitic material.

Two sites on the farm were selected for detailed 
field and laboratory study. The detailed pedon description 
are included in the Appendix and the laboratory data is 
reported later in this section.
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The Laveen series is classified as being a member 

of the coarse-loamy, mixed, hyperthermic Typic Calciorthids. 
The discussion relative to the classification according to 
the Comprehensive Scheme was presented earlier in this 
section and will not be repeated. However, a brief ex
planation of the new terms is as follows: The Mesa Farm
is in a hyperthermic temperature zone meaning that the mean 
annual temperature at a 20 inch depth is greater than 72 F. 
The soils are classified as Aridisols at the order level.
The id syllable has been taken from Aridisols, meaning 
soils of an arid environment. The orth syllable is derived 
from the Greek word orthos which means true, and the con
notation is that Aridisols are the typical or common ones. 
The calci syllable means this soil has a calcic horizon.
A calcic horizon is defined as a horizon having an accumula
tion in excess of 15% calcium carbonate equivalent and at 
least 5% more carbonate than the underlying soil layer. The 
typic adjective added for the subgroup level means these 
are typical types of Calciorthids.

Field analyses of the surface texture were first 
classified as being clay loams. However, laboratory data 
showed the surface to be a heavy loam texture. The Ap 
horizon is from 14-16 inches deep on the farm and is 
brown to dark brown in color. This surface is underlain 
by a lighter textured loam, light brown in color, and with



37
noticeable appreciable lime present. This horizon is in 
turn underlain by a Cca horizon, very high in calcium 
carbonate and with an abundance of calcium carbonate con
cretions. The average depth to the Cca horizon on the farm 
is 26 inches and ranges from immediately below the plow 
layer (14-16 inches deep) to a maximum of 40 inches deep 
in some places.

The presence of carbonates influenced the manage
ment properties and classification of this soil. The 
surface is quite cloddy and often acts more like a clay loam 
than loam. Also the presence of clay size carbonate 
particles, which are not included in averaging the control 
section texture, but are included as part of the clay 
fractions in Table 4, This data shows the Laveen soil 
found on the Mesa Farm approaches the fine-loamy family.

Analyses of Soil Profiles
The results of the particle size distribution 

analyses of the soil profiles are given in Tables 1 through 
4. Stratification causing variable textured horizons is 
common on the Safford Farm. The distribution of sand, silt, 
and clay in these profiles clearly show this layered 
depositional feature.

The Safford Farm had heavy textures ranging from 
a light clay loam in Grabe site 1, to a clay texture in
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Table 1. Particle size distribution analyses of the Grabe soils, Safford
Experimental Farm.

Horizon Depth

Inches
2.0-1.0

nm

Sand 
1•0-0•

mm

Fractionated (%) 
5 0.5-.25 .25-.

mm mm
10 .10-.05

mm

Total
Sand

%

Total
Silt

%

Total 
Clay . 

%

Textural Class

Grabe Site 1

Ap 0-12 0.3 1.3 3.6 12.0 12.0 29.5 37.5 33.0 Clay loam
All 12-17 0.5 0.1 2.9 11.2 10.3 25.3 42.6 32.1 Clay loam
A12 17-22 0.2 1.8 7.2 23.5 19.5 52.2 30.8 17.0 Fine sandy loam
Cl 22-29 0.4 2.5 9.1 31.2 22.8 66.0 22.0 12.0 Fine sandy loam
C2 29-35 0.4 2.5 7.5 18.0 13.1 41.5 46.7 11.8 Loam
C3 35-60 0.8 4.5 13.3 33.1 22.0 73.7 21.2 5.1 Fine sandy loam

Grabe Site 4

Ap 0-12 0.9 2.0 3.3 12.0 10.7 28.8 38.7 32.5 Clay loam
All 12-19 0.6 2.0 3.5 11.0 11.6 28.7" 38.1 33.2 Clay loam
A12 19-24 1.0 4.0 8.0 28.5 22.9 64.4 18.0 17.6 Fine sandy loam
Cl 24-33 1.0 2.5 6.0 27.6 27.9 65.0 23.2 11.8 Very fine sandy loam
C2 33-42 1.5 . 4.5 1.0 32.2 25.4 73.6 17.2 9.2 Fine sandy loam
C3 42-44 1.5 5.0 9.0 24.6 24.3 64.4 24.5 11.0 Fine sandy loam
C4 44-55 4.2 14.3 18.3 33.2 16.5 86.5 7.8 5.7 Loamy sand

Grabe Site 6

Ap 0-14 0.2 3.0 6.0 18.0 12.5 39.7 32.9 27.4 Clay loam
Al 14-20 6.5 7.8 3.9 .

.
8.1 13.1 42.3 30.0 27.7 Clay loam

wVO



Table 2. Particle size distribution analyses of the Pima variant soils,
Safford Experimental Farm.

Horizon Depth
Inches

2.0-1.0
ran

Sand 
1.0-0.5

nun
Fractionated (%) 

0.5— .25 .25— .10
mm nun

.10-.05
nun

Total
Sand

%
Total
Silt

%
Total
Clay

%
Textural Class *

Pima Variant Site 2

Ap 0-13 0.6 2.5 5.0 10.0 8.8 26.9 - 28.7 34". 4 Clay loam
A1 13-27 0.5 2.9 4.8 10.0 9.7 28.9 35.1 36.0 Clay loam
Cl 27-37 . i.o 6.5 10.0 24.9 20.0 61.5 30.5 9.0 Fine sandy loam
C2 37-50 1.0 6.0 10.3 28.4 25.0 70.8 25.9 3.3 Fine sandy loam
C3 50-70 1.9 7.0 14.0 28.0 26.0 77.1 16.0 6.9 Loamy fine sand

Pima Variant Site 3

Ap 0-13 2.0 5.0 8.0 19.5 10.5 43.0 24.7 32.3 Clay loam
All 13-21 1.1 5.2 9.0 17.0 9.8 42.1 26.4 31.5 Clay loam
A12 21-30 1.4 5.4 10.0 17.4 9.8 44.0 23.5 32.5 Clay loam
IIC1 30-34 11.8 18.4 18.8 25.5 12.5 87.0 8.3 4.7 Coarse sand
IIIC2 34-39 . 4.0 8.0 11.1 28.0 26.8 77.9 16.9 5.8 Loamy fine sand
IIIC3 39-49 1.0 3.4 4.0 9.3 13.3 33.7 55.0 11.3 Silt loam
IIIC4 49-58 1.0 3.6 4.9 14.1 27.0 49.6 39.2 11.2 Loam
IIIC5 58-63 2.5 12.0 11.5 14.2 14.1 54.3 33.6 ' 12.1 Fine sandy loam

o



Table 3. Particle size distribution analyses of the Guest soil,
Safford Experimental Farm.

Horizon Depth
Inches

2.0-1.0 
nun

Sand
1.0-0.

mm
Fractionated 

5 0.5-.25 .
mm

(%)
25-.10 
mm

.10-.05
mm

Total
Sand

%

Total
Silt
%

Total
Clay

%
Textural Class

Ap 0-12 0.0 0.0 0.0
Guest Site 5 

1.4 1.4 2.8 36.5 60.7 Clay
All 12-21 0.0 0.0 0.0 1.4 1.9 3.3 30.4 66.3 Clay
A12 21-25 0.0 0.4 0.6 5.0 9.0 15.0 44.3 40.7 Clay
Cl 25-34 0.0 0.0 0.0 1.2 14.8 16.0 52.2 31.3 Silty clay loam
C2 34-45 0.0 0.0 0.6 2.6 19.2 22.4 47.2 20.4 Silt loam
C3 45-60 1.0 0.5 1.0 4.0 13.0 19.5 65.8 15.0 Silt loam

H



Table 4. Particle size distribution analyses of the Laveen soils,
Mesa Experimental Farm.

Horizon Depth 
Inches

2.0-1.0
nun

Sand Fractionated (%) 
1.0-0.5 0.5r.25 .25-.10

mm mm mm
.10-.03
mm

Total
Sand

%
Total
Silt

%
Total
Clay

%
Textural Class

Laveen Site iI
Apl 0-8 3.8 17.9 5.0 12.0 15.0 43.7 36.7 19.6 Loam
Ap2 8-14 ' 3.8 7.0 4.8 11.4 16.7 45.3 36.2 18.5 Loam
Cl 14-19 5.0 7.0 4.0 11.0 • 18.0 45.1 37.4 17.5 Loam
C2ca 19-26 7.4 7.1 4.2 10.0 15.5 44.2 37.8 20.0 Loam
C3ca 26-38 •8.5 9.0 4.0 * 8.5 13.9 43.9 36.1 20.0 Loam
C4ca 38-49 4.0 7.0 4.6 11.0 14.3 43.0 35.0 21.1 Loam
C5ca 49-60 6.0 7.0 3.0 7.0 9.7 32.7 44.3 23.2 Loam ‘

Laveen Site :2 •
Apl 0-7 4.5 7.0 3.5 10.0 15.3 40.3 37.0 22.7 " Loam
Ap2 7-14 1.2 3.8 4.9 14.1 25.8 38.2 28.3 23.5 Loam
Cl 14-29 3.5 8.0 5.5. 12.5 23.2 52.7 33.4. 13.9 Loam
C2ca 29-46 8.8 9.2 4.0 8; 4 14.0 44.4 37.9 17.7 Loam
C3ca 46-54 3.4 7.8 5.7 . 12.0 22.2 51.1 32.7 16.2 Loam
C4ca 54-60 . 4.5 7.0 3.5 9.0 . 16*. 8 40.8 39.9 19.3 Loam

to



Safford is the amount of organic matter found throughout

silt loams, showing a great degree of stratification.
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Table 5. pH, electrical conductivity, ml of EDTA, ppm of PO4 , sodium hazard,
and organic matter content of the Grabe soils, Safford Experimental
Farm.

Horizon Depth ph PO4 Organic Sol. Salts EDTA Sodium
Paste PPm Matter in Sat. Ext. 

E.C. x 103
Hazard

Inches (%) mmhos/cm ml

Grabe Site 1
Ap 0-12 7.95 25.80 2.18 2.80 0.9 Slight
All 12-17 8.00 15.90 1.92 2.80 0.8 Slight
A12 17-22 8.20 3.45 0.55 3.60 0.8 Slight
Cl 22-29 8.30 1.68 0.23 3.40 0.6 Moderate
C2 29-35 8.20 1.35 0.55 4.50 0.7 Moderate
C3 35-60 8.50 17.80 0.16 1.65 0.6 None

Grabe Site 4
Ap 0-12 7.90 2.52 1.52 3.60 0.82 Slight
All 12-19 7.90 1.19 1.59 3.55 1.00 Slight
A12 19-24 8.00 1.06 0.65 3.50 0.66 Slight
Cl 24-33 7.90 1.25 0.65 3.30 1.16 None
C2 33-42 8.20 1.19 0.43 3.00 0.41 Moderate
C3 42-44 8.10 1.06 0.58 3.40 0.49 Moderate
C4 44-55 8.40 5.00 0.40 1.29 0.18

Grabe Site 6
Ap 0-14 8.00 5.30 1.56 4.50 1.12 Moderate to slight
Al 14-20 8.00 1.92 0.93 2.40 0.76 None to slight



Table 6 pH, electrical conductivity, ml of EDTA, ppm of PO4 , sodium hazard,
and organic matter content of the Pima variant soils, Safford Ex
perimental Farm.

Horizon Depth

Inches

PHPaste P04ppm
Organic Sol. Salts 
Matter in Sat. Ext.

E.C. x 103 
(%) mmhos/cm

EDTA

ml

Sodium
Hazard

Pima Variant Site 3
Ap 0-13 8.00 4.25 1.41 1.80 0.56 None
All 13-21 7.80 0.85 1.38 2.47 0.62 Slight
A12 21-30 7.80 1.68 1.45 4.40 0.90 Slight to moderate
IIC1 30-34 8.20 2.72 0.47 3.95 0.74 Moderate
IIIC2 34-39 8.00 2.17 0.56 3.55 0.74 Slight
IIIC3 39-49 8.00 1.25 0.94 6.50 1.10 Moderate
IIIC4 49-58 8.10 1.83 0.65 3.75 0.72 Slight to moderate
IIIC5 58-63 8.10 3.87 0.62 2.80 0.92 None to slight

Pima Variant Site 2
Ap 0-13 7.90 4.7 1.60 5.60 0.9 Moderate
Al 13-27 7.80 1.4 1.50 4.17 0.6 Moderate
Cl 27-37 8.20 3.9 0.66 2.20 0.6 Slight
C2 37-50 8.30 10.5 0.59 2.30 0.5 Slight
C3 50-70 8.50 9.9 0.51 1.95 0.6 None to slight



Table 7. pH, electrical conductivity, ml of EDTA, ppm of PO4 , sodium hazard,
and organic matter content of the Guest soil, Safford Experimental
Farm,

Horizon Depth pH PO4 Organic Sol. Salts EDTA Sodium
Paste ppm Matter in Sat. Ext. 

E.C. x 103
Hazard

Inches (%) mmhos/cm ml

Ap 0-12 7.90 1.92
Guest

2.60
Site 5 

1.95 0.26 Moderate
All 12-21 7.80 0.25 2.26 1.80 0.48 None
A12 21-25 7.70 0.85 1.41 2.05 0.70 None
Cl 25-34 8.00 0.79 1.09 2.50 0.40 Slight to moderate
C2 34-45 8:00 1.00 1.05 2.35 1.48 None
C3 45-60 8.10 1.83 1.01 1.90 1.46 None



Table 8 . pH, electrical conductivity, ml of EDTA, ppm of PO4 , sodium hazard,
and organic matter content of the Laveen soils. Mesa Experimental
Farm.

Horizon Depth

Inches

PHPaste
P04
ppm

Organic
Matter
(%)

Sol. Salts 
in Sat. Ext. 
E.C. x 103 
mmhos/cm

EDTA

ml

Sodium
Hazard

Laveen. Site 1
Apl 0-8 8.00 2.00 0.98 0.96 0.86 None
Ap2 8-14 7.90 0.30 0.70 0.72 0.82 None
Cl 14-19 7.90 0.10 0.27 0.95 0.60 None
C2ca . 19-26 7.70 0.79 0.68 0.92 0.78 None
C3ca 26-38 7.80 0.25 0.53 0.88 0.74 None
C4ca 38-49 7.80 0.94 0.51 0.75 0.72 None
C5ca 49-60 8.00 2.17 0.46 0.68 0.88 None

Laveen. Site 2
Apl 0-7 7.80 4.40 1.01 1.11 1.20 None
Ap2 7-14 7.90 3.20 1.09 0.65 0.82 None
Cl 14-29 7.75 1.60 0.59 0.97 0.92 None
C2ca 29-46 7.80 0.65 0.65 0.86 0.90 None
C3ca 46-54 7,80 0.79 0.65 0.87 0.80 None
C4ca 54-60 7.80 0.15 0.65 0.97 0.84 None
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the profiles. The Laveen Site 2 Ap horizon has 1.11% 
organic matter where the lowest for an Ap horizon on the 
Safford Farm is Pima variant, Site 3, having 1.41%. Guest, 
Site 5, is the highest in organic matter content for an 
Ap horizon with 2.6%.

Both the electrical conductivity and the ml EDTA 
are much higher on the Safford Farm than on the Mesa Farm. 
This is to be expected with the sodium hazard found at 
Safford.

Figures 6 through 12 graphically illustrate the 
composition of the Grabe, Pima variant, Guest and Laveen 
soils on a volume basis. These calculations were made for 
the solid fraction assuming organic matter has a particle 
density of ,8g/cc and the solid soil particles a particle 
density of 2.65g/cc. The percent pores and their diameters 
can be closely approximated from the soil moisture values 
determined in the undisturbed cores and the disturbed 
samples’. •

The only moisture data presented is contained in 
the volume composition graphs (Figures 6 through 12).
The reason for this is because a number of experimental 
problems and errors were encountered with the procedures. 
The upper horizons on the Safford Farm were clayey, ranging 
from 27% to 66%, Sodium was also present as noted by the . 
sodium hazard in tables 1 through 3. ' The combination of
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sodium and high clay content caused great swelling in the 
samples upon wetting. The importance of the swelling was 
not known until calculations were made for the moisture 
percents on the volume basis. Many figures exceeded the 
total pore space as calculated from the bulk density.
Some horizons, high in silt and clay, showed these horizons 
to have a low available moisture capacity. A check of the 
equipment revealed; a faulty pressure regulator, a Mettler 
balance which was not functioning properly, and one porous 
plate holding considerably less tension than the other 
three in use. This was thought to be the entire problem 
as the pressure regulator could account for the seemingly 
high values and the balance and porous pressure plate for 
the low values,

Many of the horizons were resampled and tension 
applied on a different system, known to be operating cor
rectly. One problem was eliminated, the low moisture 
values, but the occurrence of values greater than the total 
pore space for moisture on the volume basis in the low 
tension ranges persisted. The probable cause of this 
problem was the high clay contents and the presence of 
socium which caused considerable swelling upon wetting.
The swelling creating additional pore spaces in which 
water was held. When moisture content calculations were
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made using the unswollen volume, the values would approach 
and exceed the total pore space.

To verify this, six samples of a local clayey soil 
were taken in the same method as used on the Safford Farm. 
Even though the soil was of a different series, it was of 
similar texture and sodium content having 40 to 45% clay 
and the irrigation water used was of poor quality being high 
in sodium. Gravimetric determination of the moisture con
tent at sampling was 20%. A small ring was taped on top 
of the sample ring to contain the swelling so it could be 
measured. These samples were then wetted. The six sam
ples swelled an average of 30%. If the expanded volume 
was used to calculate volume moisture figures at low ten
sions, the resultant values seemed reasonable. For this 
reason graphical data rather than specific values are only 
included.

From Figures 6 through 12 the available moisture 
figures can be estimated. For Grabe clay loam Sites 1 and 
4, 2,5 inches and 2,3 inches of available moisture were 
held respectively in the upper foot of soil. The same 
soils contained 10.7 inches and 8,7 inches, respectively, 
to a depth of 60 inches. Guest, Site 5, contained 2.2 
inches of available moisture in the upper foot and 10.9 
inches in the upper 60 inches. Laveen Site 1 held 1.6



inches in the upper foot' and 8,4 inches in the 60 inches 
and Layeen Site 2 had 1,5 in the upper foot and 8.2 inches 
in the upper 60 inches.

These values are reasonably accurate representing 
the best judgment after analyzing all factors.



SUMMARY AND CONCLUSIONS

A high intensity detailed soil map was completed of 
the Safford and Mesa University of Arizona Branch Experiment 
Stations. Eight representative soil profiles were de
scribed, sampled and analyzed.

The Safford Farm consisted of the Grabe, Pima 
variant and Guest soils. The Pima clay loam variant is 
the major soil type comprising 46% of the farm. The Grabe 
clay loam covers 35% of the farm area, Pima silty clay 
variant 15% and the Guest clay 4% of the farm area. The 
Grabe series is a member of the coarse-loamy, mixed, 
family of Cumulic Haplustolls, the Pima series is a member 
of the fine-silty, mixed thermic family of Cumulic Hap
lustolls, and the Guest series is a member of the fine, 
mixed thermic family of the Cumulic Haplustolls. The 
parent material of these soils is recent mixed alluvium.
The Laveen series was the only soil found on the Mesa Farm, 
The Laveen series is classified as being a member of the 
coarse-loamy, mixed, hyperthermic family of Typic Cal- 
ciothids. The parent material of this soil is recent mixed 
alluvium.
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Analyses of eight representative soil profiles are 
included. Volume composition composites for the repre
sentative profiles are shown in Figures 2 through 8.

This research will be very useful in interpreting 
plant response data collected from these two farms.



APPENDIX

DETAILED SOIL PROFILE DESCRIPTIONS

Following are detailed profile descriptions of 
sampling sites on the Safford and Mesa Farms made during 
the survey.
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Detailed profile descriptions for Grabe clay 
loam Site 1, Safford.

Location; Field A on the north side of border 30, 87 feet 
from Field B.

Ap 0-12" -- Brown (7.SYR 5/2) clay loam, dark brown
(7,SYR 3/2) moist, with common very fine mica 
flakes; massive; hard, friable, sticky, 
plastic; common fine and medium roots; few 
very fine tubular pores; strongly efferves
cent; moderately alkaline (pH 8.0); abrupt 
smooth boundary.

All 12-17" -—  Brown (7.SYR 5/2) clay loam, dark brown
(7,SYR 3/2) moist, with common very fine mica 
flakes; weak medium and coarse subangular 
blocky structure; hard, friable, sticky, 
plastic; common very fine and fine roots; few 
very fine tubular and interstitial pores; 
strongly effervescent; few fine filaments of 
lime; moderately alkaline (pH 8.0); abrupt 
wavy boundary.

A12 17-22” —  Brown (10YR 5/3) heavy fine sandy loam,
dark brown (10YR 3/3) moist, with common very 
fine mica flakes; weak medium and coarse 
subangular blocky structure; slightly hard, 
friable, slightly sticky, slightly plastic; 
common very fine and fine roots; common very 
fine tubular and interstitial pores; strongly 
effervescent; few fine filaments of lime; 
moderately alkaline (pH 8.2); abrupt wavy 
boundary.

Cl 22-29” —  Brown (10YR 5/3) fine sandy loam, dark
brown (10YR 4/3) moist, with common very fine 
mica flakes; massive; slightly hard, very 
friable, non-sticky, slightly plastic; common 
very fine and fine roots; few very fine and 
fine tubular pores; strongly effervescent; 
few fine filaments of lime; moderately alkaline 
(pH 8.2); abrupt wavy boundary.

C2 29-35" —  Pale brown (10YR 6/3) loam, dark grayish-
brown (10YR 4/2) moist, with common very fine 
mica flakes; massive; slightly hard, very 
friable, slightly sticky, slightly plastic; 
few very fine and fine roots; few very fine
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and fine tubular pores; strongly effervescent; 
few fine filaments of lime; moderately alkaline 
(pH 8.2); abrupt irregular boundary.

C3 35-60" —  Pale brown (10YR 6/3) fine sandy loam,
dark brown (10YR 4/3) moist, with common fine 
mica flakes; massive; slightly hard, very 
friable, nonsticky, plastic; few very fine and 
fine roots; few fine tubular pores; strongly 
effervescent; moderately alkaline (pH 8,2).

Detailed profile description for Grabe clay 
loam site 4, Safford Experimental Farm.

Location; Field H, 169 feet, from Field I in borders 5 
and 6,

Ap 0^1211 —  Brown (7,5YR 5/2). clay loam, dark brown
(.7,5YR 3/2) moist; weak medium subangular 
blocky structure; hard, friable, sticky, 
plastic; few very fine roots; few very fine 
tubular pores; strongly effervescent; abrupt 
smooth boundary,

All 12-19" -- Brown (7,SYR 5/2) clay loam, dark brown
C7.5YR 3/2) moist; weak medium and coarse 
subangular blocky structure; hard, friable, 
sticky, plastic; common very fine and fine 
roots; common very fine tubular pores; strongly 
effervescent; few very fine and fine pinkish 
white C7,5YR 8/21 lime filaments; abrupt wavy 
boundary.

A12 19t-24" —  Brown (7,SYR 5/2) fine sandy loam, dark
brown (7,5YR 3/2) moist; weak medium and 
coarse subangular blocky structure; slightly 
hard, friable, slightly sticky, plastic; 
common very fine and fine and few medium 
roots; many very fine and fine tubular pores; 
strongly effervescent; few very fine and fine 
pinkish white (7.SYR 8/2) lime filaments; 
clear wavy boundary,

A12 19t24,J Brown (7,5YR 5/2) fine sandy loam, dark
brown (7,SYR 3/2) moist; weak medium and coarse 
subangular blocky structure; slightly hard, 
friable, slightly sticky, plastic; common very 
fine and fine and few medium roots; many very 
fine and fine tubular pores; strongly efferr 
vescent; few very fine and fine pinkish white
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(7.SYR 8/2)' lime filaments; clear wavy 
boundary.

Cl 24-33" —  Brown (10YR 5/3) very fine sandy loam,
dark brown (7.SYR 4/2) moist; massive; slightly 
hard, very friable, nonsticky, slightly 
plastic; common very fine roots; common very 
fine and fine tubular pores; strongly effer
vescent; few very fine and fine pinkish white 
(7.5 YR 8/2) lime filaments; clear wavy 
boundary.

C2 33-42" —  Pale brown (10YR 6/3) fine sandy loam,
dark brown (10YR 4/3) moist; massive; slightly 
hard, very friable, nonsticky, nonplastic; 
few very fine roots; few fine and very fine 
tubular pores; slightly effervescent; few 
very fine and fine pinkish white (7.SYR 8/2) 
lime filaments; abrupt wavy boundary.

C3 42-44" —  Pale brown (10YR 6/3) fine sandy loam,
dark brown (10YR 4/3) moist; massive; slightly 
hard, very friable, slightly sticky, slightly 
plastic; few very fine roots; common very 
fine and fine tubular pores; strongly effer
vescent; few very fine and fine pinkish white 
(7.SYR 8/2) lime filaments; abrupt wavy 
boundary.

C4 44-55" -- Pale brown (10YR 6/3) loamy sand, brown
(10YR 5/3) moist; massive; slightly hard, 
very friable, nonsticky, nonplastic; common 
very fine tubular and interstitial pores; 
slightly effervescent; clear wavy boundary.

IIC5 55-65" —  Very pale brown (10YR 7/3) loamy sand, 
brown (10YR 5/3) moist; single grain; loose, 
nonsticky, nonplastic; many fine interstitial 
pores; noneffervescent.

Few very fine mica flakes present throughout profile.



65
Detailed profile description for Grabe clay 
loam Site 6, Safford Experimental Farm.

Location: Field A, in borders 8 and 9, 137 feet from
Field B.

Ap 0-1411 —  Brown (7.SYR 5/2) light clay loam, dark
brown (7.5YR 3/2) moist; weak fine granular 
and subangular blocky structure; hard, friable, 
sticky, plastic; common very fine and fine 
roots; few very fine tubular pores; strongly 
effervescent; abrupt smooth boundary.

A1 14-20" —  Brown (7.SYR 5/2) light clay loam, dark
brown (7.SYR 3/2) moist; weak fine and medium 
subangular blocky structure; hard, friable, 
sticky, plastic; few fine and very fine roots; 
common very fine tubular pores; strongly 
effervescent; few fine pinkish white (7.SYR 
8/2) lime filaments; abrupt wavy boundary.

IIC1 20-38" —  Light brownish gray (10YR 6/2) light 
sandy loam, dark grayish brown (10YR 4/2) 
moist; massive, slightly hard, very friable, 
nonsticky, nonplastic; few fine and very fine 
roots; few fine and very fine tubular pores; 
slightly effervescent; abrupt wavy boundary.

XIC2 38-45" —  Light brownish gray (10YR 6/2) loam, dark 
brown (7.SYR 4/2) moist; massive; slightly 
hard, friable, slightly sticky, slightly 
plastic; few fine and very fine roots; few 
fine and very fine tubular pores; strongly 
effervescent; few very fine pinkish white 
(7.SYR 8/2) lime filaments; abrupt wavy 
boundary.

IIC3 45-53" —  Light brownish gray (10YR 6/2) fine 
sandy loam, dark brown (7.SYR 4/2) moist; 
massive; slightly hard, very friable, non
sticky, slightly plastic; few fine and very 
fine roots; few fine tubular pores; few 
gravel; slightly effervescent; abrupt wavy 
boundary; this horizon is discontinuous.

IIIC4 53-57" —  Light gray (10YR 7/2) loamy fine sand, 
light brownish gray (10YR 6/2) moist; single 
grain; loose, nonsticky, nonplastic; very 
few fine roots; many fine interstitial and
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few fine tubular pores; noneffervescent; 
abrupt wavy boundary.

IIIC5 57-61" —  Brown (7.SYR 5/2) light sandy loam,
dark brown (7.SYR 4/2) moist; massive; slightly 
hard, very friable, nonsticky, nonplastic; very 
few very fine roots; common fine tubular pores; 
slightly effervescent; abrupt wavy boundary.

IIIC6 61-72" —  Light gray (10YR 7/2) and pale brown 
(10YR 6/3) stratified gravelly sand, loamy 
sand and fine sandy loam, pale brown (10YR 
6/3) and dark brown (10YR 4/3) moist; single 
grain; loose and slightly hard, loose and very 
friable, nonsticky, nonplastic; very few very 
fine roots; many fine interstitial and few 
fine tubular pores; noneffervescent and 
slightly effervescent.

Common very fine mica flakes present throughout profile.
Detailed profile description of Pime variant 
Site 2, Safford Experimental Farm.

Location; Field D, 149 feet from Field C on the south 
side of border 10.

Ap 0-13" —  Brown (7.SYR 5/2) clay loam, dark brown
(7.SYR 3/2) moist; massive; hard, firm, 
sticky, plastic; common very fine roots; few 
very fine tubular pores; strongly effervescent; 
abrupt wavy boundary.

A1 13-27" —  Brown (7.SYR 5/2) clay loam, dark brown
. (7.SYR 3/2) moist, common medium faint dark

brown (7.SYR 4/2) mottles; weak medium and 
coarse subangular blocky structure; hard, 
friable, sticky, plastic; common very fine, 
fine and medium roots; few very fine tubular 
pores; strongly effervescent; few fine white 
(7.SYR 8/2) lime filaments; abrupt wavy 
boundary.

Cl 27-37" —  Light brownish gray (10YR 6/2) fine
sandy loam, dark brown (10YR 4/3) moist, 
massive; slightly hard, very friable, nonsticky, 
slightly plastic; common very fine and fine 
and few medium roots; common very fine and
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fine tubular pores; common old root channels 
filled with soil material from Al horizon; 
slightly to strongly effervescent; few fine 
lime filaments; clear wavy boundary.

C2 37-50" —  Light brownish gray (10YR 6/2) fine sandy
loam, dark brown (10YR 3/3) moist; massive; 
slightly hard, very friable, nonsticky, slightly 
plastic; common very fine and fine roots; 
common very fine and fine tubular pores; 
slightly to strongly effervescent; few fine 
lime filaments; gradual wavy boundary.

C3 1 50-70" '—  Light brownish gray (10YR 6/2) loamy fine
sand, dark brown (10YR 4/3) moist, massive; 
slightly hard, very friable, nonsticky, non
plastic; common very fine roots; few very 
fine tubular pores; few old root channels 
coated with clayey material from A horizons; 
slightly effervescent.

Few very fine mica flakes present throughout profile.

Detailed profile description of Pima variant 
Site 3, Safford Experimental Farm.

Location; Field G 147 feet from Field G on the south 
side of border 24.

Ap 0-13" —  Brown (7.SYR 5/2) clay loam, dark brown
(7.SYR 3/2) moist; weak medium subangular 
blocky structure; hard, friable, sticky, 
plastic; common very fine and fine roots; few 
very fine tubular pores; strongly effer
vescent; abrupt wavy boundary.

All 13-21" —  Brown (7.SYR 5/2) clay loam, dark brown 
(7,SYR 3/2) moist; weak medium and coarse 
subangular blocky structure; hard, friable, 
sticky, plastic; common very fine and fine 
roots; few very fine tubular pores; strongly 
effervescent; few fine pinkish white (7.SYR 
8/2) lime filaments; clear wavy boundary.

A12 21-30" -- Brown (7.SYR 5/2) clay loam with lenses
or thin (%" thick) strata of brown (7.SYR 
5/4) sandy loam material in places, dark 
brown (7.SYR 3/2) moist; weak medium and
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coarse subangular blocky structure; hard, fri
able, sticky, plastic; common very fine and 
fine roots; few very fine and fine tubular 
pores; slightly to strongly effervescent; 
abrupt wavy boundary.

IIC1 30-34" -- Light gray (10YR 7/2) coarse sand, brown 
(10YR 5/3) moist; single grain; loose, non- 
sticky, nonplastic; few very fine roots; many 
very fine interstitial pores; few fine 
gravel; slightly effervescent; clear wavy 
boundary.

IIXC2 34-39" —  Light brownish gray (10YR 6/2) loamy 
fine sand, dark grayish brown (10YR 4/2) 
moist; massive; slightly hard, very friable, 
nonsticky, slightly plastic; few very fine roots; 
few very fine tubular pores; strongly effer
vescent; few fine white (10YR 8/2) line fila
ments; clear wavy boundary.

IIIC3 39-49" —  Pinkish gray (7.SYR 6/2) silt loam, dark 
brown (7.SYR 4/2) moist; massive; slightly 
hard, friable, slightly sticky, slightly 
plastic; few very fine roots; common very 
fine and few fine tubular pores; strongly 
effervescent; common fine pinkish white 
(7,SYR 8/2) lime filaments; clear wavy 
boundary.

IIIC4 59-58" —  Pinkish gray (7.SYR 7/2) loam, dark
brown (7.SYR 4/2) moist; massive; slightly 
hard, friable, slightly sticky, slightly 
plastic; common very fine and few fine tubular 
pores; slightly effervescent; common fine 
pinkish white (7.5YR 8/2) lime filaments; 
clear wavy boundary.

IIIC5 58-63" -- Pinkish gray (7.SYR 7/2) fine sandy loam, 
dark brown (7.SYR 4/2) moist; massive; slightly 
hard, very friable, nonsticky, nonplastic; 
common very fine tubular pores.
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Detailed profile description of Guest Site 5, 
Safford Experimental Farm.

Location: Field J, 137 feet from the east boundary of the
farm between borders 12 and 13.

Ap

All

A12

Cl

C2

C3

0-12" —  Brown (7.SYR 5/2) clay, dark brown
(7.SYR 3/2) moist; weak granular and weak fine 
subangular blocky structure; very hard, firm, 
sticky, plastic; common fine and very fine roots; 
common fine interstitial and few very fine tubu
lar pores; strongly effervescent; abrupt smooth 
boundary.

12-21" —  Brown (7.SYR 5/2) clay, dark brown (7.SYR 
3/2) moist; moderate fine and medium sub- 
angular blocky structure; hard, firm, sticky, 
plastic; few very fine roots; common very fine 
and fine tubular pores; strongly effervescent; 
few fine pinkish white (7,SYR 8/2) lime fila
ments; abrupt wavy boundary.

21-25" —  Brown (7.SYR 5/2) clay, dark brown (7.SYR 
3/2) moist; weak medium and coarse subangular 
blocky structure; hard, firm, sticky, plastic; 
few very fine roots; common very fine and fine 
and few coarse tubular pores; strongly effer
vescent; few fine pinkish white (7.SYR 8/2) 
lime filaments; clear wavy boundary.

25-34" -—  Brown (7.SYR 5/2) silty clay loam, dark 
brown (7.SYR 4/2) moist; massive parting to 
weak medium subangular blocky structure; 
hard, friable, sticky, plastic; few very fine 

. roots; common very fine, fine and medium 
tubular pores; strongly effervescent; very 
few fine lime filaments; gradual wavy boundary.

34-45" —  Brown (10YR 5/3) silt loam, dark brown 
(10YR 4/3) moist; massive; slightly hard, 
friable, sticky, plastic; few very fine roots; 
common very fine and fine tubular pores; 
slightly effervescent; gradual wavy boundary.

45-60" —  Pale brown (10YR 6/3) stratified silt 
loam and loam, dark brown (10YR 4/3) moist; 
massive; slightly hard, very friable, slightly 
sticky, plastic; very few very fine roots;
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common fine and very fine tubular pores; 
slightly to strongly effervescent; gradual 
wavy boundary.

C4 60-75" —  Pale brown (10YR 6/3) loam with thin
strata of silt loam and very fine sandy loam, 
dark brown (10YR 4/3) moist; massive; slightly 
hard, very friable, slightly sticky, slightly 
plastic; very few very fine roots; few very 
fine and fine tubular pores; slightly effer
vescent.

Common very fine mica flakes throughout profile.

Detailed profile description of Laveen Site 1, 
Mesa Experimental Farm.

Location: 100 feet wouth of storage building in border 58,
Field B,

Apl 0-8"—  Brown (10YR 5/3) loam, dark brown (10YR
4/3) moist; massive; hard, friable, slightly 
sticky, plastic; few very fine roots; few very 
fine and fine tubular pores; strongly effer
vescent; few fine lime concretions; abrupt 
smooth boundary.

Ap2 8-14" —  Brown (10YR 5/3) loam, dark brown (10YR
4/3) moist; massive; hard, friable, sticky, 
plastic; common very fine and fine roots; few 
coarse tubular pores; strongly effervescent; 
few fine lime concretions; abrupt smooth 
boundary.

Cl 14-10" —  Light brown (7.SYR 6/4) loam, dark brown
(7,SYR 4/4) moist; massive; slightly hard, 
friable, slightly sticky, slightly plastic; 
common very fine and fine and few coarse 
roots; many fine and medium and few coarse 
tubular pores; strongly effervescent; common 
fine pinkish white (7.SYR 8/2) soft lime 
masses and concretions; clear wavy boundary.

C2ca 19-26" —  Light brown (7.SYR 6/4) loam, dark brown 
(.7.5YR 4/4) moist; massive; hard, friable, 
slightly sticky, slightly plastic; few very 
fine and fine roots; many fine and medium 
and common coarse tubular pores; violently
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effervescent; many fine pinkish white (7.SYR 
8/2) soft lime masses and many fine and medium 
lime concretions; clear wavy boundary.

C3ca 26-38" —  Light brown (7.SYR 6/4) loam, brown
(7,SYR 5/4) and dark brown (7.SYR 4/4) moist; 
massive; hard, friable, slightly sticky, 
slightly plastic; few fine and medium roots; 
many very fine and fine interstitial and tubular 
and common coarse tubular pores; violently 
effervescent; many fine pinkish white (7.SYR 
8/2) soft lime masses and lime concretions; 
diffuse smooth boundary.

C4ca 38-49" -- Light brown (7.SYR 6/4) loam, brown
(7.SYR 5/4) moist; massive; hard, friable, 
slightly sticky, slightly plastic; few fine 
roots; many very fine and fine interstitial 
and tubular and common coarse tubular pores; 
violently effervescent; many fine pinkish 
white (7.SYR 8/2) soft lime masses and lime 
concretions; clear wavy boundary.

CSca 49-60" —  Light brown (7.SYR 6/4) and pink (7.SYR 
7/4) gravelly loam (gravel is extremely hard 
lime concretions), light brown (7.SYR 6/4) 
moist; massive; very hard, friable, sticky, 
plastic; common very fine and fine tubular 
pores; violently effervescent; many fine and 
medium soft pinkish white (7.SYR 8/2) lime 
masses and many extremely hard fine, medium 
and coarse lime concretions.

. Detailed profile description of Laveen Site 2, 
Mesa Experimental Farm.

Location; 75 feet south of the north border of Field D in 
border 81.

Apl 0-7" —  Brown (7.SYR 5/4) loam, dark brown (7.SYR
4/2 and 4/4) moist; massive; slightly hard to 
hard, friable, sticky, plastic; few very fine 
roots; common fine interstitial pores; strongly 
effervescent; few fine soft pinkish white 
(.7,SYR 8/2) lime masses and few fine lime 
concretions; abrupt smooth boundary.
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Ap2 7’-14" '—  Brown (7.SYR 5/4) loam, dark brown (7.SYR

4/2 and 4/4) moist; massive; hard, friable, 
sticky plastic; few very fine roots, few fine 
interstitial and tubular pores; strongly 
effervescent; few fine soft pinkish white 
(7,SYR 8/2) lime masses and few fine lime 
concretions; abrupt smooth boundary.

14-29" —  Light brown (7.SYR 6/4) loam dark brown 
(7,SYR 4/4) moist; massive; slightly hard, 
friable, slightly sticky, slightly plastic; 
few fine and medium tubular pores; violently 
effervescent; few fine pinkish-white (7.SYR 
8/2) lime filaments and few hard lime concre
tions; clear wavy boundary.

29-46" —  Light brown (7.SYR 6/4) loam, brown
(7.SYR 5/4) moist; massive; hard, friable, 
slightly sticky, plastic; common very fine and 
few medium and coarse pores; violently effer
vescent; many fine pinkish white (7.SYR 8/2) 
soft lime masses and very hard lime concre
tions; gradual wavy boundary.

C3ca 46-54" —  Light brown (7.SYR 6/4) loam, brown
(7,SYR 5/4) moist; massive; hard, friable, 
sticky, plastic; many very fine and fine 
tubular pores; strongly effervescent; common 
fine pinkish white (7.SYR 8/2) lime filaments 
and few fine lime concretions; clear wavy 
boundary.

C4ca 54-60" —  Pinkish gray (7.SYR 7/2) loam, brown
(7.SYR 5/4) moist; massive; very hard, friable, 
slightly sticky, plastic; common very fine and 
fine tubular pores; violently effervescent; 
many fine pinkish white (7.SYR 8/2) soft lime 
masses and common fine concretions.

C2ca
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