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INTRODUCTION
Considering the important role that agriculture 

plays in the economy of Mexico, this work was made as an 
attempt to contribute to the technical knowledge of our 
soils.

During recent years the Mexican Department of 
Agriculture (Secretaria de Agricultura y Ganaderia) in 
cooperation with several well-known international insti
tutions has worked with individual progressive farmers to 
introduce new agricultural techniques, improve management 
practices, and enlarge the agricultural research program 
throughout Mexico.

Although there has been considerable improvement 
during these years, there still is much to be done in or
der to attain the best management of the resources in the 
country. One of the techniques tending not only to im
prove crop yields but also to preserve the value of the 
land undoubtedly is a thorough study of the soil.

The present study was conducted in one of the most 
important agricultural zones in the northwestern section 
of Mexico in order to demonstrate to the Mexican farmers 
the importance of soils information in improving the soil
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management practices, and consequently in increasing the 
crop yields on their farms.

Studies of the agricultural history, geology, cli
matology, and natural vegetation of the area together with 
determinations of the physical and chemical properties of 
the soils on the farm "Alamosn Sonora, were used in making 
management recommendations about the use of the farm land.

The examination of the soils found on the farm re
sulted in their classification into soil series, types, and 
phases. Capability and desirable management practices are 
recommended for each unit.

It is the wish "of the author that this study will 
interest the Mexican farmers in the possibility of organ
izing extensive programs for the evaluation of their own 
lands. This will help them not only to use their soils 
more appropriately but also to be able to understand the 
real increase that the economy of Mexico could have with 
a more productive agriculture.



DESCRIPTION OF THE STATE OF SONORA
Location and Area

Sonora, the second largest state in the Republic 
of Mexico, is situated in the northwestern section of the 
country. Sonora is bounded by the 32o30’ parallel on the 
north, the 26*13' parallel on the south, the 108*27* me
ridian on the east, and the 115*05' meridian on the west. 
The State of Sonora is located between the United States 
of America on the north, the Gulf of California on the 
southwest, the States of Chihuahua and Sinaloa on the east, 
and the State of Baja California on the northwest. Sonora 
has a total area of 18,255,300 hectares (6).
Agricultural History

The agricultural area in the State comprises from 
3 to 4 percent of the total area of the State. The prin
cipal crops grown in the State are wheat, cotton, corn, 
beans, tomatoes, flaxseed, sesame, and small areas of 
vegetables and fruits.

The recent introduction of new agricultural meth
ods has increased the total agricultural area and produc
tivity of the State. In 1954, 124,831 hectares of cotton 
were grown, only 8.6 percent of the area was fertilized 
and a total production of 213,461 tons (lint plus seed)

3
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was obtained (6).

In Table No. 1 the total yield of each of the prin
cipal crops grown is given for each of the important agri
cultural zones in the State of Sonora during the 1959-1960 
growing season.



TABLE NO. 1 YIELD AND AREA OF THE MOST IMPORTANT AGRICULTURAL 
CROPS GROWN IN THE AGRICULTURAL ZONES IN THE 

STATE OF SONORA IN 1959-1960 (12).

Crop Yaqui Valley
Costa de 
Hermosillo

Mayo
Valley San Luis R. C. Guaymas Caborca

has. 90799 82500 27426 1300 10369 4500
Wheat tons 181598 183750 46624 2600 I8664 9000

has. 75053 22500 21750 21138 1400 3800
Cotton tons 135095 40500 32625 38O48 1820 6840

has. 1375 5000 2152 430 20
Beans tons 1942 7500 2797 391 26

has. 323 1600 1552 100 35Corn tons 484 2400 2328 100 52has. 516 705Sesame tons 412 493has. 1097 115Alfalfa tons 15358 1380
has. 1013 1000 1000 4240

Barley tons 2532 2000 2000 6375has. 408 2990 2098 60
Saflower tons 816 5980 4198 136

has. 70 865
Tomatoes tons 700 10380

has. 6298 3130
Flaxseed tons 9447 4695has. 204 5000 125
Sorghum tons 408 12500 200



DESCRIPTION OF "LA COSTA DE HERMOSILLO" AGRICULTURAL ZONE 
Location and Area

"La Costa de Hermosillo" is located in the midwest- 
ern part of the State of Sonora bounded by the 2S054T par
allel on the north, the 2&O20* parallel on the south, the 
lll°20f meridian on the east, and the Gulf of California 
on the west. This zone has a total area of 382,000 hec
tares (1 7).
Geological Background

According to M. A. Carvajal and H. Lesser (cited by 
J. Mendivil) (7) the general orography of the region clear
ly shows the existence of several mountain ranges and sier
ras oriented more or less parallel to the coast in a north
western-southeastern direction. These elevations are com
posed mostly of granites and very old marine sediments, 
such as the limestones near Hermosillo, and younger vol
canic rhyolitic rocks which predominate closer to the coast. 
The highest mountains in Sonora (Sierra Madre Occidental) 
have Miocene rhyolites accumulated in horizontal layers. It 
must be accepted that after that period rhyolites as well 
as granites and other old sediments suffered dislocation due 
to failures (the most important faults are oriented parallel
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to the coast) that originated the formation of sunken and 
emerging blocks with very pronounced steepnesses. The 
emerging blocks gave rise to the formation of well oriented 
mountain ranges. The stages of evolution in the re
gion indicate that it has been subjected to a process of 
erosion which according to the observed features was clear
ly continental and of the desert type. The presence of 
mountain ranges in the region together with a low annual 
precipitation favored the formation of limited watersheds 
with internal drainage. These watersheds located paral
lel to the mountain ranges were eventually filled with the 
eroded materials coming from the upper parts of the moun
tains. When erosion increased, topographic passes through 
the mountains connecting the watersheds were formed until 
a natural drainage of the whole area to a lower elevation 
was established. In this way the materials produced by 
erosion began to fill the plains in which the zone under 
study is now located. As witnesses of this enormous move
ment some hills emerging in separate groups throughout the 
big plain still can be seen. In certain stages of this 
big continental erosional process tectonic movements of 
deformation and sinking took place in the portion of the 
Gulf of California which appear to be of relatively re
cent formation (Pliocene-Pleistocene). This deforma
tion, together with local movements, indicates that the

7



"Costa de Hermosillo," at least near Kino Bay, is a sunken 
portion and therefore the continental sediment fills of 
the prior watersheds, from which all the wells in the area 
today draw water, have submerged in relation to sea level.

Dr. Curray (cited by J. Mendivil) (7) from the Uni
versity of California, in connection with the Mexican De
partment of Hydraulic Resources (Secretaria de Recursos 
Hidraulicos) made a study of the zone and in reference to 
the. geology of "La Costa de Hermosillo" he quotes: "The 
alluvial fan is gently sloping and featureless except for 
the buried hills protruding through the sediment fill.
The gradient decreases slightly toward the Gulf. The sur
face sediment is primarily ’mud’ a part of which is slightly 
sandy. Isolated sand dunes occur in parts of the area, and 
gravelly sands occupy the shallow flood channels of the 
river system."

Summarizing, it can be said that the big plain on 
which the "Costa de Hermosillo" is located, is considered 
as a part of the physiographical provinces of the "Sierra 
Madre Occidental" and of the coastal plains of the Gulf 
of California. Geomorphologically it represents a mature 
stage of formation and has relief characteristics within 
the erosive hypic cycle of the desert regions (?)• 
Description of the Sonora River

The Sonora River is the principal water stream 
still running near "La Costa de Hermosillo." It runs
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approximately in a northeastern-southwestern direction over 
a considerable area throughout the State of Sonora. The 
watershed of the Sonora River has an area of 26,67# sq. Km. 
beginning near Cananea (a town in the northern section of 
the State) where the river begins, through the city of 
Hermosillo where actually the river waters are caught by 
the "Abelardo L. Rodriguez” dam. The river is 420 Km. in 
length from its beginning near Cananea to the Gulf of Cali
fornia. The annual precipitation along the river is very 
irregular and varies from 200 mm. near the coast up to 500 
mm. in the high regions near Arizpe (small town in the 
northern section of the State) and Cananea. The entire 
watershed has an average of 320 mm. of precipitation an
nually. The annual available surface water coefficient 
is 200 million cubic meters, that is, 100 million cubic 
meters in the ”Abelardo L. Rodriguez" dam. This coeffi
cient represents only 2.5 percent of the total annual 
precipitation. On the other hand, the filtration coef
ficient is estimated to be 5 percent of the total precipi
tation, and only 3.2 percent of the total rainfall (300 

million cubic meters) is actually used; thus, the remain
ing 92.5 percent is lost by evaporation (11).

At present the Sonora River does not reach the Gulf 
of California. All runoff soaks into the underlying sands 
and gravels and is prevented from entering the Gulf of 
California by the high dunes bordering the coast (7).
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Climatology
Table No. 2 gives the monthly weather data obtained 

at the climatological stations in "La Costa de Hermosillo" 
from March, 1954 until June, I960 (7).
Agricultural History

Twenty years ago, when "La Costa de Hermosillo" 
lacked good roads and a source of good irrigation water, 
there were only a few farmers and cattlemen working 
throughout the area. At that time water was stored in 
reservoirs during the period of highest precipitation.
The cattleman used this water for his animals at least 
during part of the drought periods. Agricultural farmers 
grew mostly wheat; the amount of which depended upon the 
amount of water they had stored.

It was not until 1946 that the first water well 
succeeded. From then on, extensive agricultural develop- 

 ̂ment of the zone took place. Many wells were made, thou
sands of hectares were prepared for cropping, and about 
1953 a first order highway from Hermosillo to Kino Bay was 
constructed. Several branch roads were then constructed 
throughout the entire zone.

In 1955 the drilling of wells was prohibited by 
law, and consequently the agricultural area limited.
There are 474 wells irrigating 96,000 hectares in the zone 
at the present time. On the average, a single well 
is capable of irrigating 200 hectares of which 120



TABLE NO. 2 CLIMATOLOGIC OBSERVATIONS IN "LA COSTA 
DE HERMOSILLO" FROM MARCH, 1954 TO JUNE, I960 ( 7).

Jan. Feb. Mar. Apr. May June July Aug. Sept, Oct Nov. Dec.
Minimum 40 58

20 i2Tempera
ture °C

20
10 r r\ r 7rn:T—r

1 Q - 7 20 .8 • 1-T.» 0 n
2U
IU

Ol
40

. O.Of — ±t 99 1
f j% 4rr*t— ...

4 2 . 7 40.2
0.9

Maximum 20 30.0 ,2̂ ,7, .?r 33.4 10.0 s
20

—  .

Tempera- 10 IU
ture °C 0 ™u

40Average
Tempera
ture °C

?o 31*0 30.7
20i n 20 ,0 23 • 2 2^.1 : 18.4 t t r t i — 2UT7T-LU.
d — IU

™u
Total 7°o0 5U
Monthly 50

40 ERainfall 30 E
20. 5U

in mm. id IU
d U

Average 4$Daily 30 SEvapo 20 2U
ration
mm.

10
0 4 — J IU

"U
Average Annual Rainfall in mm. - - - - - - - - - - - - - - - - -  207.24
Average Annual Evaporation in mm. - - - - - - - - - - - - - - -  2413.95

HH
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hectares are used to grow wheat and SO hectares used to grow 
cotton (11). Cotton and wheat are the most important cash 
crops in the zone. Other crops such as pinto beans, sor
ghum, alfalfa, soybeans, tomatoes, citrus trees, and grape
vines are grown in small areas.

The practices generally followed in the zone to 
prepare the area for farming are as follows:

1. - Deep plowing (1$ to 35 cm. in depth)
2. - Leveling
3. - Irrigation planning
4. - First irrigation
5. - Disking
6. - Seeding

Cultivation
S.- Intermediate irrigation
9.- Harvesting
These practices vary somewhat from crop to crop 

and from farm to farm.
The use of insecticides and fungicides may be 

considered as a general practice in the zone, chiefly for 
the control of cotton pests and diseases. Other chemicals, 
such as herbicides, have already been used and are well 
accepted.

Fertilization is one of the most important prac
tices followed to increase yields in the area. The use 
of granulated as well as liquid and gaseous fertilizers is
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very common near Hermosillo. Anhydrous ammonia and 
ammonium hydroxide are the most commonly used fertilizer 
materials because they are the cheapest source of 
nitrogen which is the most required element for the soils 
in the area.

Agricultural machinery used in the region 
consists of modern tractors and tillage implements.



DESCRIPTION OF THE AGRICULTURAL FARM "ALAMOS"
Location and Area

"Alamos" agricultural farm is situated on the 
2S03 6’ north parallel intersecting the 111°2&' west meridian. 
Within "La Costa de Hermosillo, Alamos" farm is located 10 km. 
south of the Bahia Kino highway between branch roads numbers 
4 and 12 (Figure No. 1). "Alamos" farm has a total area of 
1000.35 hectares, according to the topographic survey made 
by the author of this work (Figure No. 2).
Cropping History

The northern part of the entire farm (including a 
total of six hundred hectares), was purchased in 1954 (Fig
ure No. 3)• Since this land had not been subjected to any 
kind of cultivation, a considerable area (about 260 hec
tares) was cleared, plowed, leveled, and some of it was 
sown to wheat in the same year without fertilization.
Wheat was grown in blocks No. 1, 2, and 3, having respec
tive areas of 45, 45, and 30 hectares.* It is worthy of

* The average yield of wheat during 1954 is not well known, 
because at that time no good records were kept; however, 
a close estimate would be 2.5 tons/hectare.

14
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Figure No. 3 Wheat 
and Cotton Fields 
Grown on nAlamos” 
Farm in 1954 and

Wheat (1954) 
Cotton (1955)



mentioning that in block No. 1, a total of approximately 3 
hectares, divided into 2 irregularly scattered bands were 
not planted because of poor leveling.

From April to June, 1955, cotton was seeded in 
blocks No. 4 (40 hectares), No. 5 (35 hectares), and No. 6 
(35 hectares) using no fertilizer materials. The calcu
lated average yield was 2.7 tons/hectare.*

In 1955 (Figure No. 4), wheat was grown in 3 blocks, 
each block consisting of 45 hectares.

In block No. 1, the 3 hectares that were unleveled 
and not planted in 1954 were planted in 1955.. No fertilizer 
was used. The average yield of wheat was 2.5 tons/hectare.

In 1956, 400 hectares were purchased which in
creased the size of the farm to what it is today. The 
south central 200 hectares had previously been cultivated 
since 1951 by the first owner while the 200-hectare block 
located in the southern end of the field was an undisturbed 
area. Cotton was grown in 7 different blocks throughout 
the farm, totaling 232 hectares (Figure No. 5)• Blocks 
No. 1, 2, 3, and 4, were located in the first 600-hectare 
section; block No. 5 was situated in the 200-hectare south 
central section, and blocks No. 6 and 7 were situated in

18

* The cotton yields are given in metric tons of lint plus 
seed per hectare according to the scale at the cotton 
gin upon delivery.



Figure No. 4 Wheat 
Fields Grown on nAla
mos" Farm in 1955

Scale 1:20,000



Figure No. 5 Crops 
Grown on "Alamos" 
Farm in 1956

U  Cotton 
ZD Wheat 
Zl Tomatoes 
ZD Pinto beans
Scale 1:20,000
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the 200-hectare southern section of the farm. The first 
3 blocks were fertilized at the time of seeding with the 
granulated complete formula 13-13-20 at a rate of 300 

kg./hectare. The calculated average yield was 1.7 
tons/hectare. This tremendous decrease in yield from 
1955 could have been due to the improper choice of the 
best places for growing cotton.

In the same year, tomatoes were grown in block 
No. 8 (7 hectares) without any fertilizer application 
(Figure No. 5). Immediately next to block No. 8 pinto 
beans were cultivated in block No. 9 (3 hectares), with 
no fertilizer added. Yield records for these last two 
blocks were not carefully kept in as much as that small 
area was not exclusively cultivated for commercial pur
poses.

Wheat was grown in the fall and winter of the same 
year in ten blocks comprising an area of 360 hectares 
(Figure No. 5)• No fertilizer was used in any of the 
blocks. The average yield was 1.9 tons/hectare.

In the spring of 1957 (Figure No. 6) cotton was 
seeded in ten blocks located in the eastern side of the 
farm totaling 276 hectares. Blocks No. 1, 2, 3, 4, 5, and 
8 were fertilized with 80 kg./hectare of anhydrous ammonia 
at the time of seeding; block No. 6 received no fertilizer 
treatment. Block No. 7 was treated with ammonium 
nitrosulphate (26 percent nitrogen) at a rate of



Figure No. 6 Cotton 
Fields Grown on "Ala
mos Farm in 1957

Scale 1:20,000
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250 kg./hectare applied also at the time of seeding. The 
rest of the fields were not fertilized. The average yield 
was 2 .6 tons/hectare.

In 1957 (Figure No. 7), wheat was grown in 13 
blocks comprising an area of 404 hectares. Block No. 1 
was fertilized with the complete fertilizer formula 13-13-20  

(granulated) at a rate of 300 kg./hectare while block No. 2 
received 200 kg./hectare of the granulated fertilizer for
mula 20-10-0. The average yield was 3.0 tons/hectare.

In the spring of 1958 (Figure No. 8) it can be seen 
that all the cotton blocks grown were in the southeastern 
section of the farm. The five blocks comprising an area 
of 200 hectares of cotton with no fertilizer applied yielded 
an average of 1.8 kg./hectare. The decrease in produc
tion per hectare of 800 kg. in comparison with the preced
ing year was mostly due to the damages caused by an unusual 
flooding which took place in September, 1958, immediately 
before cotton picking.

In the fall of 1958 (Figure No. 9) wheat was seeded 
in twelve blocks, in various locations about the farm, to
taling 430 hectares. Block No. 3 was fertilized with ammo
nium nitrosulphate at a rate of 200 kg./hectare at the time 
of seeding; blocks No. 5, 6, 7, and 8 received 200 kg./hec
tare of the granulated fertilizer formula 20-10-0 ; the rest 
of the blocks did not receive any fertilizer. The calcu
lated average wheat yield was 2.5 tons/hectare. In the fall 
of the same year, a 3-hectare block (No. l) was sown to
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1

Figure No. 7 Wheat 
Fields Grown on "Ala 
mos" Farm in 1957

Scale 1:20,000
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Figure No. 8 Cotton 
Fields Grown on "Ala 
mos" Farm in 195#

Scale 1:20,000
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barley together with alfalfa. This small block was used for 
feeding a few horses and cows owned by the farm, thus, no 
production data are available.

In the spring of 1959 (Figure No. 10) block No. 1 
(7 hectares) was planted with orange trees; from that time 
until now, no fertilization has been carried out, except 
for spot applications of chicken manure that are made when
ever considerable amounts of this product worthy of being 
applied are obtained from the chicken houses nearby.

Approximately at the same time, cotton was sown 
mostly in the southeastern section of the farm in five 
blocks. None of the blocks received fertilizer; the 200 
hectares of cotton rendered an average yield of 1 .5 tons 
per hectare. The decrease of 300 kg./hectare in compar
ison with the preceding year was due to a very poor in
sect control.

Eight blocks of wheat located throughout the farm 
were grown in 1959 (Figure No. 11) comprising an area of 
320 hectares. Blocks No. 6, 8, 9, 10, and 11 were ferti
lized with 300 kg./hectare of ammonium hydroxide. The 
average yield was 2 .7 tons/hectare.

In the same year alfalfa was seeded in two blocks 
comprising an area of 50 hectares (Figure No. 10). A nitro
gen and phosphorus fertilizer (13-39-0 ) was applied in the 
2 blocks at a rate of approximately 200 kg./hectare. Actu
ally, alfalfa is being chopped for dehydration and yields
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3 to 6 tons/hectare each one or two months depending up
on the season of the year; except for the fertilization at the 
time of seeding no other application of fertilizer has 
been made.

In the summer of 1959, tomatoes were grown in blocks 
2 and 3, comprising 15 hectares. Block No. 2 was fertilized 
with 200 kg./hectare of the complete granulated formula 
14-14-14 using a sidedressing method. Average yields are 
not available but growing tomatoes at this time of the 
year is a big risk because of the killing frosts that oc
casionally occur.

In I960 (Figure No. 1 2) an area of 210 hectare's 
in 7 blocks were planted to cotton. Fertilization with 250 
kg./hectare of ammonium hydroxide was carried out in all of 
these blocks. The total average yield was 3*0 tons/hectare. 
This tremendous increase of 1500 kg./hectare in comparison 
with the preceding year, could be mostly due to proper man
agement practices and very good insect control.

In the summer of i960, green peppers were grown in 
block No. 2 without any fertilizer. Total production is 
not known.

Soybeans were grown experimentally in block No. 10 
(5 hectares) and yielded an average of 3 tons/hectare.

In late I960, about 3 hectares of pinto beans were 
sown without any fertilizer. Harvesting has not yet tak
en place.
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About the same time that the pinto beans were sown, 

two new blocks comprising an area of 65 hectares were seeded 
to alfalfa making a total of 115 hectares. None of these 
blocks were fertilized.

In I960, wheat was grown in 6 different blocks com
prising a total area of 285 hectares. All of the six blocks 
received 350 kg./hectare of ammonium hydroxide at the time 
of seeding, and 100 kg./hectare in combination with the wa
ter during the first irrigation after planting. This was 
true only for the southern half of the block. Harvesting 
of this wheat is being done at the present time.

During the present year (Figure No. 13) the orange 
tree block was enlarged to complete a total of 10 hectares. 
The 115-hectare area of alfalfa has been maintained in 
blocks No. 3> 4, 5, and 8. The pinto beans in block No. 6 
have not yet been harvested. Block No. 2 has been planted 
with pine trees placed at 20-meter intervals for future 
use as chicken shelters.

Cotton has been seeded in blocks No. 7 and 9 
which comprise an area of 150 hectares. Both blocks are 
being fertilized with 500 kg./hectare of ammonium hydroxide.

Block No. 10 was sown to sorghum. Block 11 also 
sown to sorghum was fertilized with 200 kg. of ammonium hy
droxide per hectare.
Management Practices

During the seven years that the "Alamos" farm land
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has been cultivated there have been many changes in man
agement practices. Generally speaking, the practices fol
lowed on the farm ”Alamos” are the same as those of the 
other farms in ”La Costa de Hermosillo.”

A deep plowing is made just before the seeding of 
the most important cash crops. This plowing is to the same 
depth everytime regardless of the kind of crop to be grown or 
the condition of the soil. Plowing is done approximately 
20 to 80 days prior to seeding using disk plows with 50 to 
80 cm. diameter disks. After plowing, a land plane is used 
in order to smooth the land surface. Little or no atten
tion has been given to locating depressed or elevated areas 
throughout the field. In certain areas, the excessive use 
of the land plane alters the soil structure of the surface 
which leads to wind erosion (plate No. 1).

In planning the irrigation program several factors 
are, considered. A good distribution of the irrigation wa
ter from the two pumping wells must be carefully maintained. 
Main irrigation canals should be properly constructed and 
maintained. The irrigation planning for each particular 
field must be studied with respect to the kind of crop 
grown, the kind of soil, the location of the field with 
respect to the pumping wells, and the general leveling 
within the field. Even though there has always been a 
tendency on the farm to observe these factors in irrigation 
planning, great losses of water have been experienced year
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Plate No. 1 

tensive Use
Wind Erosion in "El Charro" Section After Ex- 
of a Land Plane.



36
after year.

Seeding rates and date of planting the important 
crops on the farm are changed very frequently. As exam
ples of appropriate seeding rates plate No. 2 shows a par
tial view of an alfalfa field in El Charro section, and 
plate No. 3 shows a wheat field in the Alamos section grown 
in the winter of 1960-1961. No experimentation has been 
conducted on the farm to date that would show the best 
seeding date or rate for any of the crops.

Crop rotations have been practiced to a very lim
ited extent. It is the practice to grow a given crop on 
the same field year after year. On some parts of the farm 
a cotton-alfalfa-alfalfa-wheat rotation is being followed.

Cotton is "harvested by hand-picking while wheat is 
harvested by threshing machines. After the cotton is com
pletely harvested, the stalks are chopped and plowed under. 
The wheat straw is generally burned.

Recently, fertilization with chemical and organic 
compounds is becoming very important on nAlamos” farm. 
Different methods of fertilizer application as well as vari
ous fertilizer materials and rates of fertilizer application 
are being used. Unfortunately no accurate results are 
available to date.

Due to the connection that "Alamos” farm has with 
Industrias Avfcolas, S. A., which is a poultry business 
operated by the same corporation, fifty hectares of pine



trees were planted in 1961 on the northwestern section of 
the farm to serve as chicken shelters. Three big chicken 
houses for raising broilers and an alfalfa dehydrating 
plant were constructed on the farm in I960. This has re
sulted in an increase of the area sown to alfalfa.
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Plate No. 2 Alfalfa 
Field Grown in ,fEl 
Charro" Section of 
"Alamos" Farm During 
1961.

Plate No.3 Wheat 
Grown in "Alamos" 
Section of "Alamos" 
Farm During 1960-61.



DESCRIPTION OF THE SOILS ON THE FARM "ALAMOS"
Field Procedures

In order to be acquainted with the characteristics 
of the soils in "Alamos" farm, many field observations were 
made.

Due to the difficulty that was found in obtaining 
adequate aerial photography work in Hermosillo, a map of the 
entire farm (Figure No. 2) was made with a level (Zeiss Ni2) 
equipped with a 360* limb to locate the important reference 
points by intersection of angles and to determine distances 
at the same time.

The characteristics of the soils were next observed 
throughout the farm. These observations included definite 
changes in color and surface texture of the soil, differences 
in growth of plants and depth of the soils. Based on 
these characteristics, twelve study pits were dug in the 
most contrasting soil areas on the farm. The pits were 
hand-dug with average dimensions of 2 meters in diameter 
and 1.50 meters in depth. These dimensions were used in 
order to facilitate the observations inside the pit as well 
as to study the deep soil layers that are sometimes reached 
by certain plant roots. The walls inside the study pits 
were made vertical to provide a better view of the soil
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profile. An entrance was constructed to provide an easy 
access into the pit and provide for photography of the 
profile (Plate No. 4).

The exact location of the study pits on the farm 
is described with reference to the arbitrary division lines 
shown on Figure No. 2. The soil profile was studied in 
each one of the pits determining depth from the surface, 
thickness, boundaries, color, texture, structure, consist
ence, pH values, soil reaction, and other specific features 
of each definitely differentiated layer. These determina
tions (Appendix I) were made in accordance with the instruc
tions given in the USDA Handbook No. 18 (13), which are 
explained in Appendix II of this work. Notations were 
written on SCS-232A soil description forms of the U. S. Soil 
Conservation Service. By visual observations, texture, permea
bility, and color (using Munsell color notations) were de
termined. The pH value was determined by two colorimetric 
methods: Thymol blue indicator and Hellige-Truog Soil Reaction
Tester No. 693* Reaction of carbonates was determined 
by using IN HC1 solution and observing its reaction with 
the soil sample. In order to know certain characteristics 
of the soil layers located deeper than the bottom of the 
pits, a hole was made on the bottom of each pit with a 
bucket auger; a brief description of what was observed 
is included in Appendix I.
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Plate No. 4 The Author Standing in a Study Pit in the Charro 
Series.
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Due to the fact that no profile development was ob

served in the soils on the farm Alamos” which are formed 
by recently deposited materials (azonal alluvial soils) (9 ) 
the different observed layers were designated as C^, Cg, etc. 
Layers of interstratified silt and sand materials were found 
in several study pits. Samples from pits 2, 4 , and 6 having 
this kind of layering were taken in order to compare their 
physical and chemical properties.

When all the descriptions of the study pits were 
completed, a careful comparison of the written forms of 
each pit resulted in the differentiation and grouping of 
the pits into three different soil series, namely Sonora, 
Alamos, and Charro. These series were divided into types 
based on the texture of the surface layer, and phases based 
on the depth to a layer with a notably different texture 
from that in the surface.

In order to accurately locate each type and phase 
of the three established series, mapping was then carried 
out on the entire farm area. With aid of a sampling shovel, 
surface textures were manually determined and checked 
throughout the farm. Bucket and screw type augers were 
used to check textures and arrangement of layers at 
greater depths. Observations of the soil and subsoil 
were made every 100 to 300 meters depending upon the 
features observed in the various areas. Figure No. 14
shows the traverses made during the course of mapping 
the farm.
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Based on all these determinations, a cross section 
of "Alamos" farm from the northwest corner to the southeast 
corner was drawn (Figure No. 15).

The sampling of each layer exposed in the study pits 
was made by the use of a knife and a sampling shovel. Ap
proximately 500 grams to one kilogram of soil material was 
taken from the most representative part of each layer in 
each pit. Each soil sample was placed into a plastic bag 
which was labelled and carefully sealed with scotch tape.

A sample of the well water was taken by introducing 
a bottle into the pumping well outlet. The bottle was sealed, 
labelled, and taken to the laboratory for analyses.
Sonora Series

This series consists of well-drained coarse-textured 
to moderately coarse-textured alluvial soils of the warm des
ert plains and valleys of Sonora. The soils placed in this 
series occur mostly on flood plains. Parent material con
sists of a variety of rock materials coming from mountainous 
areas nearby. The soils are mildly calcareous throughout. 
Permeability is high, and organic matter content is very low. 
Surface textures range from loamy sand to fine sandy loam.
At given depths a layer or two of silty material appears, 
below which, layers of interstratified sandy and silty mate
rial occur (Plate No. 5)• The Sonora series was subdivided 
into 3 phases:

Phase 1 : Less than-40 cm. in depth to silt, loam,
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Plate No. 5 A Typical Soil Profile of the Sonora Series
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Plate No. 6 A Typical Soil Profile of the Alamos Series
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or silt loam layer.

Phase 2: 40 to 80 cm. in depth to silt, loam, or 
silt loam layer.

Phase 3: Over 80 cm. in depth to silt, loam, or 
silt loam layer.
Alamos Series

This,series consists of well-drained medium-textured 
alluvial soils of the warm desert plains and valleys of 
Sonora. Parent material and occurrence of the soils within 
this series are the same as for the soils in the Sonora 
series. These soils are mildly calcareous throughout with a 
moderate to high permeability. Organic matter content is 
very low to low. The surface layer ranges from loam to silt 
loam in texture and lies over a layer of sand, sandy loam, 
or interstratified sand and silt (Plate No. 6).

Phases are established according to the depth to 
any one of the forementioned materials:

Phase 1: Less than 40 cm. in depth to sand, sandy 
loam or interstratified layers of sand and silt.

Phase 2: 40 to 80 cm. in depth to sand, sandy loam, 
or interstratified layers of sand and silt.

Phase 3: Over 80 cm. in depth to sand, sandy loam, 
or interstratified layers of sand and silt.
Charro Series

This series consists of moderately well-drained to 
well-drained moderately fine-textured, and fine-textured
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Plate No.7 A Typical Soil Profile of the Charro Series



alluvial soils of the warm desert plains and valleys of So
nora. The occurrence and parent material origin of the soils 
placed in this series are the same as for the soils placed 
in the Sonora series. The soils are mildly calcareous 
throughout having a moderate permeability. Organic matter 
content is low. Surface texture is mostly silty clay, 
although clay loams, sandy clay loams, silty clay loams, 
and clays may also be found (Plate No. 7)• Phases are 
established according with the varying depths to sand and/or 
silt layers.

Phase 1: Less than 40 cm. in depth to sand and/or
silt.

Phase 2: 40 to SO cm. in depth to sand and/or
silt.

Phase 3 ' SO to 120 cm. to sand and/or silt.
Phase 4: Over 120 cm. to sand and/or silt.
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S O I L  L E G E N D
Symbol Name •
Aa--  Alamos loam; less than 40 cm. in depth to sand.
Ab--  Alamos loam; 40-80 cm. in depth to sand.
Ac— - Alamos silt loam; less than 40 cm. in depth to sand.
Ad— - Alamos silt loam; 40-80 cm. in depth to sand.
Ca--  Charro clay; 40-80 cm. in depth to sand and/or silt.
Cb— - Charro clay; 80-120 cm. in depth to sand and/or silt.
Cc--  Charro sandy clay loam; less than 40 cm. in depth to

sand and/or silt.
Cd--  Charro sandy clay loam; 40-80 cm. in depth to sand

and/or silt.
Ce--  Charro silty clay; less than 40 cm. in depth to sand

and/or silt.
Cf--  Charro silty clay; 40-80 cm. in depth to sand and/or

silt.
Cg--  Charro silty clay; 80-120 cm. in depth to sand and/or

silt.
Ch--  Charro silty clay; over 120 cm. in depth to sand

and/or silt.
Sa--  Sonora loamy sand; 40-80 cm. in depth to silt or silt

loam.
Sb--  Sonora loamy sand; over 80 cm. in depth to silt or

silt loam.
Sc--  Sonora sandy loam; 40-80 cm. in depth to silt or silt

loam.
Sd--  Sonora sandy loam; over 80 cm. in depth to silt or

silt loam.
Se--  Sonora fine sandy loam; 40-80 cm. in depth to silt

or silt loam.
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LABORATORY ANALYSES OF SOILS AND IRRIGATION WATER 
Procedures

Particle Size Analysis.- This determination was 
based on the procedure reported by Day (4)• Fifty grams 
of a previously 2 mm. screen-passed and oven-dried soil 
sample were weighed and placed into a paper cup. Next,
25 ml. of the dispersing agent (sodium metaphosphate plus 
sufficient sodium carbonate to give a pH value of approx
imately 8.3, dissolved in water making a 10 percent solu
tion) were poured into the paper cup and thoroughly mixed 
with the soil while adding enough distilled water to the 
mixture to suspend the soil particles. The suspension 
was then transferred to an electrically driven mixer con
tainer and mechanically mixed for 5 minutes. The suspen
sion was then transferred to a glass sedimentation cylin
der in which the volume of the soil suspension was made 
up to a liter by the addition of distilled water. The 
sedimentation cylinder was then covered with a watch glass 
and left for 12 hours to reach the same temperature in 
all the cylinders (several samples were analyzed at the 
same time). A temperature reading was then taken with 
a thermometer placed in the sedimentation cylinder. Aft
er the temperature was determined, a brass plunger was
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introduced into the cylinder and the suspension was very 
carefully mixed. When all the soil particles were in sus
pension, the brass plunger was rapidly removed from the 
cylinder, and a hydrometer (ASTM 152 with Bouyoucos scale 
in grams per liter) was immediately introduced to make the 
first reading 30 seconds after the termination of the 
mixing. Subsequent readings were made at 60 seconds, two 
hours, six hours, and eight hours. All calculations were 
made according to Day (4)• The results are shown in Table 
No. 4.

Cation Exchange Capacity Determination.- Ten grams 
of an oven-dried soil sample were placed in a medium poros
ity fritted glass filter funnel provided with a circle of 
filter paper at the bottom. When all the sample was in the 
funnel, another filter paper circle was placed on top of 
the soil. The funnel was then attached to a filter flask 
properly connected to a vacuum source. Soluble salts were 
first washed from the sample by using three washings, each 
consisting of 10 ml. of 95 percent ethanol. The sample 
was allowed to become dry between each washing. The fil
trate was then discarded. Two 5 ml. washings with an 
IN NH^OAc neutral solution, previously heated nearly to 
boiling, were then made. After five minutes a large test 
tube was placed inside the filter flask to catch the re
placed solution when suction was applied. After sucking 
the soil sample dry, ten 5 ml. portions of NH^OAc solution



were poured into the filter funnel sucking the sample dry 
after adding each portion. When the soil sample was dried 
after the ten washings with NH^OAc solution, the test tube 
containing the filtrate was removed. Two more washings of 
the sample with 95 percent ethanol followed. When the soil 
sample was sucked dry, it was transferred from the fritted 
glass filter funnel to a 500 ml. Kjeldahl flask and ap
proximately 200 ml. of distilled water were added to each 
flask. A few glass beads and 10 ml. of 30 percent sodium 
hydroxide solution were then added to each flask. The 
flask was then immediately transferred to a Kjeldahl dis
tillation device consisting of vapor trap, condenser, and 
a 500 ml. Erlenmeyer receiving flask containing 60 ml. of 
saturated H^BO^ solution. About 75 to 100 ml. were dis
tilled into the Erlenmeyer receiving flask. The receiving 
flask with the distilled ammonia was then titrated with 
0.194 N HC1 solution using the double indicator methyl 
red-methylene blue. The results were recorded and com
putations were made according to the procedure given by 
Piper (10). Final results are shown in Table No. 4«

Exchangeable Potassium and Sodium Determination.- 
The filtrate obtained from cation exchange capacity de
termination was transferred to a 100 ml. volumetric flask 
and brought to volume with distilled water. Standard 
solutions of potassium and sodium in the forms of KOI
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and NaCl, respectively, were prepared in NH^OAc solution. 
Standard curves were prepared by measuring percent trans
mittance for potassium and sodium standard dilutions.
Based on these standard curves, the amounts of potassium 
and sodium present in the unknown sample were determined 
using the flame spectrophotometer (Beckman DU) using 766 

m/f and 5$9 nw wavelengths, respectively (2). Final re
sults are shown in Table No. 4 .

Exchangeable Calcium Determination.- A ten-gram 
soil sample previously passed through a 2-mm. screen and 
oven-dried was placed into a perforated crucible provid
ed with a moistened filter paper disk at the bottom and 
attached to a vacuum source. The soil sample was then 
washed with $0 ml. of 0.2 N barium chloride-triethanolamine 
solution (pH value 8.1) which was followed by a 50 ml. wash
ing with distilled water. The collected filtrate was made 
up to a volume of 100 ml. with distilled water in a volumet
ric flask. A 25 ml. aliquot of the solution was then 
pipetted to a 250 ml. beaker to which 25 ml. of a 0.1 N 
^2*^4 solution and one drop of methyl orange indicator 
were added.

A 20 percent NaOAc solution was then added until 
the color (rose-orange) produced by the added drop of meth
yl orange indicator just disappeared. The mixture was then 
heated to 70°C on a hot plate and 10 ml. of a 4 percent am
monium oxalate solution were added with constant stirring.
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The mixture was then digested for an hour with a watch glass 
covering the beaker to avoid evaporation of the contents.
The digested mixture was then filtered (the filtrate was 
saved for exchangeable magnesium determination), and the 
precipitate (tarium sulfate plus calcium oxalate) was washed 
off the filter paper and received in a beaker containing 
50 ml. of a one percent solution. The solution was
then heated to about SO°C and immediately titrated with a 
standard 0.024 N KMnO^ solution (standarized according to 
the method given by the American Public Health Association, 
et al.) (1). Calculations were made in accordance to the 
directions given by Jackson ($). Final results are shown 
in Table No. 4 .

Exchangeable Magnesium Determination.- Exchange
able magnesium was determined on the filtrate from the ex
changeable calcium determination. The use of the (NH^^HPO/,. 
precipitation procedure described by Jackson (5) indicated 
only traces of exchangeable magnesium in all the samples 
analyzed. Similar results were obtained using the Versene 
titration method (5)«

Electrical Conductivity Determination.- A stand
ard reference solution was prepared by dissolving 0.7456 
gm. of dry KC1 in one liter of distilled water. The theo
retical electrical conductivity of the standard solution 
is 1.411$ mmhos. per centimeter at 25°C. A reading of 1.45 
mmhos. per centimeter was actually measured with the



conductance bridge. For this reason, a conversion factor of 
0,974 was used to convert the readings obtained from the 
various samples.

A 40 gm. soil sample, previously oven-dried and 
passed through a 2 mm. screen, was placed in a $0 ml. beak
er. Distilled water dispensed from a graduated pipet was 
then added until the entire soil mass was saturated. The 
samples were allowed to stand one hour before the moisture 
was extracted by the use of a vacuum pump. The extract 
was then placed into a $0 ml. beaker, the temperature re
corded, and the electrical conductivity of the extract 
measured with the conductance bridge. The percent of to
tal soluble salts was calculated from the conductivity 
readings by the formula presented in the USDA Handbook § 6 0  

(16). Final results of electrical conductivity readings 
and percentages of total soluble salts are shown in Table 
No. 4.

Determination of pH Values.- A Beckman model N1 pH meter 
was used to determine the pH value of water saturated soil 
paste, 1:5 and 1:10 preparations for each sample (16). The 
pH values at the three different soil-water ratios are 
shown in Table No. 4 .

Calcium Carbonate Determination.- Five grams of 
an oven-dried 2 mm. sieved soil sample were placed in a 
150 ml. beaker, and 50 ml. of a 0.5 N HC1 solution were 
added. The solution was then covered with a watch glass
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and gently boiled for about 5 minutes. The solution was 
then cooled for about 3 minutes and titrated with a 0.25 N 
NaOH solution dispensed from a buret. Titration was made 
in the presence of 2 drops of phenolphthalein until a pre
cipitate (NaCl) was clearly formed. Calculations were made 
according to the method used by the U. S. Salinity Laboratory 
(16). Final results of this determination are shown in 
Table No. 4.

Determination of Organic Carbon and Organic Matter.- 
A five gram soil sample previously passed through a 2 mm. 
sieve and oven-dried was placed in a 400 ml. beaker. Ten 
milliliters of a IN I^C^O? solution and 20 ml. of con
centrated HgSO^ were then added, and the sample shaken 
by hand for 30 seconds. The solution was then allowed to 
stand for 30 minutes before being diluted with approximately 
200 ml. of distilled water. The dilution was then 
transferred to the Triplet electrometric indicator whose 
electrodes were carefully placed inside the beaker 
with the solution being electrically stirred. The 
Triplet electrometric indicator was adjusted to zero and 
the sample titrated to an 0.8 millivolt endpoint with a
0.5 N Fe(NH )9(S0 ) ,6H 0 solution. Final calculations 
were based on the procedure given by Piper (10). Or
ganic matter content was calculated by multiplying the 
organic carbon content by a factor of 1.724 (10). Re
sults of percent organic matter content and organic
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carbon determinations are given in Table No. 4.

Nitrogen Determination.- Five grams of soil sam
ple previously ground to pass a 2 mm. screen were wrapped 
in a filter paper and placed into an 800 ml. Kjeldahl flask. 
A tablespoon of a digestion mixture containing six parts 
of CuS0^.2H20 by one part of HgO was added to the flask 
together with 3 granules of selenium and 4 to 6 glass 
beads. After digestion, the samples were allowed to cool 
in place in order to avoid all the remaining fumes. When 
the digested solution was cooled, 300 ml. of distilled 
water plus 25 ml. of Na^S were added to each flask. Sev
eral pieces of granulated zinc were then added to each 
flask followed by the slow addition of 125 ml. of a 40 
percent NaOH solution. The Kjeldahl flask was then im
mediately attached to the distillation apparatus and the 
solution gently swirled to obtain a thorough mixing of 
the contents in the flask. Twenty-five milliliters of 
a 4 percent H^BO^ solution and 6 drops of bromcresol 
green-methyl red indicator were placed in a 500 ml. con
ical flask. The receiver tube from the distillation ap
paratus was inserted into the conical flask so that its 
end was inundated. Distillation was then started by ap
plying the flame under the Kjeldahl flask. Distillation 
was continued until approximately 100 ml. of distilled am
monia were collected in the conical receiver flask. The 
flask was removed before the flame was turned off to
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prevent sucking back, and titrated with a 0.1004 N H^SO^ 
solution. All calculations were made according to the 
method given by Jackson (5). Final results are -shown in 
Table No. 4.

Determination of Soil Water Holding Capacity at 15- 
Atmosphere Pressure.- A two mm. sieved soil sample was 
placed in a retaining ring over the membrane (sausage-cas
ing membrane) previously moistened and placed on the pres
sure membrane apparatus plate. An excess of water was then 
added on the membrane around the retaining rings containing 
the soil sample (13 retaining rings were conveniently placed 
on the membrane each time). The entire plate was covered 
with a thin plastic cover to avoid evaporation from the sample. 
After twelve hours the plastic cover was removed, and the 
pressure membrane apparatus was tightly closed to avoid 
any possible leaking. A pressure of 222 to 225 pounds 
per square inch was then applied from a nitrogen tank for 
a period of 4# hours. After that time, pressure was re
leased. The pressure membrane apparatus was then opened 
and the soil samples were transferred from the retaining 
rings to tared moisture cans. The soil samples in the 
cans were then weighed, oven-dried at 105*0 for 12 hours, 
and weighed again. The procedure and calculation of re
sults were based on the method used by the U. S. Salinity 
Laboratory (16). The results of this determination are 
shown in Table No. 4.
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Determination of Soil Water Holding Capacity at One- 

Third Atmosphere Pressure.- The same nrocedure for sample 
preparation for the 15 atmosphere determination was followed 
in this case. Three ceramic plates previously soaked 
in water for 12 hours were olaced in the pressure cooker. 
Several retaining rings were conveniently distributed on 
each plate and filled with soil. An excess of water was 
then added to each plate. The pressure cooker with all its 
contents was then allowed to stand for 12 hours. After that 
time, a pressure of approximately 5 pounds per square inch 
was applied to the pressure cooker which had previously been 
tightly closed. After 46 hours pressure was released and 
the soil samples were removed from the plates, weighed, dried, 
and reweighed in the same way as for the 15 atmosphere deter
mination (16). Final results of this determination are shown 
in Table No. 4-

For the chemical analyses of the irrigation water 
the following procedures were used as reported in the USDA 
Handbook No. 60 (16).

Electrical Conductivity Determination of the Water 
Sample.- The cell of the Solu-Bridge Soil Tester (already 
adjusted for temperature) was filled with the water sample 
and a conductivity reading was obtained in mmhos. per cm. 
using the outer scale of the apparatus.

Determination of pH Value of the Water Sample.- 
The pH values were determined by pouring the water sample
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into a 50 ml. beaker. The glass and calomel electrodes of 
the pH meter (previously cleaned and adjusted) were then 
introduced into the water and the reading was made after 
30 seconds.

Carbonate Ion Determination.- Fifty milliliters 
of the water sample were placed into a porcelain casserole, 
and two drops of phenophthalein were added. No change in 
color was observed which indicated the absence of this ion 
in the water sample.

Bicarbonate Ion Determination.- In the same sample 
used for carbonate ion determination, 3 drops of methyl pur
ple indicator were added. The resulting purple color indi
cated the presence of bicarbonate ions in the irrigation 
water. The solution was then titrated with 0.02 N HgSO^ 
solution until a clear blue color appeared. Calculations of 
bicarbonate ion concentration were based on this titration.

Chloride Ion Determination.- To the same sample 
used for carbonate ion and bicarbonate ion determinations,
0.5 ml. of KCrO^ was added. The solution was then titrated 
with a 0.05 N AgNO^ solution. Calculations of chloride ion 
concentration were then made to determine the amount of 
chloride ion present.

A 10 ml. aliquot of the water sample was poured 
into a 50 ml. beaker following the addition of 15 ml. of 
distilled water. Next, ten drops of a buffer solution 
(NH^Cl-NH^OH) were also added to the solution together with



3 to 4 drops of Eriochrome black T indicator. A titration 
of the solution was then made with a 0.01 N Versenate solu
tion. Calculations of calcium and magnesium concentrations 
were based on this titration.

Calcium Ion Determination.- A 10 ml. aliquot of 
water sample was put into a porcelain casserole, and 15 ml. 
of distilled water were added. Ten drops of 8 N KOH were 
then placed into the solution together with one-half scoop 
of Calver 11 indicator powder. The solution was then 
titrated with a 0.01 N Versenate solution. Calculations of 
calcium ion concentration were based on the titration.

Magnesium Ion Determination.- Magnesium ions were 
determined by difference of the magnesium plus calcium ions 
determination and the calcium ion determination alone.

Sulfate Ion Determination.- Twenty-five milliliters 
of the water sample were placed in a 250 ml. beaker follow
ing the addition of 2 drops of a 10 percent HC1 solution to 
be sure that the water sample was acid in reaction. Next,
0.5 ml. of a 0 .25 percent gum arable solution was added to 
stabilize the suspension. One-half scoop of barium chloride 
crystals was then added followed by thorough stirring to 
speed dissolution. The solution was then transferred to a 
colorimeter (Cenco) already adjusted and a portion of the 
solution was poured into a cell tube to make the reading. 
Calculations were made based on the readings obtained 
and a previously prepared standard curve.
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Nitrate Ion Determination.- Twenty-five milliliters 

of water sample were poured in a 100 ml. beaker and heated 
until they were completely evaporated. Two milliliters 
of phenoldisulfonic acid were then added, followed by stir
ring until all the salts were dissolved. Twenty milliliters 
of distilled water were then added together with approximately 
6 ml. of a NH^OH solution until a stable yellow color was 
obtained. The solution was then made up to 50 ml. with dis
tilled water and a portion was transferred to the colorimeter 
cell tube to make the respective reading. Calculations 
were made based on the reading obtained with the aid of a 
previously prepared standard curve.

Sodium Ion Determination.- Sodium ions were de
termined by the difference between the sum of the cations 
and the sum of anions present in the water sample.

The sodium percentage was determined by dividing 
the milliequivalents of sodium into the sum of the milli- 
equivalents of calcium, magnesium, and sodium.

Final results of the water sample are shown in 
Table No. 3.
Results

The results of all chemical and physical analyses 
made on the 50 soil samples collected from "Alamos" farm 
are shown in Table No. I+.

Certain characteristics observed during the field
mapping of the soils on "Alamos" farm were further examined



TABLE NO. 3 CHEMICAL ANALYSES OF A WATER SAMPLE FROM THE "ALAMOS" IRRIGATION WELL

Total Electrical
pH CO3-- HCO3” Cl** SO4 NO3- Ca++ Mg++ Na*" Na* Na/Ca Soluble Conductivity

____________________________________________________________________Salts_________ _
ppm. ppm. ppm. ppm. ppm. ppm. ppm. ppm. % ppm. ppm. mmhos./cm.

8 .0 0 203 0.5 53 13 54 11 53 O .56 0.98 3^7 0 .5 2
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Layer
P , 
D

Depth
a r t i 
i s t 
Sand

c 1 e 
r i b  
Silt

S i z e  
u t i 0 n 
Clay Textural

Class
Cation

Exchange
Capacity

cm. 36 % °/o meq./lOOg
Cl 0-60 64 24 12 SL 16.87C2 60-69 44 40 16 L 21.12
C3 69-140 83 10 7 LS 9.14Cl 0-57 58 31 11 SL 13.53C2 57-66 32 53 15 SiL 18.69
C3 u 66-93 17 55 28 SiL 30.02C4X* 93-107 54 33 13 SL 24.32CAY** 93-107 35 54 11 SiL 39.76C5 107-155 92 4 4 S 9.22Of 0-34 61 28 11 SL 18.5634-67 32 57 11 SiL 15.8434-67 59 15 26 SCL 29.02C3 67-160 83 12 5 LS 6.85

Cl 0-57 24 60 .16 SiL 34.85
C2 57-65 19 63 18 SiL 30.25c3 65-71 62 30 8 SL 12.32c4 71-94 26 63 11 SiL 20.56
c5 94-150 27 66 7 SiL 17.46Cl 0-60 58 23 19 SL 18.70c2x* 60-115 86 7 7 LS 8.I7CpY** 60-115 36 50 14 SiL 15.19
C3 115-160 94 3 3 S 5.69
Cl 0-36 14 54 32 SiCL 28.85
c2 36-60 7 48 45 SiC 40.54C3 6O-77 8 57 35 SiCL 37.77c4 77-158 1 50 49 SiC 38.06
C5 158-170 22 56 22 SiL 15.71Cl 0-26 15 41 44 SiC 36.49C2 26-61 5 40 55 SiC 37.63C3 61-102 25 55 20 SiL 23.13c4 102-109 16 47 18 L 26.92
c5 109-134 22 64 14 SiL 20.59C6 134-160 21 69 10 SiL 17.48
Cl 0-86 0 48 52 SiC 41.85
C2 86-122 6 58 38 SiCL 42.66
C3 122-160 13 69 18 SiL 27.30
Cl 0-34 14 43 43 SiC 34.24
p2 34-103 28 45 27 L 25.40IO3-I50 39 46 15 L 17.27
pi 0-74 0 56 44 SiC 40.6874-97 0 76 24 SiL 38.87p3 97-106 0 43 57 SiC 49.98C4 106-121 9 73 18 SiL 33.75C5 121-145 5 83 12 Si 25.58c6 145-150 5 36 59 C A A QO
Cl 0-109 8 62 30 SiCL 33.41c2 109-150 34 49 17 L 20.71Cl 0-53 1 43 56 SiC 38.66
C2 53-81 4 33 63 C 58.05
c3 81-115 47 38 15 L 14.15
* Sand material interstratified with silt layers** Silt material interstratified with sand layers

E x c h a n g e a b l e Elec- p H V a 1 u e s AvailC a t i 0 n s trical Total Organic Organic Moisture Held at: able C/NCalcium Sodium Potassium Cenduc- Soluble Exch. Paste 1:5 1:10 CaCOo Carbon Matter Nitrogen 1/3 15 Mois ratiotivitv Salts Sodium atm. atm. Sat. turemeq./lOOg. meq./lOOg. meq./lOOg. mmhos./cm. % % * £ 2 £ % 5* *
15.52 0.42 0.58 0.67 0.012 2.49 8.2 8.9 8.9 4.99 0.12 0.20 0.02 19.36 5.33 28.88 14.06 6.6619.16 0 .7 0 0.38 0.29 0.005 3.30 8.1 8.6 9.0 5.69 0.18 0.31 0.02 14.13 8 .42 31.18 5.71 8.577.45 0.31 0 .2 6 0.27 0.003 3.38 8 .4 9.0 9.0 I .6 4 0.06 0.10 0.01 9.28 3.40 20.40 5.88 4.2811.23 0.23 1.13 0.35 0.006 1.61 8.3 8.8 9.0 4.24 0.14 0.26 0.02 15.22 5.80 29.51 9.42 7.0013.74 3 .32 0 .6 2 0.43 0.009 17.77 8.3 9.4 9.6 6.23 0.17 0.29 0.02 28.57 7.59 35.01 20.98 7.3923.43 4.48 O .78 2.00 0.053 14.92 8.2 9.1 9.6 7.18 0.26 0.45 0.03 38.30 13.08 42 .82 25.22 7 .8 717.07 6.27 0.36 8.00 0.162 25.78 7.9 8.2 8.2 5.23 0.09 0.16 0.01 19.33 7.08 32 .66 12.25 6 .423O .84 6.92 O .6 4 11.00 0.271 17.40 7.9 8.0 |.3 6.15 0.24 0.42 0.02 31.77 11.42 39.57 20.35 10.996.80 2.07 0.26 4.70 0.092 22.47 8.2 8.2 8.6 2.29 0.00 0.00 0.00 6.29 2.83 31.62 4.46 0.0016.61 1.19 0 .6 2 0.32 0.005 6.41 8.2 8.8 9.0 4.21 0.12 0.22 0.02 17.49 6.73 28.00 IO.76 6.0014 .68 0.89 0.20 0.45 0.008 5.61 8.2 8.6 9.0 4.29 0.10 0.19 0.01 13.96 6.19 31.88 7.77 9.0926.95 0.99 0.21 0.80 0.019 3.44 8.2 8.6 8.9 6.08 0.21 0.36 0.03 32.58 11.71 38.56 20 .87 7.005.22 1.30 0.28 0.30 0.006 18.97 8# 6 9.0 9.0 2.08 0.06 0.10 0.01 7.99 4.04 32.76 3.95 5.54
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0.350.38
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0.02 35.14 14.12 41.75 21.02 15.71
0.03 40.61 17.09 42.96 23.52 5.58
0.06 32.04 15.25 39.50 16.69 3.33
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0.04 42.71 13.83 44.44 28.88 4.320.02 41.48 9.00 43.64 32.89 5.000.05 38.72 19.36 46.09 19.36 3.770.04 41.16 18.28 44.54 22.88 5.940.01 23.19 14.64 28.82 9.32 6.00
0.04 33.87 17.92 41.26 15.95 7.740.03 41.55 20.56 50.05 20.99 8.240.011 17.59 6.23 34.65 11.36 5.29



by the laboratory analyses. As a result of the laboratory 
analyses other soil characteristics were observed.

The differences in soil characteristics that were 
observed are summarized as follows:

1. - The results of particle size analysis in the 
laboratory corroborated the determinations of texture made 
in the field. Samples from the Sonora series contained a 
comparatively high percentage of sand particles and a low 
percent of clay particles. Samples from the Alamos se
ries contained a high percentage of silt particles and a 
low percentage of clay particles. Samples from the Charro 
series .contained high percentages of clay and silt parti
cles and a low percentage of sand particles.

2. - Cation exchange capacity, as well as the 
amounts of exchangeable calcium, exchangeable sodium, and 
exchangeable potassium were found to be low in the samples 
from the Sonora and Alamos series compared to the amounts 
present in the samples from the Charro series.

3. - Exchangeable magnesium was present only in 
traces in all the analyzed soil samples from the three 
soil series.

4. - The three series were found to have no appre
ciable differences in their content of soluble salts, pH 
values at the three soil-water ratios, or calcium carbon
ate equivalent.

5. - There is a slight increase in the organic
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carbon and total nitrogen content from the Sonora series 
through Alamos series to the Charro series.

6.- As was anticipated from field observations, 
the Sonora series generally had the lowest water holding 
capacity at field capacity, wilting point and soil satu
ration. The Alamos series soils were intermediate in these 
respects, and the Charro series had values exceeding 
either of the other series.

It is concluded that the best soils in ,fAlamos” 
farm are in the Charro series. The Sonora series have the 
least desirable properties and characteristics within 
"Alamos" farm land.

Results of the chemical analyses of the irrigation 
water sample are given in Table.No. 3. Water of the quality 
found in the well on "Alamos" farm will present no problem 
when used for irrigation purposes (5)»



CAPABILITY CLASSIFICATION
The capability classification is a means of showing 

the relative suitability of different soils for use. The 
classification of a particular soil depends on the variety 
of uses to which it is suited, its susceptibility to erosion 
or other damage if it is cultivated, and the kind and degree 
of management it needs to protect it from erosion and maintain 
its productivity.
Capability Classes on "Alamos" Farm

According to the general capability classes established 
by the USDA Soil Conservation Service (15), the following 
classes can be recognized in "Alamos" agricultural farm soils: 

Class I Land.- In this class, soils with the widest 
range of use are included. They are level, productive, 
well-drained, and easy to work. They do not erode readily 
even when cultivated year after year, and they will remain 
productive if managed with normal care.

Class II Land.- Soils in this class do not have 
quite so wide a range of suitability as Class I soils. Some 
Class II soils are gently sloping or moderately sandy and 
consequently need moderate care to prevent erosion; others 
are slightly droughtly or somewhat limited in depth.

Class III Land.- Soils in this class can be cropped
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regularly but have a narrower range of use and need still 
more careful management.

All soils in the first three classes are suitable 
for range.

Class IV Land.- Soils in this class should be 
cultivated only occasionally or under very careful man
agement. They are suitable for range.

Class VIII Land.- In this class are soils that 
have practically no agricultural use. These areas produce 
little useful vegetation; they may provide shelter for 
wildlife.
Soil Management Groups

Each capability class contains one or more manage
ment groups of soils, each group consisting of soils that 
need about the same kind of treatment to offset their lim
itations (1 5).

"Alamos" agricultural farm soils can be included 
in the following management groups:

Soil Management Group I.- In this group, soils of 
the capability class I with fine texture, good drainage, 
good water holding capacity, and a rather good fertility 
are included. These soils have deep fine-textured sub
soils.

The following soils are in this group:
Charro clay, phase 2
Charro clay, phase 3
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Charro silty clay, phase 2 
Charro silty clay, phase 3 
Charro silty clay, phase 4
These soils are mainly used for growing wheat, cotton, 

and alfalfa, but they may also grow corn, sorghum, soybeans, 
oats, and barley (19)•

The principal management problems of these soils are:
a) Obtaining even irrigation of the land: The use of a con
tour levee on unlevelled areas is recommended to control the 
water and to hold it longer on the area to be irrigated, thus 
obtaining an even penetration of water into the soil. When 
row-crops are to be planted it is advisable to level the field 
and select the proper general slope as carefully as possible. 
In planning this, another field should be prepared to collect 
and use the tailing water from the first field. Deep plowing 
is also very helpful in providing for even penetration of 
water.
b) Leveling the land properly to avoid wind erosion: It is
a very familiar practice in "Alamos" farm to use a land 
plane over the surface of the soil several times a year.
By this practice, the structure of the surface soil is great
ly affected, thus paving the way for wind erosion. This can 
be controlled by properly locating the depressions and ele
vations in the fields so that leveling can be done with a 
minimum of land plane use. Under any other conditions how
ever, wind erosion does not take place on the soils of this
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management group.

The soils in this group, in most cases, respond to 
nitrogen applications.

Soil Management Group 2.- In this group are included 
soils of capability classes I and II. They are fine tex
tured soils with good to very good drainage, adequate water 
holding capacity, and a comparatively good level of fertility. 
These soils have moderately fine textured subsoils.

The following soils are in this group:
Charro silty clay, phase 1
Charro sandy clay loam, phase 2
These soils have been used to grow cotton, wheat and 

alfalfa. These soils are well suited for small grain crops 
and shallow-rooted grasses properly adapted to the region.

The principal management problems of these soils are:
a) Appropriate seedbed preparation: The depth of plowing must 
be carefully planned in order to avoid the penetration of 
the disk plows to the coarser textured subsoil layers be
cause this would result in a decrease of the water holding 
capacity of the upper layers. In most cases one deep disking 
will suffice to condition the seedbed for shallow-rooted 
crops.
b) Proper management of irrigation water to avoid excessive 
leaching: The use of proper irrigation methods in a given 
field taking into account the surface texture, rooting depth 
of the crop to be grown, general slope of the field, and



maximum and minimum depths to coarser materials would solve 
this problem.

Response to applications of nitrogen fertilizers as 
well as barnyard manures has been noted on soils in this 
management group. Wind erosion due to the excessive use 
of the land plane may also take place on these soils.

Soil Management Group 3•- All soils in capability 
class III are included in this management group. These are 
slightly sandy to moderately fine-textured soils with good 
drainage and moderately low fertility. Depth to coarse- 
textured subsoil layers is not very great.

The following soils are in this group:
Alamos loam, phase 2
Alamos silt loam, phase 2
Cotton and wheat have been grown on these soils with 

medium yields under the regular management practices followed 
in ’’Alamos” agricultural farm. In general, all crops familiar 
to the zone can be grown quite successfully on these soils.

The principal management problem of these soils is 
adequate fertilizer application. In order to obtain the best 
results the following practices should be considered:
1- Analyze the soil for the important nutrient elements every 
year, 2- Choice of proper fertilizer material, 3- Proper 
method of fertilizer application, and 4- Proper fertilizer 
application rates. Experimentation is needed to determine the
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best application of these practices on "Alamos" farm.

The soils in this group have definitely shown 
response to nitrogen applications. Applications of organic 
matter would probably be of great help in preserving and 
improving the fertility of the land.

Soil Management Group 4.- All soils in this man
agement group are in capability class III. These soils have 
the same characteristics as the management group 3 soils, 
except they are from 10 to 40 cm. in depth to coarser 
materials.

The following soils are in this management group:
Alamos loam, phase 1
Alamos silt loam, phase 1
These soils have been sown to wheat and cotton with 

generally low yields. Growing cotton on these soils is very 
hazardous due to the rooting depth of the crop which reaches 
the coarser subsoil layers where insufficient amounts of 
moisture and of various nutrient elements may cause poor 
growth, and consequently a limitation of yield. Wheat and 
other shallow-rooted crops can be properly grown on these 
soils by using adequate management practices.

The principal management problem of these soils is 
to increase the water holding capacity of the soil. This may 
be accomplished by reducing the number of deep plowings. 
Applications of crop residues and other organic compounds 
could help to increase water holding capacity to a certain 
extent (8).
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These soils respond well to applications of nitrogen 

fertilizers.
Soil Management Group 5.- All the soils in this 

group belong to capability class IV. These are moderately 
coarse-textured, well-drained soils with low water holding 
capacity and low fertility. These soils are generally deep.

The following soils are in this management group:
Sonora fine sandy loam, phase 2
Sonora sandy loam, phase 3
Sonora sandy loam, phase 2
Wheat and cotton have been grown on these soils with 

poor yields. These soils are better suited for the growth of 
trees, drought-resistant grasses, and drought-resistant forage 
crops. Due to the lack of enough irrigation water, the grow
ing of drought-resistant grasses and forage crops will neces
sarily become a very important matter in the future of "La 
Costa de Hermosillo."

The principal management problem of these soils is 
to preserve the fertility of the soil. Millar (&) discusses 
several practices which will help to maintain soil fertility. 
He describes the use of moisture-conserving methods including 
the use of drought-resistant crops and the use of heavy roll
ers or cultipackers which when passed over the land surface 
tend to increase the moisture holding capacity of the surface 
soil. He explains how to guard against wind damage by plant
ing alternate strips of cultivated crops and stubble crops



and by the use of cover crops. Due to the rapidity with 
which organic matter decays in sandy soils, the problem of 
maintaining a proper supply of humus is unusually difficult 
In planning crop rotations for these soils special care 
must be taken to insert as many green-manuring crops as 
possible such as clover, soybeans, etc. Humus levels may 
also be maintained by the application of manure and crop 
residues.

Commercial fertilizer applications for these soils 
should be carefully planned and made in order to obtain op
timum results.

Soil Management Group 6.- All soils in this group 
belong to capability class VIII. These soils have coarse 
textures with excessive drainage, they have very low water 
holding capacity, and very low fertility. These soils are 
generally deep.

The following soils are in this management group:
Sonora loamy sand, phase 2
Sonora loamy sand, phase 3
These soils have not been sown to any crop. It 

can be stated that these soils have no practical agricul
tural use at the present time. These soils presently sup
port vegetation consisting mostly of creosote bush (Larrea 
divaricata) (Plate No. 8).



Plate No. 8 Natural Vegetation and Landscape of the North
western Section of "Alamos” Farm.



CONCLUSIONS
The soils of "La Costa de Hermosillo" were formed 

by recent deposition of water transported materials. The 
soil profile studies made at "Alamos" agricultural farm 
support the theory that these are young alluvial soils.
The wide variety of stratification found throughout the 
12 studied profiles show that depositions of materials on 
the zone took place at different times and under varied 
circumstances. In spite of this, several relationships 
were found among the layers studied; i.e., percent calcium 
carbonate, pH values, etc.

Due to the low annual rainfall and high temperatures 
of the climatic zone in which these soils are located, it 
can be assumed that any rate of soil formation will be 
extremely slow.

On the "Alamos" farm three kinds of depositions may 
be readily noticed on the surface of the land in the form of 
three big parallel oriented bands laying in a general north
east to southwest direction. Fine-textured materials form the 
Charro series in the southeast section of the farm, medium- 
textured materials form the Alamos series in the central sec
tion of the farm, and coarse-textured materials form the Sonora
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series on the northwest section of the farm. This general 
arrangement of the soils is in accordance with the greatest 
general slope in the farm and thus, it can be hypothesized 
that at least the majority of the streams that ran over that 
area followed the direction of the greatest slope depositing 
their loads along that general course.

"Alamos" agricultural farm soils have been under 
cultivation for only a very few years. There is a tremen
dous necessity at the present time to introduce new tech
niques which will tend to improve the working methods as 
well as to increase the total crop yields in "Alamos" farm.

In view of the recent introduction of "Alamos" 
farm soils to cultivation, the present work is expected to 
help the owners of the farm begin a carefully studied pro
gram for the proper use of the different soils with respect 
to their potential for growing the various crops adapted to 
"La Costa de Hermosillo" agricultural zone.

The suitability of these soils to grow drought- 
resistant grasses and forage crops is perhaps one of the 
most important features to be evaluated because at the pre
sent time the pumping level of the irrigation wells in the 
zone is deepening from year to year; and as a consequence, 
the complete exhaustion of practical irrigation water may 
result in the not too distant future.



SUMMARY
In order to know the agricultural value and poten

tiality of the soils of "Alamos" farm situated in "La Costa 
de Hermosillo" agricultural zone in the State of Sonora, the 
present study was conducted.

Twelve study pits were made throughout "Alamos" farm 
land on the most contrasting soil areas. The soil profiles 
were then studied in each one of the pits to determine texture, 
structure, pH values, consistence, color, reaction of carbon
ates, thickness, boundaries, and depth of each differentiated 
layer by the use of field methods and by taking samples of 
each layer for analyses in the laboratory.

From the soil profile studies made, three soil series 
were established on the farm:

1- Charro series including sandy clay loams, clay 
loams, silty clays, and clays.

2- Alamos series including loams and silt loams.
3- Sonora series including fine sandy loams, sandy 

loams, and loams.
Each series was divided into types on the basis of 

surface texture. The types, in turn, were grouped into phases 
according to differences in depth to textures other than the
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texture of the surface layer.

A soil map was made from data collected in field ex
amination of the soils.

Physical and chemical analyses of the fifty soil 
samples collected in the study pits were made in the labora
tory. These analyses included particle size analysis; water 
holding capacity percentage at l/3 atmosphere pressure, at 
15 atmosphere pressure, and at saturation; cation exchange ca
pacity, exchangeable calcium, magnesium, sodium and potassium; 
electrical conductivity; total soluble salts content; pH 
values at three soil-water ratios; organic carbon; calcium 
carbonate; and percent total nitrogen.

Supported by the forementioned studies and lab
oratory determinations, a capability classification was 
made in which five capability classes were distinguished.
Based on this, six soil management groups were differentiated. 
Capability classes are established according to texture, 
drainage conditions, soil depth, and fertility. Each soil 
management group was examined with respect to the management 
problems of the soils in the group, and recommendations 
were made to improve the management of each group.
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APPENDIX
I- Description of the Soil Profiles Studied in the Field 

Study Pit 1.- Pit I was located 2240 m. north from 
the arbitrary NS division line and 1240 m. from the arbi
trary EW division line.
Soil Profile (Sonora sandy loam, phase 2)
C]_ 0 to 60 cm., pale brown (10 YR 6/3) to dark gray brown

(10 YR 4/2, moist) strongly calcareous sandy loam; slightly 
hard, very friable, slightly sticky, slightly plastic, 
massive structure. The lower boundary is 6.25 to 12.5 
cm. in width with irregular pockets deeper than their 
width.
60 to 69 cm., light brown gray (10 YR 6/2) to dark brown 
(10 YR 4/3, moist) strongly calcareous silt loam; soft, 
very friable, slightly sticky, slightly plastic, fine weak 
subangular blocky structure. The lower boundary is less 
than 2.5 cm. wide, with pockets wider than their depth.
69 to 140 cm., light brown gray (10 YR 6/2) to very dark 
brown (10 YR 3/4, moist) strongly calcareous loamy sand; 
loose, nonsticky, nonplastic, massive structure.

Bucket auger hole- Interstratified sandy and silty material 
layers were found to a depth of approximately 2.90 m. from 
the soil surface.
Permeability- Rapid rate of infiltration.



Drainage- Somewhat excessively drained. Water is removed 
from the soil rapidly.
Root distribution- Few roots observed in the first 15 cm. in 
depth.

Study Pit 2.- Pit 2 was located 1800 m. north from 
the arbitrary NS division line and 80 m. east from the 
arbitrary EW division line.
Soil Profile (Sonora sandy loam, phase 2)
Ci 0 to 57 cm., brown (10 YR 5/3) to dark brown (10 YR 4/3, 

moist) strongly calcareous sandy loam; soft, very friable, 
slightly sticky, slightly plastic, massive structure; the 
lower boundary is 6.25 to 12.5 cm. in width with irregular 
pockets deeper than their width.

Cg 57 to 66 cm., light brown gray (10 YR 6/2) to dark brown 
(10 YR 4/3, moist) strongly calcareous silt loam; soft, 
very friable, slightly sticky, plastic, fine weak platy 
structure. The lower boundary is 2.50 to 6.25 cm. in 
width with irregular pockets deeper than their width.
66 to 93 cm., brown (10 YR 5/3) to dark brown (10 YR 3/3> 
moist) strongly calcareous silt loam; slightly hard, fri
able, sticky, plastic. It has a medium moderate subangu- 
lar blocky breaking to massive fine platy structure. The 
lower boundary is less than 2.5 cm. wide with irregular 
pockets deeper than their width.

C4X 93 to 107 cm., light brown gray (10 YR 6/2) to dark gray 
brown (10 YR 4/2, moist) strongly calcareous sandy loam;
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soft, very friable, slightly sticky, slightly plastic, 
massive structure. The lower boundary is 2.5 to 6.25 
cm. in width. The layer is discontinuous and inter- 
stratified with the C^Y layer.

C^Y 93 to 10? cm., light brown gray (10 YR 6/2) to dark brown 
(10 YR 4/3, moist) strongly calcareous silt loam; very 
friable, slightly sticky, slightly plastic, weak medium 
subangular blocky structure. The lower boundary is 2.5 
to 6.25 cm. in width. The layer is discontinuous and 
interstratified with the C^X layer.

Ct; 107 to 155 cm., light brown gray (10 YR 6/2) to dark 
gray brown (10 YR 4/2, moist) slightly calcareous sand; 
loose, nonsticky, nonplastic.

Bucket auger hole- Sand with interstratified layers of silt 
and many roots were observed to a depth of approximately 2.50 
m. from the soil surface.
Permeability- Rapid rate of infiltration.
Drainage- Somewhat excessively drained. Water is removed from 
the soil rapidly.
Root distribution- Abundant roots go very deep.

Study Pit 3.- Pit 3 was located 2215 m. north from 
the arbitrary NS division line and 1050 m. east from the 
arbitrary EW division line.
Soil Profile (Alamos silt loam, phase 3)

0 to 57 cm., light brown gray (10 YR 6/2) to dark brown



(10 YR 4/3> moist) strongly calcareous silt loam; soft, 
very friable, slightly sticky, slightly plastic, very 
weak fine subangular blocky structure. The lower bound
ary is 2.5 to 6.25 cm. in width with pockets wider than 
their depth.

Cg 57 to 65 cm., brown (10 YR 5/3) to dark brown (10 YR 4/3, 
moist) strongly calcareous silt; soft, very friable, 
slightly sticky, slightly plastic, very weak fine suban- 
gular blocky structure. The lower boundary is 2.5 to 6.25 
cm. in width with pockets wider than their depth.

C 65 to 71 cm., gray brown (10 YR 5/2) to dark brown (10 YR 
4/3, moist) strongly calcareous sandy loam; loose, very 
friable, slightly sticky, slightly plastic, massive struc
ture. The lower boundary is 6.25 to 12.5 cm. in width 
with irregular pockets deeper than their width.

C 71 to 94 cm., brown (10 YR 5/3) to dark brown (10 YR 4/3,4
moist) strongly calcareous silt loam; soft, friable, 
slightly sticky, slightly plastic, weak fine subangular 
blocky structure. The lower boundary is 2.5 to 6.25 cm. 
in width with pockets wider than their depth.
94 to 150 cm., light brown gray (10 YR 6/2) to dark brown 
(10 YR 4/3, moist) strongly calcareous sandy loam; soft, 
very friable, slightly sticky, slightly plastic, massive 
structurei

Bucket auger hole- Fine sand was found at the top 20 cm. and
then silty materials predominate all the way down (few



scattered clay nodules or very fine silt lenses were found 
throughout the entire depth examined).
Permeability- Rapid rate of infiltration.
Drainage- Rapid. The layers somewhat restrict the movement 
of water through the soil as compared to very rapid drainage. 
Root distribution- Few roots in the top 60 cm.

Study Pit 4.- Pit 4 was located 560 m. north from 
the arbitrary NS division line and ?60 m. west from the 
arbitrary EW division line.
Soil Profile (Sonora fine sandy loam, phase 2)

0 to 34 cm., gray brown (10 YR 5/2) to dark brown (10 
YR 4/3> moist) strongly calcareous fine sandy loam; 
slightly hard, very friable, slightly sticky, slightly 
plastic, very weak medium subangular blocky structure.
The lower boundary is 2.5 to 6.25 cm. in width.

CgX 34 to 67 cm., gray brown (10 YR 5/2) to dark brown (10 
YR 4/3) moist) slightly calcareous silt loam; slightly 
hard, very friable, slightly sticky, slightly plastic, 
weak fine platy structure. The lower boundary is 2.5 
to 6.25 cm. in width with irregular pockets deeper than 
their width. This layer is interstratified with the 
CgY layer.

C2Y 34 to 67 cm., gray brown (10 YR 5/2) to dark brown (10
YR 4/3) moist) strongly calcareous sandy clay loam; slight
ly hard, very friable, slightly sticky, slightly plastic, 
weak fine platy structure. The lower boundary is 2.5 to
6.25 cm. in width with irregular pockets deeper than their



width. This layer is interstratified with the C2X 
layer.
67 to 160 cm., gray brown (10 YR 5/2) to dark brown 
(10 YR 4/3> moist) slightly calcareous loamy sand; 
loose, very friable, slightly sticky, slightly 
plastic, massive structure.

Bucket auger hole- With depth, the soil material becomes 
coarser. Very thin silt layers are interstratified with 
the coarse sand and gravel layers.
Permeability- Very rapid rate of infiltration.
Drainage- Somewhat excessively drained. Water is removed 
from the soil rapidly.
Root distribution- Few roots were observed in the first 30 
cm. in depth of surface layer.

Study Pit 5.- Pit 5 was located 1020 m. north from 
the arbitrary NS division line and 1270 m. east from the 
arbitrary EW division line.
Soil Profile (Charro silty clay, phase 4)
C]_ 0 to 36 cm., gray brown (10 YR 5/2) to brown to dark

brown (10 YR 4/3, moist) strongly calcareous silty clay; 
slightly hard, friable, sticky, plastic, moderate medium 
subangular blocky structure. The lower boundary is
6.25 to 12.50 cm. in width with irregular pockets 
deeper than their width.

Cg 36 to 60 cm., brown (10 YR 5/3) to brown to dark brown
(10 YR 4/3, moist) strongly calcareous silty clay; slightly
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hard, friable, sticky, plastic, moderate medium suban- 
gular blocky structure. The lower boundary is 6.25 to 
12.50 cm. in width with pockets wider than their depth.
Cy 60 to 77 cm., light brown gray (10 YR 6/2) to brown 

to dark brown (10 YR 4/3, moist) strongly calcareous 
silty clay loam; slightly hard, friable, sticky, 
plastic, moderate medium subangular blocky structure. 
The lower boundary is 2.5 to 6.25 cm. in width with 
pockets wider than their depth.
77 to 158 cm., brown (10 YR 5/3) to dark brown (10 YR 
4/3, moist) strongly calcareous silty clay; soft, very 
friable, slightly sticky, slightly plastic, weak fine 
subangular blocky structure. The lower boundary is
6.25 to 12.5 cm. in width. The layer is discontinuous. 

Cjj 156 to 170 cm., light brown gray (10 YR 6/2) to dark
brown (10 YR 4/3, moist) strongly calcareous silty clay 
loam; soft, very friable, sticky, plastic, weak fine 
subangular blocky structure.

Bucket auger hole- Same texture as for the layer to a 
depth of 2.60 m. from the soil surface. Below that level, 
fine sand was present to a depth of 3.20 m.
Permeability- Moderate rate of infiltration.
Drainage- Moderately well drained. Water is removed from 
the soil at a somewhat slow rate.
Root distribution- Few scattered roots were observed from 
the surface to a depth of approximately 1.50 m.
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Study Pit 6.- Pit 6 was located 390 m. south

from the arbitrary NS division line and 660 m. west from
the arbitrary ET.7 division line.
Soil Profile (Alamos loam, phase 2)
Cjl 0 to 60 cm., brown (10 YR 5/3) to dark brown (10 YR 

4/3, moist) strongly calcareous loam; hard, very 
friable, slightly sticky, slightly plastic, weak fine 
subangular blocky structure. The lower boundary is
6.25 to 12.50 cm. in width.

CgX 60 to 115 cm., light brown gray (10 YR 6/2) to dark
brown (10 YR 4/3, moist) strongly calcareous loamy sand; 
loose, nonsticky, nonplastic, massive structure. The 
lower boundary is 2.5 to 6.25 cm. in width. The layer 
is discontinuous and interstratified with the C^Y layer.

CgY 60 to 115 cm., light brown gray (10 YR 6/2) to dark
brown (10 YR 4/3, moist) strongly calcareous silt loam; 
soft, very friable, slightly sticky, slightly plastic, 
weak fine subangular blocky structure. The lower 
boundary is 2.5 to 6.25 cm. in width. The layer is 
discontinuous and interstratified with the C2X layer.
115 to 160 cm., light gray (10 YR y/l) to dark gray 
brown (10 YR 4/2, moist) noneffervescent sand; loose, 
nonsticky, nonplastic, single grain structure.

Bucket auger hole- Coarse sand was found to a depth of 2.40 m.
Permeability- Rapid rate of infiltration.
Drainage- Well drained. Water is removed from the soil readily
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but not rapidly.
Root distribution- Few scattered roots were observed to a 
depth of 1.10 m.

Study Pit 7.- Pit 7 was located 490 m. north from 
the arbitrary NS division line and 310 m. east from the 
arbitrary EW division line.
Soil Profile (Charro silty clay, phase 3)

0 to 26 cm., brown (10 YR 5/3) to dark brown (10 YR 4/3, 
moist) strongly calcareous silty clay; slightly hard, 
friable, very sticky, very plastic, moderate medium 
subangular blocky structure. The lower boundary is 
less than 2.5 cm. in width with pockets wider than their 
depth.

0^ 26 to 61 cm., gray brown (10 YR 5/2) to dark yellowish
brown (10 YR 3/4, moist) strongly calcareous clay; hard 
firm, very sticky, very plastic, strong medium subangular 
blocky structure. The lower boundary is 6.25 to 12.5 cm. 
in width.
61 to 102 cm., light brown gray (10 YR 6/2) to dark 
yellowish brown (10 YR 4/4, moist) strongly calcareous 
stratified silt; soft, very friable, slightly sticky, 
slightly plastic, weak medium subangular blocky structure. 
The lower boundary is 2.5 to 6.25 cm. in width with 
irregular pockets deeper than their width.
102 to 109 cm., gray brown (10 YR 5/2) to dark yellowish 
brown (10 YR 3/4, moist) strongly calcareous silty 
clay; soft, very friable, sticky, plastic, weak medium
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subangular blocky structure. The lower boundary is 
2.5 to 6.25 cm. in width with irregular pockets deeper 
than their width.

Cjj 109 to 134 cm., gray brown (10 YR 5/2) to dark yellowish 
brown (10 YR 3/4, moist) strongly calcareous silt; soft, 
very friable, slightly sticky, slightly plastic, weak 
medium subangular blocky structure. The lower boundary 
is 2.5 to 6.25 cm. in width. The layer is often discon
tinuous.
134 to 160 cm., light brown gray (10 YR 6/2) to dark 
yellowish brown (10 YR 3/4, moist) slightly calcareous 
very fine sandy loam; loose, slightly sticky, slightly 
plastic, massive structure.

Bucket auger hole- At least six different-textured layers 
were found to a depth of 2.80 m. These layers occurred in 
the following order: silt, sand, fine sand, sandy clay, 
silty clay, and clay.
Permeability- Moderate rate of infiltration.
Drainage- Moderately well drained. Water is removed from 
the soil somewhat slowly.
Root distribution- Few scattered roots may be seen at great 
depths.

Study Pit 8.- Pit 8 was located 100 m. south from 
the arbitrary NS division line and 760 m. east from the 
arbitrary EW division line.
Soil Profile (Charro silty clay, phase 4)
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0 to 86 cm., light brown gray (10 YR 6/2) to dark 
yellowish brown (10 YR 3/4, moist) strongly calcareous 
silty clay; hard, friable, sticky, plastic, moderate 
medium subangular blocky structure. The lower boundary 
is 2.5 to 6.25 cm. in width.

Cg 86 to 122 cm., light brown gray (10 YR 6/2) to dark
yellowish brown (10 YR 3/4, moist) strongly calcareous 
silty clay; slightly hard, friable, sticky, plastic, 
weak fine subangular blocky structure. The lower 
boundary is 2.5 to 6.25 cm. in width with pockets wider 
than their depth.

C3 122 to 160 cm., light brown gray (10 YR 6/2) to dark 
yellowish brown (10 YR 3/4, moist) strongly calcareous 
silt loam; slightly hard, very friable, slightly sticky, 
slightly plastic, moderate medium subangular blocky 
breaking to fine platy structure.

Bucket auger hole- Same texture as the layer to a depth 
of 2.60 m. At greater depths, fine sand layers were present. 
Permeability- Moderate rate of infiltration.
Drainage- Moderately well drained. Water is removed from 
the soil readily but not rapidly.
Root distribution- Few roots were observed to a depth of 
110 cm.

Study Pit 9.- Pit 9 was located 1080 m. south from 
the arbitrary NS division line and 1350 m. east from the ar
bitrary EW division line.
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Soil Profile (Charro clay, phase 3)
Ci 0 to 34 cm., light brown gray, (10 YR 6/2) to dark

yellowish brown (10 YR 3/4, moist) strongly calcareous 
clay; hard, firm, very sticky, very plastic, moderate 
medium subangular blocky structure. The lower boundary 
is 6.25 to 12.50 cm. in width with pockets wider than 
their depth.

Cp 34 to 103 cm., brown (10 YR 5/3) to dark yellowish 
brown (10 YR 3/4, moist) strongly calcareous silty 
clay; slightly hard, very friable, sticky, plastic, 
weak fine subangular blocky structure. The lower 
boundary is 2.5 to 6.25 cm. in width. The layer is 
discontinuous within the study pit.
103 to 150 cm., brown (10 YR 5/3) to dark yellowish brown 
(10 YR 4/4, moist) strongly calcareous fine sandy loam; 
soft, very friable, slightly sticky, slightly plastic, very 
fine weak subangular blocky structure.

Bucket auger hole- Silty clay layers predominated to a depth 
of 2.BO m. Four interstratified layers of sand and of silt 
were also observed in this layer.
Permeability- Moderate rate of infiltration.
Drainage- Moderately well drained. Water is removed from the 
soil somewhat slowly.
Root distribution- Abundant roots were observed throughout 
the entire profile.

Study Pit 10.- Pit 10 was located 1210 m. south 
from the arbitrary NS division line and 350 m. east from 
the arbitrary EW division line.



97

Soil Profile (Charro silty clay, phase 4)
0 to 74 cm., brown (10 YR 5/3) to dark yellowish brown 
(lO YR 3/4, moist) strongly calcareous silty clay; 
slightly hard, friable, sticky, plastic, weak medium 
subangular blocky structure. The lower boundary is 
2.5 to 6.25 cm. in width.
74 to 97 cm., light brown gray (10 YR 6/2) to dark 
yellowish brown (10 YR 3/4, moist) strongly calcareous 
silty clay; soft, very friable, slightly sticky, 
plastic, weak coarse platy structure. The lower boundary 
is 2.5 to 6.25 cm. in width with irregular pockets deeper 
than their width.
97 to 106 cm., brown (10 YR 5/3) to dark yellowish 
brown (10 YR 3/4, moist) strongly calcareous silty 
clay; soft, very friable, sticky, plastic, moderate 
fine subangular blocky structure. The lower boundary 
is 2.5 to 6.25 cm. in width with pockets wider than 
their depth.

C 106 to 121 cm., pale brown (10 YR 6/3) to brown to dark 4
brown (10 YR 4/3, moist) strongly calcareous silty clay; 
soft, very friable, slightly sticky, slightly plastic, 
weak coarse platy structure. The lower boundary is 2.5 
to 6.25 cm. in width, with pockets wider than their depth.

C(j 121 to 145 cm., brown (10 YR 5/3) to brown to dark brown
(10 YR 4/3, moist) strongly calcareous silty clay; slight
ly hard, friable, sticky, plastic, weak fine subangular 
blocky structure. The lower boundary is less than 2.5 cm.
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in width with pockets wider than their depth.
C5 145 to 150 cm., brown (10 YR 5/3) to dark yellowish 

brown (10 YR 3/4, moist) strongly calcareous clay; 
slightly hard, friable, very sticky, plastic, 
moderate medium subangular blocky structure.

Bucket auger hole- A silty clay texture was found at a 
depth of 1.50 m. to 2.30 m. A fine sand texture was found 
at a depth of 2.30 m. to 2.70 m.
Permeability- Moderately rapid rate of infiltration.
Drainage- Well drained. Water is removed from the soil 
readily but not rapidly.
Root distribution- Few roots were seen in the top 80 cm.

Study Pit 11.- Pit 11 was located 2360 m. south 
from the arbitrary NS division line and 300 m. west from 
the arbitrary EW division line.
Soil Profile (Charro silty clay, phase 3)
0^ 0 to 109 cm., brown (10 YR 5/3) to dark yellowish

brown (10 YR 3/4, moist) strongly calcareous silty 
clay; slightly hard, friable, sticky, plastic, weak 
fine subangular blocky structure. The lower boundary 
is 6.25 to 12.5 cm. in width with irregular pockets 
deeper than their width.

Cg 109 to 150 cm., brown (10 YR 5/3) to dark yellowish
brown (10 YR 3/4, moist) strongly calcareous very fine 
sandy loam; soft, very friable, slightly sticky, slightly 
plastic, very weak fine subangular blocky structure. 

Bucket auger hole- Mostly silt material layers with scattered
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lenses of clay or very fine silt were found to a depth of
2.80 m.
Permeability- Moderately rapid rate of infiltration.
Drainage- Moderately well drained. Water is removed from the 
soil at a slow rate.
Root distribution- Roots were plentiful throughout the study 
pit.

Study Pit 12.- Pit 12 was located 2170 m. south from 
the arbitrary NS division line and 690 m. east from the ar
bitrary EW division line.

0 to 53 cm., gray brown (10 YR 5/2) to dark yellowish brown 
(10 YR 3/4, moist) strongly calcareous silty clay; hard, 
friable, very sticky, plastic, moderate medium subangular 
blocky structure. The lower boundary is 6.25 to 12.5 cm. 
in width.

Cg 53 to 8l cm., light brown gray (10 YR 6/2) to dark brown 
(10 YR 3/3, moist) strongly calcareous silty clay; hard, 
very friable, very sticky, very plastic, weak fine sub- 
angular blocky structure. The lower boundary is 2.50 
to 6.25 cm. in width with pockets wider than their depth.

Cy 81 to 150 cm., light brown gray (10 YR 6/2) to dark yel
lowish brown (10 YR 3/4, moist) strongly calcareous fine 
sandy loam; soft, very friable, slightly sticky, slightly 
plastic, very weak fine subangular blocky structure.

Bucket auger hole- Silty clay and sandy clay loam layers were 
interstratified in the sand layers at 1.50, 2.30, and 2.50 m.
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depths.
Permeability- Mo'derate rate of infiltration.
Drainage- Moderately well drained. Water is removed from 
the soil somewhat slowly.
Root distribution- Abundant roots were found to a depth of 
1.70 m.
II- Soil Survey Manual Terminology for Describing Soil 

Profiles (13)
Depth to Each Layer.- The depth to each layer was 

measured from the very top of the soil surface after discard
ing any cover of organic residue or any other substance or 
material unknown to the study down to the middle of the upper 
boundary of the layer.

Boundaries.- Horizon boundaries vary (1) in distinct
ness and (2) in surface topography. The distinction of the 
horizons or layers to the observer depends partly upon the 
contrast between them and partly upon the width of the 
boundary itself or the amount of the profile and the transition 
between one horizon and the next. The characteristic width 
of boundaries between soil horizons or layers may be described 
as (1) abrupt, if less than 2.5 cm. wide; (2) clear, if 
about 2.5 to 6.25 cm. wide; (3) gradual, if 6.25 to 12.5 cm. 
wide; and (4) diffuse, if more than 12.5 cm. wide. Horizon 
or layer boundaries according to surface topography may be 
described as (1) smooth, if nearly a plane; (2) wavy or undu
lating, if pockets are wider than their depth; (3) irregular,
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if irregular pockets are deeper than their width; and (4) 
broken, if parts of the horizon are unconnected with other 
parts.

Texture.- Verbal definitions of the soil texture 
and classes defined according to size distribution of miner
al particles less than 2 mm. in diameter, are as follows:
Sand: Soil material that contains 85 percent or more of
sand; percentage of silt, plus 1 l/2 times the percentage 
of clay, shall not exceed 15.
Coarse sand: Twenty-five percent or more very coarse and
coarse sand, and less than 50 percent any other grade of 
sand.
Sand: Twenty-five percent or more very coarse, coarse, and
medium sand, and less than 50 percent fine or very fine sand. 
Fine sand: Fifty percent or more fine sand or less than
25 percent very coarse, coarse, and medium sand, and less 
than 50 percent very fine sand.
Very fine sand: Fifty percent or more very fine sand.
Loamy sand: Soil material that contains at the upper limit 
85 to 90 percent sand, and the percentage of silt plus 
ll/2 times the percentage of clay is not less than 15; at 
the lower limit it contains not less than 70 to 85 percent 
sand, and the percentage of silt plus twice the percentage 
of clay does not exceed 30.
Loamy coarse sand: Twenty-five percent or more very coarse 
and coarse sand, and less than 50 percent any other one grade
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of sand.
Loamy sand: Twenty-five percent or more very coarse, coarse, 
and medium sand, and less than 50 percent fine or very fine 
sand.
Loamy fine sand: Fifty percent or more fine sand or less 
than 25 percent very coarse, coarse, and medium sand, and 
less than 50 percent very fine sand.
Loamy very fine sand: Fifty percent or more very fine sand. 
Sandy loam: Soil material that contains either 20 percent 
clay or less, and the percentage of silt plus twice the per
centage of clay exceeds 30, and 52 percent or more sand; or 
less than 7 percent clay, less than 50 percent silt and be
tween 43 percent and 52 percent sand.
Coarse sandy loam: Twenty-five percent or more very coarse 
and coarse sand, and less than 50 percent any other one grade 
of sand.
Sandy loam: Thirty percent or more very coarse, coarse, end 
medium sand, but less than 25 percent very coarse sand, and 
less than 30 percent very fine or fine sand.
Fine sandy loam: Thirty percent or more fine sand, and less 
than 30 percent very fine sand or between 15 and 30 percent 
very coarse, coarse, and medium sand.
Very fine sandy loam: Thirty percent or more very fine sand 
or more than 40 percent fine and very fine sand, at least 
half of which is very fine sand, and less than 15 percent 
very coarse, coarse, and medium sand.
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Loam: Soil material that contains 7 to 27 percent clay,
27 to 50 percent silt, and less than 52 percent sand.
Silt loam: Soil material that contains 50 percent or more 
silt and 12 to 27 percent clay or 50 to 80 percent silt and 
less than 12 percent clay.
Silt: Soil material that contains 80 percent or more silt,
and less than 12 percent clay.
Sandy clay loam: Soil material that contains 20 to 35 percent
clay, less than 28 percent silt, and 45 percent or more 
sand.
Clay loam: Soil material that contains 27 to 40 percent
clay, and 20 to 45 percent sand.
Silty clay loam: Soil material that contains 27 to 40 percent
clay, and 20 to 45 percent sand.
Silty clay loam: Soil material that contains 27 to 40 percent
clay, and less than 20 percent sand.
Sandy clay: Soil material that contains 35 percent or more
clay, and 45 percent or more sand.
Silty clay: Soil material that contains 40 percent or more
clay, and 40 percent or more silt.
Clay: Soil material that contains 40 percent or more clay,
less than 45 percent sand, and less than 40 percent silt.

Color.- The color names and mathematical (Minsell) 
notations are taken from the standard color charts. If the 
soil is streaked or mottled with contrasting colors or if 
the outsides of aggregates are unlike the interiors, the

. . - r .
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principal colors are noted separately. Any relevant notes 
on moisture conditions may be added. Colors of moist soils 
are usually given in soil descriptions.

Structure.- There are four primary types of 
structure: (1) platy, with particles arranged around a plane, 
generally horizontal; (2) prismlike, with particles arranged 
around a vertical line and bounded by relatively flat vertical 
surfaces which are casts of the molds formed by the faces of 
surrounding peds; (3) blocklike or polyhedral, with particles 
arranged around a point and bounded by flat or rounded surfaces 
which are casts of the molds formed by the faces of surround
ing peds; and (4) spheroidal or polyhedral, with particles 
arranged around a point and bounded by curved or very irregular 
surfaces that are not accommodated to the adjoining aggregates. 
Under prismlike, the subtypes are prismatic, without rounded 
upper ends, and columnar with rounded upper ends, and columnar 
with rounded caps. The subtypes of blocklike are angular 
blocky bounded by planes intersecting at relatively sharp 
angles, and subangular blocky, having mixed rounded and plane 
faces with vertices mostly rounded.
Classes of Soil Structure:

Class Platy
Very fine or 

very thin
Fine .or thin

Very thin platy;
1 mm.

Thin platy 1 to
2 mm.

Subangular Blocky
Very fine subangular 

blocky; 5 mm.
Very fine subangular 
blocky; $ to 10 mm.
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Classes of Soil Structure (continued):

Class Platy Subangular Blocky
Medium subangular 
10 to 20 mm.

Medium Medium platy; 
2 to 5 mm.

Coarse or 
thick

Thick platy; 
5 to 10 mm.

Coarse subangular 
blocky; 20 to 50 mm.

Very coarse 
or very thick

Very thick 
platy; 10 mm.

Very coarse subangular 
blocky; 50 mm.

Terms for grade of structure are as follows:
0. Structureless; that condition in which there is no observ 
able aggregation or no definite orderly arrangement of nat
ural lines of weakness. Massive if coherent; single grain if 
noncoherent.
1. Weak; that degree of aggregation characterized by poorly 
formed indistinct peds that are barely observable in place. 
When disturbed, soil material that has this grade of struc
ture breaks into a mixture of few entire peds, many broken 
peds, and much unaggregated material. If necessary for com
parison, this grade may be subdivided into very weak and 
moderately weak.
2. Moderate; that grade of structure characterized by well 
formed distinct peds that are moderately durable and evident 
but not distinct in undisturbed soil. Soil material of this 
grade, when disturbed, breaks down into a mixture of many 
distinct entire peds, some broken peds, and little unaggre
gated material.
3. Strong; that grade of structure characterized by durable



106
peds that are quite evident in undisplaced soil, that adhere 
weakly to one another, and that withstand displacement and 
become separated when the soil is disturbed. When removed 
from the profile, soil material of this grade of structure 
consists very largely of entire peds and includes few bro
ken peds and little or no unaggregated material. If nec
essary for comparison this grade may be subdivided into mod
erately strong and very strong.

Consistence.- The terms used in soil description 
for consistence follow:
Consistence when wet; this is determined at or slightly 
above field capacity.
(a)- Stickiness; stickiness is the quality of adhesion to 
other objects. For field evaluation of stickiness, soil ma
terial is pressed between thumb and finger and its adherence 
noted. Degrees of stickiness are described as follows:
0. Nonsticky: after release of pressure, practically no 
soil material adheres to thumb or forefinger.
1. Slightly sticky: after pressure, soil material adheres 
to both thumb and finger but comes off one or the other 
rather cleanly. It is not appreciably stretched when the 
digits are separated.
2. Sticky: after pressure, soil material adheres to both 
thumb and finger and tends to stretch somewhat and pull 
apart rather than pulling free from either digit.
3. Very sticky: after pressure, soil material adheres
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strongly to both thumb and forefinger and is decidedly 
stretched when they are separated.
(b)- Plasticity; plasticity is the ability to change shape 
continuously under the influence of an applied stress and 
to retain the impressed shape on removal of the stress.
For field determination of plasticity roll the soil mate
rial between thumb and finger and observe whether or not 
a wire or thin rod of soil can be formed. Express degree 
of resistance to deformation at or slightly above field 
capacity as follows:
0. Nonplastic: no wire is formable.
1. Slightly plastic: wire formable but soil mass easily 
deformable.
2. Plastic: wire formable, and moderate pressure required 
for deformation of the soil mass.
3. Very plastic: wire formable, and much pressure required 
for deformation of the soil mass.
Consistence when moist; the consistence when moist is deter
mined at a moisture content approximately midway between air 
dry and field capacity. At this moisture content most soil 
materials exhibit a form of consistence characterized by 
(a) tendency to break into smaller masses rather than into 
powder, (b) some deformation prior to rupture, (c) absence 
of brittleness, and (d) ability of the material after dis
turbance to cohere again when pressed together. The re
sistance decreases with moisture content, and accuracy of
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field descriptions of this consistence is limited by the ac
curacy of estimating moisture content. To evaluate this con
sistence select and attempt to crush in the hand a mass that 
appears slightly moist.
0. Loose: noncoherent.
1. Very friable: soil material crushes under very gentle 
pressure but coheres when pressed together.
2. ' Friable: soil material crushes easily under gentle to 
moderate pressure between thumb and forefinger, and coheres 
when pressed together.
3• Firm: soil material crushes under moderate pressure 
between thumb and forefinger, but resistance is distinctly 
noticeable.
4. Very firm: soil material crushes under strong pressure; 
barely crushable between thumb and forefinger.
5. Extremely firm: soil material crushes only under very 
strong pressure; cannot be crushed between thumb and forefin
ger and must be broken apart bit by bit.
Consistence when dry; the consistence of soil materials when 
dry is characterized by rigidity, brittleness, maximum resist
ance to pressure, more or less tendency to crush to a powder 
or to fragments with rather sharp edges, and inability of 
crushed material to cohere again when pressed together. To 
evaluate select any air dry mass and break in the hand.
0. Loose: noncoherent.
1. Soft: soil mass is very weakly coherent and fragile; breaks 
to powder or individual grains under very slight pressure.
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2. Slightly hard: weakly resistant to pressure; easily 
broken between thumb and forefinger.
3. Hard: moderately resistant to pressure; can be broken 
in the hands without difficulty but is barely breakable 
between thumb and forefinger.
4. Very hard: very resistant to pressure; can be broken in 
the hands only with difficulty; not breakable between thumb 
and forefinger.
5. Extremely hard: extremely resistant to pressure; cannot 
be broken in the hands.

Soil Reaction.- The presence of free carbonates in 
the soil and parent material may be tested for with 10 per
cent hydrochloric acid solution. In testing very dry soils, 
the emission of air bubbles should not be confused with 
slight effervescence. The reaction is indicated as slight, 
strong, or violent effervescence.

Permeability.- The rate of infiltration and the per
meability of the plow layer may fluctuate widely from time to 
time because of differences in soil management practices, 
kinds of crops, and similar factors.
Relative Classes of Soil Permeability:

Slow Possible Rate 
per

in Centimeters 
Hour

1. Very slow Less than 0.125
2. Slow 0.125 to 0.500

Moderate
3. Moderately slow 0.500 to 2.00
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Relative Classes of Soil Permeability (continued):

Moderate Possible Rate in Centimeters
per Hour

4. Moderate 2.000 to 6.250
5. Moderately rapid 6.250 to 7.500

Rapid
6. Rapid 7.500 to 25.000
7. Very rapid Over 25.000

Soil Drainage.- Five classes may be separated:
0. Very poorly drained: water is removed from the soil so 
slowly that the water table remains at or on the surface 
the greater part of the time. Soils of this drainage class 
usually occupy level or depressed sites and are frequently 
ponded.
1. Poorly drained: water is removed so slowly that the soil 
remains wet for a large part of the time. The water table is 
usually at or near the surface during a considerable part of 
the year. Poorly drained conditions are due to a high water 
table, to a slowly permeable layer within the profile, to 
seepage, or to some combination of these conditions.
2. Imperfectly or somewhat poorly drained: water is removed 
from the soil slowly enough to keep it wet for significant 
periods but not all of the time. Imperfectly drained soils 
commonly have a slowly permeable layer within the profile,
a high water table, additions through seepage, or combination 
of these conditions.
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3. Moderately well-drained: water is removed from the soil 
somewhat slowly, so that the profile is wet for a small but 
significant part of the time. Moderately well-drained soils 
commonly have a slowly permeable layer within or immediately 
beneath the solum, a relatively high water table, additions 
of water through seepage, or some combination of these con
ditions.
4. Well-drained: water is removed from the soil readily
but not rapidly. Well-drained soils are commonly intermediate 
in texture, although soils of other textural classes may 
also be well drained.
5. Somewhat excessively drained: water is removed from 
the soil rapidly. Some of the soils are lithosolic. Many 
of them have'little horizon differentiation and are sandy 
and very porous.
6. Excessively drained: water is removed from the soil very 
rapidly. Excessively drained soils are commonly lithosolic 
or lithosols and may be steep, very porous, or both. Shallow 
soils on slopes may be excessively drained.

Moisture Condition at the Time of Inspection.- May 
be indicated as (1) wet, (2) moist, (3) moderately dry, and 
(4) dry.

Root Distribution.- Indicate depth of penetration as 
"deep" or to a certain depth of horizon; and abundance as 
"abundant," "plentiful," or "few."

Slope.- Approximate gradient of slope for example
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a soil having 45° inclination in relation to the hori
zontal will have a gradient of 100 percent.
Ill- Conversion Factors (18)

METRIC SYSTEM
Length

One centimeter
One meter
One kilometer

Area
One hectare
One square meter
One square kilometer

Volume
One cubic centimeter

Capacity
One liter

Mass
One metric ton
One kilogram

ENGLISH SYSTEM 
0.3937 inches 
3.28 feet
0.62137 miles (statute) 
2.471 acres 

1550.0 square inches 
O.386I square miles 
0.0610 cubic inches 
0.264 gallons (U. S.) 
1.1023 short tons 
2.2046 pounds (U. S.)




