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PHYSICAL LAND CONDITIONS
IN THE

FREDONIA SOIL CONSERVATION DISTRICT

By Milo S. James, R. D. Headley, H. V. Smith,
and W. G. Harper

FOREWORD

The cultivated lands in the Fredonia Soil Conservation Dis-
trict, although small in total aoreage (1,491 acres), are the
heart of extensive ranching areas surrounding them. Only contin-
ued production from these lands will assure a permanent and pros-
perous community. For this reason the discussion in this bulle-
tin is confined principally to the cultivated lands and their
problems.

DESCRIPTION OF THE AREA

Location

The Fredonia Soil Conservation District is located on Kanab
and Johnson Creeks in north central Arizona. The town of
Fredonia, located in the west central portion of the district, is
about 4 miles south of the Utah- Arizona state line.

Early Settlers and Crops

The settlement at Fredonia followed by a few years that at
Kanab, Utah, a few miles to the north which attraoted permanent
residents in the early 1880's. Among the earlier settlers were
members of the Brown, Dodson, Foremaster, Haycock, Jensen,
Johnson, Maringer, Pratt, and Hortt families.

Early day crops consisted chiefly of wheat and sweet
sorghums. The first crop of wheat was planted in 1885. At the
present time the crops being grown in the area consist primarily
of oats, barley, rye, and alfalfa. Alfalfa is grown both for hay
and seed.

Irrigation Water Supply

In the middle 1880's, following a great flood in Kanab Creek
whioh deeply entrenched the stream, a dam was constructed across
the channel just north of Fredonia to permit diversion of water
in the stream for irrigation. The dam was built of stone and is
still in use at the present time.

The supply of water in Kanab Creek for irrigation in the
Fredonia area is limited and varies greatly with the season. The
largest flow is during the winter months. During summer the flow
consists mostly of water seeping back into the channel from the
irrigated area near Kanab, Utah. Flood water during wet periods
adds to the supply. There are no storage reservoirs on Kanab
Creek, however, so most of the flood water is lost to irrigation
in the Fredonia area. Stabilizing the water supply by construc-
ting storage reservoirs in the valley above Fredonia does not ap-
pear practicable.
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The original water claim for irrigation in the Fredonia area
was divided into seven shares. These were later divided and re-
divided until now there are 336 shares outstanding. Operation of
the irrigation system is through an incorporated mutual associ-
ation known as the Consolidated Irrigation and Manufacturing
Company.

SOILS AND LAND CAPABILITY CLASSES

Soil material in the Fredonia Soil Conservation District
originated principally in the local sandstone and shale forma-
tions. The soils consist chiefly of sand, silt, and clay materi-
als washed from the higher formations to lower positions where
they have accumulated on gently sloping alluvial fans and in
stream valleys.

Ten soil types of five series, and five miscellaneous land
types were delineated in the district. These differ in texture
of the surface soil, nature of the subsoil, depth of soil, mode
of formation, and type of parent materials from which the soils
were derived. A brief description of each soil series and land

Table 1.- -Soil, slope, and erosion characterizing each land capa-
bility class

Soil : :SpecialsSoil Type
CULTIVATED LAND RANGE LAND

No. : :Factors: Class II Class III . Class IV t. Class VII Class VIII
* :Slope :Erosion:Slope: Erosion: Slope:°. reeicn : :5lope:Erosion :Slope:Eresion

308 : Redfield loam -
s

310 s Redfield fine sandy : -
: loam

504 Aanab silty clay loam s -
1004

. : W2

100I : Rena silty slay : W2

: W2A1

511 s Kanab fine sandy loam -

1011 s

'W3'11
f2

1113 : Sheppard fine sand -

r A s 1, 17 s 29 . 1

: A : 1

s : : A : 1

: : A : 1

A 1 s

: : A : 1

: . A : 1, 11,K:

: 17PK :

: : A : 1

211 s Redfield sandy loam., - .

light textured sub- .

soil phase

304 t Redfield cla7, loam

1411 : Moffat sandy loam

1708 : Purgatory loam -
908 é Steep hilly land, -

Shavenc soil material:
2200 : Rough broken land -

2300 : Rough stony land : -

1313 s Dunesand -

.

:sA, 28: 1, 17 s

: :3B,4C: 1 O :
:: 51 :17V, 28:

t:A,22,: 1, 17 :

.: 36

.: A :17, 17V:

.. : 15V :

.:

.: A . 1 .

.: A : 1 .

.: A : 1, 1PK:

.. :17PK,SL:

.: A : 1 .

.: A : 17 .

: A : SL,1PK::A,A1,:lYI:, PL:

. . :: 4C1 :18V, SL:

. ::22,4C: 1, 17 :

D :

. . ::A, 28: 1, 17V:

: 1 © :
::4C,5C: 17 t

:: 501 : 17 .

.: 2B : 1, 17
::4C, D: . .

: E : W
. .. . . .. . F!

. .. 321 ,. .

:: 4C :
100 s River.ash .. . A

Water table, salinity, over low. Refer to legend on p lanation.
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type is contained on page 17.*

The land in the Fredonia district has been placed in five
land capability classes to express important differences in con-
servation treatments needed, use -suitability of the land, crop
yields produced, and land management requirements. See Tables 1
and 2. Each land capability class is identified distinctly on
the map accompanying this bulletin.

Table 2.- -Acres of land in the various land capability classes in
the Fredonia Soil Conservation District by land use

Land Use
:soil:

Soil
LAND CAPABILITY CLASSF9

Type II III IV VII VIII
: Aerea t% (1) Acres :% (1): Acres :% (1): Aerea t% (2): Acres :% (-2)

Cropland t 308: Redfield loam t

s 310: Redfield fine sandy :

t 1 los,, t

88 / 6.9 s

t 10 t 0.67:

: t

.

1 504, Nanab silty play t .

t loam
t 511: %enab fine sandy s

: 824 t66.26í t

Per loam : s 143 : 9.59, s t t

Acres Cent :1001: Kemal; silty clay 395 :26.50: .

1491 6.48 :1113: Sheppard fine sand . s 31 : 2.08s
1

: : Total : 88 t 6.9 1 1,272 :98.02: 31 s 2.08: :

Rangeland s 100, Rivermash : 480 t 2.09
t 211: Redfield sandy loam t t t

. light textured 1

t subsoil phase : 180 s 0.78: t

: 304, Redfield play loam t 654 t 2.84: t

: 308: Redfield loam s : 6,525 :37.09: t

t 310, Redfield fine sandy : s : t

1 s loam 374 t 1.64: .

: 5041 Karat silty clay s t t :

Per
:1004: loam
: 511, Karat fine sandy

: : 3,196 :13.89: t

t

Acres Cent t s loam t s : 1,190 t 6.17, .

23,009 93.62 :1001: Karat silty clay t : 1 8 t 0.03: .

:1313: Duneeand : 1 709 1 3.08: :

11411, Moffat sandy loam : 1,105 s 4.80, t

117081 Purgatory loam : 290 t 1.26: .

:2200, Rough broken land 1 : 5,822 :25.30

123001 Rough stony land 476 t 2.07

. Total :16,231 170.54: 6,778 :29,46

(1) Per cent of cropland area. (2) Per cent of rangeland area.

Since irrigation is necessary for successful production of
cultivated crops in the Fredonia area, only those lands which are
being irrigated at present were considered as suitable for culti-
vation. The lands not under irrigation were classed as range
lands not suitable for cultivation. In the event additional
water supplies are developed or new lands are brought under irri-

*The field survey of the district was made under the direction of
the Soil Conservation Service with J. W. Clark as Party Chief.
Correlation of the soil series was by the Bureau of Plant Indus-
try, Soils and Agricultural Engineering, in co- operation with the
University of Arizona Agricultural Experiment Station.
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gation, the land capability classification should be re- examined
in light of the changed circumstances, and revised where neces-
sary.

GENERAL TREATMENTS FOR ALL LAND
IN CULTIVATI

Water Conservation

Water is a very important factor in the production of crops
in the Fredonia Soil Conservation District. Every effort should
be made to obtain the greatest benefit from the limited supply
available. All fields should be brought to the proper grade so

Table 3.-- Analyses of representative soils in the Fredonia Soil
Conservation District showing moisture equivalent, pH, total
soluble salts, organic matter, and lime (CaCO3)

Soil
Ro.

Soil Type Depth
(Inches)

Moist.
Equiv. Pß

7.55..5.
Matter

(%)

C3

211 Redfield sandy loam, light ten_ 0-3 7.2 8.1 200 0.86 0.98
tured subsoil phase 3.16 8.9 8.05 200 0.48 3.44

308 Redfield loam 0.10 22.9 7.85 820 1.00 20.6
10-18 23.5 7.85 1,026 0.82 18.58
18.27 21.0 8.8 9 ;000 0.66 8.44
27 -49 23.3 8.3 3 ;200 0.31 15.80
49 -72 23.6 7.8 1.800 0.27 16.92

504 Kanab silty play loam 0-1 23.8 8.1 370 1.10 14.8
1.24 23.3 0.1 680 0.79 13.8

2i-8 25.8 8.1 640 1.20 12.45
8-20 31.0 7.95 3,000 1.48 16.40

20.28 23.8 8.4 7,800 18.8
2648 4.7 8.7 1,900 1.17 3.49
4866 25.8
86-72 6.6 8.7 3`900 0.14 4.46

Kama) silty olay loam 0-6 27.5 8.06 620 1.55 13.2
6 -24 27.5 8.0 3,000 1.32 18.7
24.30 1,84 8.4 380 1.10 1.17

1004 Ranab silty clay loam 0-13 19.7 7.7 760 1:39 14.5
13-20 6.77 7.9 366 0.19 5.05
20-36 2.43 6.0 790 0:06 2.84
3848 23.5 7.75 1,850 0:76 14.6
48-72 29.5 8.0 500 0:02 2.22

1001 3anab silty clay 0-6 33.2 8.3 13,500 1.70 17.2
6-24 36.0 18 ¡000 0.77 14,36
24.60 4.83 8.2 1;850 0.10 2.75
60.72 30.0 7.86 2,600 - 18.4

1011 Raaab fine sandy loam 0-6 11.1 7.9 516 0.93 9.64
6-10 17.4 7.95 1.34 12.6
10-22 5.4 8.0 210 0.20 3.9
22.24 13.3 7.8 2,000 0.62 8.91
24-48 7.35 8.4 2,900 0.14 6.4E
48 -58 28.8 8,0 4,150 1.48 12.6
68 -72 7.1 8.0 1,050 0.27 3.86

1113 Sheppard fine sand 0-10 3.4 8.25 86 0.24 2.12
10-48 6.6 8.3 120 0.31 3.84
48-72 3.5 8.6 110 0.08 3.23

1411 Moffat sandy loam 0-27 6.2 7.8 220 0.24 0.30
27 -48 8.5 7.95 180 0.21 7,60
48-72 11.1 7.7 450 0.10 16.30

1708 Purgatory lom 0-10 29.8 7.8 935 0.39 1.63
10-40 22.7 7.7 1,876 0.19 4.8

40-54 22.6 7.7 4,750 0.17 11.4
54-72 22.8 7.7 5,500 0.22 10.3

Analyses by H. V. Smith, Arizona Agricultural Experiment Station, 3/44.
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water can be spread evenly and efficiently. Ditches in areas of
sandy soils should be lined with concrete or other suitable
material to reduce seepage. Technical assistance for these and
other water conservation practices is available upon request to
the Board of Supervisors of the Fredonia Soil Conservation Dis-
trict at Fredonia.

Organic Matter

The soils in the Fredonia Soil Conservation District are not
abundantly supplied with organic matter or humus (see Table 3).
In this particular area experience has shown that soils contain-
ing more than 1 per cent of organic matter generally are more
fertile, have better tilth, and have a greater water- holding ca-
pacity than those containing less than 1 percent.

The organic content of the soils in the Fredonia district
may be increased either by applying barnyard manure to the land
or by turning under crop residues and green manure. Since barn-
yard manure is scarce in the area it is necessary to depend
largely on the plowing under of grain stubble, straw, or green
plants to restore organic matter to the soil. The application of
about 100 pounds of ammonium sulfate per acre with the dry or
strawy material at the time it is plowed under will help to avoid
any set -back the following crop might experience if planted be-
fore the organic material has completely decomposed.

Fertilizers

After several years in cultivation even some of the better
lands in the Fredonia area fail to yield as well as formerly.
This is usually due to a lack of one or more essential plant food
elements in the soil. The use of commercial fertilizers with or-
ganic matter often results in increased yields in these cases.
Before commercial fertilizers are applied on a large scale they
should be tried first on small test plots in the field. Differ-
ent kinds and amounts of fertilizers should be tried. Assistance
in starting the trials may be secured from the County Agricultur-
al Agent or from the Soil Conservation District Supervisors. The
results of these trials will help the farmer to determine the
kind and amount of fertilizer best suited to his land. Fertiliz-
ers should not be used with the expectation of overcoming the ef-
fects of alkali, salt, high water table, or improper farming
methods.

The growing season at Fredonia is moderately short, averag-
ing only about 140 days in length. If an abundance of nitrogen
is present in the soil early in the season the crop is more like-
ly to get a quick start and to mature before frost. The presence
of adequate amounts of phosphate in the soil will hasten the ma-
turity of small grains by a week or ten days, and other crops
will be benefited accordingly.

The use of commercial fertilizers containing high percent-
ages of nitrogen or phosphorus is encouraged since the transpor-
tation charges per unit of plant food on the low analysis varie-
ties is likely to be excessive.

All soils in the Fredonia area are high in lime. The anal-
yses of several of these are given in Table 3. It is unlikely
that the addition of more lime to the soil would prove beneficial.
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Weeds

Wild morning glory or bindweed is a serious plant pest on
most of the irrigated lands in the Fredonia Soil Conservation
District. The control of bindweed and other weeds is generally
accomplished most effectively through the selection of proper
crop rotations and through cultivation. In emergency situations,
the use of chemical sprays is often a valuable aid. The chemical
commercially known as 2,4 -D (2,4- Dichlorophenoxyacetic acid and
its derivatives) is the most practical weed killer for most
broad -leaf weeds, including bindweed, when used in the proper
proportions. For the control of bindweed the application of
2,4 -D at the rate of 1 -1/2 pounds per acre is generally effec-
tive. Care should be exercised to prevent the spray from drift-
ing as it is being applied. Alfalfa is particularly susceptible
to damage by 2,4 -D and can be affected a considerable distance
away from the point of application. The County Agricultural
Agent at Flagstaff can provide information on the latest and most
effective methods for controlling weeds both by cultural methods
and by the use of chemical sprays. The control of weeds, if it
is to be most effective, should be worked out on a district basis.

SPECIFIC TREAT1ENTS ACCORDING
TO LAND CAPABILITY CLASS

Lands Suitable for Cultivation

No Class jb and in Fredonia District: Class I irrigated
land has few or no limitations and can be cultivated regularly
and safely with ordinary good farming methods. All of the irri-
gated land in the Fredonia Soil Conservation District requires
special and careful management to prevent crop damage from a high
water table and salt accumulations; and in order that effective
use may be made of the severely limited, rather unstable supply
of irrigation water. For these reasons none of the land in the
Fredonia district is considered as Class I. A relatively short
growing season also somewhat limits the choice of crops that may
be successfully grown in the area.

Class ,I, Land: Class II land is good land requiring only a
moderate amount of attention in farming to assure continued pro-
duction. It is productive land and is suitable for growing all
crops adapted to the area. The irrigated portion of one soil
type in the Fredonia district is considered as Class II. This
type is identified on the accompanying map as Redfield loam and
comprises only 88 acres.

The surface soil is loamy in texture and is easily cultivat-
ed when in good tilth. Slope of the land seldom exceeds 1 per
cent or, in other words, 1 foot rise or fall per 100 feet lineal
distance.

Some care in cultivating Class II land is necessary to avoid
puddling the soil. Should the soil become puddled, as it may if
the land is cultivated while wet, the soil should be plowed deep-
ly, preferably in the fall and to a depth of at least 12 inches,
and should be allowed to remain without further tillage until
thoroughly dry. This treatment generally will result in a loos-
ening of the surface'soil and an improvement in the water pene-
tration rate. Soils which have become tightly compacted, even
though not puddled, should be treated similarly. Although deep



plowing in thy': fall is often an effective treatment for puddled
and tightly plinked soils it should not be considered as a substi-
tute for the addition of organic matter..,

It is a good practice to irrigate Class II lunds on grades
not to exceed 0.2 per cent, or about 2 inches full per 100 feet,
as a water conservation measure. This may be done by reducing
the grade of the land through land- leveling. The width and
length of irrigation borders should be adjusted to the head of,
water available. Penetration of water in the soil to a depth of
6 feet is desirable. Penetration beyond this depth requires ex-
cessive:F-aMounts of water and is usually harmful to soil tilth and
fertility. The extra water also often contributes to a poor
drainage or waterlogged condition in lower -lying lands.

Class III Lund: The land in Class III requires more careful
management for permanent production of good crop yields than that
in Class II. In the Fredonia district there are four different
kinds of Class Ill land.

There is that land which is in Class Ill because of slope.
Proper irrigation on sloping land is difficult. A small acreage
of Redfield loam soil is on a 2 per cent slope. This land should
be leveled into benches with a grade of 0.2 per cent or less.
The benches must be carefully maintained but otherwise the land,

Plate I.- -Class III land. These heavy soils are difficult to ir-
rigate and cultivate properly. The light yield of alfalfa is due
partially to a high water table Which restricts root development.
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once brought to grade, may be treated the same as Class II land.

The second kind of Class III land in the Fredonia district
has a heavy surface soil that is difficult to cultivate. It
cracks badly when dry. This damages plant roots and dries out
the lower layers of the soil. The land takes water very slowly,
and it is difficult for plants to get the water from heavy soils.
A large area of soil identified on the accompanying map as Kanab
silty clay is Class III. This soil is particularly difficult to
irrigate safely because it is irregularly stratified. The heavy
surface soil ranges in thickness from 10 inches to 2 feet. Below
the surface soil are alternate layers of fine sand and dense
silty clay. These layers vary considerably in thickness. The
clay layers permit water to move very slowly. They often support
a water table which damages crop growth. Sand over clay general-
ly remains wet too long for good growth of roots. Plate I illus-
trates this type of Class III land. At the present time crops
growing on most of the Kanab silty clay soil in the Fredonia dis-
trict are affected to some degree by a high water table. The
depth to the water table varies considerably with the seasons.
Usually free water can be found, however, within 6 feet of the
surface and sometimes much closer. The water table is lowest in
September, at the end of the crop season. It rises slowly
through the winter and spring months. Poor drainage is largely
responsible for the accumulation of salts commonly found in the
surface soil of this kind of Class III land. The kinds and
amounts of salts present in the soil at the time of mapping are
given in Table 4. Removal of the salts is impossible without
first providing adequate drainage. A heavy irrigation just be-

Table 4. --The amount and kinds of salts in two soils representa-
tive of the Class III lands in the Fredonia Soil Conservation
District. Samples 1 and 2 are Kanab fine sandy loam, Nos. 3, 4,
5, and 6 are Kanab silty clay

88N: pH Salts by Analysis of 1,6 Soil Extract
(parts per million) Ha,Ca

Ratio110. (Inches) 203 HCO3 Cl 804 303 Ca N6 Ha Total

1 0-8 8.40 45 246 820 12,500 none 806 1,066 3,726 19,196 4.63

1 8.18 8.10 none 210 146 4,520 none 680 490 636 8,360 1.10

1 18-30 8.10 none 280 130 4,800 To 580 496 896 7,110 1.60

2 0-8 8.80 - - - - - - - - -

2 8-18 8.40 - - - - - -

2 18-36 8.35 - - - - - -

2 38-_48 8.80
3 0.6 8.30 none 315 806 7,000 T 876 1,270 466 10,620 0.52

3 8-18 8.16 none 255 135 2,900 85 360 370 500 4,595 1.43

3 18-38 8,30 - - - - - - -

3 36-48 8.75 -

4 0.8 8.10 none 200 115 3,600 T 480 340 880 5,276 1.43

4 6-18 8.10 none 185 90 4,000 T 710 385 600 6,870 0.70

4 18-36 8.20 nono 146 70 6,300 T 1,630 180 536 7,780 0.55

4 36.50 8.40
5 0.8 8.50 none 185 830 8,750 56 835 750 2,555 13,520 3.99

5 6-18 8.80 10 186 336 4,700 T 395 560 1,025 7,190 2.59

5 18-36 9.00 16 135 190 4,100 T 880 330 740 8,180 1.09

5 38-72 8.35 6 160 145 3,500 T 820 300 660 6,280 0.88

6 0.8 8.36 none 400 2,930 24,600 270 2,030 745 10,140 41,018 5.00

6 6-18 8.45 T 175 150 2,460 T 550 175 370 3,870 0.87

6 18-38 8.66 10 145 96 1,750 T 875 80 35 2,790 0.05

8 38-48 8,90 - -

Analyses by A. B. Cuter, Arizona Agrioultural Experiment Station, 8/45. 01 - Trace
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Kamab silty clay.. Along Jot
Are Sell drained. They do ,iì+t:i
the gansb series of e6116
c32ay layers in the suilbe001:E
Shows this type of soil.:::::':
may be partially over coSe< b áe.
20 inches or Irritint.t
land are ált::. ...::-te. á.

. .. _ ......
greater car
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good moisture penetration. Alfalfa and small grains do well on
this soil when it is properly drained and is in good tilth.

The remaining areas of Class Iii land in the Fredonia dis-
trict are sandy. Redfield fine sandy loam and Kanab fine sandy
loam are the soil types with Kanab fine sandy loam being domi-
nant. This soil has a fine sandy loam topsoil underlain by
layers of fine sandy loam and fine sand. Heavy clay layers of
varying thickness occur in the subsoil. Roots do not go through
these layers, and water penetrates them very slowly. Free water
is generally found at less than 60 inches, but the depth will
vary with the season of the year. In some areas the surface soil
contains an accumulation of salt. These sandy soils are low in
fertility and are droughty for shallow -rooted crops. Irrigation
is difficult because the sandy topsoil will wash badly if a
large head of irrigation water is used. If the land is left un-
protected by crop stubble or litter, the topsoil will blow during
the winter and spring months. Heavy and frequent additions of
organic matter to the soil are necessary. Commercial fertilizers
probably will be needed to maintain good crop yields. However,
since this soil is sandy and water goes through it rapidly, ap-
plications of fertilizers should be made with each crop rather
than in one heavy application to carry through several years.
Irrigation ditches should be lined to prevent high water losses.
Gates, drops, and other structures such as illustrated in Plates
III and IV should be used to stabilize ditches where they are

_ 1111111111, ..±

Plate III. -- Inexpensive and easily -built wooden structures in ir-
rigation ditches help control ditch cutting. Such structures
have the disadvantage of being subject to fire damage and decay.



Fredonia Soil

odin . lrriLyation should be li çht Gnd frequent since the water::.::
holcing tabilit;y of tLis soil is low; heavy irriE ations should be
avoided. The application of too much water will add to the
drainage problem in other part: of the area. Slope of the land -
should be reduced to nearly level. A small grain crop being
;rown on a properly leveled aret of this soil type is illustrated

)lte...V.

Class 1V- Land: The soil in land es ability Class IV is dif-
cul t to andle, and crop; yielas are uruaLly low. Class IV land

in the Fredonia district is very sandy. The soil is identified..
on the acco: !an ina Leap as Sheppard fine sand. The fertility of
this soil is low, and the water re.quiren ent for crop production
is high. It blows badly if left unprotected. Much of this type
of land has been removed from crop use, and its only protection
now is a thin cover of weeds. See Plate V1. The application of
conservation practices on Class IV land mist be intenaified .

greatly. Because of the hash cost of water and labor required tO
maintain this land, it would probably show best returns, if
cropped to alfalfa for seed or left in permanent grass..

ids Not Suitable :Pbr Cultivation

Precipitation in the Fredonia Soil Conservation District. av
rapes less than 12 inches per year. See Table 5. A small part

Platè IV.- A drop structura to cont_ -o1 irrigation water. The
ditch is protected from CUL._[1L1 this permanent and inexpensive
structure of native stone.
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Table 5.--Weather data for Fredonia Soil Conservation District 

Fredonia, Arizona I 

Elevat ion 5,000 !'t. 

i Six year reoord 

Precipitation, inches I 1.31 

Temperature. OF 
Mean maximum 
Mean minimum 
Highest r eoorded 
L<nnost reoorded 

I 

I 46.7 
I 23.4 
I 59 

7 

I 

~ 
I 1.20 

I 49.0 
I 26.2 
I 70 
I -10 

.<l ..... 

~ 
I ... 

I I ~ :<! 

I 1.42 I 0.90 

: 59.9 I 70.5 
I 28.7 I 33.8 
I 81 : 85 . 9 I 21 

.p 

~ :i' l ~ I I ! I " ., ..; 

I 0.98 I 0.94 : 0.83 : 1. 24 I 2.50 

I I 

I 77.9 I 88.4 I 93.6 I 91.8 I 83.2 
I 39.4 I 49.1 : 58.0 I 58.2 I 49.0 
I 94 I 104 I 106 1104 I 99 . 20 . 32 I 41 . 43 I 36 

Frost dates 
• Earliest in Fall - October 5, with October 12 be i n g average. 

Lay8S t in Spr i ng - June .6, with May 25 being average. 

Gr owing seas on • Average length in days - 140. 

.., t " " CD 
0 :<0 '" 

: 0.56 : 0 .48 I 1.18 

I 72.8 I 68.6 I 48.9 
I 35.5 I 28.2 I 25.5 . 89 . 76 I 70 

20 . 8 . -1 

.... 
oS 

I j 
112.56 

, 
I 70.1 
I 37.8 
• 105 
I -10 

of this comes as snow. Summer rains . are of the thunderstorm type 
and produce heavy and rapid runoff. The soils a re highly erod
ible, and gully erosion in the nonirrigated portions of the area 
is pronounced. These conditions make vegetative recovery on the 

Plate V.--A good stand of small grain on Class III sandy land. 
The soil in this field has been properly leveled so that irriga
tion water is spread uniformly. Compare with Class III moderate
ly heavy land in Plate II. 



range lands a slow proces9' For this reason, no lauds in the
Fredonia area have been placed in land 'apgbility Classes V or .;`:
Vl. Two classes of land are recognized in the range areas, Claw`::
VII and Class VIII. These are identified on the accoripanying .maps

Plate VI.--Abandoned, very s of Class IV. Ùñlès
tested vegetative c4ver,... these soils blow. readily.

Class VII Land: Class VII land requires a rèatest atterx..;
Lion if it is to provide sustained grazing and 'be given proteo
tien from erosion. Tkis class includes the nonirrigated more'' "`'
gently sloping artes-of soils in the Redfield, Kanab, Sheppard,.::...
Purgatory, and Moffat soil series. Originally the flats and
swales adjoining the streams were covered-with a fairly thick
growth of such excellent forage grasses as westes .heat (Agro-
pyron smithii), blue grama (Bouteloua gracilis} ' and' alkali sacs-
ton (Sporobolus airoides). Interspersed with these were various
species of saltbush (Atriplex spp.), winterfat (Eurotia lanata ).
and the less desirable greasewood (Sarcobatus vermiculatus)
the uplands the grass cover consisted of galleta (Hilarla
jamesii), and sand dropseed 8porobolus eryptandrus), and Indian
rice grass (Oryzopsis hymenoides). Scattered stands of needle -
and- thread grass (Stipa comets), which sometimes causes injury to;:`:
sheep, and the almost valueless spike muhly (Muhlenbergia
wrightii) occur locally. Snakeweed (Gutierrezia sarothrea) and;: °i;ï`.
sage (Artemisia spp.) are found in some of the drier locations.

and perhaps unseasonable use of the- grasslands contributed
to the formation of large gullies through many < - f the once w -
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grassed flats. An example is shown in Plate VII. The water
which formerly spread out on the flats now rushes down the gul-
lies and is lost. Many of the grasses have died out, and today
only sparse stands of saltbush remain. See Plate VIII. On the
uplands the density and vigor of desirable grasses such as sand
drcpseed, galleta, and Indian rice grass have been greatly re-
duced. In many places the grasses have been replaced by thin
stands of snakeweed and sage. Careful grass management will be
necessary to restore the vegetation on these lands to a stabi-
lized and productive condition. Plate IX shows a portion of up-
land range that still has a good, though not heavy, cover of de-
sirable grasses.

^+a
' r404- .

i e
.'.1.R_... !t'

W
1 '*\ ri

... `Y ..r
lS. rr + à[ '. . s..

111i1°... á..a.V

Plate VII. --A deep gully now quickly drains flood water away from
the area. Before this gully was formed the water spread over the
flats in the central background and provided moisture for a heavy
crop of grass.

Class VIII Land: Class VIII includes the rough stony and
steeply s%77g rough broken land and sandy stream channels which
have little or no value for range use. See Plate X. For the
protection of lower -lying lands the use of Class VIII land for
grazing should be avoided. Even light grazing use will start
erosion that will damage the land below.
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SPECIAL TREATMENTS FOR
POORLY -DRAIN D I LAND

Drainage

About 800 acres or more than 50 per cent of the irrigated
land in the Fredonia district are affected by a high groundwater
level. The water table in these areas varies considerably with
the season. The higher levels occur in April, after fall and
winter irrigations. There is a gradual drop as the growing sea-
son advances. It is the rising and falling of the water table
that is very harmful to crops. Figure 1 shows how the water
table level varies with the season.

GROUND SURFACE
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1945 1946 1947

Figure 1.- -Graph showing the seasonal rise and fall of the ground
water level in the Fredonia Soil Conservation District for the
years 1945 -47. The levels shown are the average of a large num-
ber of readings on test wells and do not represent the exact
water levels at all places in the district. Readings on individ-
ual wells show the same seasonal variations though the water
level may be higher or lower than the average.

Excessive fall and winter irrigations should be discontin-
ued. Much of the water applied in these irrigations goes so
deep, particularly in the sandy soils, that plants cannot get it.
The extra water contributes greatly to the poor drainage. Irri-
gations should be adjusted to the ability of the soil to hold
water. Only enough water should be applied to wet the soil to a
depth of 5 or 6 feet.

Much water also is lost through seepage from the irrigation
ditches in the sandy areas. Lining these ditches will concrete
or other suitable materials would do much to conserve water.
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When the two treatments described above do not result in
lowering the water table or in relieving the wet condition, the
practicability of installing a tile or open -ditch drainage system
should be investigated. The feasibility of installing pumps to
lower the water table during peak seasons also should be deter-
mined. Samples of sub- surface water in the Fredonia district,
however, show a salt content as high as 9,000 parts per million.
Water containing this much salt should not be used for irrigation.

Plate VIII. --Class VII range land in poor condition. The bare
surface soil is puddled by rain and the tramping of livestock.
The soil particles filter into and clog the small channels in the
soil. Consequently, the soil is not able to absorb the water
that falls. Runoff and erosion are both increased. Contrast
this with Plate IX.

Salinity and Alkali

Several areas of Class III land immediútely south of
Fredonia contain accumulations of salts in quantities sufficient
to affect crop growth and yields. The salts present are domi-
nantly neutral although small quantities of alkali salts are also
present in each salt- affected area. Table 4 on page 8 gives the
amount and kinds of salts contained in representative samples
taken from these areas. The locations from which the samples
were taken are indicated on the map accompanying this bulletin.

It will not be possible to completely remove the salt until



drainage is greatly improved throughout the irrigated section.
An extra heavy irrigation applied just before crops are lanted
will often give temporary relief. This will carry part of the
salts downward in the soil to below the root zone. Later in the
season, however, the salts will rise again as water moves to the
surface and evaporate:. Frequent heavy irrigations in these
areas should be avoided as they will add to the already high'''.
water table and are very likely to intensify the drainage and
salt problez s in other parts of the 4f permanent im-
provement of the salt- affected areas is 'to be achieved, provision
must first be made to lower the water table and improve drainage
conditions throughout the irrigated area.

Plate IX.- -Class VIII range lend. Even though this range is only
in fair condition, ::.the surface soil is moderately well protected
by plant residues-. Continued heavy use, however, will lead to a
condition as shown in Plate VIli and the subsequent formation of
gullies.

GENERAL DESCRIPTIONS OF SOIL SERIES
IN THE FHEDONIk SOlL CONSEhVxT GN DISTRICT

Redfield Soils

Soils in this series consist of deep, rather recently depos-
ited soil material which is comparatively uniform in color and .;::.;::
texture to a depth of more than 6 feet. They also occur in the
Sevier Valley and in other valleys of south - central and eastern
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Plate
..

X.--Cle:.s VI Il hip Putte. sol on
very sttf.-'_i slopes .Fro(lucl: litt.le for36E5 of due. iìuJ>:7*,f,

such areas often causes eras rz that n:..,aüus the (:lxs.s V.r-I. 1_inä
in the foreground«

U'tnh. in these are s where ar=e trccts of 'dfi e?.d poi is ire
farmed, excellent yields of sugar beets, corn, .I.f>:, -a td. oth..e

accliu.ated crops are obtained under ïrri ion.

Moffat sand y loam has its ori inei .r in the,i0r,l
st:ndstone and shale formations but co d.; o' ,.; rock- rr;at^. :.<ls
thb.t hove been trarisportod from greater ï:..t zT:tc±3s. `.k` F,3 s11',.'fF1Ce

soil is mellow, und the :.ubsoil is sli{ .,t :v heavier textu: d .:nd

harder than the surface soil. The i%so :ì t ti"S ,ï distinct :i' I.i:'iL9^-

,iation of white limy material in the lower portion. is morïer-
ately well suited to crops under irr.L.;ation, but :) ,.c,=uïre of i t0

'specific location in this area it cull be u.sed only for ,,ta.z:i_3ih°.

The Kanab soils occur on the floodmI<<:,'Li äf Kanab
son Creeks. They are ch xracteri Jei; by st 1 r t: of very sandy s
material separated by strata of rrodei . tf:i_ , and heavy-te
tured::söil material. The ..strata oc .Ur, err y ::Qnd range;.
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thickness from less than 1 inch to about 2 feet. Because of this
stratification Kanab soils are not especially well suited to ir-
rigation. They are often poorly drained and saline.

Sheppard Soils

Sheppard fine sand, the only soil type of this series occur-
ring locally, is principally fine sand that has been moved about
by the wind and has accumulated to form hummocks and low dunes.
This coarse -textured material is very poorly suited to irrigation
because of its poor water- holding ability and low fertility.

Purgatory Soils

Purgatory soils are shallow to moderately deep and overlie
layers of shale and gypsum. The gypsum has accumulated to form
either soft or rather dense strata of crystalline material. Tnis
soil type is identified as Purgatory loam and is not suited to
irrigation. It is poorly suited to the production of range
plants.

Miscellaneous Land Types

Rough broken, rough stony, and steep hilly land (Shavano
soil material) comprise areas that are rough and broken or excep-
tionally steep. The soils are very shallow (usually less than 10
inches) over sandstone and shale.

Dunesand consists of dunes of sand from 4 to 12 feet in
height. The dunes are not stabilized and are practically devoid
of vegetation.

The frequently flooded sands, gravels, and debris in and im-
mediately adjacent to stream. channels are designated as riverwesh.
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