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INTRODUCTION

land :management Unit MWumber 3 is located in the extreme westcern
rortion of *he Navajo Indian Reserveotion., It lies within Coconino
County, Arizonm, approximetely between 35°L5' and 3609L5' parallels of
latitude and 111° and 112° meridians of longitude. The south portion
of the Unit is rectangular in shape, but the north portien fornms n nar-
row wedpe extending northward to Lee's Ferry, located on the Colorado
River. TLe river forms the northwest boundary, not cnly of this Unit
but also of the Navejo Indian Reservalion. The east boundary of “he
Unit is very irrogular, touching or following such natural landmmarls
as Ficho Cliffs, in the north portion, Crooked Ridge, Preston lera,
Little Yesa, Cow Springs %ash, Blue Canyon, and Dinnedito “ash. From
a point on the Little Colorade River, known locally as Bleck I'alls,
the boundary follows the south and west boundary of the Navajo Indian
Reservation to the confluence of the Little Colorado and Colorzéo rivers.

The unit embraces 1,799,3%6 acres.

U. o Tighway 89 crtends north and south through the ceatral per=-
tion of the Unit for » distance of approxirately 85 miles. Other in~
portant roads branching from this hipgbway are: (1) the main hi-hwsy
leadin; west to the Crand Canyon Natjonal Park, leaving ilirchway 39

at Cameron, Arizona, located on the Little Colorado River; (2) the main
rond leadins northeast to Tuba City and Kayenta: (3) the Tuba City=
HSotevilla road leading southeast from Tuba City, which is locatod in

the central portion of the Unit. The entire Unit is accessible Ly seconds}.

ary roads and truck trails.

Physiographic Features

The main physiographic features of Unit 3 are: Gray Mountain and
<

rugged canyon vwalls in the west; Shadow Mountain and extensive rough
broken "badlands™ in the central; Echo Cliffs and Kaibito lesu in the
north; ané Coual l'ine and Slue Canyons ancd MNoencopi Plateau in the east
portions of the Unit. Stony oulcrops and steep mesa escarpments are
corron to all perts of the unit, but numerous broad smooth gently
slopin; or rolling aplands and valleys dominate the southwest end west
portions. The northeast and east portions are characterized by an
upland, plateau or mes~ %Lopography, the surface of which is character~

istically humocky.

the deep sorge of the Little Colorado River in the southwest; steep, ll ;:‘

The steep character of the terrain is conducive %o rapid run-
off, especially durins the ralny season in late summer. Torrential

storns fallin: on relatively impervious solls have resulted in excessive |-

erosion, toth on th: ru; ;¢ slopes and on the elluvial soil deposits

below the ctesp escarprrments, IZxtensive areas, :.ocated in the central
part of the Unit, arc rro “ically barren of soil cover,
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With the exception of relatively flat mesa tops in the east and
northeast portions, the Unit is well or excessively drained. Practi-
cally all surfacc dreinaze leads to the Little Colorado River, which
traverses the southwr;t nortion of the Unit. The loencopi drainage
system, which enpties into the Lilttle Colorado River near Cameron,
drains the central an! novtheast portions of the Unit. A very minor
portion of the Unit is drained by small intermittent streams whioch
empty directly into the Coloracdo River. Lrainage from the extreme
eastern border reaches the Little Colorado River through the Dinnebito
Vash,

Climate

The lowest elevation, 7200 feet, is at lee's Ferry in the extreme
north portion, and the hizhest, T700C feet, on Grey Mountain in the
southwest portion. Cliratic coaditions vary considerably between the
extremes in elevaticn, tut the Unit as a whole 1is semi-arid or arid.
Tuba City has an elevntion of LT00 fect., Available climatological data
over a 2%9-yoar neriod (1297-1950),a%t this place indicate that the
average annual precipitation is 6.9 inches. Extreme years occurred in
1906 and 192, with an armmal precipitation of 12,57 and 1.58, respect-
ively. The mean anmnl “cmycrature is 54%; the maximum, 108°, and the
minimum -15°, The average frost-free crowing season is 179 days, from
April 22 teo Senterber 19, The slimate of the Unit is characterized by a
high percentage of clear dayrs, low rainfall and humidity, and very
little snow., The rate of eveporation and transpiration is very high as
a result of hot suuccr days, and hizh southwest winds in the spring and

fall, These conditions, in o lrrqge mearure, account for the sparse native.

vegetation over mosh of the Unit, and for the fact that very little dry
farming is practiced.

Apricultural Uistory and Prezent Land Use.

The land in Unit 5 ic nriperily adapted to grazinge. TForestry
and azriculture ore of :iner impcriince. Properly utilized, the area
is capable o” producine 2 consider lle quantity end variety of native
browse and -rass, Lut the Unit is typical of the leservation as a whole
in that soil andé naktive vesetation is in a depreciai.d state, in most
cases the result of imnrcper range use.

Agricultural development is limited not only by precipitation, but

also by a lacl: of -o0il cdapted to 4int purpose. Approximately 1100 ecres -

are vader irrigetion at Foencopl Village near Tuba City from an Indian
Service diversion fda: loczted on lcencopi .ashe Another small ares at
Y¥oeneve is irri;nted fron sprincs, located along the base of Kaibito
ar :
LeS8.

Fistorical data sre not ~vailable, but probably some irrigation
has beer crrried on hrrec since the llormon pioneers entered the country
about 1370. Scre wind end wabtor erosion hes resulted from improper

Fo
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. acrcenomic and irrigation practices. lore siznifieant, from a Soils
point of view, is the fact thet valuable ‘erizland at }oencopi has become
impreznated with, and abandoned because of, harrful quantities of
allali. It would seem advisable, in view of the linited area of good
agricultural lend in this section, t¢ initiate slkali investimations on
this area for the purpose of discovering the cuuse, present status, and

. . feasible methocs of protection and reclamstion of valuable agricultural

_ land,

Approximately 1CJC acres cf land, located on top of XKoencop! Platecuu,
is flood~irrigateod at the present time. An additional 200 acres is in-
cluded in scattered diwr farms in the sanme section. Removal of netive
vegetation on these sandy ccils has resulted in severe wind erosion.

The present condition wwrrants the attention of an agronomist to con-
sider methods of efective conbroel,

The soils of Unit 3 are “erived fror reddish brown Norrison and
“ingate sandstone in the east and acrthasst portions, reddish brown
or maroon Chinlc ani T oerlerl shale iun “he central, and grayish brown
Yiabab limestone in “he wech portion, <oils derived from igneous rock
occur in the extremc son'"'. part of tLe init. These parent materials
have irparted *c *hs soils different characteristics which influence
thelr productivity ard ru-eephbibility to crosion. lor example, those
derived froy chale src mere susceptible Yo water erosion; but those
Uy . _ developed fror limertone snd irncovs rock are little affected by any form

of crosion, <ue tc¢ the rtebilizing coffect of the vegetative cover.

In addition Lo oricia, the

o
according tec wode of “orpation, cher

ils of this Unit have been classified
~lcal composition, stage of soil
in,

development ani “z“”" ce texbiire, Using these criteria, the soils of the
Unit hove been rlocc:d in 17 = »ics em *rf\cin" 2% types. Other miscel-
laneous land clasgee Ine™ - rouh, broken and stony geologic materials,

and rivervash, In “nir ey, :tz-fc; soils are also classified according
to land use, sloic 2ml creclion,

.

The main =urnose ol musl 2 clussification is to determine, as far

v as possible, tre rruivetive coracity of the soil under present land use,
i and the need for anl the ol ,.1i‘._:y c® these soils to an improved I
! land-use progrer, 1o thir o rlegssification, the soils have been
A grouped into five lan! :lasces, nceording to range adaptetion or
N { guality fro a range point of v'}.cv.. ‘l‘hese five land class groups are
E briefly describeds Their lc.nticn is shown on the land class map.
S

Fac*tors Concidered in urouping foils

Soil moisture is probably the chief limiting factor in forage pro-
r . - 0]
duction; therefore, in ;rouping soils according to range adaptation, soil
conditions which influence moicture r~lationships are gilven special

-J-
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enphasis, Faotors thus oonsidsred important ure: - slops, ero~
sion, permeability, water-holding ocapacity, snd alkali oontents

Group. A Satla (excellent range soils) oomsist of those
having: moderate slope (gemerally less than 5 psr cent), less
than 25 per cent of the topsoil removed by erosion, ococasional
shallow gullies, permeabls surface soil, deep, moderately heavy-
textured subsoil providing good water-nolding capecity, and an
alkali content whioh does not preclude the growth of desmblo
native vegatation.

Groug B Soils (good range soils) oonsist of those having:
a slope generally between 5 and 15 per cent, between 25 and (5
per oent of the topsoil removed by erosion, ooccasional shallow
gullies, moderate permsability and water-holding cepaoity, and
an alkali content whioh does not affect the type of native vege=
tation,

Group € Soils (fair range soils) consist of those having
steep slopes (generally hetween 15 and 30 per cent), over 75
per oent of the topsoil removed by erosion, frequent shallow or
oocasional deep gullies, fair permeability and watereholding
oapacity, and an alkali content auffiolently high to affect the
type of native vegetation, resulting in e lower carrying oapeoity,

Group D Soils (poor range soils) oonsist of thosu having
more than 30 per cent slope, soil cover essentially destroyed
by erosion, low permeability end water-holding ocapesity, and an
alkmli oontent sufficiently high to affeot not only the typo bus
the amownt of native vegetatione

land Class E (e@ssentially no range walus) consists of
geologio outorops of sandstone ana shale, supporting practioally
no vegetative oover,

Note: Any one of the above faotors may serve to place &
given soil in the next lower olause

Group A

This group consists of soils naving excellent range qual-
ities., They are deep, permeable, slightly oroded, and have a
low alknli content. The native vegetation consists largely of
blue grama and big sage. In most places the vegetative oover
is sufficient to provide ampls protection to the friable surface
soil, Isonlated small areas where the vegetative oover has been
damaged by heavy grazing, resulting in avoelerated shest and gully
erosion, can be corrseoted by controlled graszing, These soils
will respond quickly, in terms of inoreased vegetative growth, to
& la:d management programe

CV-6417-201
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The ssveral soil series and types placed in this group,
together with their soil characteristios, are presonted in
Tuble I, Of those whioh qualify in this group, the types in
the Kiabab and Springerville series are the most important rrom
the standpoint of area, These 8oils, aeveloped from basaltio
rook and Kiabab limestons, are mapped exteonsively in the west
portion of the Unit, In soms places the soil cover is broken by
frequent stony outorops, probably the result of natural geologio
erosion,. Extensive areas of these soils wore placed in & lower
class because of the shallow intermittent soll cover,

Improvement Program Feasible from g Soils Standpoint

The slight sheet and gully erosion on Group A soils can,
in most cases, be effeotivoly oontrolled by regulated grazing,
although a few isolated gully-heads may require meshanical treate
ment for iumediate results, In that event, these sdils may be
raogarded as suitable materi.l for strustural purposes, It the
slope is not too steep, Dinnebito sandy loam, by reason of its
geographio loocation along the base of foothills and escarpments,
is best adapted for water-spreading purposes., With water avail-
able for irrigation, the soils of this series are also adapted
to agrisultural development,

Preocautions

A good grass oover renders these soils more resistant to
erogion than thosa of other groups, but there is evidenoce of the
beginning of aoccslorated erosion in some locations, probably the
result of present greazing methods, A good grass sod is not only
important to proteot the surface soil from erosion, but also to
cheok the rate of run-off, thereby rasulting in a greater degree
of mater ebsorptions To that extent, the plant cover serves to
imppove soil-moisture conditions, The destruction of native vege-
tative cover as the result of developing land for agrioultural
purposss shovld be compensated for, as far as possible, by arti-
fiolal plant oover and other erosion-control devices to proteot
the soil from undue wind erosion, The sandy loam soils are uswally
best adapted %o Navajo farming. These soil types are also tha
most susceptible to wind erosion,
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Group B

Thias group consiats of solls having good range qualities,
but for reasons speoified do not meet the requirements of Group Ae
Erosion is usually more sdvanced on these soils, an® for that
reason oontrol measures are nmore timely; but more signifioant is
the fact that the goil ocover is not as yet seriously demaged.

The soils nf this greup ere of such @ality as to make eresion-
control wirk feasible and effeotive, end they will respend to a
land-= 2 agamont pregrame

The soil sories end types in this group ere presented in
Tablo IIs The todilto series is the most important fram the stend-
point of arer. This series, deveioped frem Morrison sand Wingsto
sendstony, coours oxtensively in the east ond nertheqst portions
of the Uniti., Tho soil i3 usually cheraoterized by e light, loemy
send surface texture, snd, unless protected by a goed vejotative
eover, is very susoeptible to wind erosion. Wind hummooks end
drift send are oammon. The native vegetation eonsists of blue
grama, Mormon tea, yellow brush and Spanish daggere

I_Hrmnt Progrem Fepsible fran a Soils stuggunt

In general, s range-mensgement program will serve to oorreet
the danege from erosion on this group. These sells, however,
probebly will not respond so quickly to such a prograa ss will
those of Group A, To obtain the most effective resulis, a larger
portion of these scils will require mechaniocal treatment ar Lme
tensive erosion controls This applies espeoially to shest end
gully erosion on some of the elluviel soils, such as the Hunt and
Dinnebito series. In same places, the total sxolusion ef live-
stook by fenoing might be justifiable.

.I_’_! aos:-lt:lon_z_i_

As mentioned before, Todilto loamy sand 4s subjeot to wind
erosion. A maximum vegetative oover should he developed wnd
meinteined. Gully erosion, if allowed to continue at its present
rate on certain alluvial soils, will eventually rendsr otherwise
potentially good agricultural or remge land worthless.
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Group C

Group C soils have a fedr or relatively low productive carpacity,
wileh ray .o a natural cendition, or th:e result of eccelerated erosivn due
+te nisuse of tre land, such as overgrazing, Anj one or more of the follcvw
ing factors ray Te the remson for placing a jiven soil in this group:
low perncability, low water-holding ceracity, rough, broken or stony lard
acceleretcd eroricn, or high alllall content.

All or rart of the types in the [follewing soll serier have besn
placed in this Jrours  Moencopl, hirnvelotece, Tolani, Concho, Todilte,
Tees-log~los, and Gila (uGC Patle IJI)e Typee in the first three scri
are derived ‘rey. Chinle and leenicpl m\-"wc, located in the centrel peox tion

£ the area., Theoe soils, aspece *ohy the henvicr-textured types, have a
high rate of run=off ¥hich relcc them L\nu.,uall.,r suscoptible to water
cresione  The vate of run-cff :’.s soverned largely by topography, but also
b o rolatively irpervious cus fece soil end a lack of vegetative cover,
Leavy grazing i:, ne usuel, on irportert contributing factor, but low
pc:‘::cai. 11ily alffeotins seil rolsture is alse importent.

The nrlialid content cud dispersicy of the surface soil are frequently
Pi-h in soils ierived Trer rhalen, lLaber penctration is low in a dis-
persed scil, and o hist allell content zives certain relatively non-
palataklc, ireffechive ovcsion-control vegetotion & natural edvantege over
cther Veg,etc..lcn bovine o tisher carrying capaclty. Greasewood and salt

tush are *he oaln vegehative Ly l,o:r. on miost of the soil types of this sroup. ' f
An excepbtion ig T.,..‘.thc lowrn nond, rappec northeast of Tuba City, This
coil has teen rlaced in ey - x_‘ 'rrcau se of severe wird erosion. The

s repreczented by srall sand dunes which

typical crosicr condition }i:-r'r: is
ranse from 36 e 72 inches i Yo
elso occur.

itt., Some large activa sund dunec

Lil

Iurre crent Lro re Trocille from a Scils Standpoint

A G .

Ve s

managerent prosrar, tic f‘a rors chould rot be oveorlooked: the scrious need
for soil conscrvakion vlicr accelerated srosion has reached a severe

stoto, and lhe lipitofions o” zuch a soi.-conservation prograr. The
la*ter Wnn rveference o soil nrces which are so badly depleted +that
mechanicel vorle is inprachicable, ond also to extensice areas cn vhich
erosion is larscly tke rerult of a natural geologic process. In this case,
o very shallow, in*crnittent seil cover would mfer very definite limit-
ctione to on improvement prosran,. (See map, Class C land with rough,
broken end ctoy cylel, 108 and 193, ) Range improvement will also be
linited v reilo leving a sulficiently high total salt content to favor
vegetation with o lovw carrying canecity.

In concilerin: blLe 'l o 4ris crour from the standpoint ¢f & land- |

A s

rosnn’r vint michih be reforred to as a coritical stage of erosion because
the neod for imrcdiate action to save the soil areas Irom passing

into n verirarlce wastelend., In some places, conservetion should conecist

So:‘l rzeeed In this roup as e result of acceleratec erosion rep-

NNOO1295
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. . i T
: not enly of restricted grezing, but also of mechenicul frestment., This
: R goil proup le important from a land-mansgement siandpoint beoceuse of the -
-_ possitility of doing a groat desl of good, on the one land, and the
: protarility of not doing sulficient jocd to warrant the required expend-
iture of labor and materials because of natural soil limitations, on '
the other, : '

Precautions

Soils o *he lLcencopl, Dinnchotso, Munt and Concho series frequently
have & hijh clay centent en’ an alloli content which result !n e disperced
condition. 7The use of there il mete fnls for structural purposes is -
dependent upon approval after lavoratory cnalyses to determine the
derree of dispersion. .in intensive allald iuvestigation should usually
be mnde before alteutping te resced or develop these soils for agricul~
tural purpeses. The scile of thic sroup, ' ecause of erosion, will not
respond reedily to o leand-wonsgoment progrov.  In some isolated places,
it nizhi he imnossidle to 2s5tallish & scil cover sufficient to support a
vegotative cover. It is advined thut srazing be restricted accordingly.

Gersed

P

T
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TABLE IIT CEARACTERISTICS OF SOILS INCLUDED IN CLASS C « RANGE LANDS
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‘Groap D

The soils of t1is srour have many characteristics in common
with those of Group C. However, they ere less permeable, may heve
a hizher aliali ccntent, r“fecting not only the type but the enount
of vegetatinn, or might be riore reverely eroded. This group is composed
larzely of roush ctons and “roken land with an intermittent, shellow =
soil cover (Sec Takle 1V}, The vegetative cover is sparse, and consists
mostly of selt bush, ‘

Improvement Proorar Troocitle fror a Soils Standpoint

Group D soils are very linited in their adaptability to a land-
nannccrent prograr, weh of the area consisting of raw shales and very
thin soil on which erosion is largely :eolcgics. A progrem of restricted
crazing is recomrended for t'e curpoge off germitting maximum vegetative

recovery, altlorsh are ol

£len r.d shalloW soils are very slow to
cevelop a vee'ntive covir. S

Costly yeeranical treetmont is not practical unless for the
purpose of protenting Tohle» soils,

Trecautions

The soie nroecaubion with reference to the quality of the soil
for ztructural en~ rescedlwn: vwwrposos arplies here as in Group C.

"~

CV-6417-201 NNO001298



,\,x
Pt

el gy
uylnoy
m

97 BLLLIBEI]

- e -

GTUN T30 .,Lnu. s
H gorioss
ST RNR00 Aru- &

A

'

e e A,..)).ul
Soygyr LTt ¢
d b PN - R P

TLITE LAV LD % - bH FTAVE

2

! qusnt 930° ATUN JI9AC * Ta30aq
Tnevadaliig g 0 t.boayt -80g A[1oisusl POL3438O3 Yy3noy

B8I2A0S ¢ 19 :
Lxop 1=UOTSpuysy
: =~BO0D;

rOT a1 eouIIad

< pUEs

13° uwotaaod uregsug U3 fwrso1

031TPO]

y3ta 30w A :

sgXed : K610
svsouvﬁﬁﬁpnmo@.m.md .mmoo.neoﬁ

(]

"O;.N...ON :
ﬁﬂh..ﬂ».. .

’ : o8I0 "31Uq o 3Iad T : WE0T

*po; erqeautag ! o2-0f O : -a5g® ygnos puw [BIguUd) ! CT°9N L3120
: : . e

3
.
. s :

: : 1doouao j

fungs):-iey-ig ] *0d0Tg ooy mﬂaﬁmm.ﬂﬁﬁzu“vmmﬁ LI odfy

Sutprou f AgTrTqesmred ! o3 DU 3 _JIa38y HOT480] [BSAUAD ! WOt

1033 ¢ : s U0TSoIT

1tos
1 °90;7 ¢

STIOC FOUEVE - @ SSVID T TIAYTNIT

30 SOTISTIHISVIVID AT TIIVE

(RS

NNO001299

201

-6417

CV



Arriculturel Soils

ro attempt was made in this survey to group soils on the basis of
heir agriculbtural sdeptability, consequently, in a discussion of ogricul-
vurel soils, refererice will be made to soil series and types. In so
deing, an eppreisal will be made of their characteristics from an spricul-
turel point of view.

tpricultural soils c¢n this Unit are limited to alluvial deposits
along loencopi “lash and the Little Colorado River. The most important
forming area is Jocated at lLoencepi Village, near Tuba City. Local
soil accumulations from the Todilto series, located on loenccpi Plateau,
may be appropristed for agriculturel uce with some hazards from unecertain
rainfell and wint erosion.

The alluvial soil types which rre more or less adaj*ed to egricul-
tural develcpment are groured in the followin; series: Dinnehotso, “unt,
Conclio, Dinnebitn, Uila and Cameron. ILach of these soils willte briefly
considerec from the standpeint of agricultural use,

Types in the Uinnehotsc, Iunt and Tolani series heve many thinrs
in common, all Leiny derived from Chinle and koenkopi shales. Soils
vwiith that oripin frequently have e high clay end alkali content, result-
ingy in o dispcrsed soll, The tcpography is level or gently sloning, with
the surface inverisbly broken by wind hummocks and sand drifts, varying
in reisht from 12 to 36 inches. This materielly increases the subjagabion
costs of thece soils for agricultural development. The nutive vegetaion .
consists of greasewood, salt tush ond seceton. Thése soils occur alcng the
ioencopl Vesk onl secondary Jreinages from lioencopi village, near Tuba
City, scathwect . Unn ron, '

Types in the Yinnclotso series heve o deep friatle subsoi.l which pives
them an advants:ce over the soils in the other two series. The sendy lcanm
end clay leam Lypes are usually classed as Class A azriculturel land,
provided the allnli content does not excced .2 of one percont, They
compr. 3¢ about acres of Unit 3.

Typos in the Lunt Series diffcer from thoso in the Dinnetotso in
agricultural adayp'ation by the frequent occurrecnce of henrvy, impervious
csubhstrate, wi.ich »asulte in poor subtdrainare. This ic very significant
becauce there soils derived from Chinle shale contain appreciab!é'quantities
of’ alkali sslts, Unless subdraina;e is edecquate to fecilitete a free
moverent of water and some leaching of selis, the soils are not adapted to
sgricultural use. Iunt sandy loam is rated I or C agriculturel lend,
tut the heavier tvpes are not normally -~dajxted to irrization. There are
approximetely acres of Munt cendy loam in the Unit.

Types in ftie Toleni scries consish of rccent alluvial overwash,

s
usually ceposited upon one of the types iu tle other scries. The soil is
shallow and light in texture and very succeptible to wind erosion. The

V-6417-201
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" on types of this seriss. The Gile series comprise aores.

. physicel action of certain selts on the usual high oolloidel content.

— : M a2 e R S
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salt content is probably lower “hen in the other two series, the subsoil ...
48 ususlly open and frieble, but severe wind end weter erosiom reduce its
sgrioultural walue to C cleas. sores sre mepped in the Unit. Y

Types in the Gila series occur elong the little Colorsdo Rive:
b-ttom, southeast of Camerone Yhey are favorsbly looated from the stend-
paint of water for irrigetien purposes. The toxturs, both om the surface
snd in the subscil, is predominemtly iight. This zoil is spprovsd for
sgricultural development provided the slkeli coutent or a high ground-
water teble does not prohibit its use. In view of the limited amount of
soils which arc sdapted to egrioultural purposes in this Unit, it is
advised that oconsideretion be givan the possibility of same development

Concho Seriess Types in the Conoho series groe distributed along
the Moenoopl drainege froan Toneles Trading Post south to the mouth of
Blue Cenyon. The topogrephy is level to humockye ZThe subsoil is heavy
snd often impervious. The surface soil is often highly dispersed by the

The vegetation consists of greasewoods , N

The soils of this series have sbout the eame egrioultural quelitiss =
p3 thoee in the Hunt seriess The sandy loam end olay loem types heve -

similer edeptetions, whish depend upon the alkali ocomtent in the root

zone end upon the olay content of the subaoils, Heavy; comosntrations of
alkall are almost certain unless good-sul:~-drainege 1s faciliteted by an - |
open end frieble subsoil, The s0ils of this series should be investigated |
carefully prior to costly sgrioultural develement. They are uaually &
alkall ooncentrations under irrigetion. In all, the Cencho sorias o
comprise aores. B

L S DT R e (

v
e P 2

Types in the D.nnebito series, loceted in the acutheest portica,
and the Cemeron series, loceted in the southwest portion of the Unit,
are good or excellent renge soils. Their development for agrioultural
use depends upon the development of an sdeguete supply of irrigation
waters
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ALFKALI DISCUSSIONS.e

Alkels is an important tactor limiting the value ot the
soils of the Unit ror structural ana agrioulturas purposes and tor
reseoding. It occurs in all the soils derived in part from shales;
nancly, che lloencopi, Conoho, Hunt, Dinnenotso, and Tolanl series,
is also cuncentratec, in the vicinity of Tyba City, in soils of the
Teiilto series, Alkali concentrations oscur in this asries because
ot the presance of a relatively impervious substratum oonsisting of
Winge ve sanastone whioch, together with low reinfeil, prevente the
leachning ot salts to lower depths or irom the soilse

Concentrations of alkali on cultivated lanas whion warrent
specilal cousideration at this time are those whioh ocoour on Moenoopi
farms. Tho alkali results presented in Table Noe V are of soil
samples taken from this aree, The rasults show aikali ooncentration
too high for the tolerance of wost cultivated plants,

In another portion of this report it has been suggestéd that
an alkali investigation be made of this area at an early date,
Justification for suoch an investigation is found in the obvious need

to tind practioaple ways and means of preventing alimli-affeoted areas
This would necessitate

from spreading to produstive agricultural land,
discovering the oause or combination of causes whioh have produoed
the present condition. Such an investigation mignt also determine,
at least from a Soils point of view, a teasible method of reslaiming
this alkali land for agriculbural use,

"ALYALI"

"In agricultural Literature the torm "Alkali" reters to any

It

S

excoss of soluble salts, though only the ocarbonate form of ths oommon

Many alkali

soluble salts are a true alkali in & chemiocal sense.

salts are used in the growth of plants or are stimulating when present
However, since plants feed by & process of osmosis,

in small amounts,
they oannot take up moisturs or plaat food when the soil solution be-
comes of greater deansity than the sap solution inside the roots of

the plante*

Plant adaptation to alzli coaditions is brought about by long oon-
.wed growth and natural selection of those that oan maintain a
\ highly concentruted sap solution.

" In soils of hign alkali content seeds may fail to germinate
or it they do the plant does
centuries of growth on such land, it has become adapted to alkali
conditions. iven after a plant is established

»

not make & normal growth unless through

% B, Jo Carpenter, Regional Chiel of Soils,

CV-6417-201
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on alkali lands, e change in the water table or other factors

| may cause tle allmll to concontrate within the feeding zone of

the plant ioots with resulting injury or death to the plants,

"The omeunt of injury thot may be expected from a given
concentretion of allkali will depend on a number of factors, chief
of which is the choracter of the salts present, the position of
the zreatest concentralicn of alkali in the soil profile, the
soil %Lerlure and the crop provm.

" of tle ceorrvonly found calts, the carbonete salts or
tlack alkali arc o true alzali in o chemical sense and they ere
the most iajuricus e nlantc larzely because of their corrosive
action on p]n:ﬁﬁir:ae. Tley also Lend to deflocculate the
soil produecirg o p'rsincel condition unfavorable to plant growth.
I'esnecivr sul:lote ond ne:nesium chloride aro seldom found in
soil but « vhen - ~reat "ve latter especially appears to be more toxic

then even the cvrhona*os. Sodium bicarbonate (common baking

soda) is cenevally ccnsidered to be the next most harmful salt,
since un’er irri antion it changes to the true carbonate form.
Sodium chloride (co;;on calt) is one of the more abundant alkali
salts and ranks next in toxic properties, with sodium sulphate
(clavbers salt) eroither very common alkali calt ranked as the
leest harmful. .nstanccs ore guoted of sodium chloride veing
equally as hoeful =5 sodiuvnm cartonete, though it is telieved
that thic is not o conmon rcsuli.

"If allali salts are concentrated in the surface foot
of soil, they ~re "ar more injurious than if concentrated in
the sub-c011 or dichributed i roushout the profile. Instances
neve bLeen obscriod vhere o0 of 1 pcrcenf (2,000 p.pem.) of
alkali concentrnrtesd in ** o surfuce 6 ineches of soil has pro-
hibited the ~rovt’ of cultivoted creps, while other justances
hinve been noted winre I ornor onl 170,000 DT el ) of t e same
allali salts ccnlized Yo *Ye lever subcoll hos had no marked

ra bl

effect on the rovwktlh of  nrioy.

Npue arount of injury v b way le cxpected from the
same concentrati-on of ql“d?i i1l .r“ond scriovhat on weather
conditions ani acriculturcl proc’ices. If thore is e high

da's

’)

hunidity and cv.roasy nk", *v¢ transpirotion rate from plants
and evaAorﬁflca feor ke s3¢21 wwill e lovr end less injury
vill result. < :exxture or others having the
rroperty of el tig: large qiaat ties
fra: o tven qu. it of ellall Qs
yoter holdins cayncity. =5 o rule le
from; a given semoe b e+i a of alkali o
on Lhoze thet rro men=cnliircous.

£ wator, the injury

s than on soils of low
s injury is experienced
on calcareous soils than

CV-6417-201
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"plants 4¢ffer greetly in their tolereance of alkali,
and thosge plants should be selected for alka). affeoted lands
that have a tolergnce whioh will insure profiteble ylelds or
production of forege. The follawing taeble indicetes the ap-
proximate maximum concentration of alkeli salts under which
fairly satisfectory growth of various domesticated and native
plents can be seoured. The total salts indiceted es maxinum
tolerance of various plants should be considered ss only ape
proximate since en umisual ooncentretion of chloride or ocare
bonaete salts mey materially reduce plant tolerance.

Na C03

P.P Cu.‘
Alfalfe (Young)
Alfelfe (014) 100500
Swest Clover 1,500
Berseem (Egyptisn Clover)
Heiry Vetch XD-250
Field Peas :
Beans
Timothy 700
Orcherd Gress
Brone Grass
Red Top
Bluegrass
Western Wheat Grass
Jepanese Wheat Grass
Rye Grass (Lolium itelioum)
Feaoue
Tall Meadow Oat Grass
Salt Crass 8,500
Biue Stem 320
Modiola 1,190
Salt Bushes (Atriplex spp.) 1,200
Giant Rye Gress
Millets
Sarghums 500=750
Rapo
Whevt Lo0
Barley 7ho
Oats 650
R
C?o:n 100~250
Emmer Loo
gunflowers 100-250
Suger Beets 500-T700

Totsl Salts
PPl

5.000-7.000 Kay
3.00044.000 Grain
.14,000=6,000 Grain

1,000=3 ,000

14,000-6,000 Hey
1,000=11,000 Gy'ain

i:ggg-é.ooo
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Ja CO .Total Snlts
PePoo* - Po B, U,

Fotatoes ' 2000-1,000
Cnions },000-6000
Asparzzus 6000
Celery v Loc0
Ra-l’shes o 100-750 1;000
Tlex o {000
Colbton 1,000-6000
lrapes 50-10 2860

iniweed or Saltwort (Sugoda snp.) 350 38000 - 3000 (Orbmuum)

Snorcbolus airoides 1h37 v 31000 Txist
Eushy Sam~tire 500 30000 '
Twarf Surphire : ' 757 - 27000
Greasewood (Sar~ooﬂfuw Vermiculatus) 1170 8000~10000
Alkali-heath 122, 17000
Yhi%te Sace ’ 1200

"Other plants that do well on allali soils but for which
seenms vo be little dota on mexi.ur toleronce are:
Rahbit bruch or “l-z golden rod {Chrysothamnus spp.)
Plowmans wort (Pluc®en camphorabn)

Little Rabbit brush: (Isocors venelz. Gra y)

Spike weed (Zemizcuin ;"'cns)

Arrvow vieed (Pleuckea Lorzalis)

Aster annustus

Aster pa"-_ulorus

Aster zrlorhirna

Wila nwrlh" {Yerlew: nocosurn,

Wild e \L wous anlinug)

Allali Tendow Lrans (rueeltnilia airoides)

Geoso fcor or wivned (ebenopodin rubrum)

.

Tamnrich Iﬁl!-‘” Lﬂllic:;
Russian J,-r;
Golien ©itlew Caltowats allall

v s oveae v e e
JOMESNLINTE

.\-’l.

(#2,2,70, Porks por Di1l1on >uavple 1650 perts salt per mil-
T - )
lion soil = 100 ; .

"in +he veclametion ¢f ©llnli alfected soils it is
essential thseh Lhe scil Le wroviled with good subdrainasge and
lar;e ruantirine ol wabor fer wie in leachlnb. Better reuults
in leachinr will be sacursd if the irrigation water centeins
caletur salts in sciulion clnve cver on "white 2lkali'™ lend
the "lacgh alia?i® oalhe o Sn the lather rctages of leachin
crisinel se va  riicirally sodium salts. Calcium

\
e

if the

CV-6417-201
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72.lts tend to neutralize the nlack alkali and prevent %the scil
fron "Preczing up" or refusing to tale vatcr. Calecium salts
are relativel: inscluble and arc never 1he source of soil ale
tali. The reclaration of soils that have ueavy=-textured sub-
£nils Lo o derth of Tive feet or more and contain a high con-
centration of alhali is not economically feasible es a rule,
since ax Inculficient quantity of vater can te forced through
the soll to leach out to the alkali., The application of or-
conic ronures 4o all alkali lands will assist in their recla-
mation and unlesc the irriz~tion water contains calecium salts
the aprlicetion of gynsum or sulphur to blaclk alkali lend to~
gether with orgenic manures will materially assist and, in

v’ case of heavy textured soids, it is generally absolutely es-
sential to the rcclamation of suct land,. ‘

. VAT FOR INRIGAY LUk

Wieter for irrigation in arid rogions should not con~
i tain as a rule, nore **~u1 500 to 700 p.p.me if the salis are
ST principally carbonates, lecarbonates, or chlorides, with the
hizher concentration pernmissible only with water containing
! chlorides »rincipally. If an appreciable part of the water
Y _ for plant crow:h is supplied by rain, higher concentrations
d
i

are pernissitle,

B ' "If zoils take w'or rapidly and have good drainsge
1750 p.p.r. of salts in irrisation water can be safely used
in arid rerions if the caronnte salts rre not present. Viater
applied to heavy textured soils thet take moisture slowly
should nct contain more thnn 1300 p.pem. of the neutral or

[ white alkali salts. Iastoncos are cited of water conteining
2500 p.r.m. sodium sulvhete being used successfully in sandy
goils of ccod drainege. If irrigation water contains cal-
cium sulchedo (sypsum) or calciun elhiloride, higher concentra-
+tions of all salts, perticularly carbonate salts, are per-

Lo 2issible. TJecause of tre floculating acticn of soils of

A selts contaiains calciur, wober for irrizalion containing

w such salts in supcrior to that without them."

IS 8

he Disversion Ratio s

Sy

0
L ]
=3

m™he use of an indicator of the walue of soils for
zonstruction rurposes. -

" ..eesslion=dispersed sandy clays and clays sre the
roat resiziant to washing under intermittent use. (For spill-
VRS ) e

"ohe usc of soils of over thirty percent dispersion
for srall aikes will resvls in almost total faiture. In dikes R
with a four to ten foot hase, solls of 30 - 50 pergent disper-
cion are still quite unsafe, with soils of over 505 di§persion,
almoct complete fallure results on all dikes or dams with less
tnan an eichteen foct wnte, unless adequate corce wells ere
Yuilt or similar procoutions talen.
«20=

w971
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"Soils of lecs than 10 porcent dlspersion are safe e
for struckures built according to nccepted engineering prace . o
+ices for norial soils. Soils of 10 = 30 percent dispersion o
var in their cuibability inversely proportional to the por=
cent.  Lsporsion : . - : :

('f:-.;‘." TR G0 DISTERSTION CF SOILS AS A PACTOR IN DETER’;ZINI;."TG
e SUITATILITY £OR BARTT: VATHER=-IBTENRTION 3TRUCTURES.
Go 1. Voll, hasceiate Conservation Specialist, 19%6.)
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SUMMARY OF EROSEON CONDITICNS ' S
i - Extremes in erosien conditions 'on Unit 3 weey frow the slightly
! ' affected types in the Eiabsb end Springerville series to the severely |
1 S o eroded Todilto, Hunt and Toland types, sans aroes of which are eassene |
. ~ tially destroyed. Soil end olimete both centribute to en enviromment
S which is fundementally oonducive to ercsiom. XZew rainfell makes for |
T "~ a sperse vegetation. Heavy impervious soils, ospeelally those with a |
P steep topography, intensify the effects of thic elimatio faotor.
Torrentisl rains, ooumon to this secticm in late sumar, further in- ‘
oresse the destructivenoss of water erosion through repid run-off, |
High southwest winds are probebly the most destruetiwe erosion
agent in this Unit, With the exoeption of some of the grasslends, the
entire Unit is effected to same degree by this sgent. Wind erosion : ' l
1s most cevere on the light-textured alluvial soils and the residusl -
Todilto types. Wind hummooks range generally fran 12 to 36 inches in ‘
height, but ere much higher in soms localities. Aotive sand dumes are ‘
comnon nertheast of Tuba City. : : |

: ' Cosreotive mogsures from a Solls stendpoint justify the maximum

: SR in landemensgement policy snd practioce. This covers the Unit as e

: wholes Fooel paints or oritiosl aress will require absolute exolusion
of livestook during the growing sesson. Mechenioal trestment is neoes-
sery to supplement snd meke these measures most effective. Msohenioal
troatment would probebly be most offective on restricted watersheds snd
salluvial valleys edjeoent to end within ereas indicefied on the mep as
types in the Toleni snd Hunt soriocse In this msmner, sspeocielly if
weater spreeding 1s feasible, certain chwmiase snd sesaton grass scils,
seriously depleted of grass eover at prosent, could be mede very
productive of native vegetatione o

There is some neod for floodesontrol work on valusble farmland L
adjecent to Moonoopl Washe It is suggested that floed semtrol consist
oft (1) a comprehensive lend-msnagement program on the upper water= S
shed of Blaok Mese, involving both water retenticn end spresding as
well as oentrulled grezing; snd, (2), mechsniesl eontrol et strategic
points elong the mein chamnel in the vieinity of Mosncopl farmse A
more intensive soil snd erosionsmeontrol investigetion will be racess-
ary on aress proposed for sgriecultural development or intensivo erosion-
oontrol work, to detersfine mere sprciftioclly the problems involved.

'm' F.W. 973
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. RESULTS OF ATKALI AHALYSIS OF SOIL SAMPLES COLLECTED |
FROK | | ) A
I'OENCOPI TANMING ARFA, TUBA CITY, ARIZONA - .

By Ray . Kerr
Collected 12/28/3%6

Pe Po No* Hechanical Analysis pet.
lat. o, Fizld llo. Totol Salts NapCOz & Send 7 Silt 7% clay Dispersion
2675 1=-A-1 06 Trace
56T 2=h-1 109 2300
3679 2-4~2 . .16 375
o 3679 1-4-3 .02 Trace
3680 3-A-1 .17 0
_ 32681 Faf D «28 0
o e 3o4-3 .33 1468
: ? 3683 i-p-1 3,00 Trace
.: 368l Lap D 3,00 Trace
o 3685 Spel 1.11 329 /
| £:> 7686 ‘_5,A:2 <15 116
3687 G=A-1 «80 2370
3680 7=A=1 1.2% T7h
! 3680 7.h D . 2,00 1272
'E 3690 32,6 !
é 301 75,1
3692 82.1
3693 Elie3
3694 \ 83.1
3695 RS,
: ;ﬁ 3606 755
;j * P, P, X, Parts per million. 100 p.pem. = 0,017




Tuba City ~ Soil Tar Coliscied by:
Colleeted 5/1/37 Roy fe Yorr and
Lo Ao Ti11
Uel. Pe Po Lla#
1 lalts FaoC0
31
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