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County, .Arizom, approx ina to ly  between 35Ob5' and 36045' p a r a l l e l s  of' 
l a t i t t ~ d o  mzd 111° and 112' meridians of longi tude.  Tho sowth po r t ion  
of t h e  h i t  i s  r 0 c t a n ~ u l a r  i n  shapf~ ,  but t h e  n o r t h  p o r t i o n  !'or::i~ n ?:?.:-- 

ra; wedcc e:ctending nor'chvmrd t o  Leo's Ferry, l oca t ed  on t h e  Colorado 
Ri-mr. T1:e r i v e r  forms thct northwest  boundary, not: cn?y o.f t h i s  hi .% 
but a l s o  o f  t h e  Navajo Indian  Reservat ion.  Tho e a s t  bouni:s~-;r of ';he 
hit i s  very i r r o p ~ l a r ,  touching o r  fo l lowing  such nntursl lanc'~m3:s 
as Echo C l l f f s ,  i n  t h e  n o r t h  por t ion ,  Crooksd Sidge, Pres ton  ;.e:.?, 

' 

L i t t l e  ilesa, Cow Spr ings  Bash, Blue Canyon, and Dinnobito 'i'iash. E'ron 
a 2 o i n t  on t h e  L i t t l e  Coloraclc\ 'diver, known l o c a l l y  ers Slack l 'z l lo ,  
t h e  b o u n d ~ r y  f o l l o ~ v s  t h e  sou th  and west boundary of  t h e  Xnvnjo Ind ian  
Yesorvat ion t o  t h o  confluence of t h e  L i t t l e  Colorado and C o l ~ r a d o  rivers. 
The u n i t  em:lracc:s 1,753,536 acres .  

6. S. Yighvray 83 cxhends no r th  and s o u t h  through the  ced. r r* l  p r -  
t i o n  of tke hit f o r  u d i s t a n c e  of a,-.pror,i~..ately 85 miles .  Other iur- 
p o r t a n t  roads  branohin; from tiris E.iil;iway a r e :  (1) t h e  rmia !?i::h.izq 
leadin,  -:rest t o  t h e  C r m d  Canyon Xat3.onal Park, l eav ing  i!i!;hvray 39 
~ . t  CCCI~'I*O~:, :Irizona, l oca t ed  on the L i t t l e  Colorado 3 i v e r ;  (2) t h e  w i n  
rond leadlnf  no r theas t  t o  Tuba C i t y  an2 K5yenta: ( 3 )  the Tuba Ci5y- 
.. * 2 o t e v i l l a  road leac l iz i~  southens t  from Tuba City,  which i s  loca tod  i n  
tho  c c n t n l  portion. of t h e  Unit. The e n t i r e  Unit i s  accessible Iqr socond 
a r y  roads am? t r u c k  t r a i l s .  

The 2$.1: physiopalph5c f e a t u r e s  of Unit  3 arer Gray Eountain and 
the deep Zorgc: of t h e  L i t . t l e  Colorado R ive r  i n  t h e  sot15hvmst; steep, 
rugged cayLyon -:;rills i n  t h q  rrest; Shadow I:ountain and e x t e n z i ~ s  rou;;h 
broken "bodln:l?c1' 5 : ~  t;he cen t rh l ;  Zcho C l i f f s  and Kaib i to  Iksa i n  tho 
nor th ;  and Z o ~ l  1;inr. m c l  2 luc  Canyons an? Xoencop3. P l a t eau  i n  t h e  e a s t  
po r t ions  of' t l ~ c  Cni-t. Storiy outcrops and s t e e p  nesn escarpments a re  
co!.Koil tee all pe . r t s  o!' -the kit, b u t  numerous broad smooth g e n t l y  
s lopin;  o r  r o l l i n g  dplau?.s and valleys donina te  t h e  anuthurest and n e s t  
por t ions ,  Tho no r thcns t  and e a s t  p o r t i o n s  are oharaci;srized by a n  
upland, p l a t e a u  o r  m c . :  .topography, t h e  su r f ace  o f  which i s  cha rnc t e r -  
i s t i ~ a l l y  IIUIP:!.OC~. 

The s t o e p  c11nracf;er of' t h e  t e r r a i n  i s  conducive t o  r a p i d  run- 
o f t ,  e c p o c i a l l y  L'urin!; tl:c rniny season i n  l a t e  summer. T o r r e n t i a l  
storl:!s LPal1i;l on 1-olat. j~rcly i ~ ~ ~ p e r v i o u s  s o i l s  h v e  resulted i n  excessive. 
e ros ion ,  t .0t .h cjn t.11.: ri;u;;rc? s l o p e s  and on t h e  d l u v i a l  s o i l  : ieposits 
below the  r t o ~ p  C S C ~ . ~ ~ I ? C E ~ S .  3xtrensim a r e a s ,  : .mated Ln t h e  c e n t r a l  ..' 

part of {;he Cni?,, arc  ;-.r?. ' i c a l l y  bnrren of s o i l  cover. 



7.-. i a t h  the exception of ro la t ivo ly  f l a t  mesa tops  i n  t h e  e a s t  and 
northonst port ions,  the Sn i t  i s  vroll o r  uxcdssively drained. Pract i -  
cnl ly  a l l  surfasc  d r n f c p  leads t o  t h e  L i t t l e  Colorndo Xivsr, which 
t raverses  t h e  soutlxvf. .:t ?or!;i on of t h o  Unit. The lioencopi drainage 
syste~i?, which e q  t i e s  i~: to  %he L i t t l e  Colorado River near Cameron, 
dra ins  t he  cen t r a l  an!! northenst  ?orl;iono of t h e  Unit, A very minor 
por+;ion of the liriit i s  <i*niner: 57 sclall inhrm3.t.tent streams whioh 
expty t i r o c t l y  i n t o  .!;he :ol,3r:~c?o iii."-cr. Croimge from t h e  extreme 
eas te rn  bord;r reaches tix L i t t l e  Colorado iiiver through the  Dinnobito 
::'ash . 

The lovest  e l e v n t i m ,  3203 f e e t ,  i s  a t  Ferry i n  t h e  ext,~emo 
north portior,, nnc! t!:e I-:i;host, 7006 fee t ,  on Grhy Uountain i n  the 
southxest portion. CLj.r.nt i c  co :~d i t i  ons vary considerably betvieen t h e  
extromes i n  e l o - x t i ~ n ,  l>u t  the Unit as a whole i s  semi-arid o r  a r i d ,  
Tuba City has 0.n cle.,-r~:k.im o f  ~:.:OO f e e t .  Available climatolol;ical. da ta  
ovor a 29-yoo.r ~ ~ o r 5 o d  (137-1930) ,a t  t h i s  place indicate  t h a t  the  
average anma1 precipi-l;a';io:~ is 6.9 inches, =reme yeare occurrod i n  
1906 and 1?&, ~ 6 t h  an ar:mnl y - c c i p i t ~ t i o n  of 12.57 and 1.58, respect- 
ively .  The m a n  arxwl : .c~.~! :crahre  i s  5/40; t h e  maximum, 108O, and t he  
m i n i m ~ n :  -15'. Tiie a r c r a p  f ro s t - f r e e  ~rcr,ving season i s  179 days, from 
Apri l  22 t o  ~o~:F.~~~~;..bc:i* l4l', 'P!:o :li:~n-kc of t h e  Uuit i s  oharacterized by a 
high percontagc sf c l sa r  clyrs, Ion. : -z infa l l  and humidity, and very 
l i t t l e  snow. The rate rif e7.-eporixtior, and t r an sp i r a t i on  i s  very high as  
a r e s u l t  of t?ot S U ~ L ~ . : : - Y  ~ ! W J S ,  and. hizh southwest winds i n  t he  spr ing and 
f a l l .  These condil;ions, i n  o 1 n : y c .  r.lcaeu?*e, account f o r  t h e  sparse nat ive  
vo;;ef,ntioa over m s J ;  o.') +.!.c I;ni.t, on6 f o r  t h e  f a c t  that very l i t t l e  dry 
f a n n i n ~  i s  ;)mct;ic;ed. 

The land i n  2zI.k 2 i r. .-~r'l.r ri k: adapted t o  grazi,ng. Forestry . . ,  , . i :  ; . . .  
and a p f  cul.turc -.IT of' :. :nor i~r,lw::~;nce. Properly u t i l i z ed ,  t h e  a r ea  I;:. . /  I . : 

i s  capa5le or, pro!;uci.!i; o. conai:':~r. : . l e  quant i ty  end v a r i e t y  of m t i v e  . J 

I; . .  ' b r o x e  and ~..r:+ss, but, tlsc h i t  i s  Q y i c a l  of t h e  i7t;ssrvation as a whole ;,; : . ::,;. . . . .. , : I  . 
i n  that s o i l  an2 nn.t;ive ::re;l;ehtion i s  i n  a deprecia.L.i s t a t e ,  i n  most 8 .  . . . . . .  . . .  

, . . .  
cases the  reowlt of i !~? rc ;x r  m:yy use, 

' .  -.. ; . : , . .  
. . ":,. ' 
. . , : ; .  ".. 

A g r i c u l t u x l  rlevsloprmxC, i r .  I.im2ted not  only by prec ip i t a t ion ,  but . .  

a l s o  by n lac): of . o i l  c.:ln?tcd t o  .!;?-at purpose. lqproxirnately 1100 aores : 
nro ~ iade r  irrir,r:%ion a+ !..oB:Ico~?~ Ti l lace  near  Tuba City from a n  Indian 
Service divers ion r?~::. l.oo?torl on I'osncopi '.';ash. Another smal l  are& a t  . 
Xoenave i s  i!-ri;;ni;eZ frcsr.: sijrinys, located along tho base of Kaibito - T s.esa. 



agrcnontic nn4 iri-isat ion pruc.1: ices .  i.'ore si;nifi.cnnt, from a Soi l s  
point; of f ~ i e c ,  i s  +ho f a c t  t h c . t  vakmble ~ r ~ r ~ . z l ~ n d  a t  Foencopi hns 3ecorna 
ir?.prc~na+crl vrit;h, ~ n . l  abandoned L e x u s e  or, h s r n f u l  quan t i t i e s  of 
1 : i  I t  woull-! seen adi:isr,>le, i n  view oof' t h e  liriitsd a r ea  of sood 
ni:ricultv.ral land i n  t h i s  sec%an, t~ i n i J< i a t c  s l k a l i  inves t iga t iom cn 
t h i s  area f o r  t?le purpose of dZscoverlnc t h e  cause, present s tntus ,  sn2 
.feasible r?.etho<.s of p ro tec t ion  an? r e c l a m t  i o n  of valuable a g r i c u l t u r a l  
3. and., 

A p p ~ o x i ~ t e l ; .  IC30 acres cf' lanil, lona-ted on t o p  of Koencop!L Pla-t;cuu, 
i s  flood-irrigated al; tile prosent; t i n m .  An additional 200 a c r e s  i s  5.11- 
cluded i n  scc?tered d y  farm i n  the  s u e  section.  Removal of nr t i l ic  
vopka t i on  on these  sandy cc9 1s knc r e s t~ l t ed  i n  severe  wind erosion. 
The present conrliti o n  -;nrrnn:: s t h e  ni:+.ent!-on of an agronomist t o  COP 

si3er 1netho:ls of r?fi'oc.';i~.-e con:~ol. 

Tllc s o i l s  of 2n5? 3 ?.re .?erived fron' reddish brown Korrison and ... . 
;bln,:ate sandstons 111 ?;I-.e ea;+ anc! x,:-~ F.FSC port ions,  reddish brown 
or  inaroon Chinlc 3ri.l : oc?-1:o:..: shale j.:i .';hc cen t ra l ,  and grayish  brown 
Kiabab l ines tone is Y ; c  xc,r!; portion. c o i l s  derived from igneous rock 
occur i n  the  cxrtrcw cor.iC-. p n r h o f  ':l:e 'hit, Those parent lnater ia ls  
have isparted - tc  ?;;i-.s c o i  1:: t l i f  f er9en.k cha r av t e r i s t i c s  which inf  h e n c e  
A bneir  r P I * o ~ ~ u c . ~ ~ L T ~ C ~  n.m: r: .(:cp%il>!llL;r ko c r ~ s i o n .  !.'or example, those  
derbred f ' ror :!tcflc !:rc ::.we susceikj.5le t o  -,i-nter erosion;  but those 

('-'J 
devclopeZ fror:  I.i;i~:r.-i:;m wd i ! m o v c  &a r d :  a re l i t t l e  affected by any form 
of crosier?, (:ue -kc !-hc! r.to5ilic. ' ,n;;  cVest; o* khe ~ e ~ e t a t i v e  cover. 

. . In nddiJ;5.i,~: I ': 2r.: C- IL, t h  si::ils of  tk..is Unit have been c l a s s i f i ed  
according t c  ~ . m ! r '  r.i ' : ' T I Y . s ~ . ~ o ~ I ,  chcr:  c a l  composition, stage of s o i l  

7 .  . development n.~?,:. r.1:-?".=.c .kl-:xk: . Y .  ~ z l n ;  these c r i t e r i a ,  t h e  s o i l s  of t h e  
Cnik have beer? Ir\.:c :! : ? i  1: r: 5 c  z elnFracin~ 23 types .  Other misccl- 
1 ~ r l e  ous land c 1 :: :: s c ,. Ir,( ' . r.a!.,J., 3roken and stony geologic materials ,  - a .  . and rivervm.s:;. in -:!.~.r : .:r....-c;:, ; i x  s o i l c  are a l s o  c l a s s i f i e d  according 
t o  land use, r;lc:;c 5'1: ( :,L:~-OP.. 

S o i l  no i s t u r e  i s  ;rcbn.':>ly i-.l-.r chief limiting f a c t o r  i n  forage pro- 
duction; the  re fo re ,  i n  ; ; r o ~ p i n g  s o i  1s according t o  range adapta t ion,  s o i l  
condition; ~ b , l c ; i  :.n.fll::enco noic+ure ? la t  ionships  are given spec ia l  



e~nphasis. Faotors thus  oonsidersd importank are: . slope, ero- 
rpjf- 8 ' aion, permeability, water-holding oapaoity, and a l k a l i  oontent. 

%-I& (exoellent range so i l a )  ooae i s t  of those 
having : moderate slope (generally less than  5 per oent), l eas  
than 25 per oent of t h e  tops.oi.1 removed by erosion, oooaaional 
ahallaw gullies, permeable aurfaoe s o i l #  deep, moderately heavy- 
textured subeoil providing good water-holding oapaoity, and en 
a l k a l i  oontent whiah doe8 no t  preoludo the groat;h of desirable 
nat ive vegetation. 

I 

Grou B Soils (good range ao i l s )  oonsiat of thoee having: 
a slope ---%I- genera' y between 5 and 15 per oent, between 25 and '/5 
p e r  oent-of the topsoi l  removod BY erosion,- woasionai  shall& 
gul l ies ,  moderate permab i l i ty  and w~5er-holding oapaoity, and 
an allcali oontent whioh doea not af feot  the type of native vege- 
t a t  ion. 

Group C Soils ( f a i r  range s o i l s )  oonsiet of those having 
steep slopes (generally Imtween 15 and 30 per oent), over 75 
per oent of' the topsoi l  :removed by erosion, frequent shallow or 
oooasianal deep gul l ies ,  f a i r  permeability and water-holdiry;, 
oaptroity, and an a l k a l i  oontent suffioiantly high t o  a f f eo t  =&e 
type of na t ive  vegetation, resu l t ing  i n  a. lower oarrying oapoiw. 

Group D Soi ls  (poor range ao i l s )  oonsis t  of thoao having 
more than jJO per oent slope, s o i l  oover e s sen t i a l ly  destroyed 

.,>.- 0 by erosion, low petmeability and water-holding o~pwiQ, and an 
a l k a l i  oontent euff ioient ly  high t o  af'feot not only the tw bu": 
the  amount of native vogebtion. 

Iand Class E (essent ial ly  no range value) sonaiats of -. 
geologio outorops of sandstone anri shale, supporting praotioally 
no vegetative oovsr, 

Note : Any one of t h e  above faotore nay aerve t o  phoa  a 
given soil in the next lower ~hrm, 

Group A 

a l a d  management program. 

This group oonsists of s o i l s  having mcoellsn't w e  q ~ l -  
ities.' They are deep, permeable, s l i g h t l y  oroded, and have a 
low allrali  content. ?!he nat ive vegetation ooneiats largely of 
'blue gram and big sage. In moet plaoes the vegetative oo.ver 
i s  suf f io ian t  t o  provide ample proteotion t o  the friabla r~urfaos 
s o i l ,  Izs'lated small areas where t h e  vegetative oover ha8 been 
damaged by heavy gmzing,  resu l t ing  i n  aaoelerated ah& and gul1.y 
erosion, oan be oorrctoted by oontrolled grating, These s o i l s  
w i l l  respond quiokly,  in term8 of inoreased rsgetafive g r d ,  t o  



; .* ." ... c.3 :' L,r.-. c;; . .-I The several s o i l  s e r i e s  and typeu plaoed in this  group, 
,::;%g together with the i r  s o i l  oharaoterietioa, are p: ... , ,-,.,, 

Table X. O f  those whioh qual i fy in this group, the types in 
,:3. :,:< . .., +>, the U b a b  and SyringePville aerie8 a re  the most important r2.am "A. , 
5;. ..i?. 
.. &$; . --, ~. ..., \- the standpoint of area. These eoile,  aeveloped from bE 
,&;a .. % . rook and Kiabab limsstona, a r e  rpapped extensively in the west 

portion of the Unito 3Cll some plaoes the s o i l  o m r  i s  broken by - 
frequent atony outorops, probably the result; of natural  geologio 
erosion.. Erkensive areas of these s o i l s  mere plaoed in  tr lmier 
olass beoause of the ahallow iutePmittenC s o i l  oover. 

hprowment Progmn Feaaible frou & Soi l s  Standpoint 

The slight aheat and gully erosion on Group A soi ls  oan, 
i n  most oases, be effeotivo2y oonttolled by regulated graeing, 
although a few iaola'ced gully-heads m y  require meohanioal t r e a t -  
ment f o r  immdfate seaulta. In that  event, these sails may be 
regarded aa auitable mater2t-1 for s t ruotura l  purposes. If' t h e  
slope is not t o o  steep, Dinnebito sandy loam, by reason of i ts  
geographio looation along the  baao of f o o t h i l l s  and esoarpments, 
i s  best  adaptedsfor wa$er-spreading purposes. With water ava i l -  
able f o r  i r r igat ion,  tho s o i l s  of th is  se r i e s  are a l s o  w3apt;ed 
t o  a g r i b u l t m l  development. 

A good gmss oover renders t h e m  s o i l s  more ren is tan t  t o  
erosion than thoso of other groupa, but the re  i e  evadsnoe of the 
beginning of aooelorated erosion in some looatiana, probably fhe 
r e su l t  of present grazing methodel A good grass sod i s  not  only 
Important t o  proteot tho surfaoe s o i l  from erosion, but a l s o  to 
oheok the  r a t e  of run-off, thereby resul t ing in a greater degrw 
of a t e r  ebsosptione To that extent, the p l an t  oover serves t o  
iapowe aoil-noiature o onditiona. The destruotion of native vege- 
tat%ve clover as the r e su l t  of developing land for agr ioul tura l  
purposea, shocld be aompensated. for, as fa r  as possiblr, by &i- 
f i o l a l  plant oover and other erosion-oontrol devioea t o  protm* 
the s o i l  *am undue wind erosion. The oandy loam eoi la  are uowl lu  
beef adapted Qo Na8a30 farming. These s o i l  -8 are a lso  tha 
most sueroeptible t o  wind erosionb 
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mrararrent Program F e a i b l e  frevn a Soila 8tMiBpoiaPr 

In g e ~ l r d ,  a range-management program K f l l  mom t o  oorreeQ 
the dmage from eroaion on t h i a  group. Theae mils, harrpaor, 
probably all not reopond so quiokly t o  suoh 8 pPqP6m will 
+bore of (Iroup A. To 0btd.n .the most effeotite rrru]lts, a large 
poHion of these eo i l s  w i l l  require meohwrloal tmatxmd ar b 
teaaim erosion oontrol. This applies espeolrlly t o  sh-f and . 
gully eraafion on acme of the dluvisl aoilw, ruoh u the Htuof snd 
Manobito serioa. In sane plcroea, the t o t a l  sxolwfm (pi Uoav 
#Cook by fenoing might be juatifiabler 

Aa nrsrntloned before, Todilto loamy sand is  rubjoot t o  rind 
erorlon. A maxim vegetative ower  shauld 9)e develop88 rpLd 
m&nfdned, Gully erosion, if a l l m d  t o  Q O X L ~ Y S W  at I t s  greserrli 
rate on'oertrun al luvial  s o i l s ,  w i l l  eventually reader ot~honrloo 
po4irnfially good agr iou l tu~a l  or raage land w o ~ t h k r s e  





,-. ;l'c nlI.c,lS. coi$-eut :::;!!' C i s ~ e r s i c : ? ~  of t l ~  surface  soil are f r ~ q u ~ u t l y  
i ;  i n  o i l  i P .. - 1 . ; , r ~ ' i r -  r ~cnc : . t r a l : ion  i s  low in a dis- 
p c r s e d  sc;i?, a3C -1 !:i J:' 2 ll.rl !. o ontsnt z i v e s  certain relatively non- 
plats?:!-c , i r e ?  "ec tivc; c:=c s: cn-:! c:.!!:rcl ve&x.tion a natural advantage over 
c t h c r  ve~ctc;l:i.c.n l~.:-i:~:: n ? !.;:!tcz- i;ar:ying c a p a c i t y .  Greasewood and salt  
bush aya t;l.:r: ;:a: r, ~ - c . ~ c . ' . ~ ~ - '  , ,..,Llvr tyi-,,;on O U  r.icst of  t h e  soil typos o f  this s r o u p .  
I?,n e:{ccl:ti o : ~  is ?.,:"ili:r: Ice/.! ry ::?.I??, rappoi nort;heast; of Tuba C i t y .  This 
:oil Ins : c c ~ ?  :l?.ccr. ;a C:.fru.;, :: i.:r;cnuse of sever0 viir.6 erosion, The .. . typir.n?- c:*oc: cr. (:or.( it.10:: :-crb; i r  rsprezcntcd by swl! sand 2unes rrhich 

- 7  f , ' 2  i :  i r i :  Some large activ;!  sand dunce 
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nqt c:~l;r oi' rcstrlct,od gr?z.:.ng, but a l s o  of mochanich1t;rcctmc:nt. Thici 
sail. c r o u p  is i ~ p o r t n n t  f r o m  a lanil-mn~tpn:oll1; rhndpoint bcca;uce of the. - , 

gossi';ility o.C doing a ~ r a c l t  deal of good, on the one hand, a i ~ d  the  
p r ~ h k i l i t y  of not doing sufficienk ;_;ocr4. to :varrant the required expend- 
i t u r e  of Inkor and sm-bcrials because of natural soil l imi ta t ims,  on' 
t ho  othcr ,  

Precautions 

Soils o r  luhc I. ccncopi, 33n?c!:otso, !.iunf, and Conolio series f regmnt ly  . 

)lave a l z i ~ h  clay cc.n+el;?; rzn.: n:: r.l!:ali contcnf, which result 2n a dispersed 
condition. ?ke u s e  o f  t.lxr:c ar .21  rr~r~tc- ?nla for structural purpoaes is 
dependent upon appro::ccl aEte:. l?'.;ora.l: oq- nnnlysss t o  deternine the 
d e p e  of dispersion. ?.:I 5 af;sixi.t.e a l!mlJ iuvestigation should usually 

, be r.mdo beforc z!.tcriitpin.g .tc r c sood  o r  c?,cvalop these s o i l s  f o r  agricul- 
t ~ r & l  purpcses. ?hu E C ~ ~ S  of  tT4:: i~c;u; .~,  : ecauso of erosion, will not 
respolld rearlily tu a lzlnti-:;~nm~c;r,antn, y rqrnr ; , .  In some isolated p laces ,  
it nizh i  5e j.r:~osc";lc t o  c!s?.Irlis?i r- scil cover s u f f i c i e l l t  t o  support a 
vcgot~t; ivc  ccve r . it I s :idvi::ar: tht. :razing be restricted nccordir~ly.  

. . 
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Tho s o i l s  o!' t?.is Z r o q  have sari$ charao te r i s t i cs  in  common 
1~5th those of Group C. ITowe-;sr, they two less permeable, may have 
n hi,;hor nl2:ali cc.n%ent, r r?eckinz not  only t h e  type but the @:,,aunt 
of vezoi;at;i:;!1, or :~i;:h.b be r.ore eeverely eroded. This group i s  oomposed . . 1ar;ely of rouz1.. r t  un;. n x  ,- rokc:? 10.32 n:ittt an internfittent, shallovr "s 
? o i l  cover (SW ?n?:lc 1;'). ",'l?c, v c p t n t i v c  cover i s  sparse,  and consists 
~ o s t l ~ r  of ~ ~ 1 . 1 :  l\i\~'.! . 

1hpro;rclr.cn-k ?~~o:;m;-., : ..,o -?.!;la .!ror: a So i l s  Standpoint 
. . 

Group Ij s o i l s  .%re v c r j r  IM.ted i n  t h e i r  urlnpttxbility t o  a land- 
nnnrt;ir:.cn.t prosrar:, :.l:c:?l :?: !-?IC :.1~3a csnsiwting of raw shales and -rely 
?;h:r, s o i l  oz .c-l~icl~ c?;vxion is l w g o l y  : : co lc~ ic .  A program of res t r i c t& 
craxin;; 5s rcc0~~r:~i1cl~:4 .?r%i-  ':: c y!jryosc 0." r . emi t t ing  m a x i m  ~ e g e t a t i v o  

-7== re2ovcv ,  a1.J-! oil;l~ ?:.ax c: ::..lt.r; :!A nE?alloM soils arc very  slow t o  
2 c ~ e l o p  ci v ~ ; ; E ' : o . S ~ V C ?  C.SV r .  

~:os%ly ~.-~rc.n::icnI. !- !.rc?t.!;,.c;nt is not y a c t i c a l  unless for the 
nur;,ose of j::ro-l;o~:' :';I!:;. ',-r?', r.? soils. 

19 , rccrt~i%.i xs ---- 
The sn;.:.c ; ; r c c n . ~ ~ ~ i < r c  -;::.?.!;: rcfez.o:co k o  1;>e quality of the  soil 

f o r  ~ t r l ~ c t u r n l  r.n3.. I-ozce:! ::r. .. . v:. i.i,o,co r: ~ ' . ~ ~ l i ~ s  here as i n  Group C. 





A p i c u l t u r e . 1  S o i l s  - 
;lo a t t oap t  NRS nlade i n  this Survey t o  group s o i l s  on t h e  b a s i s  of 

t h i r  a - r i c u l t ~ ~ r e l  odcp tab i l i -k~ ,  ccssequent ly ,  i n  a d i s c u s ~ i o n  of n ~ r i c n l -  
t-i;rr:l s o i l s ,  re fe rence  b e  made t o  s o i l  s e r i e s  and typec. In so  
dcir.2, an r.y;:rri s r ~ ?  .:;ill hn c n d e  of t h e i r  c h ~ 1 * a c t e r i s t i c s  f ron? on ol.;l*lc~ll- 
. turr , l  p i n t  c:f' vie-;;. 

L ~ r i c u l t u r a l  s o i l s  cn k h i s  Unit a r c  l i n ikod  t o  a l l u v i a l  d e p o s i t s  
a long  i .oencopi :':ash and t h e  L i t t l e  Colorado River. The pos t  i m p o ~ t ~ n t .  
f s . rn ing  aleen i s  I o m t e d  a t  I.loenccpi Vi l lage ,  noar Tuba City.  Lxal 
s o i l  accumulntions ?rom t h e  T o d i l t o  s e r i e s ,  loca ted  on JIoenccpi Plateau,  
m y  be app..*o~riotc:d f o r  a ~ r i c u 1 i ; ' u r a l  u::e w i t h  some hazards from unccr%nin 
rfi',;-,,f~ll ax?  w5n< eros ion .  

Tho n ? l m i a l  s o i l  types which t r e  more o r  l e s s  adal t e d  t o  a g r i c u l -  
turn.1 3ovelopnen.t a r e  g r o u p 2  i n  t h e  followin; s e r i e s  : Dl.nnohotso, I:unt, 
C O I ~ C ~ ~ O ,  Clmebita, ; i l a  nnc'. Cnincron. Each o f  those s o i l s  w i l l  b e  b r i e f l y  
considoreG f r o n  l;he s t s l i d p i n t  o f  a g r i c u l t u r ~ l  use. 

Bjpcs 3.n t5e L;inr.etmi;cc, Ilunt and Tolani  s e r i e s  have nany t h i r q c  
ir- commcn, a l l  Lein;; der ived  from Chin le  and i:oenkopi sha les .  S o i l s  
r;-i%h Y!:nt, ort;;in f 'wc,uently h ~ v e  a high clay and a l k a l i  contend, m s u l t -  
in;: i n  a dic;yl*md s o i l .  The t c p o ~ r a p h y  i s  l e v e l  o r  ken t ly  slo?irrg, *i:it;h 
t h e  surfcco i n a ~ i o . b l j r  broken by wind hurmoc!rs and sand d r i f t s ,  vaq-in; 
i u  h e i j h t  Prnr:. 12 t o  36 inches.  Th i s  m a t e r i a l l y  i n c r e a s e s  t h e  n h j n g a t i o n  
c o s t s  o f  t k o s e  s o i l s  f o r  a g r i c u l t u r a l  developr~ent .  The nntive v.cpi ;oion 
c o n s i s t s  of z r e a ~ e a o o d ,  s a l t  bush r?nl sacr.ton. ThBse s o i l s  occur  nlcng t ho  
.:. oencopi  'ksh con.: s c c o n r ? r ~  :1rcinui;es from 1,loencopi v i l l a ~ e ,  nea r  Tuba 
C i t y ,  s c u t h v ~ c t  r.-' I : o i ~ .  Ton, 

. . 
T y p s  i n  tlw L ' imckotzo  s e r i e s  !~cve n. <c?er: f r i a b l e  s u b s o i l  which s i v e s  

the:!: an n h m t o ; ; e  ova:- khc s o i l s  i n  i;hc o thor  two ser ies .  Yhe scn&y l c m  
r.:id c l a y  l o a ~  t;;pcc 21-c usua l ly  classed. as Clnss P. a ~ r i c u l t u r a l  land, 
pru-, idcc? khr? nll:l!l.i von+.ont docs n o t  c::cced .2 of' ono pcrcon!;. They 
cor.?.~r- sc about  acres of C n i t  3. 

T;jpos i n  tlie I:unl: Series d i f f o r  f rom tlloeo il? ti lo  Dimebot;so i n  
n ~ r i c ~ ~ l t . u ? a l .  nrluj,' u t i o n  by t h e  f roqucnl: occurrence of l~r!n:,y, i m p e r ~ i o u o  
cubs - t r a t c ,  -::i.ic!: v o z l t r  i n  yoor su 'cdrzimye.  This i~ yery  s i g n i f i c a n t  
bocaucc thbce  s o i l s  der ived  f r o n  Lhjnlc  sha le contc in  oOpP:.eciabg q u a n t i t i e s  
of a l k a l i  s ~ l + , s .  C'nlcss suSr!raina;:e i s  e.iicqus?i;e t c  C a c i l i t a t e  a f r e e  
moversnt of ~ 3 . t e 1 -  nni? sonc l each ing  o f  salt..s, the  s o i l s  nrs  n o t  adapted t o  
a . & r i c u l t u r a l  ,,GO. :.iun't sandy loaro i s  rrited 2 ox* C n ~ r i c u l t u r a l  land,  
i ~ u t  the  hocivior t y p e s  &re  not n o r ~ r a l l y  -r:n;ted t o  i r r i ~ a t i o n .  There a r e  
n p p r o x i m t e l y  a c r e s  of Fun% sanc'y :ocw i n  t h 6  kit. 



salt onnfent i s  probably lower 9h.n in the  other Imo aeries,  the subsoil 
is u m s l l y  open and f r iab le ,  bat  semre aid and d e r  erosiun reduoe I t s  
sgr ioul tura l  s~lucr t o  C olws. - wPes are mapped. i n  %he U n i L  

Types i n  the Gila ser ies  oaaur &QJ the Lltfle Colordo Bivek 
bcttom, southeast of Cameron. Yhey fssor~b3gr lehoatod from the stand- 
p i n t  of water for Orsigatbm pwpoeee. 'PF;G %Xt.wa, both ~ i 3 .  tbe su~faoe  
and 9n the s~&soil ,  i s  prei?~aa*l ;y  U@ta 'PUS s ~ i l  %a iirppaacfiwI fop 
agricultural development provided the a l k a l i   oato or at op a high ground- 
w a t e r  table doe8 not  p r o h i b i t  i t 8  ure. In view of' the UarQted amount of 
s o i l s  which aw adapted t o  egrloulbural purpose@ la W e  U n i t ,  it is 
advimd that oonsideration ba siren the poasiblllty d 8- demlopment 
oa types of t h i s  s e r b s .  The Gila norlies ~ m p r i a e  - soma o 

Conoho Seriee8 Types in t he  Cmoho aerier we dlstrSbuted along 
the ~ % e n o o p i  drainage fran Tonulea Trading Port r a t h  t o  tho mmtb of 
Blue Canyon. The topography i s  level t o  humoaQ. Thr ~ b 8 0 i l  i s  heavy 
and often impervious. The a u r i a w  s o i l  ie often hi&* d l e p r s e d  by the 
phy~iccsl notion of czerctdn salts on the usual high oolloidd oamtent. 
Tho vegetation oonsiats of greaaowoode 

The s o i l s  of t h i e  8eriea ham about the ram ~ g r f a u l t u r a l  glual i t isa 
es thoae i n  the Hunt series. The sendy loam wad @lag lorn t;p$ haw 
rimiiiar adaptations, whiah dapend upon the alkali ocppfenf in the root 
tone end upon the o l sy  o m t e n t  of %he eubaoilr Hewj oaxaatratlons of 
alkalP are ahoat  oertaln unleas good-sul.&dnage f a  faeiUtated by an 
open end f r i ab le  eubeoil. The so i l a  of S;Ua ruiars should be invlestig&ed 
oarefully pr ior  t o  oostly tgr~icnaltural develyment. They are uaually 
alkali oonaentrations under i r r iga t ion .  In a l l ,  the Owho seriss 

Type  in the llranebito ser ies ,  loooCed in the s d h e a r f  popfiaiaO I 

%he camera ser ies ,  TZated in  t h o  souiihest pogtian c r ~  t t r ~ r  unif, - are good or exoellent range soi ls .  Their developmat for sgricnrltural 
use dependa upon the  development of an adequate eupply of l l ~ iga t ia r r  
~rabs. 



. . .  ALKALI DISCUSS IONS 

Alkali  i s  an important t'aotor l imiting the value o r  the 
o i l s  of C h e  Unit fo r  s t r u c t u r a ~  ana , a g r i a u l t u r a ~  purposes and Xor 

reseoaine. It occurs in a l l  the  sois6 derived in part  from shales; 
m ~ l y ,  -chu I;oenoopi, Conoho, Bunt,~'Dinnehotso, and Tolanl ser ies .  It 
i s  a l s o  o ~ n c o n t r o t e ~ ,  in the v i c i n i t y  of Tuba City, in s o i l s  of the  
Tc,ti l to series.  A l k a l i  ooncentra%lons ooaw i3 th:ls eerie8 beoause 
of t h e  preslnoo of a relat ively impervious su~stra%um ooneisting of 
L'ingrw sanastone whioh, together with lm r a i n f e ~ l ~  preventu the  
leacning of salcs t o  lower depth8 or fYom t h e  sol l .  

Conoentrntions of a l h l i  on oultivated lanas whion warmnt 
specla1 consideration a t  t h i s  time a r e  those whion ooour on Moenoopi 
farms. Tho a lka l i  resul ts  presented In Table No. V are of soil 
samples taken from t h i s  arae. The r a su l t s  show alkali oonoon%rations 
too  high f o r  the tolerance 01' l ~ o s t  oultivated plants. 

In another portlon of tlns report it has been suggested t&ximt 
an a l k a l i  invefitigation be mde of  t h i s  area at an early date. 
Just i f loat ion for suoh an znvos t i~a t ion  i s  found In the  0bVlov.e noed 
t o  rind p r a o t i o a ~ l e  ways and means oi' prevenCing a l h l i - a f f e o t e d  areas  
from spreading t o  produo'civo agr loul tura l  land, This would neoessi ta te  
discovering the oauso or 0olnbl:iat; ion of onutres whioh have prOdWed 
the 2rosent ooudition. Such an imeat iga t ion  might a l so  determine, 

' 

a t  l e a s t  froln a S o i l s  point of view, u i'easlble method of r e o l a b h g  
t h i s  a l k a l i  land f o r  agricul tural  use, 

"Zn agioul t -am1 li terntiu-e tho t o m  "blkalin refers  t o  any 
exoess of soluble sa l t s ,  .thou@ onir  tho oarbonate form of ths  oommon 
soluble s a l t s  are a true a lk i l i  i n  EL chemioal sense, Llany a l k a l i  
s a l t s  ure used i l l  the  grmrth of plants or are s t -bula t ing  when present 
i n  snail mounts. Yovrevor, s inoe p2ants feed by a prooess of osnosis, 
they oannot t . ~ e  up mois.turs o r  ;~lnnti'ood when the s o i l  solutj.on be- 
cones of greater density thnn t h e  sap solution j.nsi.de the  roots of 
the  plant.* 

Plant adaptation t o  a l a l i  conditions i s  brought about by long oon- 
iued growth and na tura l  selootion of those t h a t  oan m&aatain a 

\ 'nichly oonoeatritod sap solution. 

In soils of ilign a l l a l i  00ilt;ent soeds may f a i l  t o  germinate, 
or if they do the plant does not; ~ i ~ k e  a no.taal gr&h unless through 
oeniurfos of pmt! l  on suoh lana, it has beoolne adapted t o  a l k a l i  
conditions, h e n  a f t e r  EL plant  i s  established 



, or, a l k a l i  I.anGs, a chnnge i n  the water  t ab l e  o r  other fac to rs  

t!:e 2-re9t;est- concmtrn.:.icn of a l k a l i  i n  t he  s o i l  p ro f i l e ,  the 
s o i  1 tc:.::;u.ro 2nd .!;I.ic crop ;rovm. 

l t  Gf t ? . e  scx::only founc! ~ a l t s ,  t h e  ca.rbonate s a l t s  o r  
b l s d :  alkali a x  i; ".;.uo a l k a l i  i n  o. chemical sense and they c r c  
tho n\.ost; iil211.r; fir:: 1 : ~  71ants largely because of t h e i r  corrosive 
a c t i o n  ;n :;lnn'fi!-::.LC. 7: ;oy  a l s o  t e n t  t o  deflocculnte t he  
s o i l  i>r~di;ci.l-.~ r! :;;':.:~i??.~ candi t ion unfr;vorable t o  p lan t  p m t h .  
I : n r - ? w e  Lq.A i .ur 8~11:  : . o . ~ P  r~:.!il r:~.;,nesiur~~ chlor ide  a r o  seldom found i n  
s o i l  but I:.!.:~;L ..;: i -:t ' !-.e Is-kter e spec i a l l y  ap ears t o  be m r e  toxi: P . than  eT;en t!it? o,:l r'sono.t:os. Sodium b ica rhomte  common baking 
soda) is ;;enern.lly ccnsil 'crod . to  be  t h e  next most harmful salt, 
since un.'er i~-ri,;~t:.iitc i.i-. chcryes t o  t he  t r u e  oarbonate f om. 
Sodium chloridt:; (co: :..or, zn1-b) i s  ono of t h e  more abundant a l k a l i  
sal ts  an6 ranks ncx t  i n  t o x i c  ;:frc;per.tiec, with sodiur, sullphate 
(C lacbcra sal!:) !- cltl:;cr - J T I ~  c&u::.cn a l k a l i  s a l t  ranked as the  
least har;;:f GI. I~r~tn.nc:i. r ? se qioted of sodium chloride being; 
equa l ly  a s  hr.r~: l"i;.l :. s s o d !  1 . ~ .  carL,on?.te, though it is believed 
t h a t  t l i i ~  i s  ;;ot :! cormon I * L s u ~ ~ ; .  



"Plants dd Rfer greatly in their tolarsmoe o f  alkali, A 

and those p l w t s  should be eelaoted f o p  alkau d'teoted l a d e  
that have a toleranoe ahloh will inewe proiftable ylelde or 
produotion of forage. The follaring table indicra'br the a p  
pr admate maxin~um oonoenlmiticm of alkali s a h  under whhh 
fairly s a t i s f a o t ~ y  gruwth of vaiCoua domnstioated a d  nativu 
plants om be soourodo The total s d t a  iadioated as rnaxlmm 
tolernnoe of various plsnts aheuM be oamaldered as oaly op- 
proximate since en ulllrrrual oonaentr~tioa of ohlorib ot oar- 
basate aalts may materiailly reduos plant toleragaer. 

Alfalfa (YOU=) 
Alfalfa (Old) 
Smet C lover 
Berseem (Egyptian clover) 
Hairy Vetoh 
Meld Peas 
Be a s  
Timothy 
Orahwd Cress 
Brw Grass 
Red T o p  
Bluegrass 
Weatern Mlheat Grass 
Japcmse meat Grase 
R p  Gllars (Lolium i t a l i o m )  
Fe a oust 
Tall Lbadm Oat Grass 
Salt; Gr ws 
Biue S b m  
Mod3 ole 
Salt Bushes (Atriplex spp.) 
G i a n t  Rye Gsase 
Mlllete 
Sar&"ums 
a w  

Lbrmer 
Sunflowers 
Sugar Beet6 





?r.l+s tend  t;o n e u t r a l i z e  the ?.lac?: a l k a l i  and prevent. the  scil. 
"'*J " f r e c z i : ~  ;;?I1 or  rofu05lig t o  -take ~ i a t c r .  Calcium salts . . 
n r e  rsln-kircl;,  imcluble  mi a r c  n e r o r  : 40 source of s o i l  a l -  
l : .  The rscIs!-ation of s o i l s  t l m t  have rloat-y-textured sub- 
roils l;o a :!c?t:r of Eive f e e t  or tnoro and contain a h i ~ h  con- 
con+ rs t ion  of  a1l:nli Is n o h e  conomically f e a s ib l e  @.s a rule, 
ejncc: n-, inr~~f'i ' icicn!; quant i ty  of vmter can 'ce forcod through 
t!x s o l 1  %(> lcrxl: m.(; . to  the al!~:il.i. The app l ica t ion  of or-  
znnic r;?c.~.~i-c:: +,o 211 s1E:fili lands %-ill m s s i s . t  in their recla-  
~fi"Jon a+, ~inlesc, t h o  t r r i ~ ? t i o n  m t e r  contains calcium m l t  r; 
the a p l i c ~ . t i o n  of Gy!>sun or sul:~hur t o  blac?.: a l k a l i  l a d  t o -  
p t h e r  wit3 or<a-lic r?anuro? v i l l  m t f i r i a l l y  a s s i s t  and, i n  

J cans of hcoqr tex1:ured s o l  b3, it; i's zencra l ly  absolutely oa- 
n o n t i n l  t o  .the rrclaciation o f  nuc'? land. 

I I - . ~  ,,a t o r  f o r  irri::ation i n  W i d  ror.?ons should not oon- - 
t a i n  RS a rub. m r e  " t * : ~  530 t o  700 n T n . ~ .  i f  the  salts are 
1 r i n c i y I . l y  carbomtc  --- 3 ,  becarbonates, o r  chlorid& k i t h  tE6 
hiche r concent rail  on p r m j  s s i b l e  onbj with water cnrkaining 
chlor ides  : ) r i n c \ p l l y .  IS  a n  appreciable par t  of t h e  miter 
f o r  p lant  ;roi;.';l: i s  s ~ p p l i e c !  by rain, 9 igher  concentmtionc 
are permissi:;l.s, 

11 - r. 
L A  z o i l s  tslx :.:-.',:':r rapiclly a ~ d  hn.x good d r ~ i m g e  

1750 p.?.rr. of sn14:; i n  irr5:;ation water can be safely used 
i n  a r i d  rezions !f the cnr'l~nn-1;c scilts pre not  present .  Xa->,er 
anplied t o  herivy t;ext.u~cd soils tht, trnke rr.oi;ture slowly 
should nct; acnknin n;ore i h n n  1300 p.p.r?,. of the neu t r a l  or 
.i;]llt;o a l k a l i  snl.:;.;. Instances are c l t e d  o r  m t e r  conta inix;  
2:: ,00 ~.p.n. sod.!un s~~l:?hn.kc 3e:ni; used successfuily i n  sandy 
zcil:: of ;cod dr8imgc. If i r r i i p t i c r !  vrfiter contains cal- 
ciun: sul;!.r:ko (sypsum) or calciu~:, chloride, higher concentra- 
t i ons  of a l l  salts, p ~ . r t i c ~ l n r l y  carbonate salt;..;, nre per- 
sj.ssj.blo. 7ecnuse of +he f l ocu l a t i ng  a c t l c n  of s o i l s  o f  
sa lks  containin: cnlciun,, -c;ntar f o r  3 . r r ip t i .cn  containing 
wch ~ ~ 1 4 s  i n  supcr ior  t o  t h n t  wi thout  them." 

m LIIC use  of' aQ i nd i s a to r  of tho  value of s o i l s  f o r  
;.onst ruc-k5on !:urposes . 

"...... ,?;on-disperssd s a ~ d g  c l a p  and clays are t h e  
::.oa.t; resi;:tn2t, t o  w.~s:~j.ng under internii t tenk use.  o or s p i l l -  



" S o i l s  cf lets  t'nan 10 prrcent; d i spe rs ion  arc safe 
for  n!-ruckares bc . i l t  according t o  a c c o p t d  en&ineering prac- 
! - i ce s  f o r  non-n l  s o i l s .  S o i l s  of 10 - 30 percent d i s p e r s i o n  
v%lyr ir. their r~ . i tn l ; j . l i ty  invorsev propor t ional  t o  t h 6  por- 
con+ I , s y r n i o n  . II 
(7;;:' ~ : ~ ~ : ' : ' ~ " ~  5:: ~ I S i ~ ! ' < ~ I o ~ ]  GF SO113 AS A PACTOR IN DE!l"FXIl{I?~ 

!: sc I'::LT' 1 JJTY .r 017 L{flt"JI i','PLT??l?-TZ?3TEi?TX 011 STRECTUPES 
c , : ., ~iil!.:, Lsscctr~+.e Consorvat; i o n  Specf nlist, 1936.) 



Extremes i n  erodsn oondltlcnm 'em U n i t  3 ny fr* the s l i g h t l y  
dfeoted types in  the giabab sppd Sphgerr51b a8?iea t o  the reverely 
eroded Todi1to8 Hunf d TOT& -8 ,  6QDa Qf d o h  We aseen- 
t i a l l y  destroyed. Soi l  and olkaate bofh OBP~%N~%S t o  en anvlroarment, 
whioh i r  fundamentally oonduolvm to  e ~ o a i a r r ~  Shm rainfall makes for 
a rpcae vegef atim. Heavy l aph iour  roile, ospeeirrlfgt those with a 
rteop topography, intensif.'y the &hstr of t h l c  ollmri;io faator. 
!torrential rains, omnnoa t o  thir rwbim in late 8umeP, further iab 
areus the destsuotivenetsr of rator eroaim thraugh flagfd run-of f . 

High aou4bwest winda are probably $he moat drattuativu erosion 
agent i n  thir Unit. Wlth the erasgtim of same of the g~esalands, the 
entire Unit i s  affeof ed $0 roan, do@- by t h h  agent. tlPad sroalon 
!la moat revere OB the Ught-textured d l u v l a l  r o i l n  emd the residual 
Todilto typea. Wind h\olclooka rarrgs gemrally fran 12 t o  36 inohes in 
bight; ,  h.t; are muoh higher in s o w  l ooa l t i e s .  Aotive sand dlunse we 
oamma~. nertheaet of !Cuba Clby.  

Co;oimotivs mearrrlree from a S o i l e  r t r n d p o i n t  justif'y tho m x i m a  
i n  laud-aanegernent polioy md pra&j,eo. This o m r s  tha U n i t  ma a 
whola. Fooal pants  or oritioal Weu will require absolute cbxolrrsim 
cDP l5,wstoak during tho groang scornen. MoohanQoal trestiwnt l a  nemm 
awy t o  supplemnt rard mdoo these meesuree most effea4;ive. Mmhnloal 
treatmut would probably be moat eftbofiw on reatrioted watersheds d 
j l t t r l a l  aalloye edjaoeat t o  aid dW oreas inbioafad on #e map ae 
typas in the T o l d  aad Hunt ropier. In this  PIL~BWI, (bupe01.lly lf 
rat* spreading l a  i e a e i b b ,  oost&a o h d m  d sw&cm grwe rdlr,  
reriouelq depleted d gram o m  ab prosent, omU be orade v ~ y  
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