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SUMMARY 

The soi ls  of the Arid Land Ecology Reserve, encompassing the IBP Grass- 

land Biome intensive study s i t e  on the ERDA Hanford Reservation, are repre- 

sentative of a larger geographical region including much of the Columbia 

Plateau and Pacific Northwest shrub-steppe. This results  from a unique 

diversity in ( 1 )  parent materials of mixed origin derived from the loess 

eol ian, 1 acustrine and stream-1 aid material including glacial outwashes, 
river terraces, flood plains and a1 luvial fans and ( 2 )  meteorological factors 

accompanying a marked change in al t i tude within the Reserve resulting in 

development of soi ls  over a range in temperature, moisture and vegetative 

regimes. The Reserve and the IBP Grassland Biome intensive study s i t e  

serve as valuable, representative areas for the study of soil genesis and 

morphology in the shrub-steppe. The role of so i l s  can be determined i n  basic 

environmental processes involving the flow of energy, cyclization of nutri- 

ents or the fa te  and behavior of pollutants. These processes may be examined 

t o  provide baseline information for  comparison t o  other, more disturbed 

areas. Or, for investigative purposes, processes may be systematically 

altered t o  determine the influence of soil-perturbing act iv i t ies  such as 

agriculture, mining and industry on the ter res t r ia l  ecosystem. 
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SOILS OF THE PACIFIC NCRTHWEST SHRUB-STEPPE. OCCURRENCE 

AND PROPERTIES OF SOILS ON THE ARID LAND 

ECOLOGY RESERVE , HANFORD RESERVATION 

INTRODUCTION 

The s o i l  serves as an i n t e g r a l  p a r t  o f  t h e  g rass land  ecosystem and o f t e n  

p l a y s  a  c o n t r o l l i n g  r o l e  i n  i t s  s t r u c t u r e  and f u n c t i o n .  The na tu re  and 

e x t e n t  o f  t h i s  r o l e ,  however, i s  h i g h l y  dependent upon s o i l  phys iocochemica l  

and b i o l o g i c a l  p r o p e r t i e s .  These p r o p e r t i e s  and t h e  un ique  c h a r a c t e r  o f  t h e  

s o i l  i n  t u r n ,  a r e  dependent upon t h e  combined e f f e c t s  o f  t h e  p r i n c i p a l  s o i l -  

forming f a c t o r s  i n c l u d i n g  i t s  pa ren t  m a t e r i a l  , topography, c l i m a t e ,  b i o l  o g i -  

ca l  processes, t ime,  and t o  a  v a r i a b l e  ex ten t ,  man's a c t i v i t i e s .  

T h i s  r e p o r t  desc r i bes  t h e  genera l  occurrence and d i s t r i b u t i o n  o f  s o i l s  

i n  t h e  P a c i f i c  Nor thwest  shrub-steppe as- i n f l u e n c e d  by s o i  1  - fo rming  f a c t o r s ,  

and d e t a i l s  t h e  f o r m a t i o n  and phys icochemica l  p r o p e r t i e s  o f  t h e  s o i l s  i n  t h e  

v i c i n i t y  o f  t h e  A r i d  Land Ecology (ALE) Reserve and t h e  I n t e r n a t i o n a l  B i o l o -  

g i c a l  Program (IBP) Grass land Biome i n t e n s i v e  s tudy  s i t e  l o c a t e d  on t h e  

Energy Research and Development A d m i n i s t r a t i o n  Hanford Reserva t ion  i n  Rich land,  

Washington. It p rov ides  a  genera l  background f o r  s t u d i e s  on s p e c i f i c  s o i l  

processes and t h e  bas i c  eco logy o f  t h e  r e g i o n .  

The P a c i f i c  Nor thwest  shrub-steppe encompasses v a s t  acreages i n  t h e  

up land  reg ions  o f  eas te rn  Washington, eas te rn  Oregon, and southern Idaho and 

i n c l u d e s  a  d i v e r s i t y  o f  s o i l s .  However, t h e  s o i l s  o f  t h e  shrub-steppe a re  

t y p i f i e d  by those e x i s t i n g  on t h e  Columbia Plateau,  bordered by t h e  n o r t h e r n  

Rocky Mountains on t h e  eas t ,  t h e  Cascade Mountains on t h e  west, t h e  Okanogan 

. . High lands on t h e  n o r t h  and t h e  B lue  Mountains on t h e  sou th  ( F i g u r e  1 ) .  The 

p l a t e a u  f u n c t i o n s  as a  l a r g e  i n l a n d  b a s i n  comprised o f  a  s e r i e s  o f  sma l l e r  

bas ins .  The su r f ace  o f  t h e  p l a t e a u  has been m o d i f i e d  i n i t i a l l y  by g l a c i a l  

ab ras ion  and r e d i s t r i b u t i o n  and l a t e r  by wind and wate r  w i t h  a  s i g n i f i c a n t  

p o r t i o n  o f  t h e  b a s i n  s e c t i o n  developed on a  man t l e  o f  l o e s s  and p l e i s t o c e n e  

- .  outwash sediments.  





SOILS OF THE COLUMBIA PLATEAU 

The s o i l s  o f  t h e  Columbia P la teau  suppo r t i ng  shrub-steppe v e g e t a t i o n  

a r e  p r i n c i p a l l y  i n  t h e  d r i e r  up land reg ions  o f  120 t o  1,060 meters  i n  

eas te rn  Washington, no r t hwes te rn  Idaho, and n o r t h e r n  Oregon. The western 

edge o f  t h e  p l a t e a u  l i e s  a t  lower  e l e v a t i o n  i n  t h e  rainshadow o f  t h e  Cascade 

Mountains which remove much o f  t h e  p r e c i p i t a t i o n  f rom P a c i f i c  storms moving 

e a s t .  S o i l s  o f  t h i s  r e g i o n  p r i n c i p a l l y  a r e  Regosols and Sierozem assoc ia -  

t i o n s .  As p r e c i p i t a t i o n  i nc reases  t o  t h e  e a s t  w i t h  inc reased  e l e v a t i o n  and 

d i s t a n c e  f r om t h e  Cascade Pfounta-ins, a  g r a d a t i o n  occurs t o  Brown and Chest- 

n u t  s o i l s  i n  t h e  c e n t r a l  p l a t e a u  and Chernozem and P r a i r i e  s o i l s  i n  eas te rn  

s e c t i o n s  o f  t h e  p l a t e a u  and t he  f o o t h i l l s  o f  t h e  B i t t e r o o t  Flountains on t h e  

e a s t  and t h e  61ue Mountains i n  t h e  south.  The Columbia P la teau  i s  represen-  

t a t i v e  o f  much of t h e  P a c i f i c  Nor thwest  shrub-steppe and encompasses t h e  

v e g e t a t i o n  o f  t h e  Grassland Biome i n t e n s i v e  s tudy  s i t e .  The genera l  d i s -  

cuss ion  of  t h e  p l a t e a u  s o i l s  which f o l l o w s  i s  based on personal  reconna is -  

sance and on an e x c e l l e n t  r e v i e w  o f  western s o i l s  by t h e  A g r i c u l t u r a l  

Experiment S t a t i o n s  o f  t h e  Western S ta tes  Land Grant  U n i v e r s i t i e s  and 

Co l leges  w i t h  coope ra t i ve  ass i s tance  by t h e  S o i l  Conservat ion Serv ice ,  USDA 

(1  964) .  

The s o i l s  o f  t h e  Columbia P la teau  may be g e n e r a l l y  c l a s s i f i e d  as 

l i g h t - c o l o r e d  a r i d  s o i l s ,  modera te ly  dark -  and da rk - co lo red  sem ia r i d  s o i l s ,  

da rk - co lo red  subhumid s o i l s ,  and immature s o i l s  o f  t h e  uplands (F igu re  2 ) .  

LIGHT-COLORED ARID SOILS 

These d e s e r t i c  s o i l s  a r e  g e n e r a l l y  c o n f i n e d  t o  t h e  c e n t e r  o f  t h e  

Columbia P la teau  where e l e v a t i o n s  range f rom 250 t o  330 meters .  The 

c l i m a t e  i s  warm and d r y  w i t h  a  mean annual temperature o f  10 t o  11°C and 

mean annual p r e c i p i t a t i o n  o f  10 t o  20 cm, p a r t i a l l y  due t o  p r o t e c t i o n  f rom 

s to rm movement f r om t h e  west by t he  Cascade Plountains and f rom t h e  south 

, . by b a s a l t  h i l l s  a long  t h e  Columbia R i ve r  gorge. 

Soi  1  s  of t h e  Sierozem, A1 1  u v i a l  , and Sol onchak a s s o c i a t i o n  occupy 

t e r r a c e s ,  a l l u v i a l  fans  and f l o o d  p l a i n s  i n  t h e  Yakima and Wal la  Wal la R i v e r  



CANADA 

FIGURE 2 .  Distribution of soil associations on the Columbia Plateau 
( i n s e t ,  Figure 1 ) (Modified fro111 Soil Conservation Service, 
1964).  



LEGEND 

LIGHT COLORED SOILS OF THE ARID REGIONS 

1 ~ i e r o z e m ,  A i l u v i a l  , Solonchak 
2 Sierozem, L i t h o s o l  , Regosol .  

PlODERATELY DARK COLORED SOILS OF THE SEBiI-ARID REGIONS 

1 Brown, Ches tnu t ,  L i t h o s o l .  
2 Grown, L i  t h o s o l  , A1 1 u v i  a1 . 
3 Grown, Regosol , L i t h o s o l  . 
DARK COLORED SOILS OF THE SEMI-ARID REGIONS 

1 Ches tnu t ,  Brown, L i t h o s o l  . 
2 Ches tnu t ,  Chernozem , Sol o n e t z  . 
3 Ches tnu t ,  L i t h o s o l  . 
DARK COLORED SOILS OF THE SUB-HUMID REGIO>iS 

1 Chernozem, Ches tnu t ,  A1 1 u v i a l  . 
2 Chernozem, Ches tnu t ,  P r a i r i e .  
3 Chernozem, L i  t h o s o l  . 
4 Chernozem, P r a i r i e ,  L i  t h o s o l  . 
5 P r a i r i e ,  Gray Brown Podzol i c ,  Regosol . 
6 P r a i r i e ,  L i t h o s o l  .. 
7 P r a i r i e ,  P l  anoso l  , A1 1 u v i a l  . 

SOILS OF THE COOL TO COLD, SUB-HUMID AND HUMID FORESTED REGIONS 

1 Brown P o d z o l i c ,  Gray wooded, L i t h o s o l .  
2 Brown P o d z o l i c ,  L i t h o s o l ,  Regoso l .  
3 Brown Podzol i c, Podzol , L i  t h o s o l  . 
4 Gray Brown Podzol i c ,  Western Brown F o r e s t ,  P l  anoso l  . 
5 Podzo l ,  Brown P o d z o l i c ,  L i t h o s o l .  
6 Western Brown F o r e s t ,  Chestnut ,  L i t h o s o l .  
7 Western Brown F o r e s t ,  Gray Wooded, L i t h o s o l .  
8 Western Brown F o r e s t ,  Regosol , L i  t h o s o l  . 
SOILS OF THE COLD NONFORESTED MOUNTAIN REGIONS 

A1 p i n e  T u r f ,  Rock1 and, A1 p i n e  Meadow, A1 p i n e  Bog. 

RECENT ALLUVIAL SOILS 

Humic Gley ,  A1 1 u v i a l  . 

IMMATURE SOILS ON Ur4COriSOLIDATED UPLAND r4ATERIALS AND EOLIAN SANDS 

1 Regosol ,  A l l u v i a l ;  Rock land.  
2  egos sol', Brown. 

IMMATURE SHALLObJ SOILS ON CONSOLIDATED UPLAND MATERIALS AND MISCELLANEOUS 
LAND TYPE 

L i  t h o s o l  , Ches tnu t ,  Brown. 



valleys. These al luvial  and eolian (wind blown) deposits are derived from 

basalt  andesite,  sedimentary and  granite rock sources and volcanic ash. 

Soils of the Sierozem, Lithosol , and Regosol association occupy terraces,  

glacial  outwash plains,  alluvial fans,  benches, and mountain foo th i l l s  east  

of the Columbia River in the central portion of the plateau often referred 

to as the Columbia Basin. They developed from alluvial deposits of shale ,  

1 imestone, quar tz i te ,  sandstone, rhyol i t e  grani te ,  s ch i s t ,  and basal t sources. 

These young soil  s developed under re1 at ively low rainfa1 1 1 irni ting 

leaching of s a l t s  to the B horizon where carbonates may be accumulated a t  

depths usually less  than 60 cm. Eluviation of clay generally does not 

occur. Vegetative cover i s  normally sparse and  surface horizons usually 

contain less  than 1.5% organic matter. Erosion i s  common on these s o i l s ,  

par t icular ly i f  soi l  surfaces are  disturbed. 

MODERATELY DARK-COLORED SEMIARID SOILS 

Highly f e r t i l e ,  productive so i l s  cover extensive areas of the Columbia 

Plateau a t  elevations above 300 m where the mean annuql temperature range i s  

7 to  13OC and the mean annual precipitation i s  20 to 44 cm. 

The brown so i l s  dominate, b u t  Lithosol s and Regosols occupy a s ign i f i -  

cant part of the landscape on the steeper slopes. Soils of the Brown, 

Chestnut, Lithosol association occupy plateaus, a l luvial  fans,  terraces,  and 

plains along the Rattlesnake Hills and the northern portion of the Horse 

Heaven Hi l l s .  These s o i l s  are derived from alluvium, colluvium, and resid- 

uum from basa l t ,  rhyoli te ,  tuff and sedimentary rock sources, pumice, and 

diatomite. Soils of the Brown, Regosol, and Lithosol association occupy 

plateaus, valley f loor s ,  benches, rol l  ing hi1 1 s and mountain slopes in the 

central plateau region and the southern portion of the Horse Heaven Hi l l s .  

They are developed from residuum, col luvium, alluvium, loess ,  and outwash 

from sandstone, basal t ,  and lacustrine shale rock sources. 

Soil formation processes are limited by low precipitation during the 

year,  particularly long periods of summer drought and by freezing conditions 

during part  of the winter. Organic matter content i s  usually less  than 1 . 5 %  



and r e f l e c t s  advanced s tages  o f  h u m i f i c a t i o n  and l i m i t e d  o r g a n i c  m a t t e r  

p r o d u c t i o n .  M o i s t u r e  may p e n e t r a t e  up t o  100 cm and ca rbona te  accumu la t ion  

may e x t e n d  t o  t h i s  dep th .  T h i s  o c c u r s  because most o f  t h e  m o i s t u r e  comes 

d u r i n g  c o o l e r  p o r t i o n s  o f  t h e  y e a r ,  l i m i t i n g  e v a p o t r a n s p i r a t i o n  and maxi -  

m i z i n g  t h e  q u a n t i t i e s  o f  m o i s t u r e  a v a i l a b l e  f o r  l e a c h i n g .  The s o i l s  a r e  

r e l a t i v e l y  young and t h e  l i m i t e d  m o i s t u r e  and n e u t r a l  t o  b a s i c  pH have l e d  

t o  e l  u v i a t i o n  o f  c l a y ,  m i n e r a l  w e a t h e r i n g  and p r o f  i 1  e  deve l  opment . 

DARK-COLORED SEMIARID SOILS 

These s o i l s  g e n e r a l l y  r e f l e c t  t h e  m o i s t u r e  and tempera tu re  t r a n s i t i o n  

between t h e  Brown s o i l s  o f  t h e  d r y ,  s e m i a r i d  g r a s s l a n d s  and t h e  Chernozem 

s o i l s  o f  subhurnid g rass lands  a t  e l e v a t i o n s  f r o m  450 t o  900 m  where t h e  mean 

annual  p r e c i p i t a t i o n  i s  30 t o  50 crn and t h e  mean annual  tempera tu re  i s  5 t o  

9°C. The Ches tnu t  s o i l s  dominate  t h i s  zone i n  t h e  Colurr~bia P l a t e a u .  A t  t h e  

n o r t h e r n  extreme, s o i l s  o f  t h e  Chestnut ,  Brown, L i t h o s o l  a s s o c i a t i o n  occupy 

p l a t e a u s ,  moun ta in  s l o p e s ,  breaks,  g l a c i a l  t i 1  1  p l a i n s ,  moranes, and o u t -  

wash p l a i n s .  They a r e  deve loped p r i n c i p a l l y  on l o e s s  and res iduum o r i g i n a t -  

i n g  f rom b a s a l t ,  r h y o l i t e ,  t u f f ,  s h a l e ,  sandstone, and g r a n i t e  r o c k  sources .  

The Chestnut ,  L i t h o s o l  a s s o c i a t i o n  predominates i n  t h e  sou thwes te rn  

r e g i o n  a l o n g  t h e  west  bank o f  t h e  Columbia R i v e r  n o r t h  o f  t h e  R a t t l e s n a k e  

H i1  1s occupy ing  p l a t e a u s ,  r i d g e s ,  t e r r a c e s ,  and f l o o d  p l a i n s .  The Chestnut  

s o i l s  i n  t h e  e a s t e r n  s e c t i o n  a r e  a s s o c i a t e d  w i t h  Chernozem and So lone tz  

s o i  1  s  and occupy 1  oess h i  11 s, g l a c i a t e d  and nongl  a c i a t e d  p l a t e a u s  , and 

g l  a c i  a t e d  v a l  1  eys . 
The Chestnut  s o i l s  a r e  c h a r a c t e r i z e d  by h i g h e r  o r g a n i c  m a t t e r  c o n t e n t  

t h a n  t h e  Brown s o i l s  b u t  l i m i t e d  l e a c h i n g  o f  s a l t s  o c c u r s  p r i n c i p a l l y  because, 

a l t h o u g h  t h e  su r face  s o i l s  r e c e i v e  h i g h e r  annual p r e c i p i t a t i o n ,  s o i l  m o i s t u r e  
- - i s  u s u a l l y  d e p l e t e d  by e v a p o t r a n s p i r a t i o n  processes i n  midsummer and t h e  

s o i l s  a r e  seldom s a t u r a t e d  t o  f u l l  p r o f i l e  dep th .  S o i l  p r o f i l e s  on t h e  

t h i c k  l a y e r  o f  l o e s s  i n  t h e  e a s t e r n  p o r t i o n  a r e  r e l a t i v e l y  young and, w i t h  

m in ima l  l e a c h i n g ,  a r e  p o o r l y  d i f f e r e n t i a t e d ,  h a v i n g  l i t t l e  c l a y  and weak 

c a l c i u m  carbona te  accumu la t ions  i n  t h e  B h o r i z o n .  
I 



DARK-COLORED SUBHUMID SOILS 

These s o i l s  r i m  t h e  no r the rn ,  eas te rn ,  and sou theas te rn  s e c t i o n s  o f  t h e  

Columbia P la teau  a t  e l e v a t i o n s  rang ing  f rom 600 t o  1200 meters  where mean 

annual p r e c i p i t a t i o n  and temperatures range from 40 t o  65 cm and f rom 5 t o  

g°C, r e s p e c t i v e l y .  A l though r e c e i v i n g  more mo i s tu re  and occupying a  r e g i o n  

of c o o l e r  temperatures than t h e  s o i l s  d iscussed p r e v i o u s l y ,  these  s o i l s  

suppor t  t h e  shrub-steppe v e g e t a t i o n  t y p i c a l  o f  t h e  o t h e r  s o i l s .  However, t h e  

grasses o f  t h i s  r e g i o n  a l s o  i n c l u d e  t he  f o r b s  such as Festuca spp. The 

s o i l  a s s o c i a t i o n s  a r e  r e l a t i v e l y  complex, b u t  may be genera l  l y  c l a s s i f i e d  

i n t o  t h e  Chernozem and P r a i r i e  a s s o c i a t i o n s .  

The Chernozem s o i l s  g e n e r a l l y  occur  on l oess  h i l l s ,  p l a teaus ,  t e r r a c e s ,  

and i n te rmoun ta in  v a l l e y s  a t  d r i e r  lower  e l e v a t i o n s  ad jacen t  t o  Chestnut and 

n o n c a l c i c  Brown s o i l s  r e p r e s e n t i n g  a  t r a n s i t i o n  between these s o i l s  and t h e  

P r a i r i e  s o i l s .  They a re  d e r i v e d  f rom l oess ,  g l a c i a l  outwash, and b a s a l t ,  

g r a n i t e ,  sandstone, and sha le  rock  sources. The P r a i r i e  s o i l s  i n  t h i s  . 

r e g i o n  s u p p o r t i n g  shrub-steppe v e g e t a t i o n  t y p i c a l l y  occur  a t  w e t t e r ,  h i ghe r  ' 

e l e v a t i o n s  on l o e s s  h i 1  1  s, mountain s lopes and t e r r a c e s ,  and 'p la teaus  a d j a -  

c e n t  t o  f o r e s t s  which surround t h e  p l a t e a u  and i n  a s s o c i a t i o n  w i t h  L i t h o s o l s .  

They a r e  g e n e r a l l y  d e r i v e d  f rom t h e  same m a t e r i a l s  as t h e  Chernozems. 

A l though o c c u r r i n g  ove r  a  wide range i n  annual p r e c i p i t a t i o n  and tem- 

pe ra tu res ,  t h e  ba lance between these f a c t o r s ,  p a r t i c u l a r l y  seasonal d r y  

pe r i ods ,  g e n e r a l l y  r e s u l t s  i n  g rass land  r a t h e r  than  f o r e s t  v e g e t a t i o n  on t h e  

Chernozem and P r a i r i e  s o i l s .  The l u x u r i a n t  g rass land  i n  combinat ion w i t h  

coo l  temperatures r e s u l t  i n  maximum accumulat ions o f  o r g a n i c  m a t t e r .  Base 

s a t u r a t i o n  i s  u s u a l l y  above 60%. Clays have been e l u t r i a t e d  o f t e n  t o  con- 

s i d e r a b l e  depth.  The Chernozem s o i l s  which r e c e i v e  l e s s  mo i s tu re  than  t h e  

P r a i r i e  s o i l s  g e n e r a l l y  e x h i b i t  h i g h e r  concen t ra t i ons  o f  o r g a n i c  m a t t e r  i n  

t h e  su r f ace  ho r i zons  because w h i l e  o rgan i c  m a t t e r  p r o d u c t i o n  i s  g e n e r a l l y  

optimum i n  b o t h  s o i l s ,  h i g h e r  p r e c i p i t a t i o n  i n  t h e  P r a i r i e  s o i l s  u s u a l l y  

r e s u l t s  i n  l e a c h i n g  o f  o rgan i c  s o l u b l e s  f r om s u r f a c e  ho r i zons .  I n  t h e  

Chernozem, s a l t s  have n o t  been leached f rom t h e  B  hor izon ,  which may be 

s l i g h t l y  a1 k a l  i n e  and c o n t a i n  ca l c i um carbonate  accumulat ions.  I n  c o n t r a s t ,  



ca l c i um carbonate i s  g e n e r a l l y  leached f rom t h e  P r a i r i e  s o i l  p r o f i l e s ,  which 

a r e  u s u a l l y  s l i g h t l y  ac i d ,  and t h e  B  ho r i zons  may c o n t a i n  h i g h e r  c l a y  concen- 

t r a t i o n s  th rough e l u t r i a t i v e  processes. 

IMMATURE SOILS OF THE UPLANDS 

The Columbia P la teau  i n c l u d e s  two p r i n c i p a l  areas o f  young s o i l s  o f  low 

f e r t i l i t y  which suppo r t  sparse shrub-steppe vege ta t i on .  S o i l s  o f  these 

r e g i o n s  a r e  dominan t l y  Regosols and L i t h o s o l s .  

The Regosols a r e  g e n e r a l l y  l o c a t e d  a t  low e l e v a t i o n s  o f  90 t o  300 m  

a long  t h e  banks o f  t h e  Columbia R i v e r  and t h e  Snake R i v e r  near  i t s  con- 

f l u e n c e  w i t h  t h e  Columbia where t h e  mean annual p r e c i p i t a t i o n  i s  15 t o  23 

cm and t h e  mean annual temperature i s  11 t o  12°C. They i n c l u d e  sandy, 

g r a v e l l y ,  wind-worked s t ream outwash depos i t s  and occupy hummocky o r  

u n d u l a t i n g  t e r r a c e s  and outwash p l a i n s  developed f r om mixed a l l uv i um;  

g l a c i a l  outwash and e o l i a n  sands. As immature s o i l s  o f  r e l a t i v e l y  r e c e n t  

o r i g i n  s u b j e c t  t o  1  ow p r e c i  p i  t a  ti on and sparse vege ta t i on ,  t h e  Regosol s e  

l a r g e l y  r e f l e c t  t h e  p r o p e r t i e s  o f  t h e  pa ren t  m a t e r i a l .  They c o n t a i n  a  

weak A  hor izon ,  p a r t i a l l y  leached o f  s a l t s ,  w i t h  low accumulat ions o f  

o r g a n i c  ma t te r ,  b u t  l a c k  a  B  ho r i zon .  

The L i t h o s o l s  a r e  l o c a t e d  i n  t h e  n o r t h c e n t r a l  p a r t  o f  t h e  Columbia 

Plateau,  g e n e r a l l y  a t  h i g h e r  e l e v a t i o n s ,  300 t o  1060 m  where mean annual 

p r e c i p i t a t i o n  o f  25 t o  40 cm i s  h i g h e r  and temperatures o f  9  t o  10°C a r e  

l owe r  t han  i n  t h e  r i v e r  bottoms where t h e  Regosols developed. The s o i l s ,  

u s u a l l y  i n  a s s o c i a t i o n  w i t h  Brown and Chestnut s o i l s ,  occupy p la teaus ,  

f ~ o t h i l l s ,  and mountains and a r e  d e r i v e d  f rom g l a c i a l  outwash and f rom 

res iduum and c o l l u v i u m  p a r e n t  m a t e r i a l s  t y p i c a l  o f  t h e  Brown and Chestnut 

s o i  1  s .  L i  t hoso l  s  a r e  immature and shal  low w i t h  o n l y  weakly  developed, 

t h i n ,  o f t e n  s toney,  A ho r i zons  over  pa ren t  m a t e r i a l .  S a l t  may be l a r g e l y  

leached f r om t h i s  t h i n  man t l e  o f  s o i l .  





SOILS OF THE ARID LAND ECOLOGY (ALE) RESERVE 

OCCURRENCE AND DISTRIBUTION 

The ALE Reserve, p a r t  o f  t h e  Energy Research and Development Adminis- 

t r a t i o n ,  Hanford Reservat ion,  encorrlpasses t h e  IBP i n t e n s i v e  s tudy  s i t e  and 

i s  l o c a t e d  on t h e  n o r t h e a s t - f a c i n g  s lopes  o f  t h e  Ra t t l esnake  H i l l s ,  ad jacen t  

t o  t h e  Columbia R i v e r  P l a i n s ,  i n  sou theas te rn  Washington. The r e g i o n  i s  

s u b j e c t  t o  low p r e c i p i t a t i o n ,  as P a c i f i c  storms l o s e  most o f  t h e i r  mo i s tu re  

when a i r  i s  coo led  c r o s s i n g  t h e  Cascade Mountains t o  t h e  eas t .  The presence 

o f  t h e  Cascade Range a l s o  r e s u l t s  i n  a  l a c k  o f  any modera t ing  i n f l u e n c e  o f  

t h e  P a c i f i c  on temperatures which a r e  h i g h  i n  t h e  summer and low i n  t h e  w in -  

t e r  (Hinds and Thorp, 1969).  

The ALE Reserve encompasses about  310 square k i l o m e t e r s  w i t h  an upper 

e l e v a t i o n  o f  1,060 m a t  t h e  c r e s t  o f  Ra t t l esnake  Mounta in  which serves as t h e  

western boundary o f  t h e  rese rve .  The n o r t h e a s t  s l ope  o f  Ra t t l esnake  Mounta in  

i s  ab rup t ,  d ropp ing  t o  an e l e v a t i o n  o f  150 m  on t h e  ad jacen t  p l a i n s  where t h e  

e a s t e r n  boundary o f  t h e  r e s e r v e  i s  l o c a t e d .  T h i s  a l t i t u d i n a l  g r a d i e n t  i s  

r e s p o n s i b l e  i n  p a r t  f o r  d i f f e r e n c e s  on t h e  r e s e r v e  i n  mean annual temperature 

range o f  app rox ima te l y  9  t o  10°C and mean annual p r e c i p i t a t i o n  range o f  

app rox ima te l y  18 t o  30 cm. These f a c t o r s ,  i n  c o n j u n c t i o n  w i t h  d i f f e r e n c e s  i n  

p a r e n t  n i a t e r i a l ,  have r e s u l t e d  i n  a  d i v e r s i t y  o f  s o i l s  i n  t h e  v i c i n i t y  o f  t h e  

I B P  Grassland Biome i n t e n s i v e  s tudy  s i t e  which i s  l o c a t e d  a t  an e l e v a t i o n  o f  

450 m  on t h e  n o r t h e a s t - f a c i n g  s l ope  o f  Ra t t l esnake  Mountain.  

The ALE Reserve l i e s  i n . t h e  western p o r t i o n  o f  t h e  Columbia P la teau  and 

i s  u n d e r l a i n  by a  s e r i e s  o f  b a s a l t i c  l a y e r s  which a r e  p a r t  o f  t h e  Columbia 

R i ve r  l a v a  f i e l d  ( F i g u r e  3 ) .  The l a v a  i s  g e n e r a l l y  l e v e l  i n  t h e  v a l l e y s  and 

p l a i n s  b u t  f o l d e d ,  s t e e p l y  i n c l  i n e d  l a y e r s  fo rm p a r t  o f  t h e  canyon w a l l s ,  

benches, t e r r a c e s ,  and rocky  ou t c rops  o f  t h e  r e g i o n .  The b a s a l t  i s  o f t e n  

o v e r l a i n  by unconso l i da ted  m a t e r i a l  which serves as t h e  p a r e n t  m a t e r i a l  f o r  

s o i l s  o f  t h e  reserve .  T h i s  i n c l u d e s  m a t e r i a l s  o f  l o e s s i a l  , e o l i a n  l a k e - l a i d  

and s t r e a m - l a i d  o r i g i n .  
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FIGURE 3.  S o i l  D i s t r i b u t i o n  on t h e  A r i d  Land Ecology Reserve 
(P lod i f ied  f rom Hajek, 1966).  

The c r e s t  o f  Ra t t lesnake  Mountain down t o  approx imate ly  750 m, c o n s i s t s  

p r i n c i p a l l y  o f  b a s a l t  o v e r l a i n  by a  25 t o  50 cm l a y e r  o f  l oess  w i t h  numerous 

rocky  ou t c rops  and breaks.  The r e l a t i v e l y  h i gh  p r e c i p i t a t i o n  and lower  

temperatures a t  t h i s  e l e v a t i o n  have l e d  t o  t h e  presence o f  a  v a r i e t y  o f  

fo rbs  as we11 as bluebunch wheatgrass. The c o ~ r ~ b i n a t i o n  o f  these  f a c t o r s  has, 

i n  t u r n ,  r e s u l t e d  i n  v e r y  dark  brown s o i l s  o f  up t o  7% o r g a n i c  m a t t e r  con- 

t e n t  f o r  t h i s  r e g i o n  p a r t i c u l a r l y  i n  p r o t e c t e d  areas on t h e  n o r t h  f ace  where 
. . 

snow f i e l d s  may p e r s i s t  i n  t h e  s p r i n g .  The sha l l ow  na tu re  o f  t he  s o i l s ,  

however n e c e s s i t a t e s  c l a s s i f i c a t i o n  as a L i  t hoso l  . These s o i  1  s  a r e  t y p i f i e d  
. . 

by t h e  L i c k s k i l l e t  s e r i e s .  



Ad jacen t  t o  t h e  c r e s t  and ex tend ing  t o  an e l e v a t i o n  o f  app rox ima te l y  

180 m, t h e  s o i l s  which compr ise t h e  ma jo r  p o r t i o n s  o f  t h e  ALE Reserve a r e  

d e r i v e d  f r o m  loess ,  u s u a l l y  g r e a t e r  t han  150 cm deep, l i k e l y  depos i t ed  

when t h e  v e l o c i t y  o f  w e s t e r l y  winds was reduced a t  t h e  mounta in  c r e s t .  

Above 360 m, mean annual temperatures o f  9°C and mean annual p r e c i p i t a t i o n  

o f  23 t o  30 cm have l e d  t o  t h e  development o f  Brown s o i l s  u n d e r l a i n  by 

b a s a l t  w i t h  dark ,  gray ish-brown A  ho r i zons  app rox ima te l y  20 cm t h i c k  and a  

ca lca reous  h o r i z o n  below 90 cm. These s o i l s  a r e  t y p i f i e d  by t h e  R i t z v i l l e  

s e r i e s  on wh ich  t h e  i n t e n s i v e  s t udy  s i t e  i s  l o c a t e d .  A t  app rox ima te l y  360 

m  e l e v a t i o n ,  t h e  Brown s o i l s  grade t o  Sierozems wh ich  developed under a  

l owe r  p r e c i p i t a t i o n  regime, 15 t o  23 cm, and perhaps h i g h e r  temperatures.  

These s o i l s ,  u n d e r l a i n  by reworked l a c u s t r i n e  depos i t s ,  ex tend t o  a  lower  

e l e v a t i o n  o f  app rox ima te l y  180 m. They have been sub jec ted  t o  l e s s  l e a c h i n g  

and a  h i g h l y  ca lca reous  l a y e r  has developed a t  app rox ima te l y  50 cm. T h i s  

s o i l  i s  t y p i f i e d  by t h e  Warden s e r i e s .  Both t h e  Brown and Serozem s o i l s  

i n c l u d e  occas iona l  b a s a l t  ou t c rops .  

A t  l o w e r  e l e v a t i o n s  on t h e  n o r t h ,  eas te rn ,  and sou thern  boundar ies o f  

t h e  r ese rve ,  t h e  s o i l s  a r e  d e r i v e d  f r om l a c u s t r i n e  and s t r e a m - l a i d  d e p o s i t s  

which have been r e d i s t r i b u t e d  by wind.  The mean annual p r e c i p i t a t i o n  here 

i s  15 t o  23 cm and t h e  mean annual tempera tu re  i s  10°C. These s o i l s ,  which 

do n o t  occupy l a r g e  areas o f  t h e  ALE Reserve, a r e  p r i n c i p a l l y  Regosols, 

Sierozems-Regosol s  i n t e r g r a d e s  o r  A1 1  u v i a l  s o i  1  s.  

The Regosols, t y p i f i e d  by  Burbank and Hezel s e r i e s ,  a r e  developed 

p r i n c i p a l l y  i n  unconso l i da ted  wind-blown sands u s u a l l y  l e s s  than  100 cm 

deep and u n d e r l a i n  by g r a v e l l y  a l l u v i u m  i n  t h e  Burbank s e r i e s  o r  l a c u s t r i n e  

sediments i n  t h e  Hezel s e r i e s .  The l a t t e r  s o i l s  occupy t h e  l a r g e s t  p o r -  

t i o n s  o f  t h e  n o n l o e s s i a l  s o i l s  o f  t h e  r ese rve .  They a r e  hummocky and t h e  

hummocks may be s t a b i l i z e d  by shrubs and assoc ia ted  grasses.  I n  t h e  swards 
- .  

between hummocks, t h e  u n d e r l y i n g  f i n e r - t e x t u r e d  sediments a r e  o f t e n  exposed 

by w ind  a c t i o n  i n  t h e  l a t e  s p r i n g  and e a r l y  f a l l  when o v e r l y i n g  sands a r e  

d r y .  These s o i l s  a r e  p o o r l y  developed, r e f l e c t i n g  t h e  p r o p e r t i e s  o f  t h e  
. . 

p a r e n t  m a t e r i a l ,  b u t  t h e  s l i g h t l y  a c i d i c  su r f ace  ho r i zons  i n d i c a t e  some 

1  each i  ng o f  s a l  t s  has occur red .  



The Sierozem-Regosol i n t e r g r a d e  o r  A l l u v i a l  s o i l s ,  t y p i f i e d  by t h e  

Scootney s e r i e s ,  l i e  i n  i n t e r m i t t e n t  s t ream bottoms 2nd a l l u v i a l  fans from 

these  streams. A l though f i n e r  t e x t u r e d  than  t h e  Regosols, t hey  have weakly 

developed p r o f i l e s ,  d i s t i n g u i s h i n g  them f rom t h e  Warden s e r i e s  and a r e  

s e v e r e l y  eroded. 

The A l l u v i a l  s o i l s  a re  formed i n  r e c e n t  a l l u v i u m  d e r i v e d  f rom l oess  and 

l a c u s t r i n e  sediments.  Sur face hor i zons  a r e  v e r y  d a r k  brown. P r o f i l e  deve l -  

opment i s  g e n e r a l l y  l a c k i n g  on t h e  ALE Reserve s o i l s  and t h e  t e x t u r e  o f  t h e  

s u b s o i l  v a r i e s  due t o  t h e  s t r a t i f i e d  a l l u v i u m .  

SOIL PROFILE DESCRIPTIONS 

The s o i l  p r o f i l e  d e s c r i p t i o n s  f o r  s o i l s  r e p r e s e n t a t i v e  o f  t h e  p r i n c i p a l  

Great  S o i l  Groups p resen t  on t h e  ALE Reserve a r e  o u t l i n e d  i n  Tables 1-4.  

They occur  a long  an a l t i t u d i n a l  t r a n s e c t  o f  t h e  n o r t h e a s t - f a c i n g  s lopes o f  

t h e  Rat t lesnake  H i l l s .  The s o i l s  o f  t h e  ALE Reserve were mapped i n  an e a r l y  

Bureau o f  S o i l s  s o i l  survey o f  Benton County (Kocher and S t rahorn ,  1916) .  

However, t h e  ALE Reserve, as p a r t  o f  t h e  Hanford Reservat ion,  was n o t  

i n c l u d e d  i n  t h e  l a t e s t  Benton County s o i l  su rvey  (Rasmussen, 1971) by t h e  

Soi 1  Conserva t ion  Se rv i ce .  The r e p r e s e n t a t i v e  p r o f i  1  e  d e s c r i p t i o n s  a r e  

l a r g e l y  f rom t h e  most r e c e n t  survey,  b u t  a r e  mod i f i ed ,  as a p p r o p r i a t e ,  t o  

more p r e c i s e l y  r e f l e c t  t h e  p r o f i l e s  o f  t h e  n o n c u l t i v a t e d  s o i l s  on t h e  ALE 

Reserve. 

The L i c k s k i l l e t  loam (Table I ) ,  a  L i t h o s o l  , i s  l o c a t e d  a t  t h e  c r e s t  o f  

t h e  Ra t t l esnake  H i l l s .  I t  i s  stoney, c o n t a i n i n g  numerous b a s a l t  f ragments 

and i s  l o c a t e d  among b a s a l t  r o c k  ou tc rops .  The shrub spec ies i s  b i g  sage- 

brush, A r t e m i s i a  t r i d e n t a t a ,  p resen t  a t  low d e n s i t y ,  whereas t h e  u n d e r s t o r y  

c o n s i s t s  p r i m a r i l y  o f  bluebunch wheatgrass, Apropyron sp icatum and low 

growing forbs,  e.g., Festuca spp., t y p i c a l  o f  P r a i r i e  s o i l s .  

The R i t z v i l l e  s i l t  loam (Tab le  2 ) ,  a  Brown-Regosol i n t e r g r a d e ,  i s  

g e n e r a l l y  l o c a t e d  a t  e l e v a t i o n s  between t h e  L i c k s k i l l e t  loam, a t  h i g h e r  

e l e v a t i o n s ,  and t h e  Warden sandy loam, a t  lower  e l e v a t i o n s .  It o v e r l a y s  

b a s a l t  bedrock as i n  t h e  case o f  t h e  L i c k s k i l l e t ,  b u t  i t  i s  deeper than t h e  . . 



T A B L E  1 .  Representative Profile Description of the 
Lickskil l e t  Loam (modified from Rasmussen, 1971 ) 

Horizon Description 

A 1 0 to  5 inches, very dark brown (10YR 2/2) very 
stony s i l t  loam, grayish brown (10YR 5/2) when 
dry; weak, f ine ,  granular s t ructure;  s o f t ,  
f r i ab le ,  sl ightly sticky a n d  s l ight ly  p las t ic ;  
a b u n d a n t  roots;  many, f ine ,  vesicular pores; 
s l ight ly  acid (pH 6.2) ;  about 10 percent basalt 
fragments; gradual, wavy boundary. 2 to 8 
inches thick. 

5 to  11  inches, dark-brown (10YR 3/3) ,  very 
stony heavy s i l t  loam, brown (10YR 5/3) when 
dry; moderate, medium, subangular blocky struc- 
ture ;  few thin coatings on ped surfaces; 
s l ight ly  hard, f r iab le ,  sticky and p las t ic ;  
plentiful roots;  common f ine  pores; s l ight ly  
acid (pH 6.5);  approximately 40 percent 
basalt fragments; gradual, wavy boundary. 3 
to  10 inches thick. 

11 to 18 inches, dark yellowish-brown (10YR 
3/4) ,  very stony heavy s i l t  loam, yellowish 
brown (10YR 5/4) when dry; moderate, medium, 
subangul ar  bl ocky structure;  few thin coatings 
on ped surfaces; s l ight ly  hard, f r i ab le ,  
sticky and p las t ic ;  plentiful roots;  common 
f ine pores; may be mildly alkaline (pH 7.8) ;  
approximately 60 percent angular basalt frag- 
ments; abrupt, irregular boundary. 5 t o  1 2  
inches thick. 

IIR 18 inches, basalt bedrock with some fractures.  
The rock fractures are coated with lime- 
s i l i c a  and  contain matted roots. 

The texture of the B horizon ranges from heavy s i l t  loam t o  
si1t.y clay loam. The stoniness and the number of rock o u t -  
crops varies widely within short distances. The depth to 
basalt bedrock ranges from 10 t o  20 inches; the average depth 
i s  about 18 inches. 



TABLE 2. Represen ta t i ve  P r o f i l e  C e s c r i p t i o n  o f  t h e  R i t z v i l l e  
S i l t  Loam ( m o d i f i e d  f r om Rasmussen, 1971 ) 

Hor izon  D e s c r i p t i o n  

A1 0 t o  8 inches ,  ve ry  dark gra,yish-brown (10YR 
312) s i l t  loam, g r a y i s h  brown (10YR 5 /2 )  when 
dry ;  weak, coarse g r a n u l a r  s t r u c t u r e ;  s o f t ,  
f r i a b l e ,  n o n s t i c k y  and s l i g h t l y  p l a s t i c ;  
abundant r o o t s ;  common f i n e  Dores; s l i g h t l y  
a c i d  (pH 6 .2 ) ;  g radua l ,  smooth boundary. 
6  t o  15 inches t h i c k .  

8 t o  36 inches ,  dark-brown (10YR 313) s i l t  
loam, brown (10YR 5/3)  when dry ;  weak, coarse, 
p r i s m a t i c  s t r u c t u r e ;  s o f t ,  f r i a b l e ,  non- 
s t i c k y  and s l i g h t l y  p l a s t i c ;  few r o o t s ;  com- 
mcn f i n e  pores;  m i l d l y  a l k a l i n g  (pH 7.6) ;  
abrup t ,  wavy boundary. 10 t o  25 inches  
t h i c k .  

36 t o  51 inches,  dark  gray ish-brown (10YR 
412) s i l t  loam, l i g h t  brownish g ray  (10YR 
612) when dry ;  weak, coarse, p r i s m a t i c  s t r u c -  
t u r e ;  so f t ,  f r i a b l e ,  n o n s t i c k y  and s l i g h t l y  
p l a s t i c ;  few r o o t s ;  common f i n e  pores; s t r o n g  
ef fervescence;  moderate ly  a1 k a l  i n e  (pH 8.2)  ; 
gradual ,  wavy boundary. 6  t.o 20 inches t h i c k .  

51 t o  67 inches,  da rk  gray ish-brown (1  0YR 
412) s i l t  loam, l i g h t  brownish g ray  (10YR 
612) when d ry ;  massive; s l i g h t l y  hard, f i r m ,  
n o n s t i c k y  and s l i g h t l y  p l a s t i c ;  few r o o t s ;  
common f i n e  pores; v i o l e n t  e f fervescence;  
moderate ly  a1 k a l  i n e  (pH 8 .4 ) .  

Genera l l y ,  t h e  depth t o  bedrock i s  more than  60 inches,  b u t  i n  
p laces  i t  i s  as l i t t l e  as 30 inches  and occas iona l  r ock  o u t -  
cram occu r  p r i n c i p a l l y  a t  t h e  edges o f  g u l l i e s .  The depth t o  
l i m e  i s  commonly more t han  36 inches,  b u t  i t  i s  l e s s  t han  36 
inches  i n  some o f  t h e  areas where bedrock i s  w i t h i n  60 inches 
o f  t h e  sur face .  A s i g n i f i c a n t  p o r t i o n  o f  t h e  su r f ace  i s  occu- 
p i e d  by l i c h e n  mats which tend  t o  s t a b i l i z e  t h e  s o i l  t o  wind 
e ros ion .  The s o i l  i s  w e l l  d ra ined .  F i rm  aggregates of s i l t  
f r om o v e r l y i n g  ho r i zons  have been depos i t ed  i n  i n s e c t  burrows. 
These aggregates a r e  as much as 112 i n c h  wide and 4 inches  
long .  They a r e  common i n  t h e  C ho r i zon .  



TABLE 3.  Representa t ive  P r o f i l e  Descript ion of t h e  Warden 
Sandy Loam (modified from Rasmussen , 1971 ) 

Horizon Descript ion 

A 1 0 t o  9 inches ,  dark grayish-brown (1 OYR 412) 
sandy loam, l i g h t  brownish gray (10YR 612) when 
dry;  weak coarse  g ranu la r  s t r u c t u r e ;  s l i g h t l y  
hard, f r i a b l e ,  nonst icky and s l  i g h t l y  p l a s t i c ;  
abundant r o o t s ;  common f i n e  t u b u l a r  pores;  
neu t r a l  (pH 7 .0 ) ;  g radua l ,  smooth boundary. 
0 t o  3 inches t h i c k .  

B 2 9 t o  19 inches ,  dark grayish-brown (10 Y R  412) 
s i l t  loam, l i g h t  brownish gray (10YR 612) when 
dry;  weak, medium, subangular blocky s t r u c t u r e ;  
s o f t ,  f r i a b l e ,  s l i g h t l y  s t i c k y  and s l i g h t l y  
p l a s t i c ;  p l e n t i f u l  r o o t s ;  common f i n e  t u b u l a r  
pores;  mi ld ly  a1 ka l ine  (pH 7 . 6 ) ;  ab rup t ,  wavy 
boundary. 10 t o  20 inches t h i c k .  

I IClca 19 t o  29 inches ,  grayish-brown (2.5Y 512) s i l t  
loam, l i g h t  brownish gray (2.5Y 612) when dry ;  
massive; s l i g h t l y  hard,  f r i a b l e ,  s l i g h t l y  s t i c k y  
and s l i g h t l y  p l a s t i c ;  p l e n t i f u l  r o o t s ;  common 
f i n e  t u b u l a r  pores; v i o l e n t  e f fervescence;  
moderately a1 kal i ne  (DH 8 . 4 )  ; gradual , wav,y 
boundary. 8 .  t o  15 inches t h i c k .  

I IC2ca 29 t o  51 inches ,  brown (10YR 513) s i l t  loam, pa le  
brown (10YR 613) when dry ;  f i n e l v  laminated,  
s l i g h t l y  hard,  f r i a b l e ,  s l i g h t l y  s t i c k y  and 
s l  i g h t l y  p l a s t i c ;  p l e n t i f u l  r o o t s ;  common f i n e  
t u b u l a r  pores;  disseminated and seqregated 
mycelial l ime; v i o l e n t  e f fervescence;  moderately 
a1 kal i n e  (pH 8 . 4 ) ;  gradual , wavy boundary. 
Variable th i ckness .  

I IC3ca 51 t o  60 inches ,  grayish-brown (2.5Y 512) s i l t  
loam, l i g h t  brownish qray (2.5Y 612) when dry ;  
massive; s l i g h t l y  hard,  f r i a b l e ,  s l i g h t l y  s t i c k y  
and s l i g h t l y  p l a s t i c ;  disseminated and segregated 
mycelial l ime;  v i o l e n t  e f fervescence;  moderately 
a l k a l i n e  (pH 8 . 4 ) .  

The t e x t u r e  may vary from a f i n e  sandy loam t o  a s i l t  loam. Includes 
small a r e a s  of Hezel f i n e  sand.  In p laces  the  horizon i s  s t r a t i f i e d  
with loamy sand.  The depth t o  t h e  ca lcareous  l a y e r  i s  commonly about 
27 inches .  The depth t o  bedrock i s  more than 60 inches in  most p l a c e s ,  
but i t  i s  about  40 inches in some a r e a s .  In p laces  g r a n i t e  cobbles  
a r e  p resen t .  



TABLE 4. Rep resen ta t i ve  P r o f i l e  D e s c r i p t i o n  o f  t h e  Burbank 
Loamy Sand ( m o d i f i e d  f rom Rasmussen, 1971 ) 

Ho r i zon  D e s c r i p t i o n  

C1 0  t o  5  inches,  ve r y  dark  gray ish-brown (10YR 
3/2)  loamy f i n e  sand, g r a y i s h  brown (10YR 5/2)  
when d ry ;  s i n g l e  g r a i n ;  l oose ,  n o n s t i c k y  and 
n o n p l a s t i c ;  abundant r o o t s ;  n e u t r a l  (pH 6.9) ;  
g radua l ,  wavy boundary. 0 t o  5  inches  t h i c k .  

5  t o  16 inches ,  ve r y  dark  g ray ish -b rown (10YR 
3/2)  loamy sand, g r a y i s h  brown (10YR 5/2) when 
d r y ;  s i n g l e  g r a i n ;  l oose ,  n o n s t i c k y  and non- 
p l a s t i c ;  few r o o t s ;  mi1dl.y a1 k a l i n e  (pH 7.6);  
g radua l ,  wavy boundary. 10 t o  30 inches  t h i c k .  

16 t o  30 inches ,  v e r y  da rk  g ray ish -b rown (10YR 
3 /2 )  g r a v e l l y  loamy sand, l i g h t  b rown ish  g ray  
(10 Y R  6 /2 )  when d ry ;  s i n g l e  g r a i n ;  l oose ,  non- 
s t i c k y  and n o n p l a s t i c ;  few r o o t s ;  m i l d l y  a1 ka- 
1  i n e  (pH 7.8) ; s t r o n g  e f fe rvescence ;  about  
45 pe rcen t  g r a v e l ,  some o f  which i s  coa ted  w i t h  
l i m e - s i l i c a  on t h e  l owe r  s i de ;  ab rup t ,  wavy 
boundary. 10 t o  20 inches  t h i c k .  

30 t o  35 inches ,  dark  gray ish-brown (10YR 4/2)  
v e r y  g r a v e l l y  loamy sand, l i g h t  b rown ish  g r a y  
(10YR 6 /2 )  when d ry ;  s i n g l e  g r a i n ;  l oose ,  non- 
s t i c k y  and n o n p l a s t i c ;  moderate1.y a l k a l i n e  
(pH 8 .3 ) ;  v i o l e n t  e f fe rvescence ;  about  85 p e r -  
cen t  g rave l  and s tones;  some o f  t h e  f ragments  
a r e  comp le te l y  coa ted  w i t h  l i m e - s i l i c a ;  g radua l ,  
wavy boundary. 4  t o  20 inches  t h i c k .  

I I IC5 35 t o  60 inches ,  sandy g r a v e l .  

I n  some p laces  t h e  Cca h o r i z o n  i s  s u f f i c i e n t l y  developed t h a t  
t h e  g r a v e l  and s tones  a r e  weak ly  cemented by l i m e  and s i l i c a .  
The dep th  t o  sandy g r a v e l  i s  more t han  20 inches .  I n  p laces  
a  l a y e r  o f  g r a v e l l y  f i n e  sandy loam, 2  t o  6  inches  t h i c k ,  
d i r e c t l y  o v e r l i e s  t h e  sandy g r a v e l .  Grave l  makes up l e s s  than  
50 pe rcen t  o f  t h e  Cca h o r i z o n  i n  a  few p l aces .  



L i c k s k i l l e t  and c o n t a i n s  l e s s  c r g a n i c  m a t t e r  i n  t h e  su r face  ho r i zons .  The 

v e g e t a t i o n  c o n s i s t s  o f  A r t e m i s i a  t r i d e n t a t a ,  i n  g e n e r a l l y  h i g h e r  d e n s i t y  

t han  t h e  L i c k s k i l l e t  and Agropyron sp icatum.  Forbs g e n e r a l l y  do n o t  r e p r e -  

s e n t  a  s i g n i f i c a n t  p a r t  o f  t h e  t o t a l  aboveground biomass. 

The Warden sandy loan1 (Tab le  3 ) ,  a  Sierozem-Regosol i n t e r g r a d e ,  i s  

l o c a t e d  a d j a c e n t  t o  t h e  R i t z v i l l e  a t  l owe r  e l e v a t i o n s  near  t h e  base o f  t h e  

Ra t t l esnake  H i l l s  above t h e  base1 p l a i n s .  It i s  u s u a l l y  g r e a t e r  than  150 cm 

deep and o v e r l a y s  l a c u s t r i n e  d e p o s i t s  known as t h e  R ingo ld  sediments.  The 

p r i n c i p a l  sh rub  spec ies  i s  A r t e m i s i a  t r i d e n t a  bu t ,  i n  c o n t r a s t  t o  t h e  

R i  t z v i  11 e, t h e  p r i m a r y  u n d e r s t o r y  i s  Sandberg b l  uegrass , - Poa secunda. 

The Burbank loamy sand (Tab1 e  4 ) ,  a  Regosol , occup ies  t h e  base1 p l a i n s  

o f  t h e  ALE Reserve a d j a c e n t  t o  t h e  Warden and i n  geograph ica l  a s s o c i a t i o n  

w i t h  t h e  Hezel sand and t h e  Esquatze l  s i l t  loam. It i n c l u d e s  areas p r e v i -  

o u s l y  c l a s s i f e d  (Kocher and S t rahorn ,  1916; Hajek, 1966) as Ephrata.  The 

so-i 1  developed i;i stoney  a1 1  u v i a l  d e p o s i t s  mant led w i t h  ni ixed a1 1uviu1-n and 

windblown sand. The p r i n c i p a l  shrub spec ies  i s  A r t e m i s i a  t r i d e n t a t a  and t h e  

u n d e r s t o r y  c o n s i s t s  p r i m a r i l y  o f  cheatgrass,  Bromus tectorum.  

SOIL PHYSICOCHEMICAL PROPERTIES 

The p r i n c i p a l  c h a r a c t e r i s t i c s  (Wi 1  dung e t  a1 . , 1971 ) o f  t h e  s o i l  s  a l ong  

a  13 km a1 t i t u d i n a l  t r a n s e c t  f r o m  155 t o  1060 m e l e v a t i o n  on t h e  n o r t h e a s t -  

f a c i n g  s lopes  o f  t h e  Ra t t l esnake  H i l l s  a r e  sumarized i n  Tables 5a, 5b. The 

sampl ing s i t e s  on t h e  ALE Reserve were s e l e c t e d  on t h e  b a s i s  o f  t h e i r  a l t i -  

tude,  v e g e t a t i o n ,  and sur face-so i  1  c h a r a c t e r i s t i c s .  

Organic  Components and P a r t i c l e  S i z e  D i s t r i b u t i o n  

The p r ima ry  i n f l u e n c e s  o f  a l t i t u d e  on s o i l  o r g a n i c  m a t t e r  d e p o s i t i o n  and 

t r a n s f o r m a t i o n s  may be expected t o  a r i s e  f rom d i f f e r e n c e s  i n  v e g e t a t i o n ,  

temperature,  and m o i s t u r e .  A r t e m i s i a  t r i d e n t a t a  i s  t h e  p r i n c i p a l  o v e r s t o r y  

shrub spec ies  t h roughou t  t h e  a1 t i  t u d i n a l  sampl i n g  range whereas t h e  grass 

u n d e r s t o r y  c o n s i s t s  p r i m a r i  l y  o f  Bromus t ec to rum a t  e l e v a t i o n s  be1 ow < 180 

Poa secunda a t  app rox ima te l y  180 t o  270 m, and Agropyron sp icatum a t  - 
e l e v a t i o n s  above 270 n, 



TABLE 5a. Rep resen ta t i ve  S o i l s  o f  t h e  A r i d  Land Ecology Reserve 
( a f t e r  Wi ldung e t  a1 . , 1971 ) .  

C l a s s i f i c a t i o n  
Grea t  S o i l  V e q e t a t i v e  

7 t h  Approx imat ion  Group ~ n i e r s  t o r y  E l  e v a t i o n  

. L i  t h i c  H a p l u s t o l l  
( L i c k s k i l l e t  1 )  

L i  t h o s o l  il-grcp y -.cn 

And ic  A r i d i c  H a p l u s t o l l  Brown Agropy~olz 44 5  
( R i t z v i l l e  s i l )  

And ic  M o l l i c  Camborthid S i  erozem Pocl 190 
(Warden s  1  ) 

T y p i c  Torr ipsammet Regosol Bronrus 155 
(Burbank I s )  

TABLE 5b. C h a r a c t e r i s t i c s  o f  Rep resen ta t i ve  S o i l s  o f  t h e  A r i d  Land Ecology 
Reserve ( a f t e r  W i  1  dung e t  a1 . , 1 971 ) . 

Organic  Sand (50  t o  C l  a y  a t  
C l a s s i f i c a t i o n  pH Carbon (> 50p) 211 ) (< 2p) pH 7.0  

L i c k s k i l l e t  1  6.2 3.62 42.6 41 .1 16.3 40.3 

R i t z v i l l e  s i l  6.2 0.66 23.3 64.1 12.6 22.5 

Warden s l  

Burbank 1  s  6.9 0.46 76.8 16.8 6.4 11.2 

( a )Pe rcen t  o r g a n i c  ca rbon  based on t o t a l  s o i l  , o t h e r  va lues  on t o t a l  m i n e r a l s  . 



The carbon content of the in tac t  so i l s  generally decreases with decreased 

elevation l ikely as a resul t  of ( 1 )  decreased plant understory biomass and 

soi l  deposition of organic matter with decreased rainfal l  and ( 2 )  increased 

soi l  organic matter degradation ra te  with increased mean annual temperature 

(Rickard, 1968; Hinds and Thorp, 1969). The decreased soi l  carbon content 

with decreased elevation may also ref lec t  a smaller quantity of aromatic 

substances, resis tant  to  microbial decomposition, deposited on the soi l  as 

l ignin in associated grass t i ssues .  Investigations by Wildung e t  a1 . (1968) 

have shown tha t  the l ignin content of mature Agropyron, Pea and Bromus, 

t i ssue  amounted to 4.5, 3.6, and 2 .7% respectively. 

'The soi l  clay contents range from 6.4 to 16.3% and also decrease down- 

slope. Cation exchange capacities ( C E C )  of the Lickski 1 l e t ,  Ritzvil l e y  

Warden, and Burbank s o i l s  a t  pH 7.0 are 40.3, 22.5, 18.1, and 1 1 . 2  meq/100 g ,  

respectively, thereby increasing with decreased soil  clay and organic carbon 

content. The.observed increase in CEC resul ts  from increased surface area 

and solid-phase coulombic charge associated with higher concentrations of 

col loidal mineral and organic matter. 

The carbon which may be removed from soil  as humic colloids or acces- 

sory (alcohol/benzene soluble) components ranges from 4.0 to 16.5 and 1.7 t o  

7.8%, respectively (Wildung e t  a1 . , 1968). On a total  weight basis,  yields 

of sodium hydroxide and alcohol/benzene soluble materials from s o i l s  are less 

t h a n  0.5% and therefore comparisons of the yields of soil  extractives would 

be tenuous. The carbon, hydrogen and nitrogen contents of isolated soil  

humic colloids were quite similar and range from 54.3 t o  58.1, 5.7 t o  6.2, 

and 4.8 to  5.8%, respectively (Tab1 e 6 ) .  These data are comparable with 

values reported by other investigators (Kononova, 1966; Wildung e t  a l . ,  1970) 

for  humic components from a wide variety of mineral so i l s  developed under 

d i f ferent  climatic conditions. 

A1 though elemental compositions of the humic coll oids were simi 1 a r ,  the 

Warden sl  and Ritzvi 1 l e  s i l  humic acids exhibited signficantly higher carbon 

and nitrogen contents and lower carbonlnitrogen ra t ios  t h a n  the Burbank 

humic colloids,  whereas the Lickskillet  humic colloid gave intermediate 



TABLE 6. Elemental  Composit ion and Ca t i on  Exchange Capac i ty  o f  
Humic Ac ids from Represen ta t i ve  A r i d  Land Ecology 
Reserve S o i l  s  ( a f t e r  Wildung, e t .  a1 . , 1971 ) 

Ca t i on  
Exchange 

Contents o f  R a t i o  o f  Ca pac i t y  
S o i l  Humic Carbon/ Carbon/ pH pH 

Ac ids  Ash Carbon Hydrogen N i t r o g e n  N i t r o g e n  Hydrogen 4.0 7.0 

% % of d r y ,  ash - f r ee  sample meq/ 100g 

L i c k s k i l l e t  1  1.2 56.6 5.7 5.3 10.8 9.9 11 7  200 

R i t z v i l l e  s i l  2 .9  57.8 6.1 5.8 9.9 9.4 132 190 

Warden s l  1 .6  58.1 6.2 5.6 10.3 9.3 196 260 

Burbank 1s 1.9 54.3 6.0 4.8 11.4 9.1 93 270 

va lues  (Tab le  6 ) .  The carbon/hydrogen r a t i o s  were a l s o  s i m i l a r  r a n g i n g  f rom 

9.1 (Burbank I s )  t o  9.9 ( L i c k s k i l l e t  1 ) .  

Ca t i on  exchange capac i ' t i e s  o f  s o i l  humic c o l l o i d s  (Table 6 )  a t  pH 4.0 

and 7.0 ranged f rom 76 t o  196  and 190 t o  270 neq/100 g, r e s p e c t i v e l y .  The 

CEC o f  t h e  Warden humic a c i d  amounted t o  over  t w i c e  t h a t  o f  t h e  humic a c i d  

a t  pH 4.0. 'The R i t z v i l l e  and L i c k s k i l l e t  were i n t e r m e d i a t e  between t h e  

Warden and t h e  Burbank humic a c i d s  a t  t h e  low pH. A t  pH 7.0, t h e  Warden and 

Burbank samples gave t h e  h i g h e s t  CEC; t h e  R i t z v i l l e  and L i c k s k i l l e t  humic 

a c i d s  e x h i b i t e d  t h e  l owes t  va lues .  

The compara t i ve l y  h i g h  CEC o f  t h e  Warden humic a c i d ,  p a r t i c u l a r l y  a t  pH 

4.0, may r e f l e c t  t h e  h i g h  CEC o f  t h e  assoc ia ted  - Poa l i g n i n  a t  7 .0  (Wi ldung 

e t  a1 ., 1968).  It may be specu la ted  t h a t  t h e  - Poa l i g n i n  con ta ins  a  l a r g e r  

number of  a c i d i c  groups i o n i z i n g  near  pH 7.0 than  t h e  o t h e r  l i g n i n s ,  and 

d u r i n g  s o i l  decomposi t ion,  these  groups a r e  s t rengthened,  r e s u l t i n g  i n  a  

hunlic a c i d  compara t i ve l y  h i ghe r  i n  CEC a t  pH 4.0, 

M ine ra l  Com~onents 

The ma jo r  m i n e r a l s  p resen t  i n  t h e  c l a y  f r a c t i o n  of t h e  ALE Reserve 

s o i l s  a r e  g i ven  i n  Tab le  7. The m i n e r a l s  r e f l e c t  t h e  v a r i e d  p a r e n t  mate- 

r i a l s  o f  t h e  r e g i o n  and, t o  a  l e s s e r  e x t e n t ,  t h e  e f f e c t  of d i f f e r e n t  m ine ra l  



TABLE 7. M i n e r a l o g i c a l  A n a l y s i s  o f  Rep resen ta t i ve  S o i l s  o f  t h e  A r i d  
Land Ecology Reserve ( a f t e r  Routson e t  a1 . , 1975) 

S o i l  L i c k s k i l l e t  R i t z v i l  l e  Warden Burban k  

F i n e  C lav  (<0.2u) 

M o n t m o r i l l o n i t e  M M M M 

I l l i t e  M m m 

Kaol i n i  t e  111 t m  

Q u a r t z  m  

Vermi c u l  i t e  M 

Mica 

I n t e r s t r a t i f i e d  t 

Cozrse C l  ay (0.2-2p) 

M o n t m o r i l l o n i t e  M M 

I l l i t e  M 

Kaol i n i  t e  m  m  

Q u a r t z  

Fe l  dspar  , 

V e r m i c u l i t e  

M i  ca 

I n t e r s t r a t i f i e d  t t 

M = ma jo r  component (>20%) 
m = p r e s e n t  (5-20%) 
t = t r a c e  (2-107;) 

wea ther ing  r a t e s  and processes.  Weather ing processes p robab l y  do n o t  se rve  

as a   major c o n t r o l  on t h e  c l a y  m ine ra l  compos i t i on  o f  these re1  a t i v e l y  young 

s o i l s .  Where l a r g e r  s u r f a c e  areas f a c i l i t a t e  more i n t e n s i v e  weather ing  

c o n d i t i o n s  , q u a r t z  and f e l  dspar  i n  t h e  f i n e r  p a r t i c l e  s i z e  f r a c t i o n s  have 

n o r m a l l y  weathered t o  e x t i n c t i o n .  The p e r s i s t e n c e  o f  q u a r t z  and f e l d s p a r  i n  

t h e  c l a y  f r a c t i o n s  o f  t h e  s o i l s  of t h e  ALE Reserve i n d i c a t e s  t h a t ,  i n  gen- 

e r a l ,  t h e  combined e f f e c t  o f  wea ther ing  i n t e n s i t y  and t i m e  have f a i l e d  t o  



qua1 i t a t i v e l y  a1 t e r  t h e  m ine ra l ogy  o f  t h e  s o i l  c l a y  f r a c t i o n .  I n  c o n t r a s t ,  

ma jo r  d i f f e r e n c e s  e x i s t  i n  t h e  q u a n t i t i e s  o f  o x i d i c  i r o n ,  aluminum, and 

manganese i n  t hese  s o i l s  (Tab le  8 ) .  C i t r a t e - b i c a r b o n a t e - d i  t h i o n i  t e  i s  

g e n e r a l l y  cons idered  t o  e x t r a c t  i n o r g a n i c  o x i d i c  i r o n  and aluminum, i n c l u d -  

i n g  c r y s t a l l i z e d  ox i des ,  amorphous-aged hydrous ox i des  and amorphous ge l  

hydrous ox i des  (Bascomb, 1968) .  There was a  genera l  i n c rease  i n  c i  t r a t e -  

b i c a r b o n a t e - d i t h i o n i t e  e x t r a c t a b l e  i r o n  and aluminum downslope from t h e  

L i c k s  k i  1  1  e t  t o  t h e  Burbank 1  s  , genera l  1  y  co r respond ing  t o  decreased c l  ay 

c o n t e n t  ( T a b l e  5 ) .  T h i s  1  i k e l y  r e f l e c t e d  t h e  i nc reased  wea the r i ng  r a t e  and 

r e a c t i v e  s u r f a c e  area o f  t h e  s o i l s  downslope. The potass ium hyd rox i de  

e x t r a c t a n t  was used t o  compare e x t r a c t a b l e  aluminum and s i l  i c o n .  The r a t i o s  

o f  aluminum t o  s i l i c o n  ranged f r o m  2.8 t o  9.7 and t h e  s o i l s  would be c l a s -  

s i f i e d  as " v e r y  s i  1  i ceous  a l u m i n o s i . l i c a t e "  t ypes  (Jackson 1969) .  Values 

exceeding 4.5 a r e  r a r e  i n  t h e  l i t e r a t u r e .  O x i d i c  manganese d i d  n o t  e x h i b i t  

a1 t i t u d i n a l  t r e n d s  b u t  t h e  coa rse - t ex tu red  Burbank 1s was among t h e  l o w e s t  

as i n  t h e  case o f  t h e  o t h e r  elements.  

TABLE 8 .  Q u a n t i t y  o f  O x i d i c  I r o n ,  Aluminum, Manganese and s i l i c o n  i n  Repre- 
s e n t a t i v e  S o i l s  o f  t h e  A r i d  Land Ecology Reserve (unpub l i shed )  

E x t r a c t a n t  and Element 
C i t r a t e - b i c a r b o n a t e  ( 1  A c i d i c  

Soi  1  d i  t h i o n i  t e ( a )  Potassium hyd rox i de  hydroxyl  amine( b, 

I r o n  A1 umi num A1 umi num S i  1  i c o n  Manganese 
( Fe203 1 (A12031 (A1203) (S i02 )  (t4no2) 
- - - - - - - - - - - - - - u g / g - - - - - - - - - - - - -  

L i c k s k i l  l e t  1  2,900 265 300 2,440 41 0  

R i t z v i l l e  s i l  2,040 170 250 2,420 51 0  

Warden s l  2,040 94 250 690 71 0  

Burbank 1  s  1,440 9  4  21 0  81 0  240 

( a )  Jackson (1969) 

(b )  Chao (1972) 



S o i l  Temperature and Water Content  

S o i l  temperature and mo i s tu re  have been measured on a  seasonal b a s i s  on 

t h e  i n t e n s i v e  s tudy  s i t e .  I n  a d d i t i o n ,  wa te r  r e t e n t i v i t y ,  a  measure o f  water  

h o l d i n g  c a p a c i t y  and p l a n t  a v a i l a b l e  water  has been determined over  t h e  range 

o f  ALE Reserve s o i l s .  

The s o i l  tempera tu re  and m o i s t u r e  were measured d u r i n g  1971 and 1972 

(Wi 1 dung e t  a1 . 1975) .  Wi th  t h e  excep t i on  o f  severa l  sharp decreases d u r i n g  

ra i ns to rms ,  s o i l  temperature g e n e r a l l y  e x h i b i t e d  a  gradual  i nc rease  f rom 7°C 

i n  A p r i  1  t o  31 " C  near  t h e  end o f  J u l y  1971 ( F i g u r e  4 ) .  T h i s  temperature was 

ma in ta ined  th roughout  most o f  August. By September 1, 1971, t h e  s o i l  tempera- 

t u r e  had decreased t o  19°C and i t  con t inued  t o  decrease t o  a  low o f  0.5"C i n  

February 1972. A  s i m i l a r  temperature c y c l e  occur red  i n  1972, excep t  t h a t  t h e  

maximum recorded  temperature (24°C i n  August)  was lower  t han  1971. 

S o i l  wa te r  con ten t  was i n v e r s e l y  c o r r e l a t e d  ( r  = 0.67; P < 0.01) w i t h  

s o i l  temperature d u r i n g  t h e  m o n i t o r i n g  p e r i o d .  S o i l  wa te r  c o n t e n t  g e n e r a l l y  

decreased i n  t h e  s p r i n g  o f  1971 f rom approx imate ly  10% (13 ba r  s u c t i o n )  i n  

A p r i l  t o  summer lows o f  l e s s  than  2% (88  bar  s u c t i o n ) .  Inc reases  i n  s o i l  

JUN SEP DEC MAR JUN SEP DEC 

TIME, MONTHS 

FIGURE 4.  Seasonal Changes i n  S o i l  Temperature and Water Content  
i n  t h e  R i t z v i l l e  s i l  ( a f t e r  Wildung e t  a1 . , 1975) 



water content occurred with fal l  rains,  and water content reached annual 

maxima (15-20%) in the winter of 1971 and early spring of 1972 .  Maximum water 

contents were 1 ess than "field water capacity" or water retentivity a t  0.3 bar 

suction (28%).  A similar pattern of events occurred in 1972 .  With the occur- 

rence of rainfall  in June 1971 and May 1972, there were marked increases in 

soil water content. However, surface soil water contents decreased rapidly 

after  in i t i a l  increases due t o  downward water movement a n d  evapotranspiration 

processes. Water did n o t  i n f i l t r a t e  below 7 dm. 

Moisture retention (Figure 5) i s  a function of soil structure a n d  organic 

carbon content (Tab1 e 5 )  wi t h  f iner textured, higher organic matter soi 1 s 

maintaining the largest quantities of water a t  highest tension levels.  

0 0.10 0.20 0.30 

MOISTURE RETENTION (edw) 

FIGURE 5. Moisture Tension Curves for Soils of the 
Arid Land Ecology Reserve (unpublished) 
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