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ABSTRACT 

SALK, N A R l H A  S . ,  and A .  GRAY FOLGER 
C h a r a c t e r i z a t i o n  o f  t h e  Southwestern U n i t e d  S t a t e s  f o r  t h e  
P roduc t i on  o f  Biomass Energy Crops. ORNL/TM.-lQ203. Oak 
Ridge N a t i o n a l  Laboratory ,  Oak Ridge, lennessee..172.pp. 

The southwest U n i t e d  S ta tes ,  an area o f  d i v e r s e  c l i m a t e ,  

topography, t e r r a i n ,  s o i l s ,  and vege ta t i on ,  i s  c h a r a c t e r i z e d  t o  

determine t h e  f e a s i b i l i t y  of growing t e r r e s t r i a l  energy crops t h e r e .  

The emphasis i n  t h e  s tudy  i s  on d e l i n e a t i n g  genera l  zones o f  r e l a t i v e  

resource  and env i ronmenta l  s u i t a b i  1 i ty ,  which a r e  then  evaluated t o  

e s t i m a t e  t h e  p o t e n t i a l  o f  t h e  r e g i o n  f o r  energy c r o p  p r o d u c t i o n .  

The p a r t s  o f  t h e  r e g i o n  i n  which average annual p r e c i p i t a t i o n  i s  

a t  l e a s t  30 cm (12 i n . )  and t h e  f r o s t - f r e e  p e r i o d  i s  a t  l e a s t  120 

days/year a r e  considered t o  be m i n i m a l l y  s u i t a b l e  f o r  biomass energy 

crops.  O f  t h e  approx ima te l y  190 x lo6  ha (469 x 10' ac res )  i n  the 

s tudy  reg ion ,  j u s t  o v e r  40% meet b o t h  o f  t h e  c r i t e r i a .  Maps o f  

a d d i t i o n a l  c l i m a t e  and l a n d  c h a r a c t e r i s t i c s  (i . e . ,  evapora t i on ,  s o i l s ,  

v e g e t a t i o n ,  s lope,  l and  use/cover, and land ownership) were generated 

f o r  t h i s  p o t e n t i a l l y  s u i t a b l e ,  o r  reduced, area.  The reduced area 

f a l l s  r o u g h l y  i n t o  t h r e e  ma jo r  subregions:  an e a s t e r n  r e g i o n  i n  

Colorado, New Mexico, Oklahonia, and Texas; a c e n t r a l  area p r i m a r i l y  i n  

Ar izona;  and a western area almost e x c l u s i v e l y  i n  C a l i f o r n i a .  I n  

a d d i t i o n ,  t h e r e  a r e  smal l  s c a t t e r e d  areas i n  Nevada, Utah, southwestern 

Colorado, and no r thwes te rn  New Mexico t h a t  meet t h e  c r i t e r i a .  

x i  



O f  t h e  34 v e g e t a t i o n  types i n  t h e  p o t e n t i a l l y  s u i t a b l e  area, 5 

cover  a lmost  62% o f  t h a t  area.  Two o f  t hese  ecosystems, grama-buf fa lo  

grass and m e s q u i t e - b u f f a l o  grass,  a r e  a lmost  e n t i r e l y  l o c a t e d  i n  t h e  

reduced area and a re ,  t h e r e f o r e ,  adapted t o  t h e  c l i m a t i c  c o n d i t i o n s  i n  

t h e  reduced area. TRe o t h e r  t h r e e  most common types - j un ipe r -p inyon  

woodlands grama-tobosa shrubst  ‘ppe, and t r a n s  -Pecos shrub savanna - -are 

found b o t h  i n  t h e  reduced area and i n  t h e  p a r t  o f  t h e  s tudy r e g i o n  t h a t  

does n o t  meet t h e  c l i m a t i c  c r  t e r i a  f o r  t h e  reduced area. Species i n  

these  t h r e e  v e g e t a t i o n  types are,  t h e r e f o r e ,  adapted t o  c l i m a t i c  

c o n d i t i o n s  t h a t  occur  i n  t h e  reduced area i n  years when t h e  

p r e c i p i t a t i o n  and/or f r o s t - f r e e  p e r i o d  i s  l e s s  than  average. These 

species a r e  good candidates f o r  biomass energy crops because they  a r e  

a b l e  t o  s u r v i v e  i n  years when t h e  weather i s  more severe than  average. 

P r o d u c t i v i t y  o f  many ecosystems i n  t h e  Southwest, i n c l u d i n g  t h e  

reduced area,  i s  low i n  comparison w i t h  o t h e r  geographic reg ions  o f  t h e  

U n i t e d  S t a t e s .  Thus, t h e  Southwest has a lower  p o t e n t i a l  f o r  producing 

energy f rom t e r r e s t r i a l  c rops than o t h e r  p a r t s  o f  t h e  coun t ry ,  b u t  

species adapted t o  t h a t  environment cou ld  be grown t h e r e  t o  c o n t r i b u t e  

t o  t h e  n a t i o n a l  energy supply .  Whi le  i t  may be d i f f i c u l t  t o  j u s t i f y  

t h e  p r o d u c t i o n  o f  crops i n  t h e  Southwest s o l e l y  f o r  t h e i r  energy 

c o n t e n t  un less energy p r i c e s  r i s e  s i g n i f i c a n t l y ,  mu l t i pu rpose  p r o j e c t s  

i n  which energy p r o d u c t i o n  i s  one aspect  may be f e a s i b l e ,  

x i  i 



The da ta  compljled f o r  t h i s  s tudy  can be used bo th  t o  p r o v i d e  a s e t  

o f  spec ies f o r  sc reen ing  as biomass energy crops f o r  t h e  Southwest and 

t o  i d e n t i f y  areas where p r e v i o u s l y  s e l e c t e d  energy crops would grow 

b e s t .  Species t h a t  p e r f o r m  b e s t  i n  a g i v e n  s e t  o f  env i ronmenta l  

c o n d i t i o n s  can be e x p l o i t e d  i n  t h i s  way r a t h e r  than  by a t t e m p t i n g  t o  

a l t e r  t h e  environment t o  s u i t  t h e  needs o f  o t h e r  p l a n t  spec ies.  

Species w i t h  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s  a r e  most l i k e l y  t o  be 

s u i t a b l e  biomass energy crops i n  t h e  Southwest: e x h i b i t  r o o t  o r  stump 

s p r o u t i n g ,  have Cq o r  CAM metabolism, have n i t r o g e n - f i x i n g  symbionts, 

w i t h s t a n d  m o i s t u r e  l i m i t a t i o n s  and o t h e r  c l i m a t i c  extremes, have 

m u l t i p l e  uses, and produce v a l u a b l e  by -p roduc ts .  

F u r t h e r  research, p a r t i c u l a r l y  on a s i t e - s p e c i f i c  b a s i s ,  must be 

done b e f o r e  a d e f i n i t e  d e c i s i o n  can be made as t o  whether t h e  Southwest 

i s  an area i n  which biomass energy c rop  p r o d u c t i o n  should be 

encouraged. 

x i i i  





1. INTRODUCTION 

1 . l  BACKGROUND 

be more s e l f  - r e l i a n t  i n  terms of i t s  o v e r a l l  energy needs. 

energy sources t h a t  has been under i n v e s t i g a t i o n  s i n c e  then  

ana d B i o f u e l s  Program was implemented i n  t h e  Department 

The 1973-1974 o i l  embargo forced t h e  U n i t e d  S ta tes  t o  examine i t s  

dependence on impor ted o i l  f o r  a s i z a b l e  f r a c t i o n  o f  i t s  energy needs. 

P a r t  o f  t h e  emphasis became t o  f i n d  domest ic sources o f  energy t o  

r e p l a c e  and/or supplement impor ted o i l  so t h a t  t h e  U n i t e d  S t a t e s  would 

o f  t h e  

omass , 

Energy 

(DOE)  t o  f a c i l i t a t e  t h e  development of such resources.  Feedstocks i n  

t h a t  program i n c l u d e  woody crops,  herbaceous energy crops, microalgae,  

and m u n i c i p a l  solid wastes. I n  a d d i t i o n ,  t h e  B i o f u e l s  Program 

encourages i d e n t i f i c a t i o n  of  b i o f u e ?  t e c h n o l o g i e s  l e a d i n g  t o  i n t e g r a t e d  

r e g i o n a l  f u e l  supp ly  systems, s i n c e  development of optimum resources i n  

each r e g i o n  o f  t h e  c o u n t r y  would e l i m i n a t e  some o f  t h e  need f o r  

d i s t r i b u t i o n  o f  f u e l s  between reg ions .  

The southwestern U n i t e d  S ta tes  i s  one s e c t i o n  o f  t h e  c o u n t r y  t h a t  

has n o t  been s y s t e m a t i c a l l y  eva lua ted  f o r  i t s  b ioenergy p o t e n t i a l .  In 

genera l ,  t h e  Southwest i s  a r e g i o n  of  a r i d  and semia r id  c l i m a t e ,  h i g h  

i n s o l a t i o n ,  complex topography, and low  p r i m a r y  p r o d u c t i v i t y .  

Never the less,  i t  may o f f e r  s i g n i f i c a n t  p o t e n t i a l  f o r  b ioenergy  

p r o d u c t i o n  because much o f  t h e  l and  t h e r e  i s  n o t  used f o r  conven t iona l  

a g r i  cu 1 t u r e  . 

One 

s b  

o f  
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Th is  s tudy i s  a f i r s t  s t e p  i n  de te rm in ing  t h e  p o t e n t i a l  o f  t h e  

Southwest f o r  t e r r e s t r i a l  energy c rop  p r o d u c t i o n .  l h e  emphasis i s  on 

d e l  i n e a t i n g  and c h a r a c t e r i z i n g  genera l  zones o f  r e l a t i v e  resource and 

env i ronmenta l  s u i t a b i l i t y  i n  t h e  reg ion ,  u s i n g  geographic d a t a  a n a l y s i s  

techniques.  The s i z e  and c h a r a c t e r i s t i c s  o f  these zones w i l l  t hen  

p r o v i d e  a b a s i s  f o r  e s t i m a t i n g  t h e  p o t e n t i a l  o f  t h e  r e g i o n  For  energy 

c rop  p r o d u c t i o n .  

1.2 OBJECl I V E S  

The p r imary  o b j e c t i v e  o f  t h i s  s tudy  i s  t o  examine t h e  p r o d u c t i v i t y  

a f  n a t u r a l  and managed ecosystems o f  areas i n  t h e  southwestern U n i t e d  

S ta tes  t h a t  appear t o  have t h e  p o t e n t i a l  f o r  s u p p o r t i n g  t h e  p r o d u c t i o n  

o f  energy crops and, i f  i t  seems p o s s i b l e ,  t o  l a y  t h e  groundwork f o r  

f u r t h e r  i n v e s t i g a t i o n s  i n  t h i s  reg ion .  This  i n v e s t i g a t i o n  i s  

s p e c i f i c a l l y  i n tended  t o  suppor t  t h e  Shor t  R o t a t i o n  Woody Crops (SRWC) 

and Herbaceous Energy Crops ( H E C )  programs managed a t  Oak Ridge 

N a t i o n a l  Labora to ry  (ORNL) f o r  DOE. Both o f  these programs need a 

systemat ic  c ha rac t e r i  za t i on and p r e  1 i m i  na ry  eva 1 u a t  i on o f  the  cond i ti on 

and p o t e n t i a l  o f  t h e  Southwest i n  o r d e r  t o  p l a n  f u t u r e  research i n  

biomass energy. S p e c i f i c a l l y ,  t h e  programs( needs w i t h  rega rd  t o  t h e  

Southwest are:  

1. a sc reen ing  o f  r e g i o n a l  c o n d i t i o n s  t o  i d e n t i f y  t h e  most 

p romis ing  areas upon which t o  focus subsequent s t u d i e s ;  

2. a c h a r a c t e r i z a t i o n  o f  t h e  most p romis ing  land areas; and 

3. a b a s i s  f o r  e v a l u a t i n g  p o t e n t i a l  research t h a t  can be used t o  

rank these e f f o r t s  w i t h i n  t h e  r e g i o n  and among regions.  
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A c r i t i c a l  q u e s t i o n  t o  be asked i s  whether energy c r o p  p r o d u c t i o n  

should even be considered under c o n d i t i o n s  i n  which most conven t iona l  

a g r i c u l t u r a l  c rop  p r o d u c t i o n  i s  n o t  v i a b l e .  However, s i n c e  energy c rop  

p r o d u c t i o n  i s  a r e l a t i v e l y  undeveloped techno logy  w i t h  o b j e c t i v e s  and 

p o s s i b i l i t i e s  somewhat d i f f e r e n t  from those o f  conven t iona l  

a g r i c u l t u r e ,  an a f f i r m a t i v e  answer i s  conce ivab le  i f  i n n o v a t i v e  

p r o d u c t i o n  systemr can be developed. Such systems must be harmonious 

w i t h  t h e  p r e v a i l i n g  env i ronmenta l  c o n d i t i o n s ,  sus ta inab le ,  and 

c o s t  - e f f e c t i v e *  P roduc t i on  systems t h a t  i n v o l v e  p e r e n n i a l  spec ies,  low 

i n t e n s i l y / l o w  c o s t  management, and/or h i g h  va lue energy p roduc ts ,  f o r  

example, m igh t  prove t o  be v i a b l e  i n  t h e  Southwest, 

1 . 3  APPHOACI-1 

T h i s  s tudy  i r  p a t l e r n e d  a f t e r  an e a r l i e r  i n v e s t i g a t i o n  t h a t  

evaluated t h e  p o t e n t i a l  resources o f  t h e  southwest U n i t e d  S ta tes  f o r  

t h e  p r o d u c t i o n  o f  m ic roa lgae  (Maxwell  e t  a l .  1985).  Xn t h a t  s tudy,  

maps o f  c l i m a t e ,  land, and wa te r  resources were s e l e c t e d  f rom a v a r i e t y  

o f  sources; b rough t  t o  a u n i f o r m  s c a l e  of 1:2,500,000; conver ted i n t o  

d i g i t a l  format ;  and over layed,  u s i n g  a computer ized Geographic 

In fo r rna t i on  System (GIs). The c u r r e n t  s tudy  f o r  t e r r e s t r i a l  energy 

crops uses s i m i l a r  procedures and much o f  t h e  d a t a  f rom t h e  m ic roa lgae  

s tudy (e.g. ,  t h e  reg ion ,  map scale,  and GIs a r e  t h e  same). However, 

a d d i t i o n a l  mapped da td  were s e l e c t e d  and conver ted i n t o  d i g i t a l  f o rma t  

so t h a t  composite maps c o u l d  be generated by combining v a r i o u s  o v e r l a y s  

o f  d i f f e r e n t  map d a t a .  
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The a n a l y s i s  has been based p r i m a r i l y  on an e c o l o g i c a l  

p e r s p e c t i v e .  I n s t e a d  o f  e s t i m a t i n g  t h e  p o t e n t i a l  o f  a few s e l e c t  

species (e.g., j o j o b a  and guayule),  t h e  n a t u r a l l y  o c c u r r i n g  v e g e t a t i o n  

and i t s  r e l a t i o n s h i p s  w i t h  t h e  environment a r e  broadly examined t o  

e v a l u a t e  t h e  prospects  f o r  energy p r o d u c t i o n  ( L i p i n s k y  and Kresovich 

1979). These n a t u r a l l y  o c c u r r i n g  species are,  by  d e f i n i t i o n ,  adapted 

t o  t h e  p r e v a i l i n g  environme'ntal c o n d i t i o n s ,  b u t  i n  mos t  cases they  have 

n o t  been s y s t e m a t i c a l l y  examined f o r  t h e i r  energy p r o d u c t i o n  

p o t e n t i a l .  

Thus, t h e  f i r s t  s t e p  i n  t h i s  i n v e s t i g a t i o n  was t o  produce maps 

t h a t  i d e n t i f i e d  areas i n  t h e  Southwest where t h e  resources and 

environment were most s u i t a b l e  f o r  t e r r e s t r i a l  energy c rop  p roduc t i on .  

The second s t e p  was t o  c h a r a c t e r i z e  t h e  most s u i t a b l e  areas i n  terms o f  

t h e i r  environment and resources. The t h i r d  s t e p  was t o  suggest 

research a c t i v i t i e s  t o  i d e n t i f y  p o s s i b l e  crops, c ropp ing  techniques, 

and s i t e  c h a r a c t e r i s t i c s  t h a t  may a f f e c t  t h e  management, p r o d u c t i v i t y ,  

o r  c o s t  o f  p o t e n t i a l  energy crops. 

1.4 LIMITS AND RESTRICTIONS 

There a r e  seve ra l  r e s t r i c t i o n s  t h a t  l i m i t  t h e  scope o f  t h i s  

s tudy.  F i r s t ,  t h i s  r e p o r t  emphasizes o n l y  t h e  p o t e n t i a l  f o r  growing 

crops f o r  energy. P l a n t s  can a l s o  be grown t o  p r o v i d e  f i b e r s ,  ha rd  

vegetable waxes, n a t u r a l  rubber,  hydrocarbons, non fue l  o i l s ,  and food 

(Johnson and Hinman 1980, B a l a n d r i n  e t  a l .  1985, L i p i n s k y  and Kresovich 

1979). However, growing biomass t o  produce these nonf u e l  products ,  

even w i t h  f u e l s  as by-products,  i s  n o t  addressed i n  t h i s  r e p o r t .  
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t e n d  t o  be sma 

and b i o l o g i c a l  

occurrence. R 

Second, r i p a r i a n  areas a r e  n o t  discussed, even though t h e y  have a 

h i g h  p o t e n t i a l  f o r  growing biomass energy crops ( E v e r i t t  1980). 

Wetlands i n  t h e  Southwest, i n c l u d i n g  r i p a r i a n  communit ies, have r a r e l y  

been d i f f e r e n t i a t e d  o r  shown on maps (M inck ley  and Brown 1982).  They 

1 r e l a t i v e  t o  o t h e r  communit ies b u t  have an importance 

i n t e r e s t  d i s p r o p o r t i o n a t e  t o  t h e i r  l i m i t e d  geographic 

pa r ian  areas a l s o  r a i s e  s i g n i f i c a n t  ques t i ons  about 

wa te r  r i g h t s  issues,  which a r e  v e r y  c o n t r o v e r s i a l  i n  t h e  West. 

Therefore,  r i p a r i a n  areas must be considered t o  be excep t ions  t o  t h e  

s tatements presented here.  

F i n a l l y ,  because energy c o s t s  a s s o c i a t e d  w i t h  i r r i g a t i o n  w i l l  

c o n t i n u e  t o  be a majo r  f a c t o r  i n  d e t e r m i n i n g  t h e  f e a s i b i l i t y  o f  biomass 

energy crops i n  t h e  Southwest ( F o s t e r  and Brooks 19811, o n l y  i r r i g a t i o n  

d u r i n g  i n i t i a l  p l a n t i n g  and es tab l i shmen t  o f  a biomass energy c r o p  

should be considered f e a s i b l e .  
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2. THE SOUTHMEST U N I T E D  STATES 

There i s  no g e n e r a l l y  accepted d e f i n i t i o n  o f  t h e  r e g i o n  c a l l e d  t h e  

Southwest, For t h e  purposes o f  t h i s  i n v e s t i g a t i o n ,  t h e  Southwest i s  

d e f i n e d  t o  i n c l u d e  a l l  o f  t h e  s t a t e s  of  Colorado, Utah, Nevada, New 

Mexico, and Ar izona and those p o r t i o n s  of C a l i f o r n i a ,  Texas, and 

Oklahoma between t h e  100 th  m e r i d i a n  t h a t  bounds t h e  eas t  s i d e  o f  t h e  

Texas Panhandle and t h e  120 th  m e r i d i a n  t h a t  forms t h e  western bo rde r  o f  

Nevada ( F i g .  2.1). 

2 I 1 GEOGRAPHY 

The s tudy  area, d e f i n e d  by p o l i t i c a l  and c a r t o g r a p h i c  boundar ies,  

encompasses a g r e a t  v a r i e t y  o f  n a t u r a l  er iv i  ronmental f e a t u r e s  and 

c o n d i t i o n s  i n  terms o f  geology, topography, c l i m a t e ,  s o i l s ,  f l o r a ,  and 

fauna. The phys iog raph ic  reg ions  i n c l u d e d  i n  t h e  s tudy area ( F i g .  2.2) 

a r e  t h e  Basin and Range and Colorado P la teau  phys iog raph ic  p rov inces ,  

as bounded by t h e  P a c i f i c  and Rocky Mountain C o r d i l l e r a  and a p o r t i o n  

o f  t h e  Great P l a i n s  t o  t h e  e a s t  (Lobeck 1932). The d i v e r s e  t e r r a i n  i n  

t h e  Southwest e x e r t s  a major  i n f l u e n c e  on p a t t e r n s  o f  c l i m a t e ,  so i l ,  

and v e g e t a t i o n  i n  t h e  reg ion .  

Much o f  t h e  southwest r e g i o n  o f  t h e  U n i t e d  S ta tes  i s  dese r t .  

Deser ts  a r e  e s s e n t i a l l y  c l i m a t i c  phenomena c h a r a c t e r i z e d ,  i n  genera l ,  

by low p r e c i p i t a t i o n ,  low r e l a t i v e  h u m i d i t y ,  h i g h  p o t e n t i a l  

evapora t i on ,  and r e l a t e d  c o n d i t i o n s  such as c l e a r  sk ies ,  h i g h  

i n s o l a t i o n ,  wind iness,  and l a r g e  v a r i a t i o n s  i n  temperature.  The ma jo r  

d e s e r t s  i n  t h e  Southwest, t h e  Great Basin,  Mojave, Sonoran, and 
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Sta tes  

g. 2 .2 .  Ma jo r  phys iog raph ic  p rov inces  o f  the  western Un i ted  

Dark l i n e s  i n d i c a t e  t h e  s tudy  r e g i o n .  So~t-c-: A. K .  Lobeck, 

1932, rev. ,  Phys iographic  p rov inces  (Map), Sheet no. 59 i n  IJe_Nat ional  

- A t l a s  .. _I_ o f  ._.--I_. t h e  ------ U n i t e d  S t a t e s ,  U.S. Department o f  t h e  I n t e r i o r ,  Geologica l  

Survey, Reston, V i r g i n i a .  
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Chihuahuan, g e n e r a l l y  c o i n c i d e  w i t h  t h e  Bas in  and Range phys iog raph ic  

p r o v i n c e  ( F i g .  2.2). 

W i t h i n  t h e  Bas in  and Range reg ion,  as w e l l  as a l o n g  i t s  edges, a r e  

n o r t h - s o u t h  t r e n d i n g  mountain ranges. Many o f  t h e  bas ins  a r e  c l o s e d  

and have i n t e r n a l  dra inages t h a t  r e s u l t  i n  p l a y a  l akes ,  d r y  lakes,  

and/or s a l t  f l a t s .  Otherwise, d ra inage  i s  accomplished by r i v e r  

systems, p r i m a r i l y  t h e  Colorado and R i o  Grande, t h a t  o r i g i n a t e  i n  h i g h  

mountains and pass th rough  t h e  a r i d  areas. The deeply  d i ssec ted ,  

complex t e r r a i n  i n  t h e  Colorado P la teau  r e g i o n  i s  a t t r i b u t a b l e  t o  t h e  

i n f l u e n c e  o f  t h e  Colorado R i v e r  d ra inage  system. 

2.2 CLIMATE 

The  c l i m a t e  i n  t h e  Southwest i s  q u i t e  v a r i a b l e .  F igu res  2.3 and 

2.4 i n d i c a t e  t h e  n a t i o n a l  p a t t e r n s  o f  normal annual  t o t a l  p r e c i p i t a t i o n  

and mean l e n g t h  of f r e e z e - f r e e  per iod ,  r e s p e c t i v e l y  (USDC 1377) .  The 

complex i s o l i n e  p a t t e r n s  i n  t h e  Southwest a r e  due t o  t h e  h i g h l y  

i r r e g u l a r  topography t h e r e .  The weather i n  t h e  Southwest can v a r y  

s i g n i f i c a n t l y  b o t h  between and w i t h i n  yea rs .  Far example, t h e  dates 

f o r  mean annual f r e e z e - f r e e  p e r i o d  i n  t h e  Nor th  American d e s e r t s  may 

v a r y  a manth or more between years (Jaeger  1 9 5 7 ) ,  while southeastern 

Ar i zona  has a v a r i a t i o n  i n  annual mean p r e c i p i t a t i o n  t i ra t  4s g r e a t e r  

t h a n  any o t h e r  part o f  t h e  cont iguous U n i t e d  S t a t e s  (Cox e t  a ] .  1983). 

A l though t h e  Southwest. i s  g e n e r a l l y  a r i d ,  p r e c i p i t a t i o n  v a r i e s  

g r e a t l y  w i t h i n  and among seasons and years and among l o c a t i o n s  

repa ra ted  lay o n l y  short  d is tances  (Herbel 1979) .  I n  genera l ,  average 
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annual p r e c i p i t a t i o n  increases w i t h  a l t i t u d e ,  w h i l e  t h e  leng%h o f  t h e  

f r o s t  - f r e e  p e r i o d  decreases, Average annual p r e c i p i t d t i o n  i n  t h e  

Southwest v a r i e s  f rom l e s s  than 10 cm ( 4  i n . ) / y e a r  t o  over  122 cm 

( 4 8  i n . ) / y e a r ,  w i t h  m o s t  o f  t h e  r e g i o n  r e c e i v i n g  t h e  l e s s e r  amounts 

( F i g .  2 .3 ) .  The values o f  mean annual p r e c i p i t a t i o n  i n  t h e  m ~ r g  a r i d  

p a r t s  o f  t h e  r e g i o n  a r e  n o t ,  however, t o o  i n f o r m a t i v e  because o f  t h e  

h i g h  v a r i a b i l i t y  f rom year  t o  year  ( B e l l  1979). In genera l ,  as t h e  

mean annual p r e c i p i t a t i o n  decreases, t he  v a r i a b i l i t y  o f  annual 

p r e c i p i t a t i o n  i nc reases .  F u r t h e r ,  t he  most arid p a r t s  o f  the area may 

o c c a s i o n a l l y  exper ience p r e c i p i t a t i o n  i n  a s i n g l e  event  t h a t  approaches 

o r  exceeds t h e  mean annual va lue.  I n  c o n t r a s t ,  months and even years 

may pass w i t h o u t  s i g n i f i c a n t  p r e c i p i t a t i o n  (Merhel  1979).  Seasonal 

v a r i a t i o n s  i n  p r e c i p i t a t i o n  i n  a r i d  and semia r id  reg ions  ( F i g .  2.5) 

i n f l u e n c e  t he  adap ta t i ons  seen i n  p l a n t s  f o r  e x p l o i t i n g  t h e  a v a i l a b l e  

m o i s t u r e  ( Pyke 1972) .  

Temperature also shows extreme d i u r n a l ,  seasonal, and s p a t i a l  

v a r i a t i o n s  i n  t h e  Southwest. The d r y  atmosphere and c l e a r  sky t r a n s m i t  

b o t h  incoming s o l a r  r a d i a t i o n  and ou tgo ing  t e r r e s t r i a l  long-wave 

r a d i a t i o n  r e a d i l y ,  caus ing l a r g e  d i u r n a l  temperature changes near t h e  

s u r f a c e  and severe seasona l l y  c o l d  and/or h o t  p e r i o d s ,  Local 

v a r i a t i o n s  i n  temperature a r e  f u r t h e r  enhanced i n  reg ions  o f  rugged 

topography by t h e  e f f e c t s  o f  i n s o l a t i o n  c o n t r a s t s ,  a i r  dra inage,  and 

a d i a b a t i c  lapse r a t e s .  Fo r  example, i n  t h e  b a s i n  and range reg ion ,  a 

s t r o n g  temperature i n v e r s i o n  i s  c rea ted  d u r i n g  a t y p i c a l  w i n t e r  

n i g h t . 8 a s i n  temperatures a r e  t hen  a s  c o l d  as o r  c o l d e r  than  those o f  
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45' 

. 

35" 

Fig. 2 . 5 .  Season o f  primary p r e c i p i t a t i o n  maximum ("+'I  indicates 

the occurrence o f  secondary maxima). Winter = Jan.-Feb.; ea r l y  

spring = Mar.-Apr.; l a t e  spring = May-June; summer = July-Aug.; ea r l y  

f a l l  = Sept.-Oct.; and l a t e  f a l l  = Nov.-Oec. Source: C. E. Pyke, 

1972, Some meteorological aspects o f  the seasonal d i s t r i b u t i o n  o f  

p rec ip i t a t i on  i n  the western United States and Baja, Cal i fo rn ia ,  

UCLA-WRC-W-254, Un ivers i ty  o f  Ca l i f o rn ia  Water Resources Center, 

Los Angeles. 
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t h e  mountain peaks, w h i l e  t h e  w a r m e s t  c o n d i t i o n s  occur  on t h e  l ower  

mountain s lopes (Logan 1968).  These temperature extremes a f f e c t  t h e  

p a t t e r n s  o f  l o c a l  v e g e t a t i o n  i n  t h e  Southwest, 

Evaporat ion i n  t h e  r e g i o n  a l s o  v a r i e s  s i g n i f i c a n t l y  i n  t i m e  and 

space, p a r t i c u l a r l y  on t h e  d r i e r ,  leeward s i d e  o f  t h e  nrcajor rrrountain 

ranges. I n  genera l  t h e  re1  i n b i  l i t y  o f  t h e  d e l  i n e a t i o n s  o f  evapora t i on  

i s  poor  f o r  t h e  mountainous West because i t  i s  based on a sparse 

network o f  da ta .  

2.3 SOII-S 

A g e n e r a l i z e d  s o i l  map o f  t h e  s tudy  r e g i o n  by t h e  S o i l  

Conservat ion Serv i ce  (SCS) (USGS 1970) ( F i g .  2.6 and l a b l e  2.1) 

p resen ts  t h e  types and p a t t e r n s  o f  s o i l s  i n  t h e  s tudy area. The 

p r i n c i p a l  s o i  o rde rs  i n  t h e  s tudy  r e g i o n  a r e  A r i d i s o l s ,  M o l l i s o l s ,  

E n t i s o l s ,  and A l f i s o l s .  In comparison w i t h  s o i l s  o f  humid reg ions ,  

d e s e r t  s o i l s  such as  those i n  many p a r t s  o f  t h e  s tudy r e g i o n  a r e  

r e s t r i c t e d  i n  geographic e x t e n t  and g e n e r a l l y  l e s s  w e l l  developed 

(Smi th 1968) .  Soils a r e  o f t e n  l i m i t e d  t o  f l a t  and g e n t l y  s l o p i n g  

su r faces ,  w h i l e  s teeper  s lopes and uplands a r e  dominated by exposed 

bedrock.  Phys i ca l  and chemical  processes, as opposed t o  b i o l o g i c a l  

processes, e x e r t  a m a j o r  i n f l u e n c e .  The d i f f e r e n t i a t i o n  o f  t h e  s o i l  

p r o f i l e  i n t o  d i s t i n c t i v e  ho r i zons  i s  l e s s  pronounced than  i n  s o i l s  o f  

humid reg ions  because t h e r e  i s  l e s s  l e a c h i n g  and l e s s  m o i s t u r e  

a v a i l a b l e  f o r  chemical  a c t i v i t y .  A l t e r a t i o n  o f  p a r e n t  m a t e r i a l s  i s  

min imal ,  r e s u l t i n g  i n  s o i l s  o f  c l o s e l y  s i m i l a r  chemical  

c h a r a c t e r i s t i c s .  More developed s o i l s ,  i n c l u d i n g  A r i d i s o l s  w i t h  
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Table 2.7. (continued) 

Suborders w i t h  d e f i n i t i o n s  Great groupsasb 

A ALFISOLS (Cont.) cemented by carbonates or  a 
horizon having one o f  both o f  the  
fo l lowing:  a t h i c k  reddish c l a y  
accumulation o r  a d i s t r i b u t i o n  
t h a t  i s  c layey i n  t h e  upper p a r t  
and abrupt ly  changes i n  t e x t u r e  
i n t o  an over ly lng  horizon. 
(A13-1) 

0 ARIDISOLS: Soils t h a t  have ARGIDS-Aridisols t h a t  have a Duragrids-Argids t h a t  have a 
pedogenic horizons, are low hor izon i n  which c l a y  has aecumu- hardpan (durfpan) t h a t  i s  
i n  organic matter, and are never l a t e d  w i t h  or without  a l k a l i  cemented w i t h  s i l i c a .  (D1-1) 
moist as long as 3 consecut ive 
months. and some i r r i g a t e d  crops. 

(sodium); used for most ly  range 

Haplargids-ArgSds t h a t  have a 
loamy hor izon o f  c l a y  accumulation 
w i t h  or  w i thout  a l k a l i  (sodium). 
(02-1 through 5,7 through 18, 20) 

Natrargrids-Argids t h a t  have a 
hor izon o f  c l a y  and a l k a l i  
(sodium) accumulation. (D3-3,49 

ORTHIDS-Aridiso?s t h a t  have accumu- Calc ior th ids-Orth ids t h a t  have 
l a t i o n s  o f  calc ium carbonate, a hor izon i n  which large amounts 
gypsum, or s a l t s  more so lub le o f  calcium carbonate 01" gypsum 
than gypsum b u t  have no hoyizon of have accumulated, (D5-1,4,5,6) 
accumulation o f  clay; may have 
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Table 2.1. (continued) 

Map Orders/def initions Suborders with definitions Great groupsarb 

E ENTISOLS (Cont.) 

PSAMMENTS-Entisols that have 
textures of loamy fine sand or 
coarser; used for woodland and 
small grains where warm and moist, 
and range and irrigated crops 
where warm and dry. 

Xerorthents-Orthents that are in 
climates with rainy winters but 
dry summers; during the warm 
season o f  the year, they are 
continually dry for a long period. 
(E7-1,2) 

Xerorthents (shallow)-Xerorthents 
that are shallower than 51 cm 
(20 in.) to bedrock. (E8-1) 

Torripsamnts-Psamnents that 
contain easily weatherable 
minerals; they are never moist as 
long as 3 consecutive months. 
(E 11-2) 

Ustipsamments-Psamments that 
contatn easily weatherable 
minerals; during the warm season 
o f  the year, they are 
intermittently dry for long 
periods. (E l3 -1 )  





Table 2.1. (continued) 

Great groupsa* Map Orders/definitions Suborders with definitions 

M MOLLISOLS (Cont.) Haplustolls-Ustollr that have a 
subsurface horizon high in bases 
but without 1 arge accumu 1 at i ons 
of clay, calcium carbonate, or 
gypsum. (Ml2-1,3) 

Haplustolls (shal low)-Haplustolls 
that are shallower than 51 cm 
(20 in.) to bedrock. ()413-1,2) 

XEROLLS-Mollisols that are i n  
climates with rainy winters but 
dry sumners; during the warm season 
of the year, these soils are 
continually dry for a long period; 
used for wheat, range, and 
irrigated crops. 

Argixerolls-Xerolls that have a 
subsurface horizon of clay 
accumuTation that i s  relatively 
thin or is brownish. (M75-2,3, 
5,8,9,11,12) 

Haploxerolls-Xerolls that have a 
subsurface horizon high in bases 
but without aarge accumulations 
of clay, calcium carbonate, or 
gypsum. (M 16- 1,4,6 ) 

U ULTISOLS: Soils that are low in XERULTS-Yltfsols that are relatively Haploxerults-Xerults that either 
bases and have subsurface 
horizons of clay accumulation; 
usually moist, but during the 
warm season of the yearr some 
are dry part of the time. o f  the year, these soils are or both. (U7-2) 

low in organfc matter in the sub- 
surface horizons; they are i n  
climates with rainy winters but dry 
summers; during the warm season 

continually dry for a long period; 
used for range and woodland. 

have a subsurface horizon of clay 
accumu’t at ion that is re1 at ively 
thin, a subsurface horizon having 
appreciable weatherabl e mf ner a1 s, 



Sable 2.1. (contdnued) 

Map Orders/def i n  i ti ons Suborders with definittons Great groupsa, 

V YERTISOLS: Clayey soils that USTERTS-Vertisols that have w-ide, Pelluserts-Usterts that have a 
have wide, deep cracks when dry; 

periods throughout the year. 

deep cracks that usually open and 

periods that total more than 3 months 
but do not remain open continuously 
throughout the year; used fer genera'l 
crops and range plus a m  irrigated 
cotton, corn, citrus, and truck crops 
in the Rio Grande valley. 

black or dark gray surface 
most have dlstinct wet and dry remain open intermittently for horizon. jY4-2) 

X MISCELLANEOUS LAND TYPES-Barren 
or nearly barren areas that are 
mainly rock, jce, or salt and some 
ir:c:uded s o i l s ;  mostly not used f o r  
crops, but some i n  warm, moist 
climates have vegetation. 

Salt flats and playas, gently 
SlQping. (x5)  

Source: USGS, 1970, The National Atlas o f  the United States, U.S. Department o f  Interlor, Geological Survey, 

aIn addit ion, there are Great Groups that are not listed on the map because they are not t he  most extensive sofl  

bLetters and numbers after Great Groups correspond to symbols QTS Fig. 2.6. 

Reston, Virginia. 

in any map unit .  

ru 
N 
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a r g i l l i a  hor izons, may occur as r e l i c s  t h a t  o r i g i n a t e d  under more humid 

cond i t i ons  (Tucker and F u l l e r  1971). 

I n  a r i d  regions the  major s o i l  c h a r a c t e r i s t i c s  t h a t  a f f e c t  p l a n t  

growth a re  mois ture a v a i l a b i l i t y ,  s a l i n i t y ,  and n u t r i e n t  a v a i l a b i l i t y .  

S o i l  t ype  and topography modify the  p r e c i p i t a t i o n  pa t te rns  by 

i n f l u e n c i n g  r u n o f f  and i n f i l t r a t i o n ,  so t h a t  depressions and low- ly ing  

areas t y p i c a l l y  rece ive  more water than t h e  amount o f  p r e c i p i t a t i o n .  

Coarse-textured s o i  1 s genera l l y  p rov ide  t h e  most favorab le  mois ture 

cond i t i ons  f o r  p l a n t  growth due t o  t h e i r  g rea te r  capac i ty  f o r  

i n f i l t r a t i o n  and storage. 

A c l i m a t i c  regime o f  low p r e c i p i t a t i o n  and h igh  evaporat ion tends 

t o  cause accumulations i n  sur face s o i l  l aye rs  o f  so lub le  s a l t s  and 

o the r  ma te r ia l s  ( F u l l e r  1974, Kovda e t  a l .  1979). Such accumulations 

a re  commonly associated w i t h  poor drainage cond i t i ons  when c l a y  pans o r  

hardened hor izons a re  present,  w i t h  m ig ra t i ng  s a l i n e  groundwater, o r  

w i th  poor i r r i g a t i o n  p rac t i ces .  Under semiar id  o r  steppe cond i t ions  

w i t h  increased p r e c i p i t a t i o n  and g rea te r  dens i t y  o f  vegetat ion,  t he  

geochemical processes t h a t  r e s u l t  i n  s o i l  s a l i n i t y  and a l k a l i n i t y  tend 

t o  be e l im ina ted .  The e f f e c t s  o f  s o i l  s a l i n i t y  on p l a n t  growth a re  

va r ied  and depend on the  q u a n t i t y  and types o f  s a l t s  present, and on t h e  

to lerances o f  t he  p l a n t  species. S a l i n i t y  can e f f e c t  p l a n t  growth 

through s p e c i f i c  i o n  i n h i b i t i o n  o f  n u t r i t i o n ,  t o x i c i t y ,  and 

phys io log i ca l  dryness induced by var ious mechanisms, i n c l u d i n g  osmotic 

pressure ( F u l l e r  7974). 

A r i d  s o i l s  have a r e l a t i v e l y  ample supply o f  p l a n t  n u t r i e n t s  i f  

such n u t r i e n t s  a re  present  i n  the  parent  ma te r ia l s  (Smith 1968). 
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I t rogen,  however, i s  genera l l y  d e f i c i e n t  due t o  a pauc i t y  o f  organic 

matter,  The n i t rogen  t h a t  i s  present r e s u l t s  f r o m  i n e r a l i r a t i o n  i n  

response t o  repeated cyc les o f  we t t i ng  and dry ing .  Hieraorganisms can 

e a c t i v e  a f t e r  a per iod  o f  r a i n  t h a t  i s  t o o  s l i g h t  t o  a l l o  

o f  h igher  p lan ts .  P h i s  m ic rob ia l  a c t i v i t y  i n  the absence o f  n i t rogen  

uptake by p lan ts  causes t h e  accu u l a t i o n  o f  inorgan ic  n i t r o  

be used by h igher  p l a n t s  when r a i n f a l l  s u f f i c i e n t  For t h e i r  growth 

occurs  (Kovda e t  a l .  1979). 

Bajadas, a l l u v i a l  fans or outwash slopes, are ce 

c h a r a c t e r i s t i c s  i n  the  bas in and ran e physiographic reg ion  

( F i g ,  2.2). Drainage from mountains c a r r i e s  eroded mate r ia l  t h a t  i s  

deposi ted i n  p rogress ive ly  f i n e r  sequences fro t he  mouths o f  canyons 

or arroyos. R e l a t i v e l y  s tab le  bajadas may e x h i b i t  advanced s o i l  

format ion (HacNahorr 1979) .  The coarses-grained s o i l s  and annderly-ing 

deposi ts  on the  upper slopas o f  bajadas t e n d  t o  support  a r i c h  f l o r a  

due t o  i n f i l t r a t i o n  of  r u n o f f  water (Benson and Darrow 1381). 

2 . 4  V E G E T A T I O N  

2.4.1 Ecology 

zrrked v a r i a t i o n s  i n  elevation, physisgraphy, topography, 

drainage, temperature, p r e c i p i t a t i o n ,  evaporat ion,  and so i  1 type a r e  

responsib le  f o r  t he  pronounced d i v e r s i t y  i n  the  vegetat ion o f  t h e  

es t .  P lan t  co  u n i t i e s  i n  the  reg ion  inc lude chaparra l ,  co ld  

deser t  and semidesert, ho t  deser t ,  bushland, ecotone WQO land, montane 
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f o r e s t ,  a lp ine ,  and nor thern  and southern temperate grassland (She l fo rd  

1974). Kuch ler ' s  p o t e n t i a l  na tu ra l  vegeta t ion  types i n  t h e  study 

reg ion  a re  shown i n  F ig .  2.7 ( w i t h  a key i n  Table 2,2), 

W. 6. B a i l e y  has developed an eco log i ca l  c l a s s i f i c a t i o n  and 

cha rac te r i za t i on  o f  na tu ra l  regions based on reg iona l  c l imate,  zonal 

s o i l s ,  and c l i m a t i c  c l imax vegetat ion ( B a i l e y  1976, 1930). H is  purpose 

was t o  i d e n t i f y  areas f o r  which eco log ica l  r e l a t i o n s h i p s  between p l a n t  

species, s o i l ,  and c l ima te  were e s s e n t i a l l y  s i m i l a r  and f o r  which 

s i m i l a r  management t reatments would, there fore ,  produce comparable 

r e s u l t s .  Thus, a l l  t h e  land i n  one n a t u r a l  reg ion  would have a s i m i l a r  

b i o l o g i c a l  p r o d u c t i v i t y  and a s p e c i f i c  p o t e n t i a l  t h a t  i s  c h a r a c t e r i s t i c  

o f  t h a t  area. The ecoregions a re  c l a s s i f i e d  i n  a h ierarchy,  from the  

most t o  the  l e a s t  i nc lus i ve ,  as domains, d i v i s i o n s ,  provinces, and 

sect ion.  B a i l e y ' s  sect ions correspond c l o s e l y  w i t h  the  p o t e n t i a l  

na tu ra l  vegeta t ion  types of Kuchler (1964). I n  the  p u b l i c a t i o n  t o  

accompany t h e  map ( B a i l e y  19801, each prov ince i s  descr ibed according 

t o  land-surface form, c l imate,  s o i l s ,  vegetat ion,  and fauna. The study 

reg ion  sec t i on  o f  t he  ecoregion map i s  inc luded as F ig.  2-8,  w i t h  the  

map codes i d e n t i f i e d  i n  Table 2.3. 

The percent  o f  n a t u r a l  vegetat ion remaining i n  each s t a t e  i n  the  

study reg ion  var ies  from a h igh  of 96% f o r  Nevada t o  a low o f  56% f o r  

Oklahoma (Tab1.e 2.4) (Klopatek e t  a l .  1979). These values are  much 

higher,  i n  general ,  than i n  o the r  sect ions o f  t he  country  and suggest 

t h a t  much o f  t he  land i n  the  Southwest s t i l l  supports na tu ra l  p l a n t  

communlties. Therefore, F ig .  2.7 can be used as a general 
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Table 2.2. Kuchler vegetation types occurring in the study region 

Map u n i t  
Group of types number Map u n i t  name 

Western fores t s  

Western shrub 

Desert 

Western grassland 

Western shrub and 
grassland 

5 
7 
8 
10 
11 
14 
17 
18 
19 
20 
2 1  
26 
27 
28 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

39 

41 
42 
44 
45 
46 
47 
48 

49 
51 
52 
53 
54 

Mixed conifer forest  (Ab ies-P inus-P seudot suga) 
Red f i r  fores t  (Abies) 
Lodge pol e p i  ne- sub a 1 p i  ne for  es t  ( P  6 nu s-T suga) 
Western ponderosa fores t  ( P i n u s )  

II_ 

___ 
Douglas-f i r  forest  (Pseudotsuga) 
Western soruce-f i r  forest  IPicea-Abies) 
P ine-Douglas-f i r  forest  (Pinus-Pseudotsuga) 
Arizona pine forest  (Pinus) 
Spruce-f ir-Doug1 as-f i r  forest  (P  kea-Abies-Pseudotsuga) 
Southwestern spruce-fir forest  (Picea-Abies) 
J u n  i per-pinyon woodl and (Jiini perus-P inus) 
California oakwoods (Quercus) 
Oak-juniper woodl and (Quercus-Juniperus) 
Transition between 27 and 31 

- 

Chaparral (Adenostoma-Arctostaphylos-Ceanothus) 
Coastal sagebrush (Salvia-Eriogonum) 
Mountain mahogany-oak scrub (Cercocarpus-Quercus) 
Great Basin sagebrush (Artemisia) 
Blackbrush (Coleogyne) 
Sal tbush-greasewood (Atr iplex-Sarcobatus) 
Creosote b u s h  (Larrea) 
Creosote bush-bur  sage (Larrea-Franseria) 
P a1 overde-cactus shrub (Cercid ium-Opunt ia) 
Ceniza shrub (Leucophyl lum-Larrea-Prosopi s)  

Desert: vegetation largely absent 

California steppe (Stipa) 
Tule marshes (Sc irpus-Typha) 
Wheatgrass- b 1 uegr as s (Agropyron- Poa) 
Alpine meadows 81 barren (Agrostis, Carex, Festuca, Poa) 
Fescue-mountain muhly pra i r ie  (Festuca-Muhlenbergia) 
Grama-gal l e t a  steppe (Boutelaua-Hilaria) 
Grama-tobosa pra i r ie  (Boutel oua-Hi 1 ar ia)  

Sagebrush steppe (Artemi sia-Agropyron) 
Gal leta-three awn shrubsteppe ( H i  1 aria-Aristida) 
Grama-tobosa shrubsteppe ( Boutel oua-H i 1 ar 5 a-Larrea) 
Trans-Pecos shrub savanna (F1 ourensi a-Larrea) 
Mesquite-acacia-savanna (Andropogon) 
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Table 2.2. (continued) 

Map unit 
Group o f  types number Map u n i t  name 

Cent ra l  grassland 58 Grama-buff a l o  grass (BJ I&?~  oua-Buchl tie) 
62 
63 
64 Shinnery (Quercus-Andropogon) 

B1 uestem-grama p r a i r i e  ( Andropogon- Boutel oua) 
Sandsage- b l  uestem p r a i  r i e ( A r  temi s i  a-Andropogon) 

Cent ra l  grassland 76 Mesqu i t e -  bu f  f a1 o grass (Bouel oua-Buch 10rTProsopi s)  
and f o r e s t  77 Juniper-oak savanna (flropogon-Quercus-Jun iperus) 

Source: A. W. Kuchler, 1966, P o t e n t i a l  na tu ra l  vegetat ion (Map), Scale 
1:7,500,000, Sheet number 90, I N  USGS 1970, The Nat ional  A t l a s  o f  the  Uni ted States, 
U.S. Department o f  I n t e r i o r ,  Geological Survey, Reston, V i r g i n i a  
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Table 2.3. EcoreE;ions inc:uded i n  the study resjion 

Lowland ecoregions High 1 and ecoreg i onsa 

Domain Division Province Section P r ov i nce Sectfon 

2000 2500 2520 Pra i r ie  brushland 
Humid Prair ie  
Temper a t e  

2530 Tall-grass pra i r ie  

2600 2610 California grassland 
Mediterranean 
(dry- sumer 
subtropical) 

3000 3 100 
D rY Steppe 

3200 
Desert 

2521 Mesquite-buffalo 
grass 

2522 Suniper-oak- 
mesqu i t e  

2523 Mesquite-acacla 
2533 B1 uestem-grama 

pra i r ie  
M2610 Sierran fores t  
M2620 California chaparral 

3170 Great Plains  short- 3113 Grama-buffalo 
grass pra i r ie  grass 

3130 Intermomtain sage- 3131 Sagebrush-wheatgrass 
brush 3132 Lahorttan saltbush- 

greasewood 
3133 Great Basin sage- 

brush 
3 ;34 Bonnev i l 1 e saltbush- 

greasewood 
3135 Ponderosa shrub  

fores t  

3140 Mexican highlands 
shrub  steppe 

3210 Chihuahuan desert 3211 Grama-tobosa 

3220 American desert bush 
3212 Tarbush-creosote 

{Mojave-Colorado- 3221 Creosote bush 
Sonoranf 3222 Creosote bush- 

b u r  sage 

M3:10 Rocky Mountair! fores t  ?13112 Douglas-fir fores t  
M3i20 Upper Gi!a Mountains M3113 Ponderosa ptne- 

forest  Douglas-fir fores t  
P3’930 Colorado plateau P3131 Juniper-pinyon wood- 

land -I. sagebrush- 
saltbush mosaic 

P3132 Grama-galleta steppe 
9 j u n  i per-pinyon 
woodiand mosaic 

A3140 Wyom’ing basin A3142 Sagebrush-wheatgrass 

aKey t o  l e t t e r  symbols: 8 ,  mountains; 2,  plateau; A ,  altiplano. 
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Table  2 .4 .  Percent  of n a t u r a l  v e g e t a t i o n  remaining i n  each s t a t e  i n  
t h e  study r e g i o n  

~~ 

S t a t e  
N a t u r a l  v e g e t a t i o n  

r e m  i ni ng 
(%) 

Nevada 96  

New Hex i co 95 

Ar izona 93 

Utah 93  

C a l i f o r n i a  78 

Col orado 77  

Texas 66 

Oklahoma 56 

-- Source: J .  M. Klopatek,  R .  J .  Olson, C .  J. Emerson, and J .  L .  
Jones, 1979,  Table 3 IN Land-use c o n f l i c t s  w i t h  n a t u r a l  v e g e t a t i o n  i n  
t h e  Un i ted  S t a t e s ,  ORNL/TM-6814, Oak Ridge N a t i o n a l  Laboratory ,  Oak 
Ridge, Tennessee. 
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approx ima t ion  o f  t h e  e x i s t i n g  v e g e t a t i o n  t h e r e .  However, many s p e c i f i c  

t ypes  o f  n a t u r a l  v e g e t a t i o n  a r e  uncommon i n  t h e  s tudy reg ion ,  Fo r  

example, i n  t h e  g rass land  area o f  eas te rn  Colorado, p red is tu rbance  

u n i t i e s  a r e  r a r e ,  a l t hough  some unplowed mesa, tops ,  s teep 

h i l l s i d e s ,  and f l o o d p l a i n s  r e t a i n  n a t i v e  grasses (Mute1 and Emerick 

1984).  

P l a n t  communit ies i n  t h e  r e g i o n  e x h i b i t  pronounced p a t t e r n s  o f  

zona t ion  a long  e l e v a t  onal  g r a d i e n t s  as  a r e s u l t  o f  m o i s t u r e  and 

t e n p e r a t u r e  changes r l a t e d  t o  a l t i t u d e  (Mu te l  and Emerick 1984).  

These l i f e  zones a r e  m o d i f i e d  o r  i n f l u e n c e d  by aspect,  s o i l s ,  and 

l a t i t u d e .  Boundaries between ad jacen t  p l a n t  zones, however, a r e  r a r e l y  

d i s t i n c t .  The t r a n s i t i o n a l  areas, o r  ecotones, a r e  c h a r a c t e r i z e d  by a 

m j x t u r e  o f  p l a n t  species f rom two o r  more ecosystems. 

'The h i g h e s t  and lowes t  e l e v a t i o n s  a r e  t y p i c a l l y  dominated by herbs 

and grasses (Mute l  and Ernerick 1984). In genera l ,  t r e e s  a r e  excluded 

f rom t h e  h i g h e s t  e l e v a t i o n s  by c o l d ,  drought ,  and wind and f rom t h e  

l owes t  e l e v a t i o n s  by drought .  Most of  t h e  mount.ain f o r e s t s  a r e  

dominated by needle- leaved c o n i f e r s ,  w i t h  t h e  s p e c i f i c  dominants 

changing as a l t i t u d e  changes. Mast broad- leaved deciduous t r e e s  a r e  

l i m i t e d  t o  s i t e s  n e x t  t o  bodies of  water .  

I n  a d d i t i o n  t o  a l t i t u d i n a l  d i f f e r e n c e s ,  t h e  c o m p o s i t i o n  and 

p r o d u c t i v i t y  o f  p l a n t  c o r n u n i t i e s  i n  a r i d  reg ions  va ry  t e m p o r a l l y  and 

s p a t i a l l y  w i t h  p a t t e r n s  o f  b o t h  c l i m a t e  and s o i l .  The v e g e t a t i o n  i n  

t h e  Southwest may change p e r c e p t i b l y  as a r e s u l t  o f  natural c l i m a t i c  

v a r i a t i o n  and change (Hast ings and Turner  1955,  Johnson 1968) .  For  



example, recent  droughts have resu l ted  i n  widespread death o f  major 

dominants i n  the  oak- juniper woodland type i n  Texas and i n  the pinyon 

p ine- jun iper  woodlands i n  New Mexico and Ar izona (Darrow 1958). 

Grasses and/or shrubs a re  the  prominent l i f e  forms i n  much o f  t he  

study reg ion.  I n  r e l a t i v e l y  undisturbed grasslands, most: species a re  

perennia ls  and t y p i c a l l y  have most o f  t h e i r  s t r u c t u r e  underground 

(Mute? and Emerick 1984),  because extens ive r o o t  systems a re  essen t ia l  

f o r  v igorous growth. Most grassland species a re  e i t h e r  drought 

t o l e r a n t  o r  avoid drought a l t oge the r  by becoming dormant. Perennial  

shrubs o f t e n  have massive, deep r o o t  systems t h a t  use mois ture f rom a 

grea ter  volume o f  s o i l  than most grass species (Goodin and NcKell 

1971) 

F i res  were once an impor tant  component o f  grassland ecosystems. 

Extensive areas o f  t h e  Southwest t h a t  were apparent ly  dominated by 

grasses i n  p r e h i s t o r i c  t imes today support  shrubs o r  low-growing t rees  

(Humphrey 1958, Cox e t  a l .  1983, Herbel 1979). Since f i r e s  have been 

con t ro l l ed ,  p l a n t  compet i t ion,  rodents, rabb i t s ,  and the  i n t r o d u c t i o n  

o f  domestic l i v e s t o c k  have favored woody p l a n t s  a t  the  expense o f  

grasses, Had f i r e s  cont inued t o  occur w i t h  t h e i r  former frequency, t he  

deser t  grassland would probably be s i m i l a r  today t o  what i t  was i n  

p r e h i s t o r i c  t imes, t h a t  i s ,  a subclimax maintained by f i r e  (Humphrey 

1958). 

2.4.2 Physiology 

The vegetat ion o f  a r i d  regions throughout the  wor ld  tends t o  be 

d i f f e r e n t  i n  taxonomic composition y e t  s i m i l a r  i n  form and func t i on .  
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C e r t a i n  f a m i l i e s  (e.g., Chenopodiaceae) and genera ( e . g . ,  Acacia) a r e  

represented i n  most d e s e r t  reg ions ;  many o t h e r s  a r e  more r e s t r i c t e d .  

However, s i m i l a r  f e a t u r e s  o f  phys io logy ,  anatomy, and behav io r  have 

developed i n  p a r a l l e l .  For example, t h e  a d a p t a t i o n  o f  succulence f a r  

wa te r  s to rage  i s  s i m i l a r  i n  t h e  Euphorbiaceae i n  A f r i c a  and t h e  

Cactaceae i n  America (McGinnies 1979) .  

Net pr imary  p l a n t  p r o d u c t i o n  i n  a r i d  reg ions  i s  g e n e r a l l y  low. 

Noy-Mei r (1973) r e p o r t s  average annual n e t  aboveground p r imary  

p r o d u c t i o n  i n  arid  and semia r id  reg ions  o f  30-200 and 100-600 g/m , 
r e s p e c t i v e l y .  Belowground p r o d u c t i o n  i s  es t ima ted  a t  100-480 and 

250-1000 g/mZ i n  a r i d  and semia r id  communit ies. A t  t h e  a t h e r  

extreme, aboveground n e t  p r i m a r y  p r o d u c t i o n  o f  2400 g/m was r e p o r t e d  

f o r  a t u l i p  t r e e  f o r e s t  i n  t h e  Appalachians ( W h i t t a k e r  1955).  

2 

2 

Shoot biomass v a r i e s  f rom year  t o  y e a r  a t  t h e  same s i t e  ( S i m s  and 

Coupland 1979). I n  areas w i t h  l ow  r a i n f a l l ,  year- to-year  v a r i a t i o n s  i n  

biomass p r o d u c t i o n  depend more on amount o f  p r e c i p i t a t i o n  d u r i n g  t h e  

growing season than  on any o t h e r  env i ronmenta l  f a c t o r .  The 

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

s e a s o n a l i t y ,  r e g u l a r i t y ,  i n t e n s i t y ,  and d u r a t i o n  of  i t s  occurrence and 

t o  the  s lope,  aspect ,  s u r f a c e  t e x t u r e ,  s o i l  depth,  and i o n i c  

composi t ion o f  t h e  r e c e i v i n g  su r face .  I n  genera l ,  as p r e c i p i t a t i o n  

increases,  t h e  r e l a t i v e  importance o f  t hese  s i t e - s p e c i f  i c  f a c t o r s  also 

i nc reases  (Lauenroth 1979).  

Vege ta t i on  o f  a r i d  reg ions  has been ca tegor i zed  a5 

drough t  -evading, drought-escaping, dsough t - res i s tan t ,  and 
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drought-enduring i n  recogn i t i on  o f  numerous mechanisms t o  e f f e c t i v e l y  

u t i l i z e  a v a i l a b l e  water (McCleary 1968). These mechanisms inc lude 

b r i e f  l i f e  cycles,  r e s t r i c t i o n  t o  mo is t  s i t e s ,  enhanced water uptake 

and t rans loca t i on ,  regu la to ry  c o n t r o l s  on water loss,  water  storage 

organs, extens ive r o o t  systems, shedding o f  leaves and stems, to le rance 

o f  dehydrat ion,  and reduced photosynthesis ra tes  du r ing  d r y  per iods.  

Ephemeral annual p l a n t s  i n  deser ts  e x h i b i t  phenological ,  

phys io log i ca l ,  and morphological  adaptat ions depending upon the  

seasonal regimes o f  mois ture and temperature (Mulroy and Rundel 1977). 

Because the  r a i n y  seasons tend t o  be sho r t  and somewhat unpredic tab le,  

most grasses and fo rbs  tend t o  grow and s e t  seed r a p i d l y .  I n  the  

flojave and western Sonoran deser ts ,  where maximum p r e c d p i t a t i o n  occurs 

i n  the  w i n t e r  and l a t e  f a l l ,  w i n t e r  annuals t h a t  germinate and complete 

t h e i r  l i f e  cyc les du r ing  t h e  w i n t e r  and sp r ing  predominate. I n  t h e  

eastern and southern Sonoran desert ,  where t h e r e  i s  s i g n i f i c a n t  and 

p r e d i c t a b l e  summer p r e c i p i t a t i o n ,  a d i ve rse  f l o r a  o f  summer annual 

species i s  found. Also, as l a t i t u d e  (degrees no r th )  increases, more o f  

t h e  p l a n t  species a re  o f  t he  cool-season type (French 1979). 

Winter  and summer annuals tend t o  have d i f f e r e n t  photosynthet ic  

pathways, the w i n t e r  annuals u s u a l l y  be ing Ca lv in  o r  Cg cyc le  

species, w h i l e  the summer annuals t y p i c a l l y  have the  C4-d icarboxy l ic  

a c i d  pathway. The maximum photosynthet ic  r a t e  i s  achieved a t  a 

temperature range o f  10-25°C f o r  C3 p l a n t s  and 30-45°C f o r  C4 

p l a n t s  (French 1979). The C4 pathway f o r  photosynthesis a l lows 

p lan ts  t o  f i x  h igh  ra tes  o f  C02 w i t h  a much lower i n t e r n a l  

concent ra t ion  o f  GO2 and a r e l a t i v e l y  r e s t r i c t e d  stomatal  opening 
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Arnon 1975). Hence, C species r e q u i r e  about  h a l f  as much water  p e r  

u n i t  o f  biomass produced (French 1979). A number o f  succu len t  p l a n t s  

keep t h e i r  stomata c losed d u r i n g  most o f  t h e  day and use a t h i r d  

p h o t o s y n t h e t i c  method, Crassulacean a c i d  metabol ism (CA 1,  t h a t  enables 

them t o  f i x  l a r g e  amounts o f  C02 as organ ic  ac ids  a t  n i g h t  and 

conver t  them i n t o  carbohydrates d u r i n g  t h e  day (Arnon 1975).  The lower  

2 temperatures t h a t  occur  a t  n i g h t  when t h e  pr imary  a s s i m i l a t i o n  o f  CO 

occurs a l l o w  CAM p l a n t s  t o  l i m i t  t h e  amount of  water  t r a n s p i r e d  f o r  a 

g i v e n  s tomata l  opening. Thus, bo th  C4 and CAM species a r e  very  

e f f i c i e n t  i n  t h e i r  water  use. 

4 

Plants  have a l s o  been c l a s s i f i e d  accord ing  t o  t h e i r  t o l e r a n c e  t o  

bo th  drought  and s a l t s  ( W a l t e r  and Stadelmann 1974). Mesophytes 

i n c l u d e  those p l a n t s  w i t h  n iches i n  which drought  and s a l t  s t r e s s  a r e  

l a r g e l y  absent ( e . g . ,  phreatopytes and drought-evading ephemerals) 

Xerophytes i n c l u d e  nonhalophyt ic ,  drsugkt -endur ing p l a n t s ,  such as 

succulents  w i t h  water  s torage organs. Halopytes a r e  d i s t i n c t i v e l y  

s a l t - t o l e r a n t  p l a n t s  t h a t  absorb and accumulate s a l t s  i n  t h e  c e l l  sap, 

p a r t i c u l a r l y  i n  t r a n s p i r i n g  t i s s u e s  (e.g., leaves) ,  thereby 

compensating f o r  t h e  osmotic p o t e n t i a l  o f  t h e  s o i l  s o l u t i o n  (Reirnold 

and Queen 1974). True halophytes grow best Sn s a l t  s o l u t i o n s ,  whereas 

s a l t - t o l e r a n t  p l a n t s  grow bes t  on nonsa l ine  s o i l s .  A d i s t i n c t i o n  i s  

made between halophytes t h a t  grow i n  l o c a t i o n s  o f  more o r  l e s s  

c o n t i n u o u s l y  wet s a l t  s o i l s  (hygro-halophytes)  and those t h a t  grow on 

more we l l -d ra ined s i t e s  (xerohalophytes)  . F u r t h e r  d i s t i n c t i o n s  a r e  

made f o r  c h l o r i d e  halopytes,  s u l f a t e  ha lophytes,  a l k a l i n e  halophytes,  

and d e s a l t i n g  halophytes.  
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2.5 LAND USE AND MANAGEMENT: PAST AND PRESENT 

Land use du r ing  h i s t o r i c  t ime has r e s u l t e d  i n  d r a s t i c  changes i n  

t h e  pa t te rns  of b i o t i c  communities i n  the  Southwest. O r i g i n a l  p l a n t  

p r o d u c t i v i t y  has been reduced over  l a r g e  areas by graz ing  abuses, brush 

invas ion,  droughts,  and at tempts t o  c u l t i v a t e  nonarable land (Herbel 

1979). Natura l  successisn i s  be ing prevented i n  many places by c u r r e n t  

land  uses (Mute1 and Emerick 1984). C l ima t i c  f l u c t u a t i o n s  t h a t  produce 

wind and drought cannot be prevented, b u t  shor t -s igh ted  graz ing  and 

a g r i c u l t u r a l  p r a c t i c e s  can (Mute1 and Emerick 1984). Each s i t e  has 

d i f f e r e n t  c h a r a c t e r i s t i c s  and o b j e c t i v e s  and must be managed 

accord ing ly  (Herbel  19799, Long-term p roduc t i ve  c u l t i v a t i o n  i s  

poss ib le  i n  some areas of t h e  Southwest i f  farming p rac t i ces  a re  

c a r e f u l l y  matched t o  s o i l  and c l i m a t i c  cond i t i ons .  Most o f  t h e  severe 

damage t o  croplands and t o  rangelands occurs du r ing  droughts, and 

farming and graz ing  systems must be % h i g h l y  f l e x i b l e  t o  a d j u s t  t o  y e a r l y  

f l u c t u a t i o n s  i n  weather and p l a n t  growth. The chal lenge f o r  t h e  

manager i s  t o  f i n d  the  proper  balance between t h e  b i o l o g i c a l  r e a l i t i e s  

o f  t h e  s i t e  and t h e  demand f o r  food and o t h e r  products  by t h e  r a p i d l y  

growing wor ld  popu la t i on  (Herbel  1979). 

F igure  2.9 i s  a map o f  t h e  Major Land Resource Areas (MLRAs) 

w i t h i n  t h e  s tudy reg ion  as  de l i nea ted  by t h e  SCS (USDA/SCS 1981). 

Table 2.5 i d e n ' t i f i e s  t h e  map u n i t s .  The land resource reg ions w i t h i n  

t h e  s tudy area arts q u i t e  va r iab le .  They i nc lude  t h e  C a l i f o r n i a  

sub t rop i ca l  f r u i t ,  t r uck ,  and s p e c i a l t y  c rop  region, var ious  reg ions 

where i r r i g a t e d  farming occurs, dese r t  areas, and places where c o t t o n  

i s  grown (Table 2.5) .  
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Table 2.5. Land resource reg ions  and major  land  resource areas 
(PILRAs) i nc luded in t h e  s tudy  r e g i o n  

Map Code Region and area 

C 
15 
1 7  
18 
19 
20 

D 
22 
23 
24 
2 5  
26 
27 
28A 
288 
29 
30 
31 
34 
35 
36 
37 
39 
40 
41 
42 

E 
47 
48A 
488 
49 
51 

G 
67 
69 
70 

Ca 1 i f  orni a s u b t r o p i c a l  f r u i t ,  t r u c k  ..-and speci  a1 t y  c rop  reg! on 
Cent ra l  C a l i f o r n i a  coas t  range 
Sacramento and San Joaquin v a l l e y s  
S i e r r a  Nevada F o o t h i l l s  
Southern C a l i f o r n i a  c o a s t a l  p l a i n  
Southern C a l i f o r n i a  mountains 

---- Western range and i r r i g a t e d  reqi-i 
S i e r r a  Nevada Range 
Nalheur High Plateau 
Humboldt Area 
Owyhee High P la teau 
Carson b a s i n  and mountains 
Fal lon-Lovelock Area 
Great  S a l t  Lake Area 
Cent ra l  Nevada b a s i n  and range 
Southern Nevada bas in  and range 
Sonoran b a s i n  and range 
I m p e r i a l  Val l e y  
Cent ra l  D e s e r t i c  bas in,  mountains, and p la teaus  
Colorado and Green r i v e r  p l a t e a u s  
New Mexico and Ar izona p la teaus  and mesas 
San Juan R i v e r  V a l l e y  mesas and p la teaus  
Ar izona and New Mexico mountains 
Cent ra l  Ar izona b a s i n  and range 
Southeastern Ar izona b a s i n  and range 
Southern D e s e r t i c  basins,  p l a i n s ,  and mountains 

-. Rocky Mountain range and f o r e s t  r e g i o n  
Wasatch and U i n t a  mountains 
Southern Rocky Mountains 
Southern Rocky Mountain parks  
Southern Rocky Mountain f o o t h i l l s  
High in te rmounta in  v a l l e y s  

Western Great P l a i n s  range and i r r i g a t e d  r e g i o n  
Cent ra l  High Plains 
Upper Arkansas V a l l e y  r o l l i n g  p l a i n s  
Pecos-Canadian p l a i n s  and v a l l e y s  
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Table 2.5. (continued) 

Map Code Region and area 

14 --.-- Central Great Plains r a n g e s n d  i r r iga t ad  reqion 
'92 Central h i g h  tableland 
77 Southern High Plains 
78 Central rolling red p l a i n s  

__._..-__I__.--.-- Southwest Plateaus anid-plains range and cottan region 
81 Edwards Plateau 
836 Nes te rn  R io  Grande Plain 
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Vegetat ion management requ i res  d e t a i l e d  and accurate i n fo rma t ion  

obtained f r o m  na tu ra l  resource i nven to r ies .  I n teg ra ted  in fo rmat ion  on 

c l i m a t i c  and edaphic var iab les  a f f e c t i n g  p l a n t  growth and composi t ion 

o f  p l a n t  communities i s  espec ia l l y  impor tant  f o r  managing a r i d  and 

semiar id ecosystems. I n  p a r t i c u l a r ,  i n fo rma t ion  both on p r e c i p i t a t i o n  

v a r i a b i l i t y  and water catchment c h a r a c t e r i s t i c s  and on p r a c t i c a l  

methods o f  l nven to ry ing  and mon i to r ing  vegeta t ion  dynamics o f  a r i d  

lands are  needed (Lund e t  a l .  1981). The chal lenge i s  enhanced by the  

f a c t  t h a t ,  i n  such regions, vegetat ion f l o r i s t i c s  and. p r o d u c t i v i t y  can 

change seasonal ly and annual ly  i n  response t o  v a r i a t i o n s  i n  the  amount 

and d i s t r i b u t i o n  o f  a v a i l a b l e  moisture.  

2.5.1 L ivestock Grazing 

Before 1600, b ison  were common i n  a l l  t he  grasslands o f  Nor th 

America except i n  C a l i f o r n i a  (Herbel 1979). Although they devastated 

much o f  t he  aboveground vegetat ion i n  t h e i r  path, t h e  herds would 

even tua l l y  move on. The grassland ecosystems were adapted t o  t h i s  form 

o f  graz ing,  and p l a n t  recovery was r e l a t i v e l y  rap id .  Since t h e  r o o t  

systems were l e f t  i n t a c t ,  t he  grasses q u i c k l y  resprouted, and l i t t l e  

s o i l  damage occurred (Mutel  and Emerick 1984). 

Many o f  these grassland areas are  s t i l l  grazed, b u t  c a t t l e  have 

replaced b ison (Mutel and Emerick 1984). Domestic l i v e s t o c k  r a i s i n g  i n  

the  Southwest dates back t o  about 1500 (Humphrey 1958). From 1890 t o  

1980, wet per iods w i t h  abundant forage were fo l lowed by overstocking, 
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w h i l e  d rough t  p e r i o d s  were f o l l o w e d  by l i v e s t o c k  r e d u c t i o n s  (Herbel  

1979, Cox e t  a l a  1983). Wi th  each success ive cyc le ,  p e r e n n i a l  grass 

p r o d u c t i v i t y  dec l i ned ,  and t h e  rangeland supported fewer  l i v e s t o c k .  

Where g r a z i n g  i s  n o t  t o o  i n tense ,  p l a n t  cove r  remains, b u t  spec ies 

p o s i t i o n  i s  a l t e r e d  d r a m a t i c a l l y  because c a t t l e  p r e f e r e n t i a l l y  

remove t a l l  grasses and n a t i v e  forbs .  M i t h  overgraz ing,  r o o t  

development i s  s e v e r e l y  re ta rded ,  l e a d i n g  t o  lower  fo rage  p r o d u c t i o n  

and a decreased a b i l i t y  t o  w i t h s t a n d  harsh c l i m a t i c  c o n d i t i o n s .  

F u r t h e r  g r a z i n g  pressures cause an i nc rease  i n  t h e  numbers o f  weedy and 

d r o u g h t - r e s i s t a n t  species such as c a c t i  and yucca and a l s o  decrease t h e  

i n c i d e n c e  o f  p r a i r i e  f i r e s .  I n t e n s i v e  g r a z i n g  can e v e n t u a l l y  remove 

t h e  p r o t e c t i v e  grass cover  and expose s a i l s  t o  wind and wa te r  e ros ion ,  

Recovery f o l l o w i n g  d rough t  i s  much lower  and slower on ranges t h a t  a r e  

c o n s i s t e n t l y  h e a v i l y  u t i l i z e d  than  on those t h a t  are used moderate ly  

(Cable and M a r t i n  1975) .  Even w i t h  moderate use,  i t  takes two years 

f o r  p e r e n n i a l  grass p r o d u c t i o n  i n  semideser t  grass-shrub lands t o  

recove r  f rom a one-year drought .  However, when p r o p e r l y  

g r a z i n g  i s  t h e  o n l y  major  l a n d  use t h a t  p e r m i t s  some n a t i v e  p l a n t  

spec ies t o  remain, t hus  p r o t e c t i n g  s o i l  f r om wind and wa te r  e r o s i o n  and 

f e e d i n g  and s h e l t e r i n g  n a t i v e  w i l d l i f e  a s  these ecosystems have done 

f o r  c e n t u r i e s  (Mute1 and Emerick 1984).  

The v e g e t a t i o n  on same rangelands has improved s i n c e  t h e  e a r l y  

1900s (Herbel  1979), a f t e r  c o o p e r a t i v e  research  was begun i n  t h e  1890s 

t o  determine t h e  f e a s i b i l i t y  o f  reseeding n a t i v e  and in t roduced  fo rage  

species t o  r e s t o r e  rangelands. Such r e v e g e t a t i o n  i s  d i f f i c u l t  and 
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cos t ly ,  bu t  n o t  impossible.  I n  general ,  successful  p lan t i ngs  a re  

l i m i t e d  t o  i r r i g a t e d  p l o t s  (Cox e t  a l .  1982) .  Host s i t e s  w i l l  show 

subs tan t i a l  increases + n  n a t i v e  forage product ion i f  p l a n t  compet i t ion 

i s  reduced, dead s tanding l i t t e r  remains i n  p lace a f t e r  t reatment,  and 

graz ing i s  excluded o r  reduced, b u t  no s i n g l e  seedbed treatment has 

been shown t o  be super io r  t o  any o the r  a t  a l l  l oca t i ons  and i n  a l l  

years. Some recommendations f o r  seeding rangelands a re  based on 

premature r e s u l t s ,  i n f requen t  observat ions,  poo r l y  conducted 

experiments, and data c o l l e c t e d  a t  a t y p i c a l  s i t e s  o r  i n  a t y p i c a l  

years. Data i n t e g r a t i o n  t o  determine t h e  number o f  days when a i r  

temperature exceeds 21*C and s o i l  mois ture i s  a v a i l a b l e  may be more 

use fu l  i n  s e l e c t i n g  species f o r  seeding rangelands than the  commonly 

used parameters o f  e leva t ion ,  p r e c i p i t a t i o n ,  f r o s t - f r e e  days, and 

season of p r e c i p i t a t i o n  (Cox e t  a l .  1982) .  

Livestock r a i s i n g  i n  the  Southwest i s  n o t  r e s t r i c t e d  t o  t h e  

grasslands. Domestic 1 ivestock have been grazed i n  p inyon- jun iper  

woodlands f o r  more than 200 years ( S p r i n g f i e l d  1976, Hute l  and Emerick 

1984).  While these woodland areas can o f f e r  exce l l en t  long-term 

grazing, l i v e s t o c k  must be managed p roper l y  t o  prevent  damage from 

overgrazing. Many woodlands overgrazed h a l f  a century  ago s t i l l  have 

no t  recovered. 

2.5.2 Farming 

Farming i n  a r i d  and semiar id  areas can lead t o  much damage because 

the  land i s  o f ten  unsui ted f o r  crop produc t ion  (Mute1 and Emerick 

1984).  When the n a t u r a l  p l a n t  cover i s  destroyed, t h e  land becomes 
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s u b j e c t  t o  e r o s i o n  t h a t  can be so severe as t o  i n t e r f e r e  s e r i o u s l y  w i t h  

r e v e g e t a t i o n  a f t e r  f a rm ing  i s  abandoned (Herbel  1979). Removal o f  t h e  

grass cover  and excess ive c ropp ing  can a l s o  r e s u l t  i n  r e d u c t i o n  o f  

wate r  q u a l i t y  and f l o w  s t a b i l i t y  and i n  increased a r idness  o f  s i t e s .  

I r r i g a t e d  a g r i c u l t u r e  expanded r a p i d l y  i n  much a f  t h e  Sauthwest i n  

t h i s  cen tu ry .  From 1930 t o  1960, i r r i g a t e d  farmland i n  southeastern 

Ar izona rose from 353,703 t o  954,505 ha (874,000 t o  2,358,590 ac res )  

(Cox e t  a l .  1983). However, by 1980 t h e  t o t a l  had dropped t o  

164,869 ha (407,390 a c r e s ) .  Dur ing  p e r i o d s  o f  maximum c u l t i v a t i o n  i n  

each o f  t h e  f i v e  coun t ies  i n  southeastern Ar izona, about 

1.05 m i l l i o n  ha (2 .6  m i l l i o n  ac res )  were c u l t i v a t e d  w i t h  i r r i g a t i o n .  

It i s  es t ima ted  t h a t  890,000 ha ( 2 * 2  m i l l i o n  ac res )  o f  i r r i g a t e d  

farmland have been abandoned t h e r e  i n  t h e  p a s t  40 years.  

Some o f  t h e  farmland i n  southern A r i zona  was abandoned because o f  

urban growth (Cox e t  a l .  1983). Other  i r r i g a t e d  l and  was abandoned 

because o f  urban wa te r  demands. A s  urban demand f o r  water  increases, 

wa te r  w i l l  c o n t i n u e  t o  be d i v e r t e d  f rom a g r i c u l t u r a l  uses and more 

farmland w i l l  be abandoned (Cox e t  a l .  1983) .  T h i s  abandoned farmland 

m igh t  be a b l e  t o  suppor t  n o n i r r i g a t e d  biomass energy crops.  

2.5.3 Other  -&Id Uses 

Land i n  t h e  Southwest has been p u t  t o  many uses, bo th  by I n d i a n s  

i n  p r e h i s t o r i c  t imes and by non- Ind ian s e t t l e r s  i n  r e c e n t  t i m e s .  Trees 

have been used f o r  b u i l d i n g  houses and o t h e r  s t r u c t u r e s ,  f o r  charcoal ,  

f o r  fence p o s t s ,  f o r  f i rewood,  f o r  Chr istmas t r ee s ,  and f o r  f u r n i t u r e  
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(Arnold e t  a l .  1964, M a r t i n  1975, S p r i n g f i e l d  1976, Mute1 and Emerick 

1984). P i t c h  f rom pinyon p ine  t rees  was used f o r  glue, waterproof ing,  

cooking, and many medic ina l  purposes. Many p l a n t s  were gathered f o r  

food. The southwestern Ind ians depended on pinyon nuts  as an impor tant  

p a r t  o f  t h e i r  d i e t ;  o f t e n  a successful  harves t  was a mat te r  o f  l i f e  or  

death. 

Mesquite had widespread importance as a d i ve rse  resource f o r  t h e  

n a t i v e  Americans i n  the  Southwest. It was used f o r  food, f u e l ,  

she l te r ,  weapons, t oo l s ,  f i b e r ,  dye, cosmetics, medicine, and many 

o the r  p r a c t i c a l  as we1 1 as aes the t i c  purposes { f e l g e r  1977). Creosote 

bush (Larrea spp.) has a l s o  been used i n  many ways: as a medic ina l  

p lan t ,  as f i rewood, and as a r o o f i n g  m a t e r i a l  f o r  adobe houses 

(Ttmermann 1977). 

Much o f  the Southwest i s  e s t h e t i c a l l y  p leas ing,  both for 

rec rea t i on  and f o r  l i v i n g  purposes ( S p r i n g f i e l d  1976). Many s t a t e  and 

n a t i o n a l  parks i n  t h e  reg ion  prov ide  spectacular  scenery and 

oppor tun i t i es  t o  escape t o  a wi lderness s e t t i n g .  Dude ranches, 

o f f - road veh ic le  excursions, and ou t ings  du r ing  t h e  w i l d  f l ower  season 

a re  popular  rec rea t i on  a c t i v i t i e s  i n  the  Southwest. Such rec rea t i ona l  

uses a re  beginning t o  become an impor tant  land use i n  much o f  t he  

Southwest (Mar t i n  1975). 
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3 .  METHODS AND RESULTS 

3 . 1  THE REGIONAL STRATIFICATION AND CHARACTERIZATION PROCESS 

3.1.1 I n t r o d u c t i s n  

This  s tudy  i s  p a t t e r n e d  a f t e r  an e a r l i e r  i n v e s t i g a t i o n  (MaxMell e t  

a l ,  1985) whose purpose was t o  e v a l u a t e  t h e  p o t e n t i a l  resources  o f  t h e  

southwestern U n i t e d  S t a t e s  f o r  t h e  p r o d u c t i o n  o f  microalgae.  The 

process used i n  b o t h  p r o j e c t s  i s  termed " s t r a t i f i c a t i o n "  because t h e  

o b j e c t i v e  i s  t o  " s t r a t i f y "  o r  rank t h e  r e g i o n  i n t o  genera l  zones o f  

r e l a t i v e  resource  and env i ronmenta l  s u i t a b i l i t y  (WcHarg 1969) .  By 

s e l e c t i n g  and o v e r l a y i n g  r e l e v a n t  mapped data,  t h e  areas w i t h  t h e  most 

f a v o r a b l e  c o n d i t i o n s  f o r  biomass p r o d u c t i o n  should become apparent.  

Such a r e d u c t i o n  o f  t h e  s tudy  r e g i o n  i n t o  s m a l l e r  areas p rov ides  a 

p r e l i m i n a r y  b a s i s  f o r  e s t i m a t i n g  t h e  resource p o t e n t i a l  and a l l o w s  a 

d e t e r m i n a t i o n  o f  whether f u r t h e r  s t u d i e s  o f  t h e  region f o r  biomass 

p r o d u c t i o n  a r e  warranted.  I n  a d d i t i o n ,  i t  i d e n t i f i e s  t h e  p a r t s  o f  t h e  

s tudy  r e g i o n  where f i e l d  exper iments and p i l o t  s t u d i e s  cou ld  most 

p r o f i t a b l y  be conducted i n  l i g h t  o f  t h e  e x i s t i n g  resource and 

env i ronmenta l  c o n d i t i o n s .  

3.1.2 P r o j e c t  C h j e c t i v e s  

The o b j e c t i v e s  o f  t h i s  i n v e s t i g a t i o n  w i t h  rega rd  t o  mapping, a r e :  

e To c h a r a c t e r i z e  and map r e g i o n a l  da ta  on p e r t i n e n t  c l i m a t e  

and l a n d  resource parameters i n c l u d i n g :  
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C 1  imate -__ Land 

Freeze-f ree per iod  

Prec i p i  t a t  i on 

Evaporat ion Slope (> o r  <lo%) 

Soi 1 s 

Vegetat ion 

Land use/cover 

Land ownership 

rn To over lay  and composite the  mapped na tu ra l  resource data t o  

d e p i c t  areas o f  r e l a t i v e  resource s u i t a b i l i t y  and 

a v a i l a b i l i t y  f o r  t e r r e s t r i a l  energy crop product ion.  

Computer map data were a v a i l a b l e  (Maxwell e t  a l .  1985) f o r  a l l  of 

t he  c l ima te  parameters and f o r  slope, land use/cover, and ownership o f  

the  land parameters. Only mapped data f o r  s o i l s  and vegetat ion needed 

t o  be selected, brought t o  scale, and d i g i t i z e d .  

3 . 1 . 3  Map Data Select ion-and Map Product ion 

The two a d d i t i o n a l  data needs f o r  t h i s  ana lys i s  were i n  the  areas 

o f  vegetat ion and s o i l s .  The se lec t ions  t h a t  were u l t i m a t e l y  made, an 

SCS map f o r  s o i l s  (USDA/SCS 1967) and Kuch ler ' s  map o f  vegetat ion 

(1966), were in f luenced by t h e  uni form coverage o f  t he  study reg ion  

t h a t  the  maps provided. The study reg ion  po r t i ons  o f  these maps are  

reproduced i n  b lack and wh i te  as Figs.  2 . 6  and 2 . 7  ( w i t h  legends 

provided i n  Tables 2.1 and 2 . 2 ,  respec t i ve l y ) .  A source o f  

raster-based d i g i t a l  data f o r  these maps was loca ted  a t  the 

Envi ronmental Research Laboratory o f  t h e  U.S. Environmental P ro tec t i on  

Agency i n  C o r v a l l i s ,  Oregon. A l t e r a t i o n s  were made t o  t h i s  data base 
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t o  a l l o w  i t  t o  be used w i t h  t h e  e x i s t i n g  maps f r o m  t h e  m ic roa lgae  

s tudy.  

The s o i l s  map i s  l i m i t e d  t o  t h e  Great Group l e v e l ,  which i s  

u n f o r t u n a t e  s i n c e  t h e  lower Subgroup and Fami l y  l e v e l s  p r o v i d e  u s e f u l  

i n f o r m a t i o n  on s o i l  depth.  Also, although t h e  s o i l s  map was determiraed 

t o  be t h e  best a v a i l a b l e  comprehensive n a t i o n a l  o r  r e g i o n a l  source,  i t  

i s  about 28 years o l d  and daes n o t  r e f l e c t  informatSon subsequent ly 

ob ta ined  f r o m  ongoing s o i l  surveys. 

The map o f  " p o t e n t i a l  n a t u r d l  v e g e t a t i o n "  by Kuch le r  ( 1 9 6 4 ,  

r e v i s e d  f o r  t h e  National A t l a s  1946) p rov ides  u n i f o r m  and complete 

coverage o f  t h e  r e g i o n .  Each ecosystem i s  c h a r a c t e r i z e d  i n  t e r m  o f  

b o t h  l i f e  f o r  5 and t a x a  because t h e  presence and p r o p o r t i o n s  o f  each 

g i v e  p l a n t  communities t h e i r  unique and unmistakable cha rac te r .  The 

manual accompanying t h e  map f u r t h e r  c h a r a c t e r i z e s  t h e  t y p e s  w i t h  

d e s c r i p t i o n s  o f  t h e i r  geographic occurrence, physiognomy, and dominant 

and o t h e r  component species.  

A g r e a t  deal o f  i n f o r m a t i o n  i s  l o s t  i n  the  process o f  d i g i t i z i n g  

t h e  parameter maps. f o r  example, f o r  l and  use/cover o n l y  a Few 

s e l e c t e d  c a t e g o r i e s  were d i g i t i z e d  f rom t h e  r e l a t i v e l y  d e t a i l e d  maps 

and t h e  d e l i n e a t i o n s  o f  a g r i c u l t u r a l ,  rangeland, and f o r e s t  c lasses and 

subclasses were s u b j e c t  t o  i n c l u s i o n s  and mosaics o f  types.  Also, t h e  

s lope  map exaggerates the  area o f  4 0  s lope  because t h e  152-111 ( 5 0 0 - f t )  

con tou r  i n t e r v a l s  o f  t h e  o r i g i n a l  sources tend  t o  smooth minor  r e l i e f  

f e a t u r e s .  
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The procedure u l t i m a t e l y  used f o r  s t r a t i f i c a t i o n  and 

cha rac te r i za t i on  o f  t he  reg ion  f o r  t e r r e s t r i a l  energy crops invo lves  

both composi t ing and masking. The i n t e n t  i s  t o  reduce the  area o f  

cons idera t ion  by a reasonable process o f  e l i m i n a t i o n  and t o  c l a s s i f y  

the  remaining area i n t o  general zones o f  r e l a t i v e  q u a l i t y  w i t h  d isp lays  

of s i n g l e  parameters and composites. 

3.2 PRODUCT MAPS 

Each o f  t he  product maps i s  b r i e ,  , j  discussed below. The maps are  

presented w i t h  symbol codes se lected so t h a t ,  i n  most cases, t he  darker  

the  shade, the  more favorab le  the  cond i t i ons  o f  t h a t  p a r t i c u l a r  

parameter o r  composite o f  parameters f o r  t e r r e s t r i a l  energy crops. One 

except ion i s  t h e  map o f  land use/cover w i t h i n  t h e  reduced area 

(F ig .  3.15), i n  which an area o f  no data i n  nor theastern Colorado i s  

i nd i ca ted  w i t h  a darker  symbol. Because d i s t i n c t i o n s  o f  con t ras t  

between symbols a re  n o t  always apparent, i t  i s  necessary i n  some 

instances t o  examine i n d i v i d u a l  symbols c a r e f u l l y .  

The reg iona l  map data a re  s t ruc tu red  on a m a t r i x  o f  360 columns by 

24 rows o f  rec tangu lar  g r i d  c e l l s .  A t  the  map sca le  o f  1:2,500,000 

each g r i d  c e l l  represents an area o f  approximately 5041 ha 

(12,455 acres).  

3.2.1 Study Area Maps 

P r e c i p i t a t i o n .  The computer-generated map o f  p r e c i p i t a t i o n  i s  

shown i n  F ig .  3.1. The map i s  der ived  from a s i m p l i f i e d  vers ion  o f  t he  
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map o f  normal annual t o t a l  p r e c i p i t a t i o n ,  i n  inches, from the  C l ima t i c  

A t l as  o f  t he  Uni ted States (USOC 1973) (F ig .  2.3). A p e c u l i a r i t y  o f  

t h e  map, as reproduced and d i g i t i z e d ,  i s  t h a t  i t  inc ludes some 

i r r e g u l a r  and over lapping ranges o f  p r e c i p i t a t i o n  data values (e.g., 

16-24 in . ,  16-32 i n . )  due t o  steep grad ien ts  o f  p r e c i p i t a t i o n  

co r re la ted  w i t h  the  steep topography. 

Freeze-Free Period. The map o f  f reeze- f ree-per iod i s  inc luded as 

F ig.  3.2. This map i s  der ived from a s i m p l i f i e d  vers ion  o f  t h e  map o f  

mean length  o f  f reeze- f ree  per iod,  i n  days, f rom the  C l ima t i c  A t l as  o f  

t h e  Uni ted States (USDC 1977) (F ig .  2.4). The data a re  presented i n  

60--day i n t e r v a l s  between 120 and 300 days. 

Area Reduction. The area reduc t ion  step i s  accomplished by 

l o g i c a l  cornpositing o f  t he  p r e c i p i t a t i o n  and f reeze- f ree-per iod maps as 

i nd i ca ted  i n  F ig .  3 . 3 .  Areas o f  l ess  than 30 cm (12 i n . )  p r e c i p i t a t i o n  

and/or 120 days f reeze- f  ree per iod  are  e l im ina ted  from cons idera t ion  on 

t he  bas is  t h a t  these c r i t e r i a  i d e n t i f y  minimal mois ture and growing 

season cond i t ions  f a r  acceptable p l a n t  product ion.  The remaining area, 

shown i n  F ig .  3.4, i s  approximately 40% o f  t he  study reg ion  o r  7.725 x 

10 ha (1.908 x 10 acres) .  7 8 

Tabla 3.1 i nd i ca tes  the  percent o f  t h e  study reg ion  and o f  t he  

reduced a r m  t h a t  are inc luded w i t h i n  each p r e c i p i t a t i o n  c lass .  I n  the  

s tudy region, 58.6% o f  the area has more than 30 em (12  in . ) /year  

p r e c i p i t a t i o n .  Almost one- th i rd  o f  t h i s  area (about 20 o f  t he  study 

reg ion)  i s  e l im ina ted  from the  acceptable o r  reduced area because the  

f reeze- f ree per iod  the re  i s  l ess  than 120 days/year. 
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Table 3 . 1 .  Comparative p r e c i p i t a t i o n  data f o r  t h e  study 
region and t h e  reduced area 

P r e c i p i t a t i o n  Percent of Percent o f  
( cm/year) ( i n .  /year) study region reduced area 

0-30 
30-41 
41 -51 
41 -61 
51 -61 
61 -81 
41 -81 
81 -1 22 

>122 

Tota l  

0-1 2 
12-1 6 
16-20 
16-24 
20-24 
24 -32 
16-32 
32 -48 

More than 48 

41 .4  
29 .5  

7 . 4  
7.1 
4 . 2  
0.5 
7.6 
2.0 
0 . 3  

100 

0 
54.8 
18.2 
1 0 . 3  
10.3 

0 . 2  
5 .4  
1 .o 
0 

100.2  

Table 3 .2 .  Comparative freeze-free period f o r  t h e  study region and 
the reduced area 

Period 
(days 1 Percent o f  study region Percent o f  reduced area 

Less than 120 
120-1 80 
180-240 
240-300 

More than 300 

24.6 
33.5 
38.6 
11.3 

2 .o 

0 
42.4  
46 .9  

8.8 
2 .o 

Tota 1 100 99.9 
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Table 3.2 i n d i c a t e s  t h e  pe rcen t  o f  t h e  s tudy r e g i o n  and t h e  

reduced area t h a t  a r e  i n c l u d e d  i n  each c l a s s  o f  f r e e z e - f r e e  p e r i o d .  I n  

t h e  s tudy  reg ion ,  75.4% o f  t h e  area has a f r e e z e - f r e e  p e r i o d  g r e a t e r  

t han  120 days/year. A l m o s t  h a l f  o f  t h i s  area (about  35% o f  t h e  s t u  

r e g i o n )  i s  e l i m i n a t e d  f rom t h e  accep tab le  area because i t  has 

p r e c i p i t a t i o n  o f  l e s s  than  30 cm ( 1 2  i n . ) / y e a r .  

3.2.2 Maps o f  t h e  Reduced Arsg 
F i g u r e  3.5 i n d i c a t e s  t h e  cornposi t ing t h a t  was done w i t h  t h e  

v a r i o u s  maps t o  determine t h e  r e l a t i v e  s u i t a b i l i t y  o f  va r ious  p a r t s  o f  

t h e  reduced area f o r  growing biomass energy crops. 

P r e c i p i t a t i o n  o f  t h e  Reduced Area. P r e c i p i t a t i o n  da ta  w i t h i n  t h e  

acceptable area a r e  mapped as two c lasses ,  as shown i n  F i g .  3.6. Only 

two c lasses  were mapped because o f  t h e  i r r e g u l a r  n a t u r e  o f  t h e  

p r e c i p i t a t i o n  data.  Most a f  t h e  p r e c i p i t a t i o n  o c c u r r i n g  i n  amounts 

g r e a t e r  than 41 cm (16 i n . ) / y e a r  i s  i n  t h e  range of 41 t o  61 cm (16 t o  

24 i n . ) / y e a r .  Th i s  covers 3R,$% o f  t h e  reduced area. 

Evapora t i on  o f  t h e  Reduced-,A=g. Data f o r  evapora t i on  w i t h i n  t h e  

accep tab le  area a r e  shown i n  t h r e e  c lasses  i n  F i g .  K.7. Table 3.3 

p rov ides  comparat ive da ta  on evapora t i on  for  t h e  s tudy r e g i o n  and t h e  

reduced area.  

.-_____. " E f f e c t i v e "  I P r e c i p i t a t i o n  o f  t h e  -Je~ucedl  Area. Geographic 

d e f i n i t i o n s  o f  a r i d  reg ions  a r e  com o n l y  based on t h e  occurrence o f  a 

c l i m a t e  regime i n  which p o t e n t i a l  e v a p o r a t i o n  exceeds p r e c i p i t a t i o n  

(Wa l te r  1973, Trewartha and Horn 1980). Therefore,  i t  i s  the 

r e 1  a t  i ons h i p between p o t e n t i a  1 evaporat  i on and prec i p i  t a t  i on, r a t h e  I" 



PRECIPITATION EVAPQ RATION 

"EFFECTIVE" 
PRECIPITATION 

ORNL-DWG 85-1 1065 

FREEZE-FREE PERIOD 

COMB IN ED C ti MATE SUI TAB I L ITY 
AND LAND AVAILABILITY 

Fig. 3.5. The map cornpositing process. 
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Table 3.3. Comparative evapora t i on  d a t a  f o r  t h e  s tudy 
r e g i o n  and t h e  reduced area 

-- Evaporat ion Percent  of Percent o f  
( crn/yea t-) ( i n . / y e a r )  s tudy  r e g i o n  reduced area 

<81 

107-1 32 
132-1 57 
157-1 83 
183---208 

a i  -1 07 

>2Q8 

T o t a l  

Less t han  32 1 . 5  
32-42 13.8 
42 - 5 2  24.6 
52-62 19.7 
62 -7 2 24.8 
72-82 1 2 . 5  
More than 82 2,9 

99.8 

8 
5.7 

16,s 
21.1 
44.5 
12.0 

0.2 

100 

Table 3.3. Comparative da ta  o f  " e f f e c t i v e "  p r e c i p i t a t i a n  f o r  t h e  
s tudy  r e g i o n  and t h e  reduced area 

-. D e f i c i t  
(cm/year) ( i n . / y e a r )  

Percent  o f  
study r e g i o n  

Percent of 
reduced area 

>O 
0 t o  -25 

-25 t o  -51 
-51 t o  -76 
-76 to -102 
-102 t o  -127 
-127 t o  -152 
-152 t o  -178 

<-178 

More t han  0 
0 t o  -10 

-10 t o  -20 
-20 to -30 
-30 t o  -40 
-40 to -50 
-50 t o  -60 
-60 t o  -70 
Less than  

2.8 
0.1 
5.8 

11.1 
17.4 
28,9 
20.4 

5.6 
7.4 

0.7 
0 
2.0 
9.1 

12.0 
44.0 
24. 

6.4  
0.2 

T o t a l  99.5 99.2 
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than a simple threshold of precipitation, that defines and 

characterizes arid regions climatically. 

"Effective" precipitation is determined in this study by 

subtracting the value for evaporation from that for precipitation, that 

is, the values in Fig. 3.7 are subtracted from those in Fig. 3.6. Data 

for effective precipitation within the acceptable area are aggregated 

into three classes, as illustrated in Fig. 3.8. There is only a 

relatively small proportion of the area in the upper two classes. 

Table 3.4 gives the comparative data for effective precipitation in the 

study region and the reduced area. 

Freeze-Free Period o f  the Reduced Area. The data f o r  freeze-free 

period within the acceptable area are grouped into three classes for 

the map shown in Fig. 3.9. 

Relative Climate Suitability of the Reduced Area. The map of 

relative climate suitability illustrated by Fig. 3.10 is derived by 

cornpositing (by addition) the effective precipitation and freeze-free 

period maps. The three classes o f  effective precipitation shown in 

Fig. 3.8 are combined with two classes o f  freeze-free period (3180 days 

and 120-180 days). Numerical weights of 1 to 3 ( I  being most 

desirable) are assigned to the two or three classes o f  the respective 

maps, resulting in four classes o f  relative suitability (Tables 3.5 and 

3.6). The two lower suitability classes include almost 85% of  the 

reduced area (Table 3.6). 
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Table 3.5. Matrix of relative climate suitability of the 
reduced area 

Deficit 
( cmi’year) 

Freeze-f ree period 
(days) 

‘I E f f ec t i ve ‘I -26 t o  -76 ( I )  
precipitation -76 to -102 (2) 

<-I 02 ( 3 )  

2 3 
3 4 
4 5 

NOTE: Values in parentheses are relative weights; the more favorable 
the conditions, the lower t h e  number. Matrix values are sums of the 
relative weights. 

Table 3.6. Relative climate suitability for the reduced area 

-I 

Composite weighta Suitability class Percent of  reduced area 

Tota 1 

1 (best) 

2 

3 

4 

2.7 

12.5 

60.0 

24.3 
-- 
99.5 

aComposite weights are matrix values from Table 3.5. 
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Land Ownership o f  t h e  Reduced Area. F i g u r e  3,11 i s  a map o f  l a n d  

ownership f o r  t h e  reduced area. Table 3.7 i n d i c a t e s  t h e  pe rcen t  o f  

l and  i n  each ownership category.  The t h i r d  c l a s s  o f  l a n d  ownership 

(parks,  w i l de rness  areas, and w i l d l i f e  reFuges) i s  n o t  a v a i l a b l e  f o r  

p r o d u c t i o n  of  biomass and i s  a ve ry  small p a r t  o f  t h e  reduced area, 

j u s t  ove r  2% o f  t h e  land,  She most  a v a i l a b l e  c l a s s  [ s t a t e ,  p r i v a t e ,  

Bureau o f  Land Management (BLM) ,  and mixed l a n d s ]  i n c l u d e s  80% o f  t h e  

reduced area. 

Combined C l ima te  S u i t a b i l i t y  and Land A v a i l a b i l i t y  o f  t h e  Reduced 

Area. The maps i n  F i g s .  3.10 and 3.11 a r e  cornposited by l o g i c a l  

combinat ion t o  produce t h e  map o f  combined s u i t a b i l i t y  and a v a i l a b i l i t y  

shown i n  F i g .  3.12. [S ince ca tegory  C l ands  (parks,  w i l de rness ,  and 

w i l d l i f e  re fuges )  a r e  n o t  a v a i l a b l e  f o r  biomass p roduc t i on ,  t h e y  a r e  

n o t  i n c l u d e d  i n  these composi tes. ]  The l o g i c a l  combinat ion approach 

was taken on t h e  b a s i s  t h a t  l a n d  ownership i s  t h e  dominant i n f l u e n c e .  

A l t e r n a t i v e l y ,  a r i t h m e t i c  cornposi t ing would r e s u l t  i n  s t r a t a  o f  mixed 

ownership c lasses .  The maps, t h e r e f o r e ,  show areas  t h a t  a r e  most t o  

l e a s t  f a v o r a b l e  c l i m a t i c a l l y  f o r  t h e  most a v a i l a b l e  l a n d  o 

group ( c a t e g o r y  A ) ,  f o l l o w e d  by areal; t h a t  a r e  mos t  t o  l e a s t  f a v o r a b l e  

f o r  t h e  second l a n d  ownership c l a s s  ( c a t e g o r y  B). Table 3 . 8  i n d i c a t e s  

t h e  pe rcen t  o f  t h e  l and  i n  t h e  reduced area t h a t  i s  i n  each ca tegory  on 

these maps. 

S o i l s  o f - the  Reduced Area. I n  F i g .  3.13, s o i l  o rde rs  represented 

i n  t h e  accep tab le  area a r e  aggregated i n t o  f o u r  c a t e g o r i e s  and 

d i s p l a y e d  acco rd ing  t o  a judgment o f  genera l  r e l a t i v e  q u a l i t y  f o r  
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Table 3 . 7 .  Land ownership o f  the reduce 

Category groupa Percent  o f  reduced area  
I_. I 

A :  S t a t e ,  p r i v a t e ,  BLM, mixed lands 80.0 

B: MFS, DOD,  DOE, I n d i a n  lands 16.7  

C: Parks,  wi lderness,  w i l d l i f e  refuges 

Tota 1 

2.2 
- 
99.7 

aBLM = Bureau o f  Land Management, NFS = Nat iona l  Forest Serv ice ,  
DOD = Department o f  Defense, DOE = Department o f  Energy, 
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Table  3.8.  Composite s u i t a b i l i t y  and a v a i l a b i l i t y  da ta  f o r  t h e  
reduced area  

Favorabi 1 i t y  c lassa  Percent  o f  reduced area  

A-1 
A -2 
A -3 
A -4 

B-1 
8-2 
B -3 
6-4 

C 

Tota 1 

1 . 5  
9 . 6  

52 .3  
17 .2  

1 . 2  
2.7 
6 .4  
6 .4  

2.2 

99.5 

a L e t t e r  from land ownership c lasses ,  F i g .  3.11 and Table  3 .7 .  
Number f r o m  r e l a t i v e  c l i m a t e  s u i t a b i l i t y  c lasses ,  F i g .  3-10 and 
Table  3 .6 .  
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p l a n t  product ion.  M o l l i s o l s  a re  ranked h ighes t  based on t h e i r  

c h a r a c t e r i s t i c  composi t ion o f  organic  mat ter .  A l f i s o l s  a re  ranked as 

second most p roduc t ive  on t h e  bas is  o f  mo is tu re  a v a i l a b i l i t y .  E n t i s o l s  

a re  d i s t i ngu ished  as the  t h i r d  q u a l i t y  c lass  due t o  t h e i r  assoc ia t i on  

w i t h  watercourses and coarse-grained deposi ts .  The remaining c lass  i o  

comprised p r i m a r i l y  o f  A r i d i s o l s ,  which a re  c h a r a c t e r i s t i c a l l y  d ry .  

Table 3.9 i n d i c a t e s  the  r e l a t i v e  percent  o f  t h e  s tudy area and the  

reduced area t h a t  have each o f  these types o f  s o i l s .  

Vegeta t ioE o f  t h e  Reduced ?rea. Groups o f  n a t u r a l  vegeta t ion  

types w i t h i n  the  acceptable area a re  represented i n  F ig .  3.14. Centra l  

grassland and western f o r e s t  types cover t h e  l a r g e s t  p ropor t i on  o f  t h e  

area. A breakdown by Kuchler types o f  t h e  vegeta t ion  i n  the  study 

reg ion  and i n  t h e  reduced area i s  prov ided i n  Table 3.10. Table 3.11 

g ives t h e  land area o f  t h e  f i v e  most abundant Kuchler  vegeta t ion  types 

i n  t h e  reduced area, and the  Appendix prov ides d e s c r i p t i v e  i n fo rma t ion  

on those  f i v e  vegeta t ion  types. 

Land Use/Cover o f  t9.le Reduced Area. The map o f  land use/cover 

presented as Fig. 3,15 was generated f o r  t h i s  p r o j e c t  by 

coding and d i g i t i z i n g  t h e  maps o f  i n t e r p r e t e d  Landsat i 

sca le  o f  1:2,5QQ,OOQ, The coding procedure invo lved superimposing 

c e l l u l a r  coding sheets on a reduced and s p l i c e d  s e t  o f  t h e  s t a t e  land 

use/cover maps on a ,reverse-image computer map o f  t h e  acceptable area 

( i . e . ,  acceptable area b lank) .  Nine codes were se lec ted  t o  represent  

t h e  data.  Table 3.12 i n d i c a t e s  t h e  p a r t  o f  t h e  reduced area t h a t  i s  i n  

each land use/cover category.  
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Table 3 . 9 .  S o i l s  data f o r  the study region and the reduced area 

S o i l  order Percent of study region Percent o f  reduced area 

Mol 1 i so l  s 2 2 . 5  34.9 

A l f  is01 s 12 .5  17 .4  

E n t i  s o l s  17 .5  17 .9  

Others: 

Aridi so l  s 45.1 28.0 

U1 t i  sal s 1 . 2  0.7 

Vert iso ls  0 . 2  9.5 

M i s c .  types 0.5 0.0 
-._1_ 

Tota 1 99.5 99 .4  
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Table 3.10. Percent of potential natural vegetation ecosystems contained in the study region and the reduced area 

Group Map unit 
type number 

Map unit namea 
Percent Percent Percent o f  each type i n  

o f  study o f  reduced study region remaining 
region area in reduced area 

Western forests 5 
7 
8 

10 
11 
14 
17 
18 
19 
20 
21 
26 
27 
28 

Group total 

Central grassland 76 
and forest 77 

Mixed coni fer forest ( Abi e s-P inu s-P seudot suga) 
Red fir forest (Abies) 
Lodgepole pine-subalpine forest (Pinus-Tsuga) 
Western ponderosa forest (w) 
Douglas fir forest (Pseudotsuga) 

Zsuga) 

Juniper-pinyon wood1 and (Jun iperus-P inus) 
California oakwoods (Quercus) 
Oak-juniper woodl and (Quercus-Junfperus) 
Transition between 27 and 31 

Mesqu i te-buf f a1 o grass (Eou te 1 oua-Buch 1 oe-pro so pi s) 
Juniper-oak savanna (Andropogon-guercus-Juniperus) 

0.6 
0.2 
0.4 
0.3 
0.6 
1.8 
3.7 
0.9 
0.4 
1.3 

14.4 
0.9 
1 .Q 
0.8 
- 

27.3 

3.2 
0.6 

1 .o - 
- 
- - 
0.2 
3.2 
1.2 

0.5 
11.3 
1.7 
2.5 
2.0 

- 

- 
23.6 

7.9 
1.5 

66.6 - 
- 
- 
5.5 
35.1 
55.5 

15.4 
31.9 
77.7 

100.0 
100.0 

- 

100 .o 
100.0 

Group total 3.8 9.4 



Tab'e 3.10. (continued.) 

Group Map u n i t  
type number 

Map uni t  namea 
Percent 

reglon 
G f  Study 

Percent o f  each type i n  Percent 
o f  reduced study region remaining 

area fn  reduced area 

Western s h r u b  and 49 

52 
53 
54 

grass 1 and 51 

Group total  

Western shrub 29 
30 
31 
32 
33 
34 
35 
36 
37 
33 

Group to ta l  

Sagebrush steppe (Arterni sia-Agropyron) 
Gal ?eta-three awn shrubsteppe (Hi 1 aria-Ari st4 da) 
Grama-tobosa shrubsteppe ( Bouteloua-Hi lar-ia-Larrea) 
Tr an s-P ecos shrub  savanna ( F 1 ouren s i a-L arrea) 
Mesqui te-acac i a- savanna (kndropogon) 

Chaparral (Adenostoma-Arctostaphylos-Ceanoehus) 
Coastal sagebrush (Salv i a-Er iogonunj 
Mountain mahogany-oak scrub (Cercocarpus-Quercusj 
Great Basin sagebrush (ArtemSsia) 
Blackbrush (Coleogyne) 
Saltbush-greasewood (Atriplex-Sarcobatus) 
Creosote bush (Larrea) 
Creosote bush-bur  sage (Larrea-Franseria) 
Pa lo  verde-cactus s h r u b  (Cercidium-Opuntia) 
Cen iza shriib (Leucophyl i urn-L arrea-Prosopi s) 

3.6 
0.2 
5.4 
4.5 
0.2 

13.9 

7.2 
0.4 
I .2 
9.0 
0.6 
7.0 
5.3 
4.5 
1.6 
3.1 

30.9 

0.5 

6.4 
5.3 
0.5 

~ 

~ 

13.1 

2.7 
1 .O 
0.5 
1.5 
0.2 
1.2 
1.7 
2.7 
0.5 
0.2 

12.2 

5.5 

48.1 
53.1 

100 .0 

- 

91.6 
100.0 
16.6 
6.6 

16.6 
7.1 

13.2 
24.4 
92.5 

100.0 



Table 3.10. (continued.) 

Group Map u n i t  
type number 

Map u n i t  namea 
Percent Percent Percent of each type i n  

o f  study o f  reduced study region remaining 
region area i n  reduced area 

Central 
grassland 

Group t o t a l  

Uestern 
grassland 

Group t o t a l  

Desert 

GRAND TOTAL 

58 
62 
63 
64 

41 
42 
44 
45 
46 
47 
48 

39 

Grama-buf f a1 o grass (Boute loua-Buch 1 oe)  
Bluestem-grama p r a i r f e  (Androno-on-Bouteloua) 
Sandsage-bluestem p r a i r f e  (Artemisia-Andropogon) 
Shinnery (quercus-Andropogon) 

13.0 
0.2 
0.6 
1 .o 

30.5 
0.5 
1.5 
2.5 

95.4 
100.0 
100.0 
100.0 

Ca l i f o rn ia  steppe (Stipa) 
Tule marshes (Scirpus-Typha) 
Wheatgrass- b 1 uegr ass ( Agropyron-Poa) 
Alpine meadows & barren (Argrostis, Carex, Festuca, Poa) 
Fescue-mountain muhly p r a i r i e  (Festuca-Muhlenbergia) 
Grama-galleta steppe (Bouteloua-Hflaria) 
Grama-tobosa p r a i r i e  (Bouteloua-Hi 1 ar ia)  

Desert: vegetation l a rge ly  absent 

14.8 

1 .o 
0.3 
0.1 
7.1 
0.4 
4.2 
0.8 
- 
7.9 

7.1 

35.0 

1.2 
0.2 

0.2 

3.2 
1.2 

- 
- 

- 
6 .O 

- 

50 .O 
33.3 

9.1 

30.9 
62.5 

- 
- 

99.7 99.3 

U 
U 

‘From: A. W. Kuchler, 1966, I N  The National At las o f  t he  United States, U.S. Department o f  t he  In te r i o r ,  Geological Survey, Reston, 
Virginia. 
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Table 3 - 1 2 .  Land use/cover data for  the reduced area 

Category Percent o f  reduced area 

Noni rrigated cropland 

Irrigated cropland (mixed) 

High biomass rangeland 

Intermediate biomass rangeland (mixed) 

Low biomass rangeland 

Other (urban, s a l t  f l a t s ,  o i l  and gas f i e l d s ,  and 
snow and i ce )  

No data (northeast Colorado) 

Tota 1 

7 . 9  

10.3 

6 . 9  

13.0 

4 . 4  

4 5 . 5  

5.7 

5.9 
- 
99.9 
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Slope. The p r i n c i p a l  l i m i t a t i o n  o f  s lope f o r  biomass energy 

produc t ion  i s  du r ing  harvest,  s ince i t  i s  d i f f i c u l t  f o r  harves t ing  

equipment t o  operate on steep slopes. A map o f  areas o f  g rea te r  or 

l ess  than 10% slope (Maxwell e t  a l .  1985) was over layed w i t h  an o u t l i n e  

o f  t he  reduced area t o  produce Fig. 3.16, which shows t h e  l o c a t i o n  and 

approximate ex ten t  o f  mountains and o the r  complex t e r r a i n .  About 42.6% 

o f  t he  study reg ion  has a s lope g rea te r  than lo%, w h i l e  the  remaining 

57.4% o f  t h e  study reg ion  has a slope less  than 10%. Because minor 

r e l i e f  features were smoothed ou t  i n  the  prepara t ion  o f  t h e  d i g i t a l  

maps, i t  i s  est imated t h a t  the area designated as having a slope l ess  

than 10% i s  probably exaggerated by 30 t o  40% (Maxwell e t  a l .  19851. 
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4. DISCUSSION 

The o b j e c t i v e  of t h i s  i n v e s t i g a t i o n  i s  t o  r e l a t e  the  

c h a r a c t e r i s t i c s  o f  apparent bes t  land  areas i n  t h e  Southwest t o  the  

p o t e n t i a l  and needs o f  biomass energy product ion.  Thus, t h e  

i m p l i c a t i o n s  o f  t he  mapping process f o r  biomass energy crops a r e  

discussed here. Emphasis i s  p u t  on the  composite maps and on t h e  

parameter maps t h a t  a r e  most In fo rmat ive  o r  t h a t  in f luenced t h e  

composite maps. The c h a r a c t e r i s t i c s  o f  pr ime areas and t h e i r  

i m p l i c a t i o n s  f o r  t e r r e s t r i a l  energy crops a r e  discussed, fo l lowed by an 

assessment of t h e  p r o d u c t i v i t y  o f  var ious vegeta t ion  types i n  the  

reduced areas. 

4.1 ASSESSMENT OF MAPS 

The product  maps i n  Sect. 3.2 i l l u s t r a t e  general  t rends o f  

c l imate,  land use, and vegeta t ion  i n  t h e  reduced area o f  t h e  s tudy 

reg ion.  Caution must be taken, however, i n  i n t e r p r e t i n g  the  maps t o o  

abso lu te ly ,  because computer map r e g i s t r a t i o n  e r r o r  alone may accaunt 

f o r  p r e c i s i o n  w i t h i n  o n l y  about f i v e  m i les  on the  land surface. 

4.1.1 Composite-Maps 

Not a l l  o f  the  7.725 x lo7  ha (1.908 x lo8 acres) i n  the  

reduced area would be a v a i l a b l e  f o r  growing biomass energy crops. 

Parks, wi lderness areas, and w i l d l i f e  refuges (F ig.  3.11 and Table 3.7) 

cover 2.2% o f  t he  area. Add i t i ona l  land use/cover ca tegor ies  

(F ig .  3.15 and Table 3.12) t h a t  would n o t  be a v a i l a b l e  f o r  crops 
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i n c l u d e  t h e  " o t h e r "  ca tegory  (u rban  areas, s a l t  f l a t s ,  o i l  and gas 

f i e l d s ,  and snow and i c e )  and ' i r r i g a t e d  cropland."  Th is  reduces t h e  

p o s s i b l e  biomass growing p a r t  o f  t h e  reduced area by  an a d d i t i o n a l  

12.6%. 'Northeast Colorado, which i s  n o t  i n c l u d e d  i n  t h e  da ta  i n  

F i g .  3.15, i n c l u d e s  t h e  Denver m e t r o p o l i t a n  r e g i o n  and some i r r i g a t e d  

c rop land  (USGS 1970). Conserva t i ve l y ,  t h i s  would reduce t h e  amount o f  

l a n d  a v a i l a b l e  i n  t h e  reduced area f o r  growing biomass crops by ano the r  

0.5%. Thus, a t  l e a s t  15.3% o f  t h e  l and  i n  t h e  reduced area, 1.18 x 

l o 7  ha ( 2 . 9 2  x l o 7  acres) ,  would n o t  be a v a i l a b l e  f o r  growing 

biomass energy crops, l e a v i n g  6.54 x lo7  ha (1.52 x 10 ac res )  as 

p o t e n t i a l  l and  f o r  biomass energy crops i n  t h e  Southwest. Even t h i s  

f i g u r e  may be t o o  h igh ,  s i n c e  i t  does n o t  t a k e  i n t o  c o n s i d e r a t i o n  l a n d  

t h a t  i s  t o o  s teep f o r  h a r v e s t i n g ,  has s o i l s  t h a t  w i l l  n a t  suppor t  c r o p  

p roduc t i on ,  i s  n o t  p r o d u c t i v e  enough f o r  growing biomass energy crops,  

o r  i s  o the rw ise  u n s u i t a b l e  f o r  c u l t i v a t i o n .  

8 

Maps were produced t o  o b t a i n  a v iew o f  ( I )  envi ronmenta l  

s u i t a b i l i t y  ( F i g ,  3-10)  and ( 2 )  env i ronmenta l  s u i t a b i l i t y  i n  

c o n j u n c t i o n  w i t h  l a n d  a v a i l a b i l i t y  ( F i g .  3,12) i n  t h e  reduced area.  

The env i ronmenta l  s u i t a b i l i t y  composite, based on c l i m a t e  f a c t o r s ,  

rep resen ts  a ba lance between oppos i te  t r e n d s  i n  t h e  e f f e c t i v e  

p r e c i p i t a t i o n  and f r e e z e - f r e e - p e r i o d  da ta .  The most  favorable m o i s t u r e  

c o n d i t i o n s  correspond g e n e r a l l y  w i t h  areas o f  h i g h e r  l a t i t u d e  and 

e l e v a t i o n  o r  h i g h e r  e l e v a t i o n  areas near  t h e  P a c i f i c  Coast ( F i g ,  3.8). 

The f r e e z e - f r e e  p e r i o d  shows an almost i n v e r s e  p a t t e r n ,  w i t h  h i g h e r  

e l e v a t i o n s  and h i g h e r  l a t i t u d e s  hav ing  s h o r t e r  f r o s t - f r e e  p e r j o d s  
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(F igs.  3.2 and 3.9). As Fig.  3.10 ind ica tes ,  t he  area i n  which both 

cond i t ions  a re  most favorab le  (!.e., s u i t a b i l i t y  c lass  1)  i s  very 

smal l ,  j u s t  2.7% of t he  reduced area, and occurs on l y  i n  C a l i f o r n i a .  

I n  o the r  p a r t s  o f  t h e  reduced region, mo is te r  areas tend t o  have a 

sho r te r  growing season, wh i l e  areas w i t h  longer  growing seasons are  

more a r i d .  The p o t e n t i a l  n a t u r a l  vegeta t ion  found i n  s u i t a b i l i t y  

c lass  7 (comparing F i g .  3.10 w i t h  F ig .  3.14) i s  about equa l l y  d i v ided  

between western f o r e s t s  ( i n c l u d i n g  juniper-pinyon, mixed con i fe rs ,  and 

C a l i f o r n i a  oakwoods) and western shrublands ( i n c l u d i n g  cha 

coasta l  sagebrush), w i t h  a smal l  p a r t  be ing western grassland 

( p r i m a r i l y  C a l i f o r n i a  steppe).  

The most abundant s u i t a b i l i t y  c lass  ( c lass  3)  makes up 60% o f  the 

reduced area and i s  Found throughout i t . Al l  p o t e n t i a l  n a t u r a l  

vegetat ion groups,  except deser t ,  a re  inc luded i n  this  c l a s s .  Class 3 

i s  d i v ided  i n t o  nor thern  and southern components r e f l e c t i n g  o 

mois ture and temperature t rends (F ig .  3.10). The southern p o r t i o n  has 

more than 180 f r o s t - f r e e  days/year bu t  a lower ef fects ’ve ~ ~ e ~ ~ ~ ~ ~ a t ~ o ~ ,  

wh i l e  t h e  nor thern  p o r t i o n  has a f r o s t - f r e e  pe r iod  o f  120-180 days/year 

b u t  a higher e f f e c t i v e  p r e c i p i t a t i o n .  

I n te rp re ted  i n  terms of crop types, these opposing t rends suggest 

t h a t  two d i f f e r e n t  types of p lan ts  a re  des i rab le  f o r  the  more 

con t inen ta l  p a r t s  of t he  reduced area: ( I )  those t h a t  produce r a p i d l y  

i n  a shor t  growing season and ( 2 )  those t h a t  are capable o f  more o r  

l e s s  continuous product ion under d r i e r  cond i t ions .  The cond i t ions  o f  

the  area under more P a c i f i c  mar i t ime in f l uence  suggest a t h i r d  type 

. . . . . , . . . . . . . . . 
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capable of utilizing a long growing season but with relatively less 

need for drought tolerance. 

F’lgure 3.12 is a composite of climate suitability f o r  the reduced 

area (Fig. 3.10) with land ownership for that area (Fig, 3.11). The 

of the seduced area in ownership class C (parks, wilderness areas, 

and wildlife refuges) is not available for biomass production and is 

n o t  included in this composite. The combination o f  ownership c las s  A 

and environmental suitability class 3 is the nrost common one, covering 

5 2 , 3 X  a f  the land in the reduced arm. Land in suitability class 1 and 

ownership category A is most favorable in terms o f  bath land ownership 

and climate. 

4.1.2 Veggtation Types of t h e  Reduced-4rga 

Table 3.10 lists the  43 potential natural vegetation types found 

in the study region (Kuchler 1964, 1 9 6 5 ) .  E i g h t  of these are not found 

in the reduced area of t h e  study region, while ten occur entirely in 

the reduced area. O f  the groups o f  types, t he  Central Grassland and 

Forest combination and the Central Grassland groups are found almost  

exclusively in the reduced area, The five most common types of natural 

vegetation in t h e  study region cover 48.8% of the land area 

(juniper-pinyon woodland = 14.4%, grama-buffalo grass = 13%, Great 

Basin sagebrush = 9.0 saltbush-greasewood = 7.0%, and grama-tobosa 

shrubsteppe = 5 . 4  ) .  The five most comon t y p e s  in the reduced area 

make up 61.8% o f  that part o f  the study r e g i o n  (Table 3 - 1 1 ) .  Three 

types (grama-buffalo grass, juniper-pinyon woodland, and grama-tobosa 



a7 

shrubsteppe) a r e  among t h e  f i v e  most common v e g e t a t i a n  types i n  b o t h  

t h e  e n t i r e  s tudy r e g i o n  and t h e  reduced area. Great Basin sagebrush 

and saltbush-greasewood cover  16% of t h e  s tudy  reg ion,  b u t  account f o r  

only 2.7% o f  the l a n d  i n  t h e  reduced area.  

O f  t h e  f i v e  most common v e g e t a t i o n  types i n  t h e  reduced area, two, 

grama - b u f f a l o  grass and m e s q u i t e - b u f f a l o  grass,  a r e  found almost 

e n t i r e l y  t h e r e  ( r e s p e c t i v e l y ,  95.4% and 100% of t h e  t y p e  i n  t he  s tudy  

r e g i o n  occur i n  t h e  reduced area) .  For t h e  o t h e r  t h r e e  most common 

v e g e t a t i o n  types i n  t h e  reduced area, 31.9% o f  t h e  j u n i p e r - p i n y o n  i n  

t h e  s tudy  r e g i o n  occurs in t h e  reduced area, 48.1% o f  t h e  grama-tobosa 

shrubsteppe, and 51.1% o f  t h e  trans-Pecos shrub savanna. 

---1_-- Shrub and grasslands. The grama -tobosa shrubsteppe and t h e  

t r a n s  -Pecos shrub savanna a r e  b o t h  c l a s s i f i e d  by Kuchles (1964, 1966) 

as combinat ion western shrub and grasslands, w h i l e  M a r t i n  ( 1 9 7 5 )  

descr ibes  them a5 southwestern semidesert  grass -shrub ranges They a r e  

c h a r a c t e r i z e d  by short grasses w i t h  dense - t o - s c a t t e r e d  shrubs and dwarf 

shrubs. The dominant p l a n t  species i n  t h e  grama-tobosa shrubsteppe a r e  

black grama (fjauteloua er ipoda) ,  tabosa ( H i l a r i a  gut-!=), and c reosote  

bush ( I -a r rea  r f i var ica ta , ) .  In t h e  trans-Pecos shrub savanna t h e  

dominants a r e  c reosote  bush and ta rbush ( F l o u r e n s i a  cernua) .  These 

ecosystems a r e  s c a t t e r e d  across t h e  southern p a r t  o f  t h e  s tudy reg ion,  

t h e  former i n  southeastern Ar izona and southern Hew Mexico and t h e  

? a t t e r  i n  western Texas and ad jacent  New Mexico. 

The p a r t  o f  t h e  s tudy  r e g i o n  where these two v e g e t a t i o n  types 

occur  has over  120 f r o s t - f r e e  days/year. Therefore,  t h e  p a r t s  o f  these 
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vegeta t ion  types t h a t  a re  n o t  inc luded i n  t h e  reduced area (51 ,9% o f  

t h e  grama-tobosa shrub-steppe and 48.9% o f  t h e  trans-Pecos shrub 

savanna) a re  e l im ina ted  because the  average annual p r e c i p i t a t i o n  where 

they are  found i s  l ess  than t he  30 cm (12  in . ) /year  used i n  t h i s  study 

t o  de f i ne  the  acceptable reg ion  f o r  biomass energy crop product ion.  

Since these vegeta t ion  types a r e  found on bo th  s ides o f  t he  

p r e c i p i t a t i o n  border  t h a t  was used t o  d e f i n e  t h e  acceptable reg ion,  

they are  l i k e l y  t o  contain species t h a t  would be a b l e  t o  su rv i ve  i n  

those years i n  which the  reduced area has l ess  than average r a i n f a l l .  

In a d d i t i o n  t o  the  dominant p l a n t  species noted above, t he  Appendix 

l i s t s  o the r  co on species i n  these vegeta t ion  types. 

J u n i p e r g i n y o n  woodlands. The jun lper-p inyon woodland type i s  

found sca t te red  throughout the study reg ion  (F ig .  2.7).  I t  occurs f rom 

t h e  western boundary i n  Nevada and C a l i f o r n i a  t o  the eastern p o i n t  

where Colorado, Oklahoma, and New Mexico meet and from the southcentra l  

ew Mexico t o  t h e  nor thern  border  o f  Utah and Colorado. 

Although ind i ca ted  by t h e  same symbol, t h i s  t y p e  i s  n o t  homogeneous i n  

the  study reg ion.  D i f fe rences  i n  the  type  throughout i t s  range are  

r e l a t e d  t o  e leva t i on ,  c l imate ,  and s o i l .  Pinyon (Pinus g d u x ~ )  i s  t h e  

dominant p ine  species i n  the eastern p a r t  o f  t h e  range o f  t h e  

vegeta t ion  type, w h i l e  oneleaf p ine  (Pinus rnonophvlla) i s  more corn  

i n  the  western p a r t  o f  t he  range (see Appendix) (Kuchler  1954, 1966). 

I n  the  extreme south, Mexican pinyon (Pinus $embroides) replaces t h e  

pinyon p ine  ( S p r i n g f i e l d  1976). Various species o f  j u n i p e r  a re  a l s o  

found i n  d i f f e r e n t  p a r t s  o f  t h e  range, w i t h  oneseed j u n i p e r  (Juniperus 



89 

monosperma) Utah j u n i p e r  (3 .  osteosperrna), Rocky Mountain j u n i p e r  (2. 

scopulorum), and a l l i g a t o r  j u n i p e r  (2. deppeana) being dominants o r  

co-dominants i n  var ious places ( K i k h l e r  1964, 1966; S p r i n g f i e l d  1976; 

Cas te t te r  '9956). This vegetat ion type i s  found on a v a r i e t y  o f  s o i l s ,  

b u t  i n  general t he  s o i l s  a re  shal low and low i n  f e r t i l i t y  ( 

Emerick 1984). 

Juniper-p inyon woodlands are  genera l l y  found a t  middle e leva t ions  

ountaina [e .g . ,  i n  Arizona and New Mexico, i t  i s  Found a t  

e leva t ions  o f  1372-2285 m (4,500-7,508 f t )  ( S p r i n g f i e l d  1976)j/ .  It 

occurs as  a t r a n s i t i o n  between the a r i d  shrublands and gras5lands of 

l one r  e leva t ions  and the  mountain f o r e s t s  a t  h igher  e leva t ions  (Mutel 

and Emerick 1984). A t  the lower e leva t ions ,  t he  vegetat ion a 

w ide ly  spaced and sca t te red  t rees ,  w i t h  much of t he  ground under them 

bare and rocky o r  w i t h  only a sparse cover ing of shrubs and grasses 

(Mutel and Emerick 1984). Grasslands surrounding the  lower e leva t i on  

p inyon- jun iper  woodlands may be invaded by j un ipe rs  through pressures 

of  grazing and reduc t ion  o f  f i r e s  (Arnold e t  a l .  1964)- 

Coarse-textured s o i  Is, i n  p a r t i c u l a r ,  f avo r  t h e  establ ishment o f  

t rees .  Once establ ished,  t rees  u s u a l l y  become dominant. 

Temperature and p r e c i p i t a t i o n  a t  the  var ious e leva t ions  determine 

the  r e l a t i v e  numbers o f  p ine  and j u n i p e r  i n  each woodland. Pinyon i s  

more t o l e r a n t  of the  co ld  temperatures t h a t  a re  found a t  h igher  

e leva t ions ,  w h i l e  the j u n i p e r  i s  more t o l e r a n t  o f  droughts t h a t  a re  

more common a t  lower e leva t ions  (Hute l  and Emerick 1984). A t  the  

lowest e leva t i ons  j un ipe rs  may form pure stands, b u t  a t  h igher  

. . . . . . . . 
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e l e v a t i o n s ,  t h e  p inyon p i n e  becomes dominant and t h e  j u n i p e r s  

decrease. A t  the  h i g h e r  e l e v a t i o n s ,  t h e  t y p e  m ixe r  w i t h  Gambel oak, 

ponderosa p ine,  and Douglas fir, which a r e  t y p i c a l  o f  t h e  mountain 

f o r e s t s  ( S p r i n g f i e l d  1976, Hutel and Emerick 1984).  

The j u n i p e r - p i n y o n  ecosystem grows where p r e c i p i t a t i o n  i s  over  

25 crn ( 1 Q  i n . ) / y e a r  and where t h e r e  a r e  o v e r  80 f r o s t - f r e e  days l yea r  

( S p r i n g f i e l d  1976* Mute1 and Ernerick 1984). 8 9 t h  of these lower  

extremes a r e  below t h e  acceptable range f o r  biomass p r o d u c t i o n  s e t  f o r  

t h i s  study, which e x p l a i n s  why a lmost  70% sf the t y p e  doer n o t  occur  i n  

the reduced area .  Therefore,  1 i k r  the grama -tobosa shrubsteppe and the  

t r a n s  -Peccas shrub savanna, t h e  t y p e  c o n t a i n s  species t h a t  can s u r v i v e  

those  years  i n  which t h e  p r e c i p i t a t i o n  and fr@ar-L-free p e r i o d  a r e  less  

t han  average. However, extreme droughts w i l l  cause much p l a n t  death. 

rough t  i n  1949-56 r e s u l t e d  i n  widespread death o f  major  Junigerus 

dominants i n  t h e  Texas oak - jun ipe r  woodland t y p e  o f  'the Edwards 

Plateau,  and s i m i l a r  r e d u c t i o n s  i n  p inyon p i n e  and j u n i p e r  took p l a c e  

d u r i n g  t h e  same drough t  p e r i o d  i n  t he  ~ o ~ d l a n d s  o f  New Mexico and 

Ar izona (Darrow 1958) .  

A l though t h e  j u n i p e r - p i n y o n  ecosystem has been used f o r  many 

purposes ( S e c t s .  2.5.1 and 2.5.3), t h e  h i g h  c o s t s  o f  h a r v e s t i n g  and t h e  

s low growth r a t e s  o f  p inyon and j u n i p e r  t r e e s  have discouraged t h e i r  

management f o r  t h e  p r o d u c t i o n  o f  wosd produc ts  ( A r n o l d  e t  a l .  1 9 6 4 ) .  

The demand f o r  f o rage  p roduc ts  i s  g r e a t e r  t han  t h e  demand f o r  t r e e  

p roduc ts  ob ta ined  f rom t h i s  type,  and t r e e s  a r e  b e i n g  removed i n  an 

a t tempt  t o  i nc rease  fo rage  p r o d u c t i o n  f o r  l i v e s t o c k  and b i g  game, 



91 

Other ecosystems. O f  t h e  14 western f o r e s t  ecosystems t h a t  occur 

i n  the  study reg ion  (Table 3.101, f i v e  have over 50% o f  t h e i r  study 

reg ion  area i n  the  reduced area. These inc lude  t h e  mixed c o n i f e r  

F o r e s t ,  Arizona p ine  fo res t ,  C a l i f o r n i a  oakwoods, oak- jun iper  woodland, 

and a t r a n s i t i o n  community between the  oak- jun iper  woodland and the  

mountain mahogany-oak scrubland. 

None o f  t h e  shrublands found i n  the  Southwest i s  among t h e  f i v e  

most common ecosystem types i n  the  reduced area (Table 3.11). However, 

t h ree  o f  them, chaparra l ,  coasta l  sagebrush, and ceniza shrub, have 

over 90% o f  t h e i r  area i n  the  reduced area (Table 3.10). 

Two categor ies of grasslands a re  inc luded i n  the  study area: 

western and c e n t r a l  grasslands. O f  t h e  seven western grasslands i n  t h e  

study area, on l y  two o f  them, C a l i f o r n i a  steppe and grama-tobosa 

p r a i r i e ,  have 50% o r  more o f  t h e i r  study reg ion  area w i t h i n  the  reduced 

area. However, of t h e  f o u r  c e n t r a l  grassland ecosystems, th ree  a re  

found a t  100% o f  t h e i r  study reg ion  area i n  the reduced area and the  

o the r  a t  95.4%. One o f  these, t he  grama-buffalo grass ecosystem, i s  

the m o s t  common ecosystem i n  the  reduced area (Table 3-11),  cover ing 

over 30% o f  t he  area. 

4.2 CHARACTERISTICS OF PRIME AREAS IN THE R E O U C E D  R E G I O N  

The dark area i n  F ig .  3.4 i nd i ca tes  the  p a r t s  o f  t he  Southwest 

w-ith the  bes t  p o t e n t i a l  f a r  biomass energy produc t ion  [ i . e . ,  those 

areas w i t h  g rea te r  than 30 cm (12 i n . )  p r e c i p i t a t i o n  and a t  l e a s t  a 

120-day f reeze- f ree  per iod  each year] .  There are  th ree  major 

subregions i n  t h e  acceptable area: 
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1. 

2. a central area primarily in Arizona, and 

3 .  an eastern area i n  Colorado, Ne ico, Oklahoma, and Texas.  

a western area almost exclusively in California, 

In addition, there are small scattered areas in Nevada, Utah, 

southwestern Colorado, and northwestern New Nexico. Each o f  the major 

subregions is discussed in detail below, followed by comments about  the 

small scattered areas, 

4.2 .1  California 

Although almost half o f  the part o f  California in t h e  study region 

is included in the reduced area ( F i g .  3 . 4 ) ,  little o f  t h e  land is 

available for biomass plantations. In terms of precipitation, t h e  

acceptable area in this subregion is abaut  equally divided between 

areas  b d t h  30-4.1 cm ( 1 2 - 1 6  in.)/ye;mr and those with more than 41 crn 

(16 in.)/year (Fig. 3.6). In the area with more than 41 crn 

(16 in.)/year, most receives 41 -81 cm (16-32 in.), wilh a small section 

having 81-122 crn (32-48 in.), and a very  small area in the nor thwes t  

part having more than 122 cm (4 ia.)/year ( F i g .  3.1). Winter is the 

season of primary precipitation maximum far this subregion,  except f o r  

a small p a r t  at the eastern edge o f  the subregion that has a late fall 

maximum and a secondary maximum in winter (Fig. 2.5). In t h i s  

subregion, effective precipitation i s  about equally divided among the 

three classes (Fig, 3.8). 

Only in a narrow segment along the northern border of the 

acceptable region is the Frost-free period 480 days/year ( F i g s .  3.2 
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and 3.9). A s t r i p  along the  P a c i f i c  Ocean and a narrow s t r i p  on the 

southeast edge of t he  acceptable reg ion  have more than 300 f r o s t - f r e e  

days/year (F ig .  3.2). 

The on ly  p a r t  o f  t he  e n t i r e  reduced reg ion  t h a t  f a l l s  i n  the  most 

favorab le  c l imate  s u i t a b i l i t y  c lass  i s  found i n  the  C a l i f o r n i a  

subregion (F ig .  3.10). The r e s t  o f  t h i s  subregion i s  about evenly 

d i v ided  between c l ima te  f a v o r a b i l i t y  c lasses 2 and 3. None o f  t h i s  

area f a l l s  i n  the  l e a s t  favorable category f o r  r e l a t i v e  c l imate  

s u i t a b i l i t y .  

The l a r g e s t  p a r t  o f  t h i s  subregion f a l l s  i n t o  land ownership 

c lass  A ( i .e . ,  s ta te ,  p r i v a t e ,  BLM, and mixed lands, see F ig .  3 . 1 1 ) .  

Only a small p a r t  i s  i n  c lass  C ( i . e . ,  parks, wi lderness, and w i l d l i f e  

re fuges) ,  which i s  no t  a v a i l a b l e  f o r  biomass product ion.  These 

excluded areas i nc lude  segments o f  Yosemite, Kings Canyon, and Sequoia 

na t i ona l  parks and a wi lderness area. 

A major p a r t  o f  t h i s  subregion (F ig .  3.15) i s  n o t  a v a i l a b l e  f o r  

biomass produc t ion  because it inc ludes t h e  Los Angeles and San Diego 

met ropo l i tan  regions and t h e i r  assoc iated highlands. There are, 

however, o the r  s u i t a b l e  lands ava i l ab le .  Forest  and woodlands a r e  

sca t te red  throughout the subregion. Cropland i n  the subregion i s  

p r i m a r i l y  i r r i g a t e d  and, there fore ,  n o t  s u i t a b l e  f o r  biomass product ion 

according t o  the  bas ic  assumptions o f  t h i s  study, b u t  some i s  

non i r r i ga ted .  Rangelands a r e  most commonly o f  t h e  in te rmed ia te  biomass 

type b u t  a l s o  i nc lude  both h igh -  and low-biomass types. 
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A l l  f o u r  s o i l  t ypes  a r e  found i n  t h e  accep tab le  r e g i o n  i n  

C a l i f o r n i a  ( F i g .  3.13).  The h i g h e s t  ranked s o i l s  f o r  biomass 

p roduc t i on ,  t h e  m o l l i s o l s ,  a r e  t h e  small fest area i n  t h i s  subregion,  

be ing  found o n l y  i n  a smal l  area near  t h e  P a c i f i c  Ocean. The f o u r t h  

c lass ,  d r y  s o i l s  and miscel laneous l a n d  t ypes  t h a t  would be poores t  f o r  

growing biomass energy crops, a r e  found a long  t h e  e a s t e r n  edge o f  t h e  

accep tab le  area.  

Western shrub lands a r e  t h e  m o s t  ca on p o t e n t i a l  n a t u r a l  

v e g e t a t i o n  group i n  t h e  r e g i o n  ( F i g .  3 . 1 4 ) ,  f o l l o w e d  by western f o r e s t s  

and western grass lands.  None o f  t h e  o t h e r  groups i s  found i n  t h i s  

subregion.  Because w i n t e r  i s  t h e  season o f  major p r e c i p i t a t i o n  

( F i g .  2.5) ,  much o f  t h e  v e g e t a t i o n  i s  w i n t e r - - a c t i v e  and 

summer-dormant. Much o f  i t ,  e s p e c i a l l y  t h e  c h a p a r r a l ,  i s  evergreen 

(Hanes 1981). 

C a l i f o r n i a  chapar ra l  i s  a complex and d i s t i n c t i v e  shrub f o r m a t i o n  

t h a t  occurs on t h e  h i l l s  and lower mountain s lopes i n  much o f  t h e  s t a t e  

(Hanes 1981). Most o f  t h e  f i r e s  t h a t  occur  i n  C a l i f o r n i a  na tu ra l  a r e a s  

occur  i n  c h a p a r r a l ,  so t h a t  f i r e  suppress ion i s  a major concern,  

p a r t i c u l a r l y  near  urban areas. Dur ing  the  June-to-December d r y  season, 

t h e  c h a p a r r a l  i s  l e s s  than 10% m o i s t u r e  an ti d r y  we igh t  bas i s .  rhus, 

h a r v e s t i n g  d u r i n g  t h a t  p e r i o d  f o r  use a'; a fue l  would reduce t h e  need 

f o r  subsequent d r y i n g  o f  t h e  biomass and would a l s o  remove t h e  

chapar ra l  d u r i n g  t h e  season when it i s  most s u s c e p t i b l e  t o  f i r e .  The 

chaQarra1 regenerates a f t e r  f i r e s .  Over h a l f  o f  t h e  species t h a t  grow 

t h e r e  s p r o u t  f rom stumps, independent o f  a v a i l a b l e  wa te r  (Hanes 1981).  
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Thus, harves t ing  dur ing  the  e a r l y  p a r t  o f  t he  d r y  season might  a l l o w  

sprouters  t o  begin t o  regenerate before the  r a i n y  season could cause 

severe eros ion.  Other species produce r e f r a c t o r y  seeds t h a t  germinate 

a f t e r  f i r e ,  some due t o  s c a r i f i c a t i o n  by heat, o thers due t o  

des t ruc t i on  by heat of t h e  phytotox ins produced by shrubs and found i n  

the  s o i l .  How many o f  these species would germinate a f t e r  harves t ing  

r a t h e r  than f i r e  i s  uncer ta in ,  b u t  a t  l e a s t  Some should. 

Much o f  t he  acceptable area i n  C a l i f o r n i a  has a s lope g rea te r  than 

10% (F ig .  3 . 1 6 ) ,  which would make harves t ing  biomass crops i n  those 

areas d i f f i c u l t .  Steep land near the  ocean i s  p a r t  o f  t he  coasta l  

ranges t h a t  c i r c l e  1.0s Angeles and San Diego, w h i l e  steep land i n  the  

n o r t h  i s  p a r t  o f  t he  S i e r r a  Nevada Mountain Range. 

Because o f  t h e  1 ong f reeze-f ree per iod,  combined w i t h  the  

r e l a t i v e l y  h igh  e f f e c t i v e  p r e c i p i t a t i o n ,  t h i s  subregion i s  appropr ia te  

f o r  biomass energy crops t h a t  could n o t  be grown i n  o the r  d r i e r ,  co lde r  

p a r t s  o f  t he  reduced area. 

4.2.2 Ar izona 

This subregion runs from southwestern Utah through c e n t r a l  Ar izona 

and extends i n  th ree  p ro jec t i ons  i n t o  southwestern New Mexico 

(F ig .  3.4). 

More than h a l f  o f  t h i s  subregion f a l l s  i n t o  t h e  30-41 cm 

(12-16 in . ) /year  p r e c i p i t a t i o n  category (F ig .  3.6). Only a small p a r t  

of eas t -cent ra l  Arizona has more than 61 cm (24 i n . ) /year  (F ig .  3.1) .  

Host o f  t h e  p r e c i p i t a t i o n  occurs i n  t h e  summer, w i t h  a secondary 

maximum i n  w i n t e r  (F ig .  2.5). 
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Evaporat ion f o r  most o f  t h i s  subregion ( F i g .  3.7) i s  132-183 cm 

(52-72 in . ) / yea r .  As a r e s u l t ,  t h e  subregion i s  a lmost  e x c l u s i v e l y  i n  

t h e  <-102 cm ( ~ 4 0  i n . ) / y e a r  e f f e c t i v e  p r e c i p i t a t i o n  ca tegory  and q u i t e  

dry ( F i g ,  3 . 6 ) .  

The most common range For f r o s t - f r e e  days i n  the  subregjon i s  

180-240 days ( F i g .  3 - 9 1 ,  f o l l o w e d  by t h e  120-180 range. None o f  t h e  

area i n  southern Ar izona has more than  380 f r o s t - f r e e  daysbyear 

( F i g .  3 .2 ) .  

T h i s  subregion f a l l s  a l m o s t  e x c l u s i v e l y  i n  t h e  l ower  two c lasses  

f o r  r e l a t i v e  c l i m a t e  s u i t a b i l i t y  ( F i g .  3 - 1 0 ) .  Only a small area i n  t h e  

c e n t r a l  p a r t  o f  t h e  reg ion ,  where t h e  e f f e c t i v e  p r e c i p i t a t i o n  i s  i n  a 

h i g h e r  category,  i s  i n  t h e  second c l a s s .  The t h i r d  s u i t a b i l i t y  c l a s s  

i n  t h i s  subregion i s  n o t  un i fo rm.  The c e n t r a l  and southern b locks  i n  

t h e  t h i r d  c l a s s  ( i n d i c a t e d  by i n  F i g .  3.10) correspond t o  areas 

w i t h  more than 180 f r o s t - f r e e  days/year. The n o r t h e r n  t i p  o f  t h e  

subregion has o n l y  128 -186 f ros t  -free days/year, hut i s  i n  the  t h i r d  

s u i t a b i l i t y  c l a s s  because i t  f a l l s  i n  t h e  middle range f o r  e f f e c t i v e  

p r e c i p i t a t i o n .  The s h o r t e r  f r o s t - f r e e  p e r i o d  t h e r e  i s  balanced by t h e  

more f a v o r a b l e  e f f e c t i v e  p r e c i p i t a t i o n  range. 

A small p a r t  o f  t h i s  subregion f a l l s  i n  l a n d  ownership c l a s s  C 

( F i g .  3.11).  T h i s  area i n c l u d e s  Grand Canyon and Z ion  n a t i o n a l  parks,  

Wupatki and Saguaro n a t i o n a l  moriucnents, and seve ra l  w i  lderness areas .  

The remain ing area i s  about even ly  d i v i d e d  between land ownership 

c l a s s  A ( i . e . ,  s t a t e ,  p r i v a t e ,  B M ,  and mixed lands )  and c l a s s  B ( i . e , ,  

NFS, DOD, ROE, and I n d i a n  r e s e r v a t i o n s ) .  T h i s  subregion has a l a r g e r  
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percentage o f  t he  category 6 lands t h a t  a re  l ess  l i k e l y  t o  be a v a i l a b l e  

f o r  biomass produc t ion  than t h e  o the r  subregions o f  t he  acceptable 

area. 

Over h a l f  of t h e  s o i l s  i n  the  Ar izona subregion a re  very d r y  

a r i d i s o l s  (F ig .  3.13) i n  keeping w i t h  the  general dryness o f  t h e  

subregion. The second mort  common s o i l s  a r e  t h e  m o l l i s o l s ,  which are  

b e t t e r  f o r  growing crops s ince they con ta in  more organic mat ter .  The 

smal lest  category f o r  s o i l s  i s  the e n t i s o l s ,  in te rmed ia te  between the  

a r i d i s o l s  and the  m o l l i s o l s  i n  t h e i r  p o t e n t i a l  f o r  growing crops. They 

are  found i n  nor thern  Arizona and southern Utah. 

Po ten t i a l  na tu ra l  vegeta t ion  i n  t h i s  subregion i s  about equa l l y  

d i v ided  among western fo res ts ,  combination western shrub and 

grasslands, and western shrub lands, w i t h  a small p a r t  i n  western 

grasslands (F ig .  3.14). Western f o r e s t s  a re  found main ly  a t  t he  h igher  

e leva t ions  i n  the  middle o f  the  subregion and c o r r e l a t e  w i t h  the  areas 

o f  steep slope (F ig.  3.16). Western shrublands a re  common i n  the  

southwestern p a r t  of t he  subregion, t h e  very nor thern  p a r t ,  and 

sca t te red  throughout the middle.  Combination western shrub and 

grasslands a re  common i n  the  southeastern p a r t  o f  t h e  subregion and 

sca t te red  among the  western f o r e s t s  i n  t h e  c e n t r a l  p a r t .  Western 

grasslands a re  most common along the  c e n t r a l  edge o f  t h e  subregion and 

extend ou ts ide  the  acceptable reg ion  i n t o  nor theastern Arizona, where 

average p r e c i p i t a t i o n  i s  l e s s  than 30 cm (12  in.) /year.  Therefore, 

species from the  western grasslands may be good candidates f o r  biomass 

energy crops s ince  they  should be ab le  t o  su rv i ve  years i n  which the  

p r e c i p i t a t i o n  i s  less  than normal. 
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The m o s t  common l a n d  use/cover types i n  t h e  subregion ( F i g ,  3.15) 

a r e  high-,  i n te rmed ia te - ,  and lsw-biomass rangelands t h a t  a r e  found 

throughout  it. Another common t y p e  i s  t he  f o r e s t  and woodlands. Any 

n o n i r r i g a t e d  c rop land  i n  t h e  subregion i s  i n  p a r c e l s  t o o  sinal1 t o  

appear i n  F i g ,  3,15. I r r i g a t e d ,  mixed croplands a r e  found p r i m a r i l y  i n  

t h e  southern p a r t  o f  t h e  subregion h u t  a l s o  i n  a few o t h e r  s c a t t e r e d  

areas. Urban areas i n  t h e  subregion, such as  t h e  c i t i e s  o f  ?ucson and 

Phoenix, are  n o t  a v a i l a b l e  for  growing biomass energy crops.  

F i g u r e  3.16 i n d i c a t e s  t h a t  about h a l f  o f  t h i s  subregion has a 

s lope  g r e a t e r  than  10 . Al though t h e  s teep a r m  i s  p r i m a r i l y  l o c a t e d  

i n  a band through t h e  m i d d l e  o f  the  subregion,  i t  a l s o  occurs i n  a 

concentrated s e c t i o n  i n  t h e  n o r t h  and s c a t t e r e d  th roughou t  t h e  southern 

p a r t .  The band o f  s teep s lope  i n  t h e  c e n t r a l  p a r t  corresponds t o  

seve ra l  n a t i o n a l  f o r e s t s  i n  t h e  Upper G i l a  Nountains.  A r e l i e f  o f  

t h e  subregion i n d i c a t e s  i t s  genera l  mountainous n a t u r e  w i t h  r e l a t i v e l y  

f l a t ,  h i g h - e l e v a t i o n  p la teaus  (USGS 1970). 

Th is  subregion i s  d r i e r  than o t h e r  p a r t s  o f  t h e  reduced area,  and 

t h e r e f o r e ,  p l a n t s  t h a t  can t o l e r a t e  l ow  l e v e l s  sf r a i n f a l l  t h a t  va ry  

f r o m  year t o  yea r  a r e  t h e  b e s t  candidates f o r  biomass energy crops 

here,  

4.2.3 Eastern Subregion 

The e a s t e r n  s e c t i o n  o f  t h e  accep tab le  area covers more area than  

t h e  r e s t  o f  t h e  accep tab le  reg ion ,  i n c l u d i n g  most o f  e a s t e r n  Colorado, 

much o f  t h e  e a s t e r n  h a l f  o f  New Mexico, and a l l  o f  Oklahoma and most  o f  
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Texas t h a t  a re  i n  the  study reg ion.  The boundaries o f  t h e  southern 

h a l f  o f  the subregion a re  determined by p r e c i p i t a t i o n  values (Figs.  3.1 

and 3.6). M i  t h  minor exceptions, t he  boundaries o f  t h e  nor thern  h a l f  

o f  t h e  subregion correspond more c l o s e l y  w i th  f reeze-free per iod  values 

(F igs .  3.2 and 3.9). 

The subregion i s  about equa l l y  d i v i d e d  between t h e  30-41 cm 

(12-16 in . ) /year  and >41 cm (16 in . ) /year  p r e c i p i t a t i o n  categor ies 

(F ig .  3.6). Only a very small area i n  no r th -cen t ra l  New Mexico has 

more than 61 cm (24 i n . ) /year  p r e c i p i t a t i o n .  

I n  general, t he  southeastern and south-centra l  p a r t s  o f  t h i s  

subregion have 180-240 f r o s t - f r e e  days/year, w h i l e  the  nor thern  h a l f  

has 120-180 (F ig .  3.9). An area i n  southern Texas has more than 240 

f r o s t - f r e e  days/year, and a very smal l  p a r t  a t  the  southernmost t i p  o f  

Texas has g rea te r  than 300 f r o s t - f r e e  days/year (F ig .  3.2). D i f f e r e n t  

biomass energy crops could be grown i n  the  p a r t s  o f  the  subregion w i t h  

a longer  f r o s t - f r e e  per iod .  

Evaporat ion i n  the  subregion genera l l y  increases going from no r th  

t o  south (F ig .  3.3). This  r a t e  combined w i t h  p r e c i p i t a t i o n  (F ig .  3.6) 

r e s u l t s  i n  most of the  subregion having l ess  than -102 cm 

(-40 in . ) /year  o f  e f f e c t i v e  p r e c i p i t a t i o n  (F ig .  3 . 8 ) .  An area i n  

Colorado and nor th -cent ra l  New Mexico has e f f e c t i v e  p r e c i p i t a t i o n  o f  

-76 t o  -102 crn (-30 t o  -40 i n . ) / yea r  and i s  bounded by severa l  areas 

w i t h  -25 t o  -76 cm (-10 t o  -30 in , ) /year .  These areas are, there fore ,  

b e t t e r  i n  terms o f  e f f e c t i v e  p r e c i p i t a t i o n  than t h e  more southern areas 

f o r  growing biomass energy crops. 
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In terms o f  relative climate suitability (Fig. 3.10) ,  the third 

favorability category is the most cornon, occurring in most o f  the 

southern half and also in t h e  north-central part o f  the subregion. 

Class ‘1, the least favorable class, occurs in a wide band, starting a t  

the west in central New Mexico and gsing northeastward to the eastern 

border o f  Colorado. In addition, there are several areas o f  the second 

favorabi 1 ita/ c l a s s  scattered in northeastern and central Colorado arid 

in central New Mexico. None of t h e  area is in t h e  most suitable 

climate class. 

The subregion falls almost entirely in land ownership category A 

(i.e., state, private, BLM, ar;d mixed-land owners, see Fig.  3 . 1 1 ) .  A 

very small part o f  t h e  subregion is in category C and thus not 

available for growing biomass. These areas include Big Bend and 

Guadalupe Mountains national parks in Texas, Carlsbad Caverns National 

Park in New Hexico, and Lake Meredith and Amstad national recreation 

areas in Texas. The res t  of t h e  subregion is in c a t e g o r y  B (?.e., NFS, 

DOD,  DOE, o r  Indian reservations) a Several national grasslaiqds 

administered by NFS are included in this subregion. 

The composite o f  climate suitability and land availability with 

category C lands omitted is shown in Fig. 3 . 1 2 ,  Most  o f  t h e  l and  in 

ownership class A in this subregion is in climate suitability class 3 ,  

with smaller parts in classes 4 and 2. For land ownership class B, the 

most common climate suitability class is class 4 (the least favorable 

class), followed by c l a s s  3 ,  and then class 2. 
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This  subregion inc ludes a l l  t he  s o i l  types found i n  the  study 

reg ion  (F ig .  3.13). The most common s o i l  t ype  i s  t h e  m o l l i s o l s ,  which 

a re  t h e  most favorab le  f o r  biomass product ion,  a l though a l f i s o l s  and 

e n t i s o l s  a re  almost as common. The miscel laneous category shown on t h e  

map inc ludes v e r t i s o l s  i n  the  southern t i p  o f  Texas and a r i d i s o l s  

e l  sewhere. 

A l l  p o t e n t i a l  n a t u r a l  vegetat ion types except deser t  a re  found i n  

t h i s  subregion, t he  most common type being c e n t r a l  grasslands 

(Fig. 3.14). The on ly  area of  combined c e n t r a l  grasslands and fo res ts  

i n  the  study reg ion occurs i n  Texas. kiestern f o r e s t s  and c e n t r a l  

grasslands are found in a l l  of t he  s ta tes  i n  t h i s  subregion, and 

western shrublands i n  every s t a t e  except Oklahoma. Combined western 

shrub and grasslands occur i n  Texas and New Mexico. 

The most common land use type i n  the  subregion i s  low-biomass 

rangeland, w i th  n o n i r r i g a t e d  and mixed i r r i g a t e d  croplands a l s o  

abundant (F ig .  3.15). Scat tered areas a r e  found i n  in termediate-  

(mixed) and high-biomass rangeland, f o res ts  and woodlands, and t h e  

miscellaneous category (urban, s a l t  f l a t s ,  o i l  and gas f i e l d s ,  and snow 

and i c e ) .  Major  land  uses i n  nor theastern Colorado, which has no data 

i n  F ig .  3.15, a re  s i m i l a r  t o  those i n  southeastern and eas t -cent ra l  

Colorado b u t  w i t h  more cropland and cropland mixed w i th  graz ing  land 

and less  subhumid grassland and semiar id  g raz ing  land (USGS 1970). 

O f  t h e  th ree  major subd iv is ions  o f  t he  acceptable region, t h i s  

subregion has the  l e a s t  amount o f  land w i th  a s lope g rea te r  than 10% 

(F ig .  3.16). Areas w i t h  steeper slopes a r e  sca t te red  throughout the  
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subregion, n o t  concentrated i n  one p a r t .  The eas te rn  h a l f  o f  t h e  

subregion i s  i n  t h e  Great P l a i n s  p r o v i n c e  ( F i g .  “22) ,  while t h e  

southwestern p a s t  is i n  t h e  Basin and Range prov ince.  

S ince grass lands a r e  t h e  p r e v a l e n t  ecosyste t y p e  here, herbaceous 

crops a r e  t h e  bes t  candidates f o r  biomass energy crops i n  m o s t  o f  t h i s  

subregion.  Wowever, where c l  i rnat ic  extre  es accur ,  va r ious  o t h e r  crops 

m igh t  be s u i t a b l e .  For example, i n  southern Texas t h e  f r o s t - f r e e  

per iod  i s  long enough t h a t  s u b t r o p i c a l  spec ies could be grown, w h i l e  at. 

t h e  h i g h e r  e l e v a t i o n s ,  temperate woody p l a n t s  a r e  more a p p r o p r i a t e .  

4.2.4 Scattered .AB-% 

P a r t s  o f  t h e  acceptable r e g i o n  a l s o  occur  i n  several s 

s c a t t e r e d  areas ( F i g .  3.4). These areas a r e  located i n  western Nevada, 

n o r t h - c e n t r a l  and southeastern Utah western Colorado, and nor thwestern 

Hew Mexico. 

The f r e e z e - f r e e  period i n  a l l  o f  t h e  s c a t t e r e d  a reas  f a l l s  i n  t h e  

120-189 days/year category ( F i g .  3 . 9 ) ,  The p r e c i p i t a t i o n  i n  most  o f  

the s c a t t e r e d  areas i s  i n  the  30-41 cm (12.-16 i n . ) / y e a r  range 

( F i g .  3 . 6 ) .  F o r  t h e  area i n  the grea te r  t han  41 cm (16  i n . ) / y e a r  

category,  almo%t a l l  i s  i n  the 41-81 crn (16-32 i n . ) / y @ a r  range 

( F i g .  3-1). 

Evaporat ion i n  t h e  s c a t t e r e d  areas ( F i g .  3.7)  f a l l s  i n  t h e  range 

o f  8’0 -132 cm (32-52 i n . ) / y e a r  except  f o r  a small area i n  northwestern 

New Mexico, which i s  i n  t h e  132-183 crn (52 -72  i n . ) / y e s r  range. The 

most common range f o r  e f f e c t i v e  p r e c i p i t a t i o n  i n  t h e  s c a t t e r e d  areas 

( F i g ,  3 . 8 )  i s  t h e  -25 t o  -76 cm ( -10  t o  -30 i n . ) / y e a r  range. The -16 
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to -102 cm (-30 to -40 in.)/year range is found in Nevada and 

north-central Utah and i n  the Four Corners area. In addition, the area 

in northwestern New Mexico with the highest evaporation has effective 

precipitation o f  less than -102 cm (-40 in.)/year. 

None of the scattered areas are in the most favorable relative 

climate suitability class (Fig. 3.10). The most common class in these 

areas is the second most favorable class, followed by the third most 

favorable class. Only a small area in northwestern New Mexico is found 

in the least favorable climate class. 

The most cornon 'land ownership class (Fig. 3.11) in the scattered 

areas is class A (state, private, BLM, and mixed ownership), which is 

considered to be most favorable for biomass production. There are a 

few places in these areas that fall into class C (parks, wilderness, 

and wildlife refuges) and that are not available for growing biomass 

crops. These areas include Mesa Verde National Park in southwestern 

Colorado and Natural Bridges National Monument in southeastern Utah. 

The land in the scattered regions In ownership category A ( s t a t e ,  

private, BLM, and mixed land owners) is about evenly divided between 

climate suitability classes 2 and 3 (Fig. 3.12). A small p a r t  o f  this 

land ownership class, in northwestern New Mexico, is in class 4, the 

least favorable climate suitability class. The land in ownership 

class B (NFS, DOD, DOE, and Indian reservations) is more common in 

climate suitability class 2 than class 3, and a small part in 

northwestern New Mexico is in class 4, the least suitable. 
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M o l l i s o l s ,  t h e  b e s t  s o i l s  f o r  growing b i o  ass crops, a r e  t h e  most 

cornon s a i l  t y p e  i n  t h e  s c a t t e r e d  areas ( F i g .  3 . 7 3 ) .  E n t i s o l s  are also 

common i n  t h e  s c a t t e r e d  areas, but a l f i s o l s  do n o t  occur.  The 

miscel laneous s o i l  category i n c l u d e s  a r i d i s o l s ,  except  f o r  t h e  western 

h a l f  o f  t h e  area i n  Nevada, which i s  u l t i s o i ~ .  

The most common p o t e n t i a l  v e g e t a t i o n  types i n  t h e  s c a t t e r e d  areas 

a r e  western f o r e s t s  and western jhr*cmblands a l t h o u g h  western grass lands 

and combinat ion western shrub and grass lands a r e  a l s o  found 

( F i g .  3 . 1 4 ) .  

The s c a t t e r e d  areas have a complex o f  l a n d  use/cover c lasses  

( F i g .  3.15). Rangelands, i n c l u d i n g  h i g h  biomass, i n t e r m e d i a t e  (mixed) 

biomass, and low biomass, a r e  common. Croplands,  both i r r i g a t e d  and 

n o n i r r i g a k e d ,  a r e  a l s o  found i n  t h e  s c a t t e r e d  areas, a l t hough  n o t  i n  

abundance, I n  a d d i t i o n ,  p a r t  o f  the s c a t t e r e d  areas i s  i n  f o r e s t  and 

woodlands, and p a r t  f a l l s  i n t o  t he  miscel laneous category (urban, s a l t  

f l a t s ,  a i l  and gas F i e l d s ,  and snow a n d  i c e ) .  

F i g u r e  3.16 shows t h a t  the r l a p e  i n  much of t h e  s c a t t e r e d  areas i s  

g r e a t e r  t han  10%. Th is  i s  an i n d i c a t i o n  o f  t h e  mountainous n a t u r e  o f  

t h e  areas t h a t  p r i m a r i l y  occur  i n  t h e  Rocky 

4 . 3  P R O D U C T I V I T Y  OF V E G E T A I I O N  TYPES I N  THE REDUCED AREA 

Net p r i m a r y  p r o d u c t i v i t y  ( i . e . ,  t h e  n e t  bics ass i nc rease  p e r  u n i t  

area pes year)  i s  an impor tan t  va lue  f o r  de te rm in ing  t h e  p o t e n t i a l  o f  

any area f o r  t e r r e s t r i a l  energy crops.  I n  any landscape, p r i m a r y  

p r o d u c t i v i t y  can va ry  ove r  s h o r t  d i s t a n c e s  as t h e  r e s u l t  o f  d i f f e r -  ai7CeS 
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i n  topography, water a v a i l a b i l i t y ,  s o i l  q u a l i t y ,  and successional stage 

o f  the land ( L i e t h  1975). I n  add i t ion ,  t h e  p r o d u c t i v i t y  o f  any one 

area can be modif ied by both na tu ra l  (e.g., c l imate)  and man-made 

(e.g., i r r i g a t i o n ,  f e r t i l i z a t i o n ,  o r  frequency o f  harvest ing)  fac to rs .  

Local maps t h a t  t r e a t  the  p r o d u c t i v i t y  of p a r t i c u l a r  t r a c t s  o f  land as 

a guide t o  t h e i r  use have n o t  been developed, a l though some statewide 

maps at tempt such d i s t i n c t i o n s  ( L i e t h  1975). Unfor tunate ly ,  none has 

been produced f o r  any s ta tes  i n  the  study area. 

One o f  t he  assumptions o f  t h i s  study was t h a t  p r o d u c t i v i t y  could 

n o t  be enhanced by r o u t i n e  i r r i g a t i o n ,  f e r t i l i z a t i o n ,  etc. ,  s ince t h a t  

could increase the  cos t  o f  energy crops t o  a p r o h i b i t i v e  l e v e l .  

Therefore, t he  emphasis i n  t h i s  d iscuss ion i s  on na tu ra l  p r o d u c t i v i t y .  

Table 4.1 g ives p r o d u c t i v i t y  values f o r  se lected ecosystems o f  t h e  

wor ld  t h a t  a re  s i m i l a r  t o  types found i n  the study reg ion.  Some o f  t he  

values g iven i n  t h i s  t a b l e  a re  averages o f  publ ished values, b u t  i n  

o the r  cases the  compi lers have s u b j e c t i v e l y  chosen them as reasonable, 

in te rmed ia te  values from a range ind i ca ted  by a few f i e l d  measurements 

(Whi t taker  and Likens 1975). The values f a r  wor ld  ecosystems i n  

Table 4.1 range over almost th ree  orders of magnitude, f rom a low o f  

30 kg ha-' yea I-" f o r  sandy, hot,  d r y  deser ts  t o  over 

20 , 000 kg ha-' yea r-' f o r  temperate annuals and 

f o r  temperate perenn ia ls .  The value o f  15,000 kgoha *year 

f o r  s h o r t - r o t a t i o n  8,000 

i n t e n s i v e - c u l t u r e  woody crops i s  an average f o r  p r o d u c t i v i t y  l e v e l s  i n  

t e s t  p l o t s  (Ranney e t  a l .  1985). Under optimum cond i t ions  the  

-1 -1 

t o  9,000 kgeha- loyear 1 
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Tab le  4.1. Estimated ne t  pr imary p r o d u c t i v i t y  o f  various 
t e r r e s t r i a l  ecosystems 

Net pr imary p r o d u c t i v i t y ,  dry weight 
( kg 0 ha -1 yea r-1) 

Ecosystem type 
Ranasey 

A j t a y  e t  a l .  L i  e t h  e t  a l .  
19-19 1975 1985 

Forests 
Temperate e v e r g r e e n / c o n i f e r s  
Temperate deciduous/rnixed 

Sume r g  reen forest  
Warm temperate mixed f o r e s t s  

Temperate woodlands (var ious)  

Chaparral, maquis, brushland 

Savanna 
Low t ree i sh rub  savanna 
Grass-dominated savanna 
Dry savanna tho rn  f o r e s t  
Dry thorny  shrubs 

Temperate d r y  grassland 

Desert  and semidesert s c r u b  
Sc rub-domi na ted 
I r r e v e r s i b l y  degraded 

Extreme deser ts  
Sandy ho t  and d r y  
Sandy c o l d  and dry 

C u l t i v a t e d  land 
Temperate annuals 
Temperate perennia ls  
Woody crops ( s h o r t - r o t a t i o n  

i n tens i ve -cu l tu re )  

15,000 
13,000 

10,OQO 
10,000 

15,000 6,800 

21 * 000 
23 000 
13,000 
12,000 

5 9 000 

2 9 000 
1,000 

5,000 

700 

100 30 
5 00 

6,500 
12,000 
15,000 

8,000-9,000 
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p r o d u c t i v i t y  l e v e l s  o f  t h e  most promis ing woody biomass energy crops i n  

d r y  weight. 

However, it i s  uncer ta in  if such h igh  values can be achieved i n  l a r g e r  

p lan t i ngs  on a wide range of s i t e s  t h a t  a r e  considered marginal  f o r  

convent ional  a g r i c u l t u r e  and, there fore ,  more a v a i l a b l e  f o r  energy 

p l a n t a t i o n s .  

t e s t  p l o t s  can reach 30,000 kgeha- leyear -1 

P r o d u c t i v i t y  values are  g iven i n  Tables 4.2-4.5 f o r  a l l  ecosystems 

i n  the  reduced area f o r  which such f i g u r e s  cou ld  be found. These 

tab les  do not i nc lude a l l  t h e  vegeta t ion  types t h a t  occur in the  

reduced area because in fo rmat ion  was n o t  found f o r  a l l  o f  them. Even 

f o r  those values l i s t e d ,  t he  measures a r e  n o t  a l l  comparable. 

P r o d u c t i v i t y  est imates f o r  t e r r e s t r i a l  communities a re  d i f f i c u l t  t o  

compare due t o  the  v a r i e t y  o f  measuring and harves t ing  techniques used 

(Goodin and McKell 1971). Th is  f a c t  i s  ev ident  by examining the  column 

t h a t  i nd i ca tes  the  var ious values measured i n  the  d i f f e r e n t  s tud ies.  

I n  instances where the  i n v e s t i g a t o r s  were i n t e r e s t e d  i n  the  amount o f  

c a t t l e  browse an area could produce, t he  l i s t e d  values a re  forage and 

do n o t  inc lude woody vegetat ion.  Some o f  t h e  r e s u l t s  a r e  a i r - d r i e d  

weights, o thers oven-dr ied weights, and for others the re  i s  no 

i n d i c a t i o n  whether the  values a re  w e t  o r  d r y  weights. I n  many cases i t  

i s  no t  poss ib le  t o  c o r r e l a t e  the  ecosystems l i s t e d  w i t h  the  Ki ichler 

vegeta t ion  types used i n  t h i s  study, a l though t h a t  has been ind i ca ted  

where poss ib le .  Thus, i t  i s  impossible t o  determine the  p r o d u c t i v i t y  

of a l l  t h e  ecosystems i n  the  reduced area w i t h  e x i s t i n g  in fo rmat ion .  
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Table 4.2. (continued) 

Values measured Productivity Source Vegetation type Locat ion 
(kg'ha-l'year-1 

unless otherwise indicated) 

Juniper-pinyon with grassy New Mexico Hpmh,--. - - - - -_ I  

He understory 

Utah juniper subtype 
of juni per-pi nyon 

J un I per-p i nyon 

Jun 0 per-pinyon 

Juni per-pi nyon 

Arizona 

:I uaye. yrarea 
!rbage: ungrazed 

Understory vegetation (grasses, forbs, & shrubs) with overstory 
intact 

527 Pieper 1968 
628 

250 

Understory vegetation (grasses, forbs, & shrubs) with overstory 
removed 

1,100 

North and central Herbage (air-dried): protected or winter-grazed 
Arizona Intercept of tree canopy = 0% 

= 10% 
= 30% 
= 50% 
= 80% 

North and central Herbage (air-dried): protected or winter grazed after 
Arizona full season o f  growth, cleared o f  overstorv veaetation = + ~- 

Seasons after clearing = 0 
= l  
= 2  
= 5  
= 8  
= 10 
= 13 

Maximum expected herbage after clearing 

Clary 1971 

695 Arnold et al. 
417 1964 
243 L o  

125 
less than 56 

d 

0 

222 Arnold et al. 
353 1964 
38 1 
617 
689 
773 
762 
785 

North and central 
Arizona Production values for 1958: lowest 

Herbage (oven-dried): land burned .in 1953, reseeded i n  1954 
Arnold et al. 
1964 

150 
437 
900 

aver age 
highest 
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Table 4.3. Product iv l ty  values f o r  shrublands i n  the Southwest 

Vegetat I on type Locat ion Values measured Product iv i ty  Source 
(kg'ha-l , y e a r 1  

unless otherwise indicated) 

Chaparral 

Creosote bush 

Creosote bush desert 

Paloverde-bursage semidesert 
( s im i l a r  t o  Kuchler's 
paloverde-cactus shrub) 

Spinose-suf frutescent 
Sonoran semidesert ( s lm i l a r  
t o  Kuchl e r  I s pal  overde-cactu s 
shrub) 

C a l i f o r n i a  Tota l  ecosystem 

Rock Valley, 
Nevada = 24.7 cm 

Total ecosystem, p rec ip i t a t i on  = 9.1 cm 

Santa Catal ina 
Mountains, near 
Tucson, Arlzona n 

Total aboveground biomass, oven-dried 

n 

11 

1,000 

144.6 
523.9 

920 

1,050 

1,290 

Hanes 1981 

Barbour e t  al. 
7977 

Whittaker & 
Nier ing 1975 

I1 
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Table 4.4. (continued) 
~~ 

Values measured Vege t a t  f on type Locat ion Source Product iv i ty  
( kg. h a’ l. yearm1 

unless otherwise indicated) 

2,980 Moir 1969 
( c i t e d  i n  
Laurenroth 
1979) 

Bouteloua-BuchloS Boulder, Colorado Dry weight, average o f  4 estimates 

Amarillo, Texas Dry weight, average o f  3 estimates 2,570 Lauenroth 1979 Boutel oua-Buchl S 

l o u t e l  oua-Buch loe Pawnee, Colorado Total aboveground ecosystem, d ry  weight 
Lowest year 
Average o f  6 years 
Highest year 

600 
1,230 
1,800 

Dodd and 
Lauenroth 
1979 

-I 
.--I 

w 
Freeman and 
Humphrey 1956 

SE Pima County, A i r -dr ied forage: 
Arizona No f e r t i l i z e r  

Fe r t  i 1 i t e r  added : 
Superphosphate (0-20-0) 

112 kg/ha 
224 kg/ha 
448 kg/ha 

112 kg/ha 
224 kg/ha 
440 kg/ha 

172 kg/ha 
224 kg/ha 
448 kglha 

Amnonium phosphate (16-20-0) 

Amnonium n i t r a t e  (32-0-0) 

H i 1 aria- Bou t e  1 oua 
(desert grass1 and) 1,430 

1,518 
1,471 
I ,787 

U 

1,762 
1,906 
2,053 

a 

1,914 
1,830 
1,709 

Santa Catal ina 
Mountains, near 
Tucson, Arizona 

Total aboveground ecosystem, oven-dried 1,390 Whittaker and 
Nier ing 1975 

Desert grassland 
(Bouteloua) 
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Some of the values in Tables 4.2-4.5 represent fertilization 

and/or irrlgation studies. Although it i s  not the intention of the 

biomass program to include the extra costs of routine irrigation and/or 

fertilization in the production of biomass energy crops, these values 

are included to give an indication o f  the increases i n  productivity o f  

these lands that could result from such additions. 

The highest ecosystem product i vi ty value found , 

11,460 kgeha-loyear , was for a north-slope montane fir forest 

in the Santa Catalina Mountains near Tucson, Arizona (Table 4.2). 

Values for other forest ecosystems ranged down almost an order o f  

magnitude to a low of 1,490 kgwha-loyear for an open oak 

woodlands in the same area. The former value is comparable with the 

net primary productivity o f  forest ecosystems, and the latter value i s  

in the range for desert regions (Table 4.1). 

-1 
I 

-1 

The juniper-pinyon woodland i s  one of the five most common 

vegetation types in the reduced area, but is also common outside the 

reduced area (Table 3.11). Several values for productivity were found 

for the juniper-pinyon type, although it is not certain if they were 

all located in the reduced area. Most of the productivity values for 

the ecosystem were only for herbage because the investigators were 

interested in the amount of food available for cattle. However, two 

investigations reported figures that included woody vegetation. 

Whittaker and Niering (9975) gave a total ecosystem figure of 

1,860 kgeha .year for a pygmy conifer-oak scrub forest that 

i s  similar in species composition to Kuchler's juniper-pinyon type. 

-1 -1 
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-1 
D a r l i n g  (1966)  est imated a va lue  o f  5,570 kg.ha-’eyear f o r  

t o t a l  aboveground t r e e  hiamnass f o r  a j u n i p e r - p i n y o n  Fo res t  i n  Grand 

Canyon N a t i o n a l  Park i n  n o r t h e r n  Ar izona,  The h i g h e s t  herbage va lue 

f o r  t h e  j u n i p e r - p i n y o n  ecosystem, 2133 kgeha.--’.yi?ar -1 , was 

r e p o r t e d  f o r  an area i n  which t h e  o v e r s t o r y  had been removed t h r e e  t o  

f o u r  years p r e v i o u s l y  ( C l a r y  1 9 6 4 ) .  The two o t h e r  fo rage  va lues 

g r e a t e r  than 1,000 kgeha .year t h a t  were found (Dwyer 1971, 

r e p o r t e d  i n  S p r i n g f i e l d  1976)  were t h e  r e s u l t  o f  adding n i t r o g e n  

f e r t i l i z e r  t o  i nc rease  p r o d u c t i o n .  Severa l  s t u d i e s  ( C l a r y  1964,  1971;  

Arno ld  e t  a l .  1964;  WcCulloch 1969,  1978; and Arno ld  1957)  r e p o r t e d  

increases i n  fo rage  o r  unders to ry  v e g e t a t i o n  a f t e r  removing the t r e e  

o v e r s t o r y  by v a r i o u s  methods, such ips c a b l i n g  and burn  ng.  I n  

a d d i t i o n ,  A rno ld  e t  a ? .  (1964)  and Jameson and Dodd (1969)  r e p o r t e d  an 

i n v e r s e  c o r r e l a t i o n  between t h e  amount o f  fo rage  produced and t h e  

amount o f  t r e e  canopy ( i . e . ,  f o rage  was h i g h e s t  a t  t h e  l owes t  values o f  

t r e e  canopy and was p r o g r e s s i v e l y  l ower  as t h e  t r e e  canopy inc reased) .  

S ince t h e  p r o d u c t i v i t y  values f o r  the j u n i p e r - p i n y o n  f o r e s t  a r e  h i g h e r  

f o r  woody v e g e t a t i o n  than  for  forage, t h i s  ecosystem i s  a b e t t e r  

cand ida te  f o r  woody biomass energy crops than  herbaceous ones. 

However, because o f  t h e  v a r i e t y  o f  c o n d i t i o n s  under which t h e  

j u n i p e r - p i n y o n  ecosystem can grow and t h e  v a r i a t i o n  i n  t h e  t y p e  i t s e l f  

t h roughou t  i t s  range, i t  i s  d i f f i c u l t  t o  p r e d i c t  t h e  amount o f  biomass 

t h a t  c o u l d  be produced a t  any p a r t i c u l a r  s i t e .  Therefore,  

s i t e - s p e c i f i c  s t u d i e s  w i l l  be necessary t o  determine t h e  amount o f  

biomass energy t h a t  cou ld  be produced a t  v a r i o u s  p laces  w i t h i n  t h e  

j u n i p e r - p i n y o n  f o r e s t .  

-1 -1 
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Values f o r  western shrub ecosystems (Table 4.3) range from a low 

(Barbour e t  a l .  1977) f o r  a creosote o f  144.6 kgeha-l .year 

bush shrubland w i t h  on l y  9 cm (23 i n . )  p r e c i p i t a t i o n  per  year t o  

f o r  a Sonoran semidesert t h a t  i s  s i m i l a r  1,290 kgeha .year 

i n  species composition t o  Kuchler ’s  paloverde-cactus shrub (Whi t taker  

and N i e r i n g  1975). Even the  h ighes t  o f  these i s  less  than 20% o f  t h e  

lowest value f o r  c u l t i v a t e d  land (Table 4.1). 

-1 

-1 -1 

P r o d u c t i v i t y  values f o r  grasslands (Table 4.4) ranged from 

331 kg ha-’ .year f o r  a grazed Bouteloua-Agrooyron grassland 

f o r  an i n  New Mexico (Pieper  1968) t o  4,500 kgeha- leyear 

Aqropyrum (=Agropyron) grassland i n  B u r l  ington, Colorado (Weaver 

1924).  O f  t h e  32 values inc luded i n  Table 4.4, on l y  f o u r  o thers a re  
-1 h igher  than 2,000 kgeha- layear , and the  median value i s  

1,460 kgeha .year . The h ighes t  value i s  s l i g h t l y  lower than 

t h a t  inc luded i n  Table 4.1 f o r  temperate d r y  grasslands, and the  median 

value i s  i n  the range repor ted f o r  deser t  and semidesert scrub. The 

h ighes t  value i s  s i g n i f i c a n t l y  below t h e  p r o d u c t i v i t y  f o r  c u l t i v a t e d  

land l i s t e d  i n  Table 4.1. 

-1 

-1 

-1 -1 

Values f o r  ecosystems of combination grass and woody vegetat ion 

( e i t h e r  shrubs o r  f o res ts )  (Table 4.5) ranged from a low o f  

45 kg*ha-’*year f o r  j u s t  the annual and perenn ia l  grasses i n  

a semidesert grass-shrubland i n f e s t e d  w i th  mesquite (Mar t i n  1975) t o  a 

f o r  a creosote t o t a l  ecosystem value o f  1,400 kg.ha *year  

bush-tarbush deser t  shrub land i n  southeast Arizona (Chew and Chew 

1965). The l a t t e r  value i s  the o n l y  t o t a l  ecosystem value found, t h e  

-1 

-1 -1 
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r e s t  be ing  o n l y  t h e  p e r e n n i a l  and/or annual grass p r o d u c t i o n  o f  t h e  

ecosystem. Even t h e  t o t a l  ecosystem value i s  low i n  comparison w i t h  

t h e  ecosystem p r o d u c t i v i t y  f i g u r e s  l i s t e d  i n  Table 4.1. Ecasystem 

p r o d u c t i v i t i e s  may be h i g h e r  For o t h e r  types f o r  which data was n o t  

a v a i l a b l e .  

P r o d u c t i v i t y  r a t e s  comnicanly seen f o r  s h s r t - r o t a t i o n  woody biomass 

energy crops i n  t e s t  p l o t s  i n  ~ 9 e s i c  r e  i o n s  range from 

dry we igh t  w i t h  an average o f  4,QOO--Ifs ,OQB kg ha-’ * yea r  

d r y  weight (Wanney e t  3 1 .  1985). €4 000-9,000 kg  @ha *yea r  

F o r  the most p romis ing  species on good s i t e s  under optimum ~ ~ ~ ~ ¶ e ~ e n ~  
-1 -1 s t r a t e g i e s ,  p r o d u c t i v i t y  l e v e l s  o f  10,O 0-30,000 kgaha @ y e a r  

d r y  we igh t  a r e  achieved. The h i g h e s t  va lues f o r  woody ecosystems 

r e p o r t e d  i n  Tables 4.2-4.5 i n c l u d e  seve ra l  t h a t  f a l l  w i t h i n  t h e  ranges 

r e p o r t e d  f o r  s h o r t - - r o t a t i o n  woody crops i n  t e s t  p l o t s .  However, those 

ecosystems w i t h  the  h i g h e s t  p r o d u c t i v i t y  va lues are s i t u a t e d  on steep 

s lopes ,  so  t h a t  h a r v e s t i n g  and improv iny p r o d u c t i v i t y  t h rough  t h e  use 

o f  s u p e r i o r  t rees  o r  ve ry  i n t e n s e  nranagrrnent would be ex t reme ly  

d i f f i c u l t  i f  n o t  impossib le .  Thus, t h e  b e s t  s i t e s  in t h e  Southwest f o r  

woody biomass crops i n  t e r m s  o f  p r o d u c t i v i t y  are probab ly  too  steep f o r  

such I1El?S. 

-1 

-1 -a  

4 . 4  POTENTIAL OF VARIOUS S P E C I E S  AS 810 

Severa l  r e c e n t  symposia and i n v e s t i g a t i o n s  have focused on t h e  

energy p o t e n t i a l  o f  southwestern p l a n t s  (Bender 1966, HcGinnies e t  a l .  

1971, McKell e t  al. 1972, Goudin and N o r t h i n g t o n  1979).  A technology 
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assessment o f  the production and processing requirements needed to make 

15 southwestern plant species useful to electric utilities is reported 

by Foster and Brooks (1981). Measurements of the growth 

characteristics and fuel qualities of selected individuals of several 

native species of shrubs in the basin and range region are described by 

Van Epps et al. (1982). After a literature screening of  2900 potential 

candidate species, Goodin and Newton (1983) report progress on 

plantings of four species in Texas. Felker et al. (1983) examined 

leguminous trees for use on hot, arid lands in California's Imperial 

Valley. The principal plant species considered in each o f  these 

studies are listed in Table 4.6. Most of the species considered in 

depth as poss'lble energy crops were woody plants, either shrubs or 

small trees. However, a few herbs, both annuals and perennials, were 

also considered. 

Mesquite (Prosopis s p p . )  and fourwing saltbush (Atriplex 

canesceny) are considered to be promising biomass energy crop species 

in the semiarid Southwest based on preliminary species screening trials 

(Felker et al. 1983, Newton et al. 1982). The western edge o f  what i s  

usually considered the Great Plains region includes the northern and 

central parts of the eastern subregion of the acceptable area in this 

study. Promising hardwood species in that area include black locust 

(Robinia pseudoacacia), Siberian elm (Ulmus pumila), and silver maple 

(Acer saccharinum) based on studies conducted in Kansas (Geyer 1985). 

Table 4.7 gives estimated or measured yields for individual 

species that grow in the Southwest or elsewhere in the world under 

similar environmental conditions. The first four figures in Table 4.7 
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T a b l e  4 . 6 .  P o t e n t i a l  energy  c r o p  spec ies  for  t h e  Southwest 

Spec ies  (CO~RITIQ~ name) F o s t e r  aS, Van Epgs Goodin & F e l  ker 
E(r00kS e t  a l .  Newton e t  a l .  
(1981) (1982) (1  983) (1983) 

WOODY PLANTS 
( m a i n l y  shrubs or small t r e e s )  

__II Acacia spp-  ( a c a c i a )  x 
i s i a  t r i d e n t a t a  

( b i g  sagebrush) x 
A t  r i p lex.t..G.a.n e s c en s 

( f o u r w i n g  s a l t b u s h )  X 

A .  l e n t i f o m i s  
( b i g  s a l t b u s h )  

--_-I.._.._ Casuai-i na ..,.-. egui s e t i  f o l B  
(she-oak) 

Chrysothamnus l i n i f o l i u s  

( s p r e a d i n g  r a b b i t b r u s h )  

C .  Piatisemus 
( r u b b e r  r a b b i t b r u s h )  

Euca lyp tus  spp 
( e u c a l y p t u s )  

L a r r e a  t r i d e n t a t a  

( c r e o s o t e  bush) 

X 

X 

X x 

X 

X 

Leucaena spp. 

( 1 ead - t ree)  X 
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Table 4-6. (continued) 

Species (common name) Foster & Van Epps Goodin & Felker 
Brooks et al. Newton et al. 
(1981) (1 982) (1 983) (1 983) 

~ _ _ ~ _ _  

Olneya tesota 

(desert i ronwood) X 

Parkinsonia aculeata X 

Prosopis spp. 
(mesquite) 

- P. glandulosa 
(mesquite) 

Sarcobatus vermiculatus 
(greasewood) 

Tamarix spp. 
(salt cedar) 

X 

X 

HERBS 

Asclepias spp. (Perennial) 
(milkweed) X 

Euphorbia lathyris (Annual) 
(gopher p 1 ant) X 

Kochia scoparja (Annual) 
(kochia) 

Salsola kali (Annual) 
(Russian thistle) X 

Sorghum halepense (Perennial) 
(Johnson grass) 

X 

X 

x X 

X 

X 
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a r e  s tand ing  biomass o f  l a r g e  i n d i v i d u a l s  o f  t h e  l i s t e d  species a t  t h e  

d e n s i t y  t h a t  t hey  occur  i n  na tu re  (Van Epps e t  a l .  1982). No age was 

g i ven  f o r  any o f  t h e  shrubs, so these f i g u r e s  cannot be t r a n s l a t e d  i n t o  

p r o d u c t i v i t y  values. I t  was assumed t h a t  those l a r g e  i n d i v i d u a l s  have 

a gene t i c  advantage f o r  growing b i g g e r  and f a s t e r  t han  average f o r  t h e  

species and ~ u l d  produce o f f s p r i n g  e q u a l l y  as l a r g e .  Labora to ry  t e s t s  

were a l s o  done Q ~ I  these species t o  determine t h e i r  heat  of comb 

The h e a t  produced f rom t h e  combustion o f  woody and annual m a t e r i a l  was 

about the same f o r  each species except  greasewood (Sa-c;a$at-ys 

L--_l.-...lll_-- ve rm icu la tus )  f o r  which t h e  c u r r e n t  y e a r ' s  growth produced l e s s  heat  

t han  t h e  woody m a t e r i a l .  The estimated energy p o t e n t i a l  f o r  these f o u r  

species ranged ove r  an o r d e r  o f  magnitude f rom a high o f  4.585 x 

10 kca l /ha  (Van Epps e t  a l .  1982) f o r  greasewood t o  4.44  x 

10 kca l /ha  f o r  b i g  sagebrush ( A r t e m i s i a  t r iden taJ2)  The p o t e n t i a l  

f o r  biomass energy p r o d u c t i o n  f rom these shrubs may be i nc reased  w i t h  

minimal management. Van Epps e t  a l .  (1982) suggest t h a t  a p o s s i b l e  

s t r a t e g y  i n  p l a n n i n g  f o r  biomass p r o d u c t i o n  f rom shrubs i n  semia r id  

reg ions  would be t o  grow g e n e t i c a l l y  s u p e r i o r  p l a n t s  i n  spaced 

p l a n t i n g s  t o  o p t i m i z e  t h e  use o f  s a i l  m o j s t u r e ,  Research i s  c u r r e n t l y  

underway t o  e s t a b l i s h  a t i s s u e  c u l t u r e  s y s t e  t o  a l l o w  r a p i d ,  low-cost,  

h igh-volume p ropaga t ion  o f  t h e  e l i t e  -5 b i o t y p e  o f  A t r i p l e x  

----- canescens f o r  biomass p r o d u c t i o n  (McKel l  e t  a l .  1985).  Energy 

p r o d u c t i o n  o f  rangeland, thus,  c o u l d  be an a d d i t i o n a l  m u l t i p l e  use, 

s i n c e  g r a z i n g  and r e c r e a t i o n  cou ld  s t i l l  be p o s s i b l e  d u r i n g  t h e  p e r i o d s  

between h a r v e s t i n g  t h e  p l a n t s  f o r  biomass energy. 

8 

7 
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The values i n  Table 4.7 f o r  sa l tbush species ( A t r i p l e x  sp.) i n  

southern C a l i f o r n i a  present  an i n t e r e s t i n g  anomaly i n  t h a t  d r y  weight 

y i e l d s  were h igher  i n  the  year when they were n o t  i r r i g a t e d  than i n  the  

year when they were (Goodin and PlcKell 1971). No reason i s  g iven i n  

the  r e p o r t  f o r  t h i s  discrepancy, b u t  i t  could be due t o  a d i f f e r e n c e  i n  

na tu ra l  r a i n f a l l  i n  t he  2 years. This d i f f e r e n c e  exempl i f ies  one o f  

t he  d i f f i c u l t i e s  i n  growing biomass energy crops i n  a reg ion  i n  which 

t h e  r a i n f a l l  can be so va r iab le  f rom year t o  year. Even w i t h  t h i s  

v a r i a t i o n ,  Goodin and NcKel l  conclude t h a t  harves t ing  sa l tbush as a 

forage crop has considerable p o t e n t i a l  i n  marginal  lands sub jec t  t o  

prolonged drought or excessive s a l i n i t y .  Product ion o f  such crops f o r  

biomass energy could a l so  be poss ib le ,  depending on the  costs  O F  

harves t ing  and t ranspor t i ng  them t o  a conversion s i t e  and on the  energy 

value o f  t he  d r i e d  crop. 

Several p r o d u c t i v i t y  values f o r  mesquite species i n  d r y  areas 

around the wor ld  a re  g iven i n  Table 4.7. These values a re  w i t h i n  the  

range l i s t e d  i n  Table 4.1 f o r  c u l t i v a t e d  crops. The values f o r  t h ree  

species of sa l tbush i n  Table 4,7 range from j u s t  under 

t o  j u s t  over 10,000 kgmha *year-’ 

which i s  the  low p a r t  o f  t he  range o f  c u r r e n t  p r o d u c t i v i t y  l e v e l s  o f  

biomass hardwood energy crops (Ranney e t  a l .  1985). On the  bas is  o f  

t h e i r  p r o d u c t i v i t y  l e v e l s  i n  nature,  therefore,  these genera have 

promise as biomass energy crops i n  t h e  Southwest. 

-1 4,000 kg*ha- l *year  -1 

The l a s t  e n t r y  i n  Table 4.7 i s  Opuntia spp., commonly c a l l e d  

p r i c k l y  pear o r  cho l l a ,  a member o f  t he  cactus fami ly .  Many species 
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occur in the western hemisphere, but the exact number i s  uncertain 

(Correll and Johnston 1970). Some species i n  the genus have 

characteristics that increase their potential as bica ass energy crops. 

For example, some species and varieties are spineless, making handling 

during harvesting and conversion easier .  Although most  species are 

shrubs or bushes, others a r e  small t rees .  Hybrids occur n a t u r a l l y ,  so 

genetic manipulations to enhance desired characteristics a r e  feasible. 

Cultivation requirements are already known for s p e c i e s  grown as 

ornamentals. Some a5 these escape and become pes t s ,  indicating their 

adaptability to t he  prevailing climate conditions- Thus, some species 

in the genus may have potential as b i o  ass energy crops, b u t  economic 

analysis and further research is needed t o  determine the feasibility of  

such use. 

4.5 OTHER CONSIDERATIONS 

4.5.1 Economic Viability 

A major question that i s  not considered in this investigation is 

whether terrestrial energy crops can be economically produced i n  t h e  

Southwest. Economic evaluations to address the trade-offs among 

produclivity; rotation length/nurnbes ( f o r  woody species) ;  and costs o f  

harvest, transportation, storage, conversion, etc., need to be 

u n d e r t a k e n  before  a decision can be reached on the  suitability o f  the 

Southwest for cornnrercial production o f  biomass energy crops, In other 

words,  can enough biomass be produced to justify the research and 

investment costs that a r e  needed t o  establish and run a biomass energy 

pro j ec t ? 
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Economic considerat ions should inc lude an i n v e s t i g a t i o n  o f  t he  

compet i t ion w i t h  o the r  land uses, such as food crops, grazing, and 

rec rea t i on .  Land t h a t  i s  marginal  f o r  convent ional  a g r i c u l t u r e  f o r  

var ious reasons might  be ab le  t o  grow crops s o l e l y  f o r  t h e i r  energy 

content  (S lesser  and Lewis 1979). Land t h a t  has a h igh  s a l t  content  

could grow n a t i v e  species t h a t  can su rv i ve  i n  cond i t ions  where most 

food crops cannot (Goodin 1979). Also, some o f  t h e  abandoned farmland 

i n  the  Southwest has i r r i g a t i o n  systems i n  p lace  t h a t  could be used f o r  

crop establ ishment.  For example, i n  f i v e  count ies i n  southeastern 

Arizona, i t  i s  est imated t h a t  over 9 x 10’ ha ( 2  x lo6 acres) o f  

i r r i g a t e d  farmland were abandoned between 1900 and 1980 (Cox e t  a l .  

1983), I n  cases where i r r i g a t i o n  water i s  t o o  s a l t y  f o r  use on food 

crops, i t  may even be poss ib le  t o  use i t  on energy crops i f  the  

d e l i v e r y  cos ts  a r e  n o t  too  high. The low popu la t ion  dens i t y  i n  most of 

t h e  region, coupled w i t h  the  d is tance between major popu la t ion  centers,  

must a l s o  be considered i n  an ana lys i s  o f  t he  a b i l i t y  o f  t he  reg ion  t o  

economical ly produce energy crops. 

Product ion o f  biomass energy crops could be an a d d i t i o n a l  use o f  

n a t i o n a l  f o r e s t  lands. These lands are  common i n  the  Southwest and 

have a l e g i s l a t i v e  mandate t o  be managed f o r  m u l t i p l e  purposes. 

Grazing and rec rea t i ona l  use might  be ab le  t o  cont inue on rangelands 

du r ing  the  per iods between harvests  o f  woody vegetat ion,  which would 

on l y  occur every few years (Van Epps e t  a l .  1982). Thus, t h e  costs  o f  

growing energy crops could be spread over  m u l t i p l e  uses ins tead o f  

being e x c l u s i v e l y  assigned t o  energy product ion.  
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Species t h a t  c o n t a i n  va luab le  c o n s t i t u e n t s  t h a t  can be separated 

as by-products d u r i n g  t h e  p rocess ing  of biomass f o r  energy a r e  more 

l i k e l y  t o  be p r o f i t a b l e  energy crops. Thus, a species t h a t  cannot 

c u r r e n t l y  be grown p r o f i t a b l y  s o l e l y  f o r  i t s  energy con ten t  m igh t  be 

p r o f i t a b l e  i f  i t  con ta ins  s u f f i c i e n t  q u a n t i t i e s  o f  v a l u a b l e  non fue l  

co-products,  such as n a t u r a l  rubber ,  ha rd  vegetable waxes, e d i b l e  

vegetable o i l s ,  s p e c i a l t y  and med ic ina l  chemicals,  o r  t e x t i l e  f i b e r s  

( L i p i n s k y  and Kresovich 1979) .  Then, i f  energy c o s t s  r ise  t o  l e v e l s  

t h a t  j u s t i f y  t h e  p r o d u c t i o n  o f  crops s imp ly  f o r  t h e i r  energy con ten t ,  

p r o j e c t s  would be i n  p lace  t h a t  cou ld  t a k e  advantage ~f the p r i c e  

increases.  

Biomass energy p r o d u c t i o n  may be v i a b l e  i f  coupled t o  o t h e r  

programs i n  a mu l t i pu rpose  p r o j e c t  t h a t  has more than one end produc t .  

F o r  example, removing t h e  C a l i f o r n i a  chapar ra l  m i g h t  p r o v i d e  an energy 

source w h i l e  reduc ing  a f i r e  hazard, [The P a c i f i c  Southwest Fo res t  and 

Range Experiment S t a t i o n  sponsored a seminar i n  1916 t o  i n v e s t i g a t e  t h e  

f e a s i b i l i t y  o f  do ing  t h a t  ( c i t e d  i n  Van Epps e t  a l .  1 9 8 2 j . l  Mcsqui te  

removal on rangelands could n o t  on l y  p r o v i d e  a f u e l  b u t  a l s o  i nc rease  

t h e  amount o f  f o rage  a v a i l a b l e  f o r  c a t t l e  (Sects .  2.5.1 and 4 .3) .  

Energy craps cou ld  be a source o f  j o b s  f o r  nat ive Americans whose 

r e s e r v a t i o n s  a r e  common i n  i s o l a t e d  p a r t s  o f  t h e  Southwest 

a r e  o f t e n  scarce. 

A l l  t hese  and o t h e r  economic t r a d e - o f f s  need t o  be considered 

b e f o r e  t h e  Southwest can be f i n a l l y  accepted o r  r e j e c t e d  as a r e g i o n  

f o r  c o m e r c i a l - s c a l e  biomass energy c rop  p r o d u c t i o n .  Whi le  the r e g i o n  

as a whole may n o t  be f i t  for such p r o d u c t i o n ,  t h e r e  may y e t  be places 

w l t h i n  t h e  r e g i o n  where biomass energy crops would be v i a b l e .  
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4.5.2 Factors t o  Consider i n  I d e n t i f y i n g  Biomass Energy Crop Species 

The vegetat ion of a r i d  regions throughout t h e  wor ld  tends t o  be 

genera l l y  s i m i l a r  i n  form and f u n c t i o n  as a r e s u l t  of s i m i l a r  

cond i t ions  o f  scanty and i r r e g u l a r  mois ture supply. Thus, t h e  search 

f o r  biomass energy crops f o r  the  Southwest should n o t  be r e s t r i c t e d  

e n t i r e l y  t o  n a t i v e  species; t he re  a re  many p l a n t s  adapted t o  s i m i l a r  

environmental cond-ltions i n  o ther  a r i d  and semiar id regions o f  t he  

wor ld.  However, care must be taken i f  e x o t i c  species a re  used because 

i t  i s  poss ib le  f o r  them t o  escape and become weeds. 

Because of t h e  v a r i a b i l i t y  o f  t h e  c l ima te  i n  t h e  Southwest, 

biomass energy crops must be species t h a t  can su rv i ve  du r ing  years when 

the  c l ima te  i s  s i g n i f i c a n t l y  d r i e r  and/or co lde r  than normal. Species 

t h a t  can surv ive  severe mois ture l i m i t a t i o n s  are, thus, good biomass 

energy candidates. Under such cond i t ions ,  deep-rooted, perennia l  

shrubs o f f e r  a b e t t e r  p o t e n t i a l  than do grasses f o r  improved 

p r o d u c t i v i t y  on the  harsh s i t e s  found i n  much o f  t h e  Southwest (Goodin 

and McKell 1971). For  example, mesquite (Prosopis sp.) roo ts  can reach 

almost 50 m below t h e  ground and extend outward f o r  18 m (Mooney e t  a l .  

1977). They can tap  both groundwater and water i n  the  upper soi l  

hor izon  and thus surv ive  when p r e c i p i t a t i o n  i s  low. 

Three o f  t he  f i v e  most common vegeta t ion  types i n  the  reduced area 

(Table 3.11) a re  grassland and woody vegetat ion combinations: 

mesqui te-buf fa lo  grass, grama-tobosa shrubsteppe, and trans-Pecos shrub 

savanna. For the  f i r s t  o f  these, a l l  o f  i t  t h a t  occurs i n  the  study 
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area i s  found i n  the reduced area.  F o r  t h e  l a t t e r  two, about. 50 

t h e i r  area i n  the  Southwest i s  found i n  t h e  s tudy  area. These tw can 

s u r v i v e  i n  c o n d i t i o n s  d r i e r  and/or  c o o l e r  t han  those found i n  t h e  

reduced a rea  and, t h e r e f o r e ,  could  s u r v i v e  d u r i n g  years when c l i m a t e  

c o n d i t i o n s  t h e r e  a r e  below average, T h u s ,  t h e  species i n  these "iwo 

v e g e t a t i o n  types (see  Appendix) s h o u l d  be screened t o  s e l e c t  those w i t h  

t h e  h i g h e s t  p r o d u c t i v i t y ,  s i n c e  t h e y  a r e  t h e  most l i k e l y  candidates f o r  

biomars energy crops.  

Species t h a t  use t h e  C4 o r  C A M  pathway o f  carbon metabol ism are  

good candidates f o r  biomass energy crops on marg ina l  lands, 

p d r t i c u l a r l y  i n  t h e  a r i d  or semsiarid enviranrnenls commo~ i n  the 

pho tosyn thes i s  process i s  h i g h l y  e f f i c i e n t  a t  h i g h  

ng the ' l r  gr-owth, 

climate i n  t h e  

Southwest. Thei r 

temperatures and 

bo th  c h a r a c t e r i s t  

Southwest ( S l e s s e r  

they e f f i c i e n t l y  u t i l i z e  w a t e r  d u r  

c s  t h a t  i nc rease  growth i n  the 

and Lewis 1979) ( S e c t .  2 . 4 ) .  

Species t h a t  s p r o u t  f rom t h e i r  stumps or r o o t s  a f t e r  c u t t i n g  or 

b u r n i n g  a r e  a l s o  good candidates f o r  biomass energy crops because t hey  

need t o  be p l a n t e d  o n l y  once t o  produce m u l t i p l e  crops. T h i s  

c h a r a c t e r i s t i c  reduces bo th  t h e  cos ts  and t h e  e n v i r o n  e n t a l  problems 

assoc ia ted  w i t h  c rop  es tab l i shmen t  (Ranney e t  a l .  1985) .  #any species 

n a t i v e  t o  the  Southwest have such a c a p a c i t y .  H a l f  o f  t h e  species i n  

t h e  C a l i f o r n i a  c h a p a r r a l  stump s p r o u t  as an a d a p t a t i o n  t o  t h e  f i r e s  

t h a t  occu r  every 10-40 years t h e r e  ( t imes  1981).  A l l i g a t o r  j u n i p e r  

( J u n i p e r  deppeana) i s  t h e  o n l y  j u n i p e r  i n  t h e  Ar izona p i n y o n - j u n i p e r  

f o r e s t  t h a t  stump sp rou ts .  Almost a l l  young t r e e s  o f  t h a t  species 



131 

sprout  when cut,  b u t  t rees  w i th  t runks  0.6 m ( 2  f t )  o r  more i n  diameter 

a r e  u n l i k e l y  t o  do so (Arnold e t  a l .  1964). Spreading rabbi tbush 

(Chrysothamnus l i n i f o l i u s )  and mesquite (_Prosopis sp.) a re  o the r  

species t h a t  stump sprout  (Van Epps e t  a l .  1982, Felger  1977). 

Other considerat ions i nvo l ve  t h e  microorganisms t h a t  grow as 

symbionts on o r  i n  the  roo ts  of many p l a n t  specfes. Many woody p lan ts  

have ec tomycor rh i ra l  fungi  as symbionts on t h e i r  roots ,  which 

s u b s t a n t i a l l y  increase the  growth o f  t h e  p l a n t s  (Abelson 1985). 

I n v e s t i g a t i o n s  i n t o  ways t o  enhance t h e i r  f unc t i on ing  on species i n  t h e  

Southwest might  lead t o  increased p r o d u c t i v i t y  o f  biomass energy crops 

there.  Also, s ince  i t  was assumed t h a t  r o u t i n e  a p p l i c a t i o n  o f  

f e r t i l i z e r s  would no t  be cos t -e f fec t i ve  i n  growing biomass energy crops 

i n  the  Southwest, those species t h a t  have symbiot ic  r e l a t i o n s h i p s  w i th  

n i t r o g e n - f i x i n g  b a c t e r i a  a re  good candidates f o r  biomass energy crops 

(Slesser  and Lewis 1979). 

Species t h a t  con ta in  va luable cons t i t uen ts  t h a t  can be ex t rac ted  

as co-products o r  by-products (e.g., n a t u r a l  rubber, hard vegetable 

waxes, e d i b l e  vegetable o i l ,  o r  t e x t i l e  f i b e r s )  a re  good energy crop 

candidates u n t i l  f u e l  p r i ces  r i s e  t o  l e v e l s  t h a t  j u s t i f y  growing crops 

s o l e l y  f o r  t h e i r  energy content  (L ip insky  and Kresovich 1979). 

Thus, i nves t i ga t i ons  of n a t i v e  ecosystems should be d i r e c t e d  a t  

i d e n t i f y i n g  species t h a t  t o l e r a t e  c l i m a t i c  cond i t ions  d r i e r  and/or 

co lde r  than normal, t h a t  have the  C4 o r  CAM carbon metabolism, t h a t  

sprout  from t h e i r  stumps o r  roo ts  when c u t  o r  burnt ,  t h a t  produce 

va luable by-products, and t h a t  have b a c t e r i a l  symbionts t h a t  f i x  

n i t rogen.  
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4.5.3 Matching S i t e - S p e c i f i c  Cond i t i ons  and P o t e n t i a l  Species 

Using t h e  da td  s e t  prepared f o r  t h i s  s tudy ,  t h e  c l i m a t e  and l and  

c h a r a c t e r i s t i c s  ( p r e c i p i t d t i o n ,  s o i l s ,  evapora t i on ,  l and  use, e t c . )  o f  

each ecosystem can be c ;umar i zed .  O f  t h e  43 v e g e t a t i o n  types i n  t he  

s tudy reg ion ,  34 a r e  found i n  t h e  reduced area (Table 3.10). FOP- t h e s e  

34, two have on ly  5.5% o f  t h e i r  a r e a  i n  the  reduced area, while ten are  

l o c a t e d  e n t i r e l y  i n  the reduced area .  For those 24 eceasystems t h a t  

occur  both w i t h i n  and o u t s i d e  o f  t he  reduced a r e a ,  t w o  l i s t s  cou ld  be 

prepared t o  iwd- icate what c o n d j t i o n s ,  o t h e r  t h a n  f r e e z e - f r e e  p e r i o d  o r  

p r e c i p i t a t i o n  l i m i t s ,  d i f f e r  i n  t h e  p laces where t h e  e c o s y s t m  grows i n  

the  reduced area and i n  t h e  r e s t  o f  the Sou thwmt .  There w o u l d ,  o f  

course, be j u s t  one l i s t  f o r  those e c o s y s t e m  t h a t  occur  o n l y  i n  t h e  

reduced area. These c o m p i l a t i o n s  may i n d i c a t e  subgroups o f  same 

eeosysterns, such as j u n i p e r - p i n y o n  fores t s ,  that .  are  n o t  uniforira ove r  

t h e  wide area where they  occur  i n  t h e  Southwest. Thus, f o r  each 

ecosystem i n  t h e  reduced area, t h e  c l i m a t i c  c o n d i t i o n s  under which i t  

grows and t h e  l and  c h a r a c t e r i s t i c s  where i t  i s  l o c a t e d  can be 

i d e n t i f i e d .  

When t h e  data a r e  t a b u l a t e d ,  species t h a t  Rave the potentia? t o  

grow on a p a r t i c u l a r  s i t e  c o u l d  be i d e n t i f i e d .  The s i  p l e s t  May t o  do 

t h i s  i s  t o  determine l ~ h i c h  o f  K u c h l e r ' s  p o t e n t i a l  n a t u r a l  v e g e t a t i o n  

types occurs a t  t h a t  s i t e .  However, by  u s i n g  t h e  da ta  base summary o f  

ecosystem c l i m a t i c  and land  c h a r a c t e r i s t i c s ,  t h e  f e a t u r e s  o f  t h e  s i t e  

c o u l d  be matched w i t h  those of  o t h e r  p o t e n t i a l  n a t u r a l  v e g e t a t i o n  types 
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t o  i d e n t i f y  ecosystems t h a t  grow under s i m i l a r  cond i t ions .  Then the  

species i n  these ecosystems could be screened t o  s e l e c t  those t h a t  a re  

p o t e n t i a l  biomass energy crops a t  a p a r t i c u l a r  s i t e  i n  the  Southwest. 

I n  t h i s  way, t h e  data base could be searched t o  i d e n t i f y  species t h a t  

could t o l e r a t e  the  na tu ra l  cond i t ions  t h a t  occur a t  a p a r t i c u l a r  s i t e  

and t o  i d e n t i f y  species t o  screen as p o t e n t i a l  biomass energy crops. 

The data base could a l s o  be used t o  i d e n t i f y  areas where species 

t h a t  have beers i d e n t i f i e d  as p o t e n t i a l  biomass energy crops could be 

grown. For n a t i v e  species, the  na tu ra l  cond i t i ons  under which they 

grow could be i d e n t i f i e d  from the  data base, and then areas w i t h  

s i m i l a r  c l i m a t i c  cond i t lons  could be located. For  non-native species, 

t h i s  could a l s o  be done i f  the  cond i t ions  t h a t  a re  requ i red  f o r  t h e i r  

growth have been character ized, e i t h e r  under c u l t i v a t i o n  o r  na tu ra l  

cond i t ions .  Thus, i f  the  cond i t ions  under which these p o t e n t i a l  energy 

crops can grow are  known, areas t h a t  have these cond i t ions  could be 

i d e n t i f i e d  from the  data base, and the  search f o r  s i t e s  t o  grow energy 

crops narrowed t o  those areas. 

Using the  data base developed f o r  t h i s  study i n  the  manner 

descr ibed above fo l l ows  the  approach advocated by L ip insky  and 

Kresovich (1 979) : 

One must f i r s t  determine which species o f  p lan ts  grow 
n a t u r a l l y  i n  the  g iven o r  s i m i l a r  environment, and then 
at tempt t o  e x p l o i t  them r a t h e r  than in t roduc ing  a p l a n t  w i t h  
d i f f e r e n t  environmental adaptat ions and a t tempt ing  t o  a l t e r  
t h e  environment t o  t h e  p l a n t .  . . . From these reg iona l  
e f f o r t s ,  candidates can be pooled t o  determine which species 
w i l l  per form bes t  i n  a g iven s e t  o f  environmental 
cond i t ions .  
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4.5.4 A d d i t i o n a l  Quest ions 

Because o f  t h e  v a r i a t i o n  i n  the c l i m a t e  i n  the  Southwest, t h e  

weather i n  any year  cap, be c o l d e r  and/or d r i e r  t han  t h e  inirnum used t o  

d e f i n e  t h e  reduced area ( i . e *  120 days/year f r o s t - f r e e  p e r i o d  and 

X - c m  average annual p r e c i p i t a t i o n ) .  S ince m i n i  urn va lues f o r  average 

p r e c i p i t a t i o n  and f r o s t - f r e e  p e r i o d  are so low i n  much o f  t he  area,  a 

v a r i a t i o n  t h a t  i s  minor  i n  an area w i t h  h i g h e r  p r e c i p i t a t i o n  or l onger  

f r o s t - f r e e  p e r i o d  cou ld  be s i g n i f i c a n t  i n  t he .  Southwest ( e . g . ,  i f  

rainfall i s  15 cm bellow average, i t  i s  a 50 r e d ~ l c t  i o n  where average 

p r e c i p i t a t i o n  i s  30 cm/year, b u t  o n l y  a 12% r e d u c t i o n  i n  an area t h a t  

has annual p r e c i p i t a t i o n  o f  125 cm/year). T h u s ,  w i t h j i ~  t h e  reduced 

area,  those  par t s  t h a t  have h i g h e r  average r a i n f a l l  a n d i a r  l o n g e r  

f r o s t - F r e e  p e r i o d s  ( F i g s ,  3 .6  and 3 . 9 )  o r  i n  which t h e  variance From 

t h e  average i s  lowest would be t h e  b e s t  areas Tot- i n i t i a l  investiqation 

o f  biomass energy c rop  p r o d u c t i o n  because t h ~  weather should be less 

extreme i n  those areas. 

A d d i t i o n a l  p r o d u c t i v i t y  s t u d i e s  o f  na tu ra l  ecosystems cou ld  

p r o v i d e  u s e f u l  i n f o r m a t i o n  on p o s s i b l e  biomass energy c rop  p r o d u c t i o n  

levels, The values listed i n  Tables 4.2-4.5 do n o t  i n c l u d e  a l l  o f  t h e  

ecosystems t h a t  a r e  Found i n  t h e  reduced a r e a ,  Thus, p r o d u c t i v i t y  

i n f o r m a t i o n  i s  no: a v a i l a b l e  on many species t h a t  a r e  adapted t o  the  

l o c a l  c l i m a t e .  S ince a71 t h e  va lues r e p o r t e d  i n  those tables  a r e  n o t  

comparab?e, i t  i s  d i f f i c u l t  t o  p r e d i c t  which ecosystems are  t h e  b e s t  

ones f o r  f u r t h e r  i n v e s t i g a t i o n s  as  crop lands.  
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t h a t  

such 

t o  b 

Many p l a n t s  and animals l i s t e d  as threatened or endangered by the  

U.S. F ish  and W i l d l i f e  Serv ice (USFWS 1986) a re  found i n  the  

Southwest. The poss ib le  occurrence o f  these species must be considered 

i n  assessing the  p o t e n t i a l  o f  an area i n  the  Southwest f o r  biomass 

energy c rop  produc t ion  (DOE 1983). 

There are  numerous o ther  federa l  and s t a t e  laws and regu la t ions  

v i t i e s  

i c a b l e  

t o  the 

Endangered Species A c t ,  i nc lude the  F ish  and W i l d l i f e  CoordSnation A c t ,  

t he  American Ind ian  Rel ig ious Freedom A c t ,  t he  Nat iona l  H i s t o r i c  

Preservat ion Act, and the  Nat ional  Environmental P o l i c y  Act.  

mus t  be complied w i t h  by DOE when under tak ing major a c t  

as demonstration p ro jec ts .  Some o f  these t h a t  might  be app 

omass energy crop product ion i n  the  Southwest, i n  a d d i t i o n  



136 

5. CONCLUSIONS 

The southwest Un i ted  S t a t e s  i s  an area o f  d i v e r s e  c l i m a t e ,  

vege ta t i on ,  s o i l s ,  topography,  and t e r r a i n .  I t  i s  not s u r p r i s i n g  t h a t  

t h e  p o t e n l ' l a l  f o r  growing t e r r e s t r i a l  energy craps a l s o  v a r i e s  

th roughou t  the  reg ion .  Natural  p r o d u c t i v i t y  o f  much  o f  t h e  l and  i n  t he  

Southwest i s  low. Even i n  years when i+mthsr i s  b e s t  f o r  p l a n t  gr-swth, 

i t  nay s t i l l  be d i f f i c u l t  i o  grow an economical c rop  on much o f  t h e  

land t h e r e .  Thus, probi_act-ion o f  crops i n  t h e  Southwezit s o l e l y  f o r  

t h e i r  energy c o n t e n t  may bar d i f f i c u l t  un less energy p r i c e s  r i s e  

s i g n i f i c a n t l y .  I-lowever, mu l t i pu rpose  p r j j e c t s  i n  which energy 

p m d u c t i o n  i s  one aspect  may be f e a s i b l e  and should be con t ide red .  

Use and management o f  a r i d  and semia r id  e c o s y s t e m  by maw must 

cons ide r  t h e  1 in i  t a t  i o n s  o f  t h e  envi ronrnent . Overuse of v e g e t a t i o n  can 

r e s u l t  i n  increased s u s c e p t i b i l i t y  o f  t h e  s o i l  t o  wisd and water- 

e r o s i o n ,  s i n c e  r e l a t i v e l y  l o n g  periods o f  t i m e  are  r e q u i r e d  f o r  

r e g e n e r a t i o n  and r e s t o r a t i o n  o f  p l a n t s  and s o i  I s .  Preadent stewardship 

thus i n v o l v e s  a v o i d i n g  excess ive r i s k s  by,  f o r  example, managing i n  

accordance w i t h  t h e  minimum annual p r e c i p i t a l i o n ,  Because pl iant  growth 

depends on t h e  amount o f  s o i l  mo is tu re  t h d t  i s  a v a i l a b l e ,  f l e x i b l e  

~~~~~~~e~~ technologies are  r e q u i r e d  t h a t  a r e  capable o f  both 

maximiz ing p r o d u c t i o n  d u r i n g  p a r t i c u l a r l y  w e t  y e ~ r s  asad s t a b i l i z i n g  

p r o d u c t i o n  under  drought  c o n d i t i o n s .  Techniques t o  be considered 

i n c l u d e  mixed species i n t e r - c r o p p i n g ,  wa tes -ha rves t i ng ,  and e f f i c i e a t  

f e r t i l i z e r  application w i t h  p r o v i s i o n s  f o r  midseason adjustments (Harrn 

1981). 
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This s tudy shows t h a t  t h e  p o t e n t i a l  f o r  product ion o f  biomass 

energy crops i n  the  Southwest i s  l i m i t e d .  Even i n  those pa r t s  of t he  

reg ion  t h a t  have p r e c i p i t a t i o n  and a growing season adequate f o r  crop 

production, o ther  fac to rs ,  such as s o i l ,  slope, o r  c o n f l i c t i n g  land 

uses, w i l l  l i m i t  t h e  amount o f  biomass energy crops t h a t  can be grown 

there. Fur ther  s i t e - s p e c i f i c  research i n  the  pa r t s  o f  t h e  reg ion  t h a t  

are best  s u i t e d  f o r  p l a n t  growth i s  necessary t o  determine t h e  

c o n t r i b u t i o n  that  the  Southwest can make t o  the nat ion ’s  energy supply 

through biomass energy crops. 
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A P P E N D I X  

CHARACTERISTIC  S P E C I E S  OF THE MOST CQ!4MQH NAYURAI .  
VEGETATION TYPES I N  THE REDUCED A R E A  



APPENDIX 
Character is t ic  species o f  the most comnon natura l  

vegetation types i n  the reduced area 

Uni t  Number 
At lasa Orig.b I ame P hys4ognmy Occurrence Domf nant s Other components 

58 65 Grama-buffalo grass F a i r l y  dense grassland 
(Bout e l  oua- 

Bu ch 1 oe ) 
o f  short grass 
with somewhat t a l l e r  
grasses i n  the eastern 
sect ions 

Eastern pa r t s  o f  New Blue grama (Bouteloua Agropyron sm i th i i  
Mexlco and Colorado, grac i  1 i s )  A r i s t i d a  purpurea 
southeastern Buf fa lo  grass Boutel oua c u r t  ipendula 
Wyoming , western (Buchloe B. h i r s u t a  
pa r t s  o f  Nebraska, dactylofdes) Gaura coccinea 
Kansas, Oklahoma, Gr indel ia  squarrosa 
and Texas Haplopappus spinulosus 

Lycuru s phl  eoides 
Muhlenbergia t o r r e y i  
Opuntia spp. (southern 

Plantago pu rsh i i  
P sor a1 ea t enui f 1 ora 
Raxibida columnifera 
Senecio spp. 
Sitanion hys t r i x  
Sphaeralcea coccinea 
Sporobolus cryptandrus 
Yucca glauca 
Zinnia grandi f lora 

pa r t )  

21 23 Jun i per-p i nyon Open groves of Ca l i  forn i a  t o  Oneseed jun iper  Agropyron smi t h i  i 
wood 1 and needleleaf evergreen Colorado; southward (Jun i Peru s Artemisfa t r i den ta ta  
(Juniperus-Pinus) low trees wfth t o  Arizona and monosperma) (not i n  southern 

varying admixtures o f  New Mexico pa r t )  
shrubs and herbaceous 
p lants  

Utah juniper 
(Jun i perus 
osteo sperma) Ceanothus spp. 

Boutel oua c u r t  ipendul a 
B. g r a c i l i s  





APPENDIX (continued) 

Uni t  Number 
Atlasa OrigSb MiUW Physiognomy Occurrence Dominants Other components 

52 58 Grama-tobosa Short grasses wi th  a Southeastern Arizona, Black grama (Bouteloua Acacia cons t r i c ta  
shrubsteppe shrub synusia varying southern New Mexico eriopoda) Andropogon barbinodis 
(Bouteloua- from very open t o  Tobosa ( H i l a r i a  A r i s t i d a  d i va r i ca ta  

H i  lar ia-Larrea) dense m u t i c a r  A. glabrata 
Creosote bush A. hamul osa 

(Larrea d ivar icata)  A. longiseta 
Astragalus spp. 
Baileya mu l t i r ad ia ta  
Bouteloua curtipendula 
B. g r a c i l f s  
B. spp. 
Gut ier rezfa sarothrae 
H i  l a r i  a belangeri 
H, jamessl 
Mentzelia spp. 
Muhlenbergia p o r t e r i  
Opuntia spp. 
Prosop i s j u  1 i f  1 ora 

var. torreyana 
Sphaeralcea spp. 
Sporobolus a i ro ides 
S. cryptandrus 
S. f lexuosus 
Yucca baccata 
Y. e la ta  
Zinn 1 a grandi f lora 
Z. pomila 

- 
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Uni t  Nur&er 
A t 1  asa 0rig.b Nave Physfognomy Occurrence Domi n an t s Other corfiponents 

Western Texas and 
and adjacent New 
Mexico 

53 59 Trans-Pecos shrub Shrubs and dwarf 
savanna (Flourensia- shrubs, dense t o  

Larrea) scattered, with 
short grass 

Boutelom breviseta 
B. t r i f i d a  
Dasyi i r  ion 1 e-iophyl 1 urn 
Fouqu i era sp'l endens 
Hilar ia  mutica 
iW::enberC i a porter-i 
M. spp. 
Opun-tia spp. 
Prosopis jti15f7ora 

Yar. glandtilosa 
Scleropogon 

brevifol ius 
Yucca sp. 

- 

- 
- 
- 

%. W. Kiichler, 1966. Poter; t ja> natura? vegetation (Hap), Scale 1:7,5G0,000, Sheet nunSer 90, I N  USSS 1970, Tne Nat ioca i  Atlas of 

bA. W. Kuchler, 1954, Potential natural  vegetation of the contermtnous United States, Special P u b l i c a t i o n  No. 36, Anerican 
the United States, USDI Geological Survey, Reston, Virginia. 

Geographical Socfety, New York. 

Tarbush (F  i ouren s l  a 

Creosote bush (Larrea Agave lechugilla 

Acac i a constr i c t a  
A. gregg4.i 

krjstida spp. 

cernua) 

d j v a r  i t a t a )  

-- 

.- -- 
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